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Symptomatic improvement with surgical intervention in 
conjunctivochalasis
Alexander Weiss, Anne Steiner, Carolyn Shih, Jules Winokur, 
Ira J. Udell. Ophthalmology, Northwell Health, Great Neck, NY.
Purpose: Symptomatic conjunctivochalasis (CCh) is routinely 
treated with topical medications, and can be managed surgically 
for recalcitrant cases. We performed a retrospective case review 
of patients who underwent surgical repair of CCh, with the goal of 
identifying characteristics that portend positive patient satisfaction.
Methods: We reviewed clinical, surgical, and pathological details 
of fourteen eyes of eleven patients who underwent surgical repair 
of CCh following prolonged failed courses of topical therapy. 
Three surgeons performed all cases, utilizing a similar technique of 
conjunctivoplasty with amniotic membrane graft. Clinical factors 
including age, duration and severity of symptoms, coexisting ocular 
surface abnormalities, number of topical agents, and location of CCh 
were evaluated. Patient satisfaction was assessed via self-report at 
follow-up visits and recent telephone calls. Pathologic analysis of 
surgical specimen was performed. Our data was evaluated using chi-
squared test and descriptive statistics.
Results: The mean age at time of surgery was 70 years ± 12.5, and 
10/11 (91%) patients were female. Mean length of follow-up was 
49.2 months (range= 1-93 months). At baseline, all eleven patients 
described their symptoms as severe. The mean topical agents used 
prior to surgery was 4.5 ± 1.7 (including artificial tears and lubricants, 
anti-histamines, preservative-free steroids, and immunosuppressant 
eye drops), over a mean of 17.3 months. On average, patients had 
2.5 other comorbid ocular surface diagnoses, such as blepharitis, 
meibomian gland disease, dry eye syndrome, and floppy eyelid 
syndrome. All 14 eyes had inferior CCh, and 2 had superior CCh 
as well. Post-operative satisfaction was stratified into three groups: 
symptoms much improved (n=8, 73%); somewhat improved (n=1, 
9%); not improved (n=2, 18%). The extent of post-operative 
satisfaction compared to pre-operative symptoms was statistically 
significant (chi-squared test, P=0.002). The pathology in all cases 
included varying degrees of chronic inflammation, lymphangiectasia, 
and elastotic fiber degeneration.
Conclusions: CCh may be a debilitating, often overlooked and 
undertreated cause of ocular morbidity. Surgery may improve 
symptoms in refractory cases. Our study suggests that patients with 
severe symptoms may benefit from swifter escalation to surgery.
Commercial Relationships: Alexander Weiss, None; Anne Steiner, 
None; Carolyn Shih, None; Jules Winokur, None; Ira J. Udell, 
None

Program Number: 4355 Poster Board Number: A0194
Presentation Time: 11:00 AM–12:45 PM
Analysis of Tear Cytokines and Monocyte Chemotactic Protein-1 
in Patients with Superior Limbic Keratoconjunctivitis
Yi-Chen Sun1, Yi-Hua Tang2, Hau-Min Liou2, Wei-Li Chen2, Fung-
Rong Hu2. 1Ophthalmology, Taipei Tzu-Chi General Hospital, New 
Taipei City, Taiwan; 2Ophthalmology, National Taiwan University 
Hospital, Taipei, Taiwan.
Purpose: To compare the levels of tear cytokines and 
monocyte chemotactic protein-1 (MCP-1) in superior limbic 

keratoconjunctivitis (SLK) patients, and to investigate the expression 
of MCP-1 and its correlation to mast cells between SLK and normal 
subjects.
Methods: Fourteen eyes of seven SLK patients were recruited from 
2014 to 2016. All the patients received medical treatment, including 
topical steroids, mast cell stabilizer, and lubricants, for at least 
one month. The eyes refractory to medical treatment underwent 
conjunctival resection with Tenon’s capsule excision. Tear samples 
were collected at the first visit, one month after medical treatment, 
and three months after surgical treatment. Tear concentrations of 
interleukin (IL)-1a, IL-1b, IL-4, IL-6, IL-8, IL-10, IL-13, MCP-
1, interferon (IFN)-g, and tumor necrosis factor (TNF)-a were 
measured by Quantibody array. Protein expression of MCP-1 and 
anti-mast cell tryptase in conjunctival specimens was detected by 
immunohistochemistry.
Results: Reducing levels of MCP-1, IL-6, IL-8, and IFN-g were 
found comparing with their baseline levels (P<0.05) on these SLK 
patients after one-month medical treatment. Much lower levels 
of cytokines were measured in the medically responsive group 
than those in medically unresponsive group (P<0.05). However, 
significant reduced cytokine levels could be found in patients after 
surgical treatment (P<0.001). Meanwhile, higher immunostaining 
intensity of MCP-1 was found in the conjunctival epithelium and 
subepithelial stroma of SLK patients than that in normal subjects 
(P<0.05). MCP-1 immunointensity was also correlated with the 
number of tryptase (+) mast cells in conjunctival subepithelial stroma 
(P<0.05).
Conclusions: In this study, significantly reduced levels of MCP-1 
and dry eye-associated tear cytokines, IL-6, IL-8, and IFN-g, were 
found in SLK patients after appropriate treatment. Overexpression 
of MCP-1 correlated to the number of mast cells was also noted in 
the conjunctival specimens of SLK patients. This study suggests that 
surgical resection has better anti-inflammatory effect in SLK patients 
and MCP-1 may be one of the factors affecting mast cell activities in 
SLK.
Commercial Relationships: Yi-Chen Sun, None; Yi-Hua Tang, 
None; Hau-Min Liou, None; Wei-Li Chen, None; Fung-Rong Hu, 
None
Support: 103-2314-B-002-075-MY2

Program Number: 4356 Poster Board Number: A0195
Presentation Time: 11:00 AM–12:45 PM
Establishment of a bi-layer tissue engineered conjunctiva 
construct using a three-dimensional (3D) printed scaffold
Jiajun Xie1, 3, QI GAO1, 3, Alfonso L. Sabater1, 2, Enrique Salero1, 2, 
Gabriel Gaidosh1, Elena De Juan-Pardo4, Dietmar W. Hutmacher4, 
Juan Ye3, Victor L. Perez1, 2. 1Ophthalmology, Bascom Palmer Eye 
Institute, University of Miami School of Medicine, Miami, FL; 
2Interdisciplinary Stem Cell Institute, University of Miami Miller 
School of Medicine, Miami, FL; 3Eye Center, Second Affiliated 
Hospital, Zhejiang University School of Medicine, Hangzhou, 
China; 4Institute for Health and Biomedical Innovation, Queensland 
University of Technology, Brisbane, QLD, Australia.
Purpose: Conjunctiva is an essential component of the ocular 
surface. To better address the conjunctiva diseases and other ocular 
surface diseases which may result in local lesions of conjunctiva, it is 
ideal to create a 3D model instead of conventional 2D model for an in 
vitro study. In this study, we established a bi-layer tissue engineered 
conjunctiva construct using a 3D printed poly(ε-caprolactone) (PCL) 
scaffold to mimic the biological structure and microenvironment of 
conjunctiva tissue for in vitro study.
Methods: Human conjunctival tissue was digested with dispase 
to isolate the conjunctival epithelial cells (CjECs), followed by 



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.

collagenase A digestion to obtain conjunctival stromal cells (CjSCs). 
A 2-step co-culture method was employed to fabricate a bi-layer 
tissue engineered conjunctiva construct. The CjSCs and CjECs 
were characterized by qPCR and immunofluorescence staining. The 
construct was assessed under a confocal microscope and a scanning 
electronic microscope (SEM).
Results: A bi-layer tissue engineered conjunctiva construct was 
successfully established using a 3D printed scaffold. As revealed 
in Figure A, proliferating CjSCs and the extracellular matrix they 
produced gradually filled the 3D printed scaffold to form a stromal 
layer during step 1, while CjECs formed a confluent epithelial layer 
on a suitable surface provided by the pre-seeded scaffold during the 
second co-culture step. The intact epithelial layer was also illustrated 
by CK13 expression and cell junctions indicated in Figure B.
Conclusions: Compared with other conjunctiva substitute, this 
3D printed scaffold presented as a platform which allowed cells 
to behave following their intrinsic biological properties and better 
mimicked the local microenvironment and cell interaction in vivo. 
The tissue engineered conjunctiva construct with a stromal layer and 
an intact epithelial layer was well established, and could be an option 
for conjunctival reconstruction as well as an in vitro model for the 
study of conjunctival diseases.

(A) Confocal microscopic images of bi-layer conjunctiva construct. 
Red: CjSCs stained with Vimentin. Green: CjECs stained with 
CK13. Blue: nuclei stained with DAPI. (B) SEM images of bi-layer 
conjunctiva construct. Top: epithelial layer. Bottom: stromal layer. 
Black arrow: scaffold fibers. White arrow: cell junction.
Commercial Relationships: Jiajun Xie, None; QI GAO, 
None; Alfonso L. Sabater, None; Enrique Salero, None; 
Gabriel Gaidosh, None; Elena De Juan-Pardo, None; 
Dietmar W. Hutmacher, None; Juan Ye, None; Victor L. Perez, 
Parion Sciences (C), Genentech (C), EyeGate Pharma (C), Eleven 
Biotherapeutics (C), Baush & Lomb (C), Rigel (C), Allergan (C)
Support: NIH/NEI NIH:  R01EY024484; Center Core Grant 
P30EY01480; RPB Unrestricted Award and Career Development 
Awards; Department of Defense Grant# W81XWH-13-1-0048; 
Walter G. Ross Chair in Ophthalmic Research

Program Number: 4357 Poster Board Number: A0196
Presentation Time: 11:00 AM–12:45 PM
Isolation of Primary Human Conjunctival Cells for Use in Ocular 
Surface Reconstruction
Swati Pradhan-Bhatt1, 2, Xinqiao Jia1, 4, Stephen C. Pflugfelder3. 
1Biomedical Engineering, University of Delaware, Newark, DE; 
2Center For Translational Cancer Research, Helen F. Graham 
Cancer Center & Research Institute, Newark, DE; 3Ophthalmology, 
Baylor College of Medicine, Houston, TX; 4Materials Science and 
Engineering, University of Delaware, Newark, DE.
Purpose: Damage to the ocular surface due to chemical, mechanical 
or thermal injuries or by autoimmune disorders often leads to scarring 
of the conjunctiva, loss of mucin producing goblet cells and loss of 
the regenerating stem cells. These conditions worsen with time and 
lead to chronic inflammation, dry eye, and corneal opacification, 
which often culminate in vision impairment. Our goal is to engineer 
a functional, transplantable conjunctival tissue substitute with the use 
of a biocompatible and biodegradable hyaluronic acid (HA)-based 
scaffold to replace damaged ocular surface tissues and restore normal 
ocular functions.
Methods: Human conjunctival tissue was purchased from National 
Disease Research Interchange (NDRI). Conjunctival tissue was 
subjected to mild enzymatic dissociation prior to culture. Explants 
were allowed to adhere in culture plates for 7 days. Resulting 
cells were maintained in KSFM growth media or in Hepato-STIM 
media supplemented with EGF. Isolated cells were characterized 
phenotypically using immunohistochemistry.
Results: Immunostaining studies with isolated conjunctival cells 
revealed the presence of mixed cultures of differentiated conjunctival 
epithelial cells expressing markers including cytokeratin 19 (K19) 
and EpCAM and specialized secretory goblet cells expressing the 
mucins, MUC5AC and MUC5B. Additionally, a modified culture 
protocol with the use of Hepato-STIM media led to isolation of 
progenitor cell populations expressing K7, nerve growth factor 
(NGF), K5 and K14.
Conclusions: We report the successful isolation and phenotypic 
characterization of primary human conjunctival epithelial cells, 
secretory goblet cells and progenitor cells. Isolation of these key 
cell populations represents a major stride toward the generation 
of a bioengineered human conjunctival substitute. Future studies 
will involve the use of HA-based scaffolds to construct 3D layered 
conjunctival epithelium.
Commercial Relationships: Swati Pradhan-Bhatt, None; 
Xinqiao Jia, None; Stephen C. Pflugfelder, None

Program Number: 4358 Poster Board Number: A0197
Presentation Time: 11:00 AM–12:45 PM
Organotypic epithelium tissue model testing reveals high-
concentration tear fluid lysozyme as a potential inducer of 
conjunctiva inflammation
Hiroyuki Nawase2, 1, Takao Sato1, Nobuyo Yawata4, 5, 
Makoto Yawata2, 3. 1SEED Co., LTD., Saitama, Japan; 2Singapore 
Institute for Clinical Sciences, Singapore, Singapore; 3National 
University of Singapore, Singapore, Singapore, Singapore; 
4Singapore Eye Research Institute, Singapore, Singapore; 5Duke-NUS 
Graduate Medical School, Singapore, Singapore.
Purpose: Inflammation of the conjunctiva surface can be triggered 
by deposition of protein constituents of tear fluid onto contact lenses, 
primarily lysozyme, lactoferrin and albumin, and this can result in 
formation of giant papillary conjunctivitis. In this study we utilized 
an organotypic conjunctiva epithelium model to test for the effects of 
these proteins on conjunctiva epithelium.
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Methods: Tissue models resembling the conjunctiva epithelium 
were constructed by first generating a fibroblast scaffold and then 
layering on primary conjunctiva epithelial cells. Using the air-lift 
culture technique, the epithelium is stratified to resemble the human 
conjunctiva. Human lysozyme, lactoferrin and albumin were applied 
individually to the model at different concentrations. As readout, the 
levels of 27 soluble factors including inflammatory cytokines and 
chemokines were quantified in the supernatants.
Results: The levels of IL-1β, b-FGF, IP-10, MIP-1α and MIP-
1β were significantly up-regulated after stimulation with high 
concentration of lysozyme. The concentration was comparable to the 
level of protein deposition on contact lenses. High concentration-
lactoferrin also increased MIP-1α and MIP-1β expression, although 
the increases were modest compared to that of lysozyme. Albumin 
did not induce such changes in inflammatory factors.
Conclusions: The results indicate that high concentration of 
lysozyme comparable to the levels found in the deposition can 
increase expression of various inflammatory factors as compared to 
lactoferrin and albumin. The profile of inflammatory factors that are 
produced by the organotypic conjunctiva tissue model in response to 
lysozyme implies that lysozyme can trigger an inflammatory process 
in the epithelium at high-concentrations.
Commercial Relationships: Hiroyuki Nawase; Takao Sato, SEED 
Co.,LTD. (E); Nobuyo Yawata, None; Makoto Yawata, SEED 
Co.,LTD. (F)
Support: IAF111126, Agency for Science, Technology and Research 
(A*STAR)

Program Number: 4359 Poster Board Number: A0198
Presentation Time: 11:00 AM–12:45 PM
Neonatal bacterial conjunctivitis in Korea in the 21st century
JUNWOO PARK1, Kang Yeun Pak1, Jong Soo Lee2. 1Ophthalmology, 
Haeundae Paik Hospital, Busan, Korea (the Republic of); 2Pusan 
National University Hospital, Busan, Korea (the Republic of).
Purpose: We have investigated the microbial cause and antibiotic 
susceptibility of neonatal bacterial conjunctivitis in Korean patients 
in the 21st century.
Methods: We retrospectively reviewed the medical records of 
patients diagnosed with neonatal bacterial conjunctivitis between 
January 2000 and December 2015. We recorded the organism, 
antibiotic susceptibility, and antibiotics used.
Results: A total of 82 neonates were included in the study (53 male, 
29 female), with a mean age of 17.5 ± 7.1 days. The most commonly 
isolated organisms were Staphylococcus aureus (43 cases, 52.4%), 
coagulase-negative staphylococci (11 cases, 13.4%), Staphylococcus 
epidermidis (11 cases, 13.4%), Serratia marcescens (4 cases, 4.9%), 
Pseudomonas aeruginosa (4 cases, 4.9%), and Enterobacter cloacae 
(3 cases, 3.7%). We found no cases of Neisseria gonorrhea or 
Chlamydia trachomatis infection. Resistance to methicillin (83.7%), 
macrolide (81.4%), and aminoglycoside (23.3%) was observed in 
patients with S. aureus infection. Conjunctivitis that did not improve 
with erythromycin or tobramycin generally improved with the 
additional use of tosufloxacin.
Conclusions: The prevalence of neonatal gonococcal or chlamydial 
conjunctivitis has decreased in the 21st century. However, 
methicillin-resistant Staphylococcus aureus has been increasing but 
these cases are responsive to tosufloxacin.
Commercial Relationships: JUNWOO PARK, None; Kang 
Yeun Pak, None; Jong Soo Lee, None

Program Number: 4360 Poster Board Number: A0199
Presentation Time: 11:00 AM–12:45 PM
Reducing Adenoviral Patient Infected Days (RAPID) Study: 
Association of Clinical Signs and Symptoms with qPCR 
confirmed Adenoviral Conjunctivitis
Ellen Shorter1, Mary Migneco2, Jennifer S. Harthan3, 
Meredith Whiteside4, Christina Morettin3, Tammy Than5, 
Spencer Johnson6, Julia Huecker2, Andrew T. Hartwick7, 
Mae O. Gordon2. 1Ophthalmology and Visual Sciences, University 
of Illinois at Chicago, Chicago, IL; 2Washington University in St. 
Louis, St. Louis, MO; 3Illinois College of Optometry, Chicago, 
IL; 4University of California School of Optometry, Berkeley, 
CA; 5University of Alabama, Birmingham, Birmingham, AL; 
6Northeastern State University, Tahlequah, OK; 7Ohio State 
University, Columbus, OH.
Purpose: There is no FDA-approved treatment for Adenoviral 
conjunctivitis (Ad-Cs), a highly contagious eye infection. The RAPID 
study group is a multi-centered clinical trial enrolling patients with 
suspected Ad-Cs to test the effectiveness of 5% ophthalmic Betadine 
treatment. Here, we report the clinical signs and symptoms found in 
red eye-presenting individuals during their initial screening visit, and 
compare the results for those with and without molecularly-confirmed 
Ad-Cs.
Methods: Eligibility included informed consent, age 18 or older, and 
presentation with a red eye with symptoms ≤4 days. Patients rated 
the severity of ten ocular symptoms on a scale of 0 (not bothersome) 
to 10 (very bothersome). Clinicians performed slit lamp examination 
and rated eight clinical signs of the first affected eye on a scale of 
1 (absent), to 5 (severe). Conjunctival swabs were performed, and 
the presence of adenovirus in these samples was assessed using 
quantitative polymerase chain reaction (qPCR) assays.
Results: Conjunctival swabs were obtained from 52 subjects on 
their screening visit, of which 25% (n=13) tested positive for Ad-Cs 
with qPCR. For patient-reported symptoms, there was a statistically 
significant difference between qPCR positive and negative subjects 
for 6 of the 10 queried symptoms: itching (p=0.0003), overall 
discomfort (p=0.0035), eyelid swelling (p=0.02), blurred vision 
(p=0.02), light sensitivity (p=0.02) and gritty/sandy sensation (p= 
0.022). There was also a statistically significant difference between 
qPCR positive and negative subjects in 3 of the 6 clinical signs: 
lid edema (p=0.0012), clear serous discharge (p=0.04) and bulbar 
redness (p=0.04). Palpable pre-auricular node was present in 38.5% 
(5 of 13) of the qPCR positive patients and 10% (4 of 39) of the 
qPCR negative patients (p=0.02).
Conclusions: No single sign or symptom clearly distinguished 
molecularly-confirmed Ad-Cs subjects from other red eye-presenting 
subjects. The considerable overlap may indicate why it is difficult 
to clinically diagnose Ad-Cs. The subjects with confirmed Ad-Cs 
had more serous discharge, greater bulbar redness and had a higher 
incidence of palpable pre-auricular nodes. Interestingly, conjunctival 
follicular response, which is often emphasized in the textbook 
diagnosis of Ad-Cs, was not statistically significant in this sample.
Commercial Relationships: Ellen Shorter, None; Mary Migneco, 
None; Jennifer S. Harthan, None; Meredith Whiteside, None; 
Christina Morettin, None; Tammy Than, None; Spencer Johnson, 
None; Julia Huecker, None; Andrew T. Hartwick, None; 
Mae O. Gordon, None
Support: NIH R34 EY023633-01A1
Clinical Trial: NCT02472223
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Program Number: 4361 Poster Board Number: A0200
Presentation Time: 11:00 AM–12:45 PM
Anti-allergic effects of ST266, an amnion-derived multipotent 
progenitor cell-secretome, in ovalbumin-induced allergic 
conjunctivitis in guinea pigs
Kenneth J. Mandell1, Howard Wessel1, Erika Klitsch1, David Culp2, 
Justin Prater2, Brian C. Gilger2, 3, Larry R. Brown1. 1Noveome 
Biotherapeutics, Inc., Pittsburgh, PA; 2Powered Research, Research 
Triangle Park, NC; 3North Carolina State University, Raleigh, NC.
Purpose: We assessed the efficacy of ST266 in an established model 
of allergic conjunctivitis compared to an antihistamine. ST266 is 
a novel biologic shown to be anti-inflammatory, anti-apoptotic, 
neuroprotective and able to reduce vascular permeability in various 
animal models. These properties suggested that ST266 could control 
inflammation in allergic conjunctivitis.
Methods: Guinea pigs were sensitized by egg albumin (EA) and 
aluminum hydroxide intraperitoneal injection for 18 days. 19 days 
after sensitization, animals were challenged by EA topical ocular 
instillation in the lower conjunctival cul-de-sac of both eyes. Animals 
were assigned to one of three topical treatment groups (N=6/group): 
Balanced Salt Solution (BSS), ST266 or olopatadine (OLPD) 0.1%. 
25µl of each treatment was instilled 15 minutes prior to and after the 
EA challenge. Clinical assessments were performed at 0, 30, 60 and 
90 minutes by two masked observers. Clinical scoring of conjunctival 
hyperemia, conjunctival edema and ocular discharge was performed 
using standard grading system. Non-sensitized and unchallenged 
animals were assessed at each time point as controls.
Results: Significant reductions in conjunctival hyperemia and edema 
were observed for animals treated with ST266 or OLPD compared 
to BSS. The maximal total mean score effects were observed at 90 
minutes post-challenge. The overall mean + SD score was 2.7±0.6 
for the BSS group; 0.6 ± 0.1 for OLPD; and 0.6 ± 0.1 for ST266. 
p values at 90 minutes showed significant differences for BSS vs. 
OLPD 0.1% (p < 0.05) and BSS vs. ST266 (p < 0.05). No significant 
difference was observed between OLPD 0.1% and ST266 (p>0.05). 
No significant inflammation was observed for non-sensitized and 
unchallenged controls.
Conclusions: Results demonstrate that the anti-allergic properties of 
ST266 were comparable in magnitude to OLPD. Results suggest that 
ST266 may provide a safe and effective alternative to conventional 
antihistamine/mast cell stabilizers for treatment of allergic 
conjunctivitis. Additional studies are underway to elucidate the 
mechanism by which ST266 attenuates inflammation in this model of 
allergic conjunctivitis.

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

Program Number: 4362 Poster Board Number: A0201
Presentation Time: 11:00 AM–12:45 PM
Decellularized porcine conjunctiva for conjunctival 
reconstruction
Joana Witt2, Gerd Geerling1, Sonja Mertsch2, Stefan Schrader1, 2, 
Kristina Spaniol1, 2. 1Department of Ophthalmology, University 
Hospital Duesseldorf, Duesseldorf, Germany; 2Department of 
Ophthalmology, Laboratory for experimental Ophthalmology, 
University Hospital Duesseldorf, Duesseldorf, Germany.
Purpose: Conjunctival repair is an essential part of ocular surface 
reconstruction. Due to limitations of currently used substitute 
tissues such as amniotic membrane (AM), there is a need for the 
development of new matrices for conjunctival reconstruction. This 
study explored porcine decellularized conjunctiva (PDC) as an 
alternative conjunctival substitute in-vitro and in-vivo.
Methods: Porcine conjunctiva was decellularized, cell removal 
confirmed histologically and residual DNA quantified by a 
fluorescence assay. Preservation of extracellular matrix (ECM) 
was examined by collagen quantification and electron microscopy. 
Primary human conjunctival epithelial cells (CEC) were incubated 
with PDC supernatant or culture medium (control) for cytotoxicity 
determination. Elongation at break (EB) was measured using a 
material testing machine (n=4). Conjunctival defects were produced 
in New Zealand White rabbits and closed using PDC or AM (n=6 
per group). Defect size, amount of sutures, conjunctival hyperemia 
and fornix depth (FD) were measured after surgery and at day 3 
and 10. Epithelialization and lymphocytic infiltration were assessed 
histologically after euthanasia (day 10).
Results: PDC did not contain cellular structures and the DNA content 
was significantly reduced (p<0.001). The ECM ultrastructure was 
preserved and the collagen content was preserved (70.23±14.35 µg/
mg, p=0.4). PDC revealed no cytotoxic effects on CEC compared to 
control (p=0.99). EB of PDC was significantly higher compared to 
AM (19.68±0.96 vs 12.30±0.45 mm, p<0.001). At day 10, 6 of 6 PDC 
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were present compared to 3 of 6 AM and the PDC group exhibited 
significantly less suture-loss (p<0.001). Conjunctival hyperemia, 
FD and lymphocytic infiltration revealed mild inflammation and 
did not differ significantly between PDC and AM at day 3 and 10. 
Histologically, PDC were well integrated into the conjunctival wound 
and covered with partially multilayered epithelium after 10 days.
Conclusions: Decellularization of porcine conjunctiva generates a 
cell free, stable and non-immunogenic matrix, which is well tolerated 
after xenogeneic transplantation. Compared to AM, PDC reveals 
enhanced extensibility and stability in-vitro and in-vivo. As porcine 
decellularized tissues are frequently applied clinically in other fields, 
PDC might offer an easily available substitute for conjunctival 
reconstruction. Its use for fornix reconstruction has to be to be 
elucidated in future studies.
Commercial Relationships: Joana Witt, None; Gerd Geerling, 
None; Sonja Mertsch, None; Stefan Schrader, None; 
Kristina Spaniol, None

Program Number: 4363 Poster Board Number: A0202
Presentation Time: 11:00 AM–12:45 PM
Upregulation of amphiregulin, a ligand of EGFR, in healing 
mouse conjunctiva after incision and in cultured fibroblasts 
treated with TGFb1
Hiroki Nidegawa, Osamu Yamanaka, Yukihisa Takada, Shizuya Saika. 
Opthalmology, Wakayama Medecal University, Wakayama, Japan.
Purpose: To examine if expression of amphiregulin in healing mouse 
conjunctiva after incision and if TGFb1 upregulates its expression in 
cultured fibroblasts. Effect of adding an EGFR inhibitor, PD168393, 
on fibrogenic gene expression and in vitro defect closure in the cells 
was also examined.
Methods: Expression pattern of amphiregulin and phospho-EGFR 
(pEGFR) in healing conjunctiva following circumferential incision 
at until day 7 by using immunohistochemistry. Effects of adding an 
EGFR inhibitor, PD168393, and/or TGFb1 on the closure of a liner 
defect produced in a confluent fibroblast culture were evaluated. 
Effects of adding TGFb1 on protein expression of EGFR ligands; 
EGF, amphiregulin, TGFα, were examined. Effects of adding TGFb1 
and/or PD168393 on mRNA expression of collagen Ia1 and a-smooth 
muscle actin, a myofibroblast marker, were finally studied.
Results: Protein expression of amphiregulin and pEGFR was 
upregulated in healing conjunctiva upto until day 7. Inhibition of 
EGFR by PD168393 delayed defect closure of fibroblast monolayer 
culture. Adding TGFb1 upregulated protein expression of EGF, 
amphiregulin and TGFα in fibroblast culture. Myofibroblast 
generation by adding TGFb1 was counteracted by further addition 
of PD168393, while collagen Ia1 upregulation by TGFb1 was not 
affected by adding PD168393.
Conclusions: In vivo wounding upregulates expression of 
amphiregulin and phosphorylation of EGFR and the situation 
was mimicked in cell culture with TGFb1. Inhibition of EGFR 
counteracted TGFb1-induced myofibroblst generation in vitro was 
not affected by EGFR inhibition. Amphiregulin-EGFR system is 
considered to have a significant role in conjunctival wound healing.
Commercial Relationships: Hiroki Nidegawa, None; 
Osamu Yamanaka, None; Yukihisa Takada, None; Shizuya Saika, 
None

Program Number: 4364 Poster Board Number: A0203
Presentation Time: 11:00 AM–12:45 PM
Comparison of gene expression profiles in human pterygium and 
UV-induced gene expressions in human conjunctival epithelium
Naoko Shibata1, Shinsuke Shibata1, Teppei Shibata1, 
Etsuko Kiyokawa2, Hiroshi Sasaki1, Eri Kubo1. 1Ophthalmology, 
Kanazawa Medical University, Uchinada, Japan; 2Oncogenic 
Pathology, Kanazawa Medical University, Uchinada, Japan.
Purpose: Pterygium is a wing shaped fibrovascular growth on 
the ocular surface. Epidemiologic studies have linked pterygium 
formation to various chronic inflammatory conditions, including 
ultraviolet radiation (UV) exposure. We identified the gene 
expression profiles in pterygium using gene microarray analysis 
and examined the expressions of pterygium-related genes in UV-B 
induced human primary corneal epithelial cells (HCEpC) and 
conjunctival fibroblast cells (HConF).
Methods: Apical portions of pterygium and control conjunctiva 
tissues were evaluated for comprehensive gene expression levels 
using a gene-chip microarray. In addition, primary HCEpC and 
HConF were exposed to UV-B. Expressions of a panel of potential 
target genes were evaluated by real time-PCR. Data were reported as 
means ± SDs and analyzed by 1-way ANOVA, followed by a t test 
when appropriate, with p< 0.05 deemed significant.
Results: The expression of genes related to extracellular matrix, 
extracellular regions, extracellular matrix organization and 
vasculature development were upregulated in pterygium tissues. 
The expression of 10 genes was significantly modulated (>X10) in 
these tissues and Keratin 24 (KRT24) and matrix metalloproteinase 9 
(MMP-9) were 49.446 and 24.214 times upregulated. UV-B exposure 
(50 and 100 mJ/cm2) induced the upregulation of the expressions 
of MMP-9 in HCEpC (Fig. 1A: *p<0.03; **p<0.002) and HConF 
(*p<0.0007; *p<0.006; ***p<0.02) (Fig. 1). Exposure of 100 and 200 
mJ/m2 of UV-B to HCEpC induced the expressions of KRT24 mRNA 
with significance in HCEpC (p<0.05). Expression of KRT24 mRNA 
was not detected in HConF. We found that KRT24 is specifically 
expressed in HCEpC.
Conclusions: These results provide evidence that progression of 
pterygium involves the modulation of extracellular matrix related 
genes and vasculature development and the up-regulation of KRT24 
and MMP-9 by UV stress. UV radiation may promote the modulation 
of these pterygium related genes and induce the initiation and 
progression of human pterygium.

Commercial Relationships: Naoko Shibata, None; 
Shinsuke Shibata, None; Teppei Shibata, None; Etsuko Kiyokawa, 
None; Hiroshi Sasaki, None; Eri Kubo, None
Support: Grant-in-Aid for Young Scientists(B) 24592659
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Program Number: 4365 Poster Board Number: A0204
Presentation Time: 11:00 AM–12:45 PM
Unfolded protein response activation in Human Primary 
Pterygium
Jing Yang1, Sheng Zhou1, Dalu Zhang2, Jianjun Gu1, Yizhi liu1. 
1Zhongshan Ophthalmic Center, Guang Zhou, China; 2China National 
Center for Biotechonology Development, Beijing, China.
Purpose: 
To investigate the UPR activation in human primary pterygium.
Methods: Human primary pterygium specimens and normal Tenon’s 
capsule specimens were obtained and processed within two hours 
from primary pterygium patients after excision surgery or from 
fresh cadaver normal human eyes. The mRNA levels of UPR related 
factors in the human primary pterygium tissue were detected by real-
time PCR assay. The UPR related proteins levels were detected by 
immunohistochemical staining and Western blot analysis.
Results: The UPR related genes transcription level and protein 
expression level were both increased in human primary pterygium 
group when compared with the normal control.
Conclusions: These results suggest that the three UPR pathways are 
all activated in the human primary pterygium tissue, which indicates 
the involvement of ER stress in the progress of pterygium and the 
potential mechanism as ER stress induced inflammation for the 
pterygium.
Commercial Relationships: Jing Yang, None; Sheng Zhou, None; 
Dalu Zhang, None; Jianjun Gu, None; Yizhi liu, None

Program Number: 4366 Poster Board Number: A0205
Presentation Time: 11:00 AM–12:45 PM
Optimizing Clinic-Performed Pterygium Surgery
Catherine Q. Sun2, Matilda F. Chan2, 1, Sriranjani Padmanabhan2, 
Julie M. Schallhorn2, 1, Jennifer Rose-Nussbaumer2, 1, Ariana Naaseh2, 
Marie Wolf2, Selene M. Clay2, Michele Bloomer2. 1Proctor 
Foundation, University of California San Francisco, San Francisco, 
CA; 2University of California San Francisco, San Francisco, CA.
Purpose: The prevalence of pterygia is estimated to be 10.2% and 
the large number of patients needing pterygium surgery creates 
a significant burden on the allocation of operating room time. In 
this retrospective, observational study, we evaluated the predictors 
of recurrence after outpatient, clinic-performed surgery with 
conjunctival autograft for primary pterygia.
Methods: Patients with primary pterygia causing significant irritation 
or compromised vision who underwent pterygium excision with 
sutured conjunctival autograft in the minor procedure room at the 
Zuckerberg San Francisco General Hospital were followed from 
June to November 2016. Exclusion criteria included large pterygia 
requiring amniotic membrane graft and double-headed pterygium. 
The primary outcome was recurrence rate. Data were analyzed using 
Fisher’s exact test or chi-square test for categorical variables and 
paired t-test for normally distributed interval variables.
Results: Of the 34 study participants, 28 (82%) were female with 
a mean age of 50 years (SD 11.2 years). The majority had nasal 
pterygium (N=33) with a mean size of 3.20mm (SD 0.98) by 5.08mm 
(SD 1.21). 6 patients (18%) had prior primary pterygium surgery 
in the fellow eye and 2 of those were complicated by recurrence in 
the fellow eye. There were 3 recurrences (9%) in the operative eye 
between postoperative months 1 to 4 (mean 2.53 months, SD 1.45). 
Minor adverse effects included steroid-induced ocular hypertension in 
6 (18%) patients who required topical medication and 1 (2%) patient 
with a mild allergic reaction to neomycin, polymyxin B sulfates and 
dexamethasone. No correlation was found between recurrence and 
ocular hypertension (P=0.55), medication noncompliance (P=0.55), 

history of recurrence in the fellow eye (P=0.83), older age (P=0.76) 
or larger pterygium size (P=0.63).
Conclusions: Our clinic-based method of performing primary 
pterygium excision results in a recurrence rate of 9% at postoperative 
month 3 that is comparable to rates reported in the literature using 
conjunctival autograft in an operating room setting (0 to 12.5%). 
This study highlights the potential of performing high-volume, cost-
effective pterygium surgery in an outpatient clinic setting without 
monitored anesthesia care, and provides support for studying this on 
a larger scale.
Commercial Relationships: Catherine Q. Sun, None; 
Matilda F. Chan, None; Sriranjani Padmanabhan, None; 
Julie M. Schallhorn, Avellino Labs (R); Jennifer Rose-
Nussbaumer, None; Ariana Naaseh, None; Marie Wolf, None; 
Selene M. Clay, None; Michele Bloomer, None
Support: That Man May See, UCSF Resident Research Funding 
Award, NIH Grant R01EY022739, NIH grant EY002162 - Core 
Grant for Vision Research, Research to Prevent Blindness 
Unrestricted Grant

Program Number: 4367 Poster Board Number: A0206
Presentation Time: 11:00 AM–12:45 PM
Molecular properties from Siempreviva plant extracts against 
pterygium pathogenesis
Judith Zavala1, 2, Jezreel Pantaleon-Garcia1, 2, Eduardo Camacho-
Martinez1, 2, Clarisa Michelle Arellano-Gurrola1, 2, Daniela Enriquez-
Ochoa1, 2, Arely Anakaren Reyna-Fuentes1, 2, Ana Karen Tello-
Gomez1, 2, Bernardo Martinez-Garcia1, 2, Jorge E. Valdez-Garcia1, 2. 
1Instituto Tecnologico y de Estudios Superiores de Monterrey, 
Monterrey, Mexico; 2Ophthalmology Research Chair, Tec Salud, 
Monterrey, Mexico.
Purpose: Non-surgical approaches to pterygium are limited to 
descriptive evidence, and fail to associate molecular mechanisms 
beyond clinical improvements. We demonstrated inhibition of 
pterygium fibroblast viability with extracts of Sedum spp plant and 
now explore the extracts modulation of pterygium pathogenesis.
Methods: Human pterygium fibroblasts (HPFs), or NIH3T3 
fibroblasts (3T3) were treated with media-only (sham) or Sedum 
spp extracts: sap, hexane (Hex) or hexane/acetone (Hex/Ac). Cell 
viability, and LD50, were determined using increasing concentrations 
(0-2,000 mcg/mL) at 24h post-treatment by cell tittering and 
Probit analysis or Log regression. ECM remodeling at 2, 6 and 
72h post-treatment was assessed in HPFs with release of matrix 
metalloproteinase 3 (MMP-3), and proliferation signaling was 
assessed at 6h with VEGF and CTGF by ELISA. Oxidative stress 
was judged by NO production with Greiss assay in RAW 264.7 cells 
(RAW) challenged (or not) with LPS (10 mcg/mL).
Results: Reduction in cell viability were found in sap-treated cells 
in HPFs and 3T3 (LD50=269 and 217mcg/mL), and with Hex/Ac 
treatment (847mcg/mL and 647mcg/mL respectively). MMP-3 was 
stable between 2 and 72h with sham, at 6h had a 3-fold increase with 
sap (p<0.05) against sham, no difference showed for Hex/Ac-treated 
HPFs. VEGF release increased (3.6-fold, p<0.05) only with sap. 
CTGF increased (2.3-fold, p<0.05) only with Hex/Ac vs sham. Sap 
extract promoted significant NO production with (p<0.05) or without 
(p<0.005) LPS stimulation. No difference was seen between sham- 
and Hex-treated RAW.
Conclusions: Sap extract is the most anti-proliferative for HPFs and 
3T3, but it’s associated with increased ECM remodeling, proliferation 
and oxidation. In addition to mild anti-proliferative effect of Hex/Ac, 
lack of association with pathogenic events embraces this extract for 
future therapeutic development.
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(A) LD50 of S. spp. extracts. (B) MMP-3 release. Left: Total protein 
concentration 2 and 72 h post primary culture. Right: Total protein 
release fold-change compared to ctl group at 24h post-treatment. 
(C) VEFG and CTGF in supernatants. Fold-change of total protein 
release compared to cctl group at 24h post-treatment. (D) Detection 
of NO- derivates after treatment and challenge (or not) with 10mcg/
mL of LPS. (B) and (C) were analyzed with multiple paired T-test. 
(D) Was analyzed with 2way ANOVA using Tukey’s multiple 
comparison test.
Commercial Relationships: Judith Zavala, None; 
Jezreel Pantaleon-Garcia, None; Eduardo Camacho-
Martinez, None; Clarisa Michelle Arellano-Gurrola, None; 
Daniela Enriquez-Ochoa, None; Arely Anakaren Reyna-Fuentes, 
None; Ana Karen Tello-Gomez, None; Bernardo Martinez-
Garcia, None; Jorge E. Valdez-Garcia, None

Program Number: 4368 Poster Board Number: A0207
Presentation Time: 11:00 AM–12:45 PM
UV damage of the eye – microstructural study at latitude of 430 at 
sea level
Christina N. Grupcheva, Dimitar I. Grupchev, Mladena N. Radeva. 
Ophthalmology and visual science, Medical University - Varna, 
Varna, Bulgaria.
Purpose: To evaluate the UV protection subjects, encounter eventual 
microstructural changes at the ocular surface and follow their 
dynamics using in vivo confocal microscopy, during summer season 
at 430 latitude.
Methods: For a period of 4 months 200 subjects (400 eyes), aged 28 
± 7.3 years, were recruited with the agreement that they will spend 
their summer exclusively in the Varna region (beach resort on the 
Black sea at 430 latitude) and will be examined before and after the 
summer season. Laser scanning in vivo confocal microscopy was 
performed with HRT II Rostock corneal module and 5 corneal, 4 
conjunctival and 4 lid areas were examined for both eyes.
Results: Questionnaire results demonstrated that 83.5% (167 
participants) of the subjects were considering the sun dangerous 
for their eyes, but 78% (156 subjects) believed that the danger is 
exclusively during the summer period. Microstructural analysis of 
the cornea, demonstrated a slightly decreased number of the basal 
epithelial density – from 6167 ± 151 cells/mm2 to 5829 ± 168 cells/
mm2, which also was statistically significant.
Analysis of the conjunctiva demonstrated characteristic cystic 
lesions with dark centres and bright borders, encountered only in 25 
eyes (6 %) before and affecting 118 eyes (29.5%) after the summer 
season, as presented on the figure. The total area of the cysts after 
the summer increased five times. Spearman correlation proved 
negative correlation between sun protection of the eyes and number 
of cysts was established. Further complex analysis, demonstrated 
the tendency to return to the baseline of all encountered features, 
although some parameters did not return to the baseline.
Conclusions: Summer sun exposure for one season at 430 latitude 
leads to clinically undetectable, microstructural changes affecting 
the cornea, bulbar and palpebral conjunctiva with transient nature. 
The long term effect of those changes leads to “solar ageing of 
the anterior ocular surface”, which appear to be similar to the 
skin damage. Development of methods for anterior ocular surface 
protection together with increasing the public awareness of sun 
related damage of the anterior eye, would, have significant health and 
social impact in the future.

Commercial Relationships: Christina N. Grupcheva, None; 
Dimitar I. Grupchev; Mladena N. Radeva, None
Support: Unrestricted grant for research by Johnson and Johnson
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Program Number: 4369 Poster Board Number: A0208
Presentation Time: 11:00 AM–12:45 PM
Topical interferon treatment of conjunctival melanocytic lesions: 
a clinical and morphological study
Peter Lipscomb, Travis Peck, Filippo Crimí, Zeynel Karcioglu. 
Department of Ophthalmology, University of Virginia, 
Charlottesville, VA.
Purpose: To evaluate the effect of topical interferon α-2b therapy on 
conjunctival melanoma (CM) and primary acquired melanosis (PAM) 
and study the morphologic changes after topical interferon α-2b 
treatment.
Methods: Eight patients with biopsy-proven CM and/or PAM 
were treated with topical Interferon α-2b following excision and 
cryotherapy. One drop of interferon α-2b (1 M units/ml/tid) was 
repeated in 3-month cycles. Light microscopic (LM) and electron 
microscopic (EM) examinations were done after 3 months of topical 
interferon treatment in one case.
Results: Four eyes showed significant pigmentation loss within one 
cycle of treatment. Two patients required a second cycle of treatment 
and two patients needed a second surgery/cryotherapy. LM and EM 
studies showed a decrease in the number of melanocytes and melanin 
production and clustering of pigment laden phagocytes around 
subconjunctival blood vessels.
Conclusions: Topical interferon α-2b is an effective and 
complication-free agent for the adjuvant treatment of melanocytic 
conjunctival lesions. The LM and EM studies were not useful 
towards the understanding of interferon α-2b’s mechanism of action 
on proliferating melanocytes.
Commercial Relationships: Peter Lipscomb, None; Travis Peck, 
None; Filippo Crimí; Zeynel Karcioglu, None

Program Number: 4370 Poster Board Number: A0209
Presentation Time: 11:00 AM–12:45 PM
The efficacy of Intravenous Immunoglobulin in Ocular 
Cicatricial Pemphigoid
Lina Ma1, Caiyun You2, Stephen D. Anesi1, C. Stephen Foster1. 
1Ophthalmology, MERSI, Windham, NH; 2Department of 
Ophthalmology, Tianjin Medical University General Hospital, 
Tianjin, China.
Purpose: Ocular cicatricial pemphigoid (OCP) is one of the most 
common variants of mucous membrane pemphigoid (MMP) and 
is a vision threatening autoimmune disease if left untreated. We 
performed a retrospective, observational clinical study to learn about 
the efficacy of intravenous immunoglobulin (IVIg) monotherapy in 
ocular cicatricial pemphigoid (OCP).
Methods: A chart review of all the patients seen at the Massachusetts 
Eye Research and Surgery Institution between 2005 and 2015 with 
the diagnosis of OCP were treated with IVIg monotherapy was 
completed. Stage at presentation and before starting IVIg was graded 
by using the Foster grading system. Therapy and clinical course were 
recorded. The dosage of IVIg (Gammunex) infusion is 2g/kg/month 
and it should be administered in 3 consecutive days.
Results: In a total of 512 OCP patients (1024 eyes), 14 patients (28 
eyes) treated with IVIg monotherapy were identified. Age at diagnose 
was from 44 to 83 year-old and 11/14 patients were between 60 to 
75 years old with an average of 67 years. Seven were female and 7 
were male. The follow up time after diagnosis ranged from 4 months 
to 120 months. Twenty-two eyes of 11 patients achieved remission 
with IVIg infusion alone, and 6 eyes (2 stage 2, 2 stage 3, 2 stage 4) 
from 3 patients failed to achieve remission with IVIg monotherapy. 
Nine remission eyes from 5 patients had cataract surgeries during 
IVIg monotherapy, 2 eyes (1 stage 2, I stage 3) from 2 patients 
were reactive after remission (2/9 =22.2% recurrence rate). Other 

13 remission eyes without ocular surgeries were stable (0/13=0% 
recurrence rate).
Conclusions: Infused IVIg monotherapy at dose of 2 g/kg/month 
shows high efficacy in stage 1 OCP. Ocular surgery can increase 
recurrence rate over non-operative cases in OCP (22.2% to 0%), even 
when they have achieved remission under IVIg monotherapy.
Commercial Relationships: Lina Ma, None; Caiyun You, None; 
Stephen D. Anesi, None; C. Stephen Foster, None

Program Number: 4371 Poster Board Number: A0210
Presentation Time: 11:00 AM–12:45 PM
Ocular Cicatricial Pemphigoid induced by Adalimumab
Manfred Zierhut1, Deshka Doycheva1, Christoph M. Deuter1, 
Bianka Sobolewska1, Martin Schaller2. 1Centre for Ophthalmology, 
University of Tuebingen, Tuebingen, Germany; 2Dep. of 
Dermatology, University of Tuebingen, Tuebingen, Germany.
Purpose: Ocular cicatricial pemphigoid (OC) represents the most 
typical chronic bullous cicatricial conjunctivitis. Often based on an 
autoimmune mechanism also drugs are known to induce OCP. In the 
following we present the first case of OCP induced by adalimumab, a 
TNF-alpha blocking biologic.
Methods: We analyzed a patient who had been treated for 
his psoriasis with adalimumab, developing symblepharon 
formation and severe keratitis. Besides clinical analysis we used 
immunofluorescence and histology for the correct differential 
diagnosis.
Results: We present a 47 year old patient with an overlap syndrome 
of rosacea and psoriasis. He waqs under treatment with the anti-TNF-
alpha agent adalimumab since app. 2 yyears. When he developed 
massive symblepharon formation with keratitis and entropium 
formation, the conjunctival biopsy using immunohistology had 
shown a linear IgG formation of the basal membrane zone of 
the conjunctiva, a typical finding for OCP. His treatment with 
adalimumab was stopped and he used Myfortic (2x720 mg). During 
the next 3 months he showed clear improvement, leading to a quiet 
uninflamed eye.
Conclusions: Various drugs have been reported to induce OCP. This 
is the first report about a biologic agent. Until now only 6 patients 
have been published, all developing bullous skin disease without 
ocular involvement, like bullous pemphigoid, pemphigus vulgaris, 
and linear IgA-dermatosis.
Commercial Relationships: Manfred Zierhut; Deshka Doycheva, 
None; Christoph M. Deuter, AbbVie (F); Bianka Sobolewska, 
None; Martin Schaller, None

Program Number: 4372 Poster Board Number: A0211
Presentation Time: 11:00 AM–12:45 PM
Effects of particulate matter (PM2.5) on mouse ocular surface: 
analysis of symptoms and histological alteration
Qian Yang. Zhongshan Ophthalmic Center, State Key Laboratory of 
Ophthalmology, Sun Yat-sen University, Guang Zhou, China.
Purpose: Particulate matter less than 2.5 microns (PM2.5) has been 
reported to have a wide range of adverse health effects. In this study, 
we investigated the alteration of ocular surface with PM2.5 in mice
Methods: PM2.5 solution at 0, 0.5, 1.0 and 5.0 mg/ml were applied 
to the C57BL/6 mice ocular surface for 6 consecutive months. 
Fluorescein staining, phenol red thread tear test and tear break-up 
time (BUT) test were performed to evaluate the effects of PM2.5 on 
the ocular surface. Mouse eyeballs were elucidated at the 6th month, 
and ocular surfaces were evaluated by histological assays with 
hematoxylin/eosin (H/E) and periodic acid-Schiff staining.
Results: PM2.5 at higher concentration induced decreasing tear 
volume and BUTs at month 3 and 6. There was no significant 
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difference in corneal fluorescein staining between control group and 
experiment group. Thinning of epithelial layer in central cornea and 
decreasing of goblet cell density in conjunctiva were found in higher 
PM2.5 treated animals.
Conclusions: Exposure to high levels of PM2.5 impacts ocular 
surfaces in mouse, which may have public health implications in 
relation to eye diseases
Commercial Relationships: Qian Yang, None

Program Number: 4373 Poster Board Number: A0212
Presentation Time: 11:00 AM–12:45 PM
Analysis of the ocular surface of patients with atopic dermatitis 
revealed decreased expression of filaggrin, a key element of the 
epithelial barrier
Thais P. Callou3, Mirian Sotto2, Naiura Pereira2, Valeria Aoki1, 
Ruth Santo3. 1Department of Dermatology, University of Sao Paulo, 
School of Medicine, Sao Paulo, Brazil; 2Department of pathology, 
University of Sao Paulo, School of Medicine, Sao Paulo, Brazil; 
3Department of Ophthalmology, University of Sao Paulo, School of 
Medicine, SAO PAULO, Brazil.
Purpose: There is no consensus regarding the profile of claudin-1 
(CLD-1), a tight junction transmembrane protein, and filaggrin 
(FLG), a filament aggregating protein, on the ocular surface of 
patients with atopic dermatitis. We conducted a prospective, 
experimental study to compare the profile of these proteins in 
the bulbar conjunctiva of atopic dermatitis patients with healthy 
individuals.
Methods: We evaluated 11 individuals, seven patients and four 
controls. Age ranged from 22 to 55 years. Inclusion criteria: 
patients diagnosed with atopic dermatitis (Hanifin & Rajka criteria). 
Exclusion criteria: use of topical ocular medication in the last 
month and ocular disease incompatible with characteristics of 
atopic keratoconjunctivitis. Epithelial cells from the inferior bulbar 
conjunctiva were obtained by impression cytology. Samples were 
incubated with primary anti-CLD-1 (code 51-9000, Invitrogen, 
Camarillo, CA) and anti-FLG (clone 15C10, NCL-Filaggrin, Leica 
Biosystems, Newcastle upon Tyne, UK). For the identification of 
CLD-1 and FLG, fluorescein-conjugated secondary antibodies 
Alexa 488 (code A11008, Invitrogen) and Alexa 488 (code A21202, 
Invitrogen) were used, respectively. Slides were scanned using 
the Pannoramic Scan and analyzed with the software Image-Pro 
Plus. The mean and standard deviation (mean, standard deviation, 
minimum and maximum) of immunolabellated cells and the ratios of 
positive cells by the total number of cells were calculated according 
to the groups and compared by the groups using the Mann-Whitney 
tests. The tests were performed with significance level of 5%.
Results: Both the mean of FLG positive cells and the ratio of FLG 
positive by the total number of cells were statistically lower in the 
group of patients with atopic dermatitis compared to the control 
group (p = 0.024). The mean of CLD-1 positive cells showed no 
statistically significant difference between the groups (p> 0.05).
Conclusions: The expression of FLG protein was decreased on the 
ocular surface of patients with atopic dermatitis. In relation to CLD-
1, there was no statistically significant difference between the groups. 
Our results suggest that disruption of the ocular surface barrier might 
be involved in the pathogenesis of atopic keratoconjunctivitis in 
patients with atopic dermatitis.
Commercial Relationships: Thais P. Callou, None; Mirian Sotto, 
None; Naiura Pereira, None; Valeria Aoki, None; Ruth Santo, 
None
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Evaluation of the regenerative potential of murine lacrimal gland 
tissue in two different models of lacrimal gland impairment
Jana Dietrich1, Mathias Roth2, 1, Gerd Geerling2, Sonja Mertsch1, 
Stefan Schrader2, 1. 1Laboratory of experimental Ophthalmology, 
Düsseldorf University Hospital (UKD), Duesseldorf, Germany; 
2Ophthalmology, Düsseldorf University Hospital, Duesseldorf, 
Germany.
Purpose: Severe dry eye syndrome (DES) is commonly caused 
by a loss of functional lacrimal gland tissue (LG). Regeneration of 
LG would be a promising approach to treat DES, but underlying 
mechanisms are mainly unclear. Therefore, this study aims to 
evaluate LG regeneration in two mouse models and determine the 
most suitable model to study underlying mechanisms.
Methods: Male C57BL/6J mice (8-10 weeks) were used to induce 
damage in the right extraorbital LG by a single interleukin (IL) 
1α (1µg/2µl) injection or ligation of the secretory duct for 7 days. 
Fluorescein staining (FL) of the eye, immunohistological scoring 
of inflammatory cells and histopathological evaluation of acinar 
structures and inflammation in H&E staining (n=6) were performed 
on day 1, 2, 3, 5, 7 after IL1α injection and day 3, 7, 14, 21, 28 after 
duct ligation. Untreated, saline injected or sham operated mice were 
used as controls (n=4).
Results: FL was significantly increased in all groups for up to 3 days. 
Only in duct ligation FL was still significantly increased at day 7 and 
14 (score 3±0.9) and returned to baseline at day 28 (score 1.7±0.5).
After IL1α injection severe inflammation (2.7±0.5, p=0.003) was 
observed at day 1 which returned to baseline (0.8±0.8) at day 5. After 
duct ligation a severe inflammation (3.0, p<0.0001) was found up to 
day 14, followed by a decline to a moderate state (2.0, p=0.0012). In 
both models CD68 positive macrophages and to a smaller extent CD3 
positive T cells, but no CD138 positive B cells infiltrated the LG.
After IL1α injection 6/6 LG showed areas of partial destruction at 
day 1-2 with an almost complete reappearance of acinar structures 
at day 7. After duct ligation 6/6 LG had areas of severe destruction 
at day 3 which increased until day 7. Removal of ligation leads to 
a partial reappearance of acinar structures in only 2/6 LG at day 14 
which increased until day 28.
Conclusions: Both models induce LG damage followed by a 
spontaneous regeneration of acinar structures. IL1α injection caused 
a prompt and severe inflammation with a transient period of tissue 
damage, imitating an acute inflammatory process. Duct ligation 
caused a more severe tissue damage followed by a prolonged period 
of regeneration, mimicking LG insufficiency. Further studies are 
needed to examine underlying mechanisms and the required extent of 
remaining functional tissue to successful regenerate LG.
Commercial Relationships: Jana Dietrich, None; Mathias Roth, 
None; Gerd Geerling, None; Sonja Mertsch, None; 
Stefan Schrader, None
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Lacrimal gland microenvironment changes after obstruction of 
lacrimal gland ducts
Xin He1, 2, Shangkun Ou1, 2, Huimin Sun1, 2, Changkai Jia1, 2, 
Jinghua Bu1, 2, chengyou zuo1, 2, Yangluowa Qu1, 2, ZUGUO LIU1, 2, 
Wei Li1, 2. 1Eye Institute of Xiamen University, Xiamen, China; 
2Fujian Provincial Key Laboratory of Ophthalmology and Visual 
Science, Xiamen, China.
Purpose: To investigate the pathological changes of lacrimal gland 
after obstruction of lacrimal gland ducts.
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Methods: The ducts of right lacrimal glands were ligated in 
8-week-old SD rats, while the left lacrimal glands were used as sham 
operation group for different durations from one day to 21 days. After 
that the blocking of the ducts were released. Slit lamp microscope 
and Phenol red thread tear secretion test were performed to evaluate 
the ocular surface and lacrimal gland function. The tissues were 
harvested and processed for H&E staining, Oil red O staining,  
qRT-PCR and immunohistochemistry.
Results: After blocking the ducts of lacrimal gland, the tear secretion 
gradually decreased from day 1 to day 5, and slightly restored after 
14 days. The weight of lacrimal gland increased at day 1 after ligation 
and gradually decreased from day 3 to day 21. There was dilation of 
acini ducts after ligation for 3 days and normal structure of lacrimal 
gland acini was destroyed after that. Inflammatory cell infiltration 
became obvious after ligation for 7 days. Oil red O staining showed 
lipid accumulation in acini started from day 1 and gradually 
increased. Alpha-SMA staining revealed decreased and disorganized 
myoepithelial cells after ligation for 3 days. After unblocking the 
ducts, tear secretion and the structure of acini were recovered in less 
than 7 day ligation groups. There was increased proliferation of duct 
cells and acini cells after release of duct ligation.
Conclusions: Blockage of lacrimal gland ducts may result in 
dystrophy of lacrimal gland acini cells, inflammation and lipid 
accumulation of lacrimal gland microenvironment. Long term duct 
blockage will cause irreversible lacrimal gland failure.
Commercial Relationships: Xin He; Shangkun Ou, None; 
Huimin Sun, None; Changkai Jia, None; Jinghua Bu, None; 
chengyou zuo, None; Yangluowa Qu, None; ZUGUO LIU, None; 
Wei Li, None
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Developmental Gene Expression in Human Lacrimal Gland
Dhara Shah1, Marwan Ali1, Sowmya Parmeswaran2, 
Krishnakumar Subramanian2, Vinay K. Aakalu1. 1Ophthalmology 
and Visual sciences, University of Illinois at Chicago, Chicago, 
IL; 2Kamalnayan Bajaj Institute for Research in Vision and 
Ophthalmology, Chennai, India.
Purpose: Study of human lacrimal gland biology is limited by poor 
access to normal tissue and has lagged behind other areas of study. 
Understanding of developmentally critical genes is important in the 
creation of cell based therapies. Many cell based therapy strategies 
rely on directed differentiation of stem cells into adult tissue types 
using induction of developmental genes. Evaluation of the differences 
and similarities among embryologically related tissue types may yield 
a starting point for the elucidation of critical genes and signaling 
pathways in the development of lacrimal gland.
Methods: We performed global gene expression analysis of human 
lacrimal gland tissue using Affymetrix ® gene expression arrays. 
Primary data from our laboratory was compared with datasets 
available in the NLM GEO database for other surface ectodermal 
tissues including salivary gland, skin, conjunctiva and corneal 
epithelium.
Results: Our analysis revealed statistically significant differences in 
the expression of numerous genes and signaling pathways in lacrimal 
gland tissue compared to other ectodermal tissues. The lacrimal gland 
specific, cell surface secretory protein encoding genes and critical 
signaling pathways which distinguish lacrimal gland from other 
ectodermal tissues are described.
Conclusions: Comparison of gene expression in human lacrimal 
gland compared with other surface ectodermal tissue types revealed 
interesting patterns which may serve as the basis for future studies in 
directed differentiation.

Schemaric Illustration of Experimental Work Flow
Commercial Relationships: Dhara Shah, None; 
Marwan Ali, None; Sowmya Parmeswaran, None; 
Krishnakumar Subramanian, None; Vinay K. Aakalu, None
Support: NIH NEI  K08 EY024339
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Human Lacrimal Gland Epithelial Cells Culture
Hui Lin, Ying Liu, Samuel C. Yiu. Ophthalmology, Wilmer Eye 
Institute, Johns Hopkins University, Baltimore, MD.
Purpose: The lacrimal gland is a critical component of the tear 
functional unit. Aqueous tear-deficient dry eye is a multifactorial 
chronic disorder in which the lacrimal glands fail to produce enough 
tears to maintain a healthy eye surface. Study of human lacrimal 
epithelial cell biology is limited by poor access to tissue and difficulty 
with primary cultures. In this study, we investigated human lacrimal 
gland tissue to determine the presence of progenitor cell markers and 
lacrimal epithelial markers by immunostaining and cell culture.
Methods: Six human lacrimal gland tissues from healthy donors 
were collected and immediately placed in culture medium and then 
shipped overnight at 4 °C. One part of the lacrimal gland tissue 
was prepared for immunofluorescence staining and the other part 
of the tissue was prepared for primary cell. Immunofluorescence 
analysis was conducted to evaluate lacrimal epithelial phenotype and 
progenitor cell markers for 5 passages.
Results: Human lacrimal gland tissue expressed a number of 
epithelial progenitor cell markers. The presence of precursor cell 
markers C-Kit, K15, ABCB5, P63, Pax6 and Sox2 was observed 
in lacrimal gland tissues. Lacrimal gland epithelial cells were 
successfully cultured and passaged to P5. The cultured lacrimal gland 
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epithelial cells were positive for Pan-cytokeratin, AQP5, Rab3D, 
ABCB5, C-kit, K15, Ki67 and P63.
Conclusions: Human lacrimal gland tissues contain precursor 
marker-positive cells and those marker expression were also detected 
in ex-vivo cultured cells. It would help future study in developing cell 
based therapies for dry eye disease.
Commercial Relationships: Hui Lin, None; Ying Liu, None; 
Samuel C. Yiu, None
Support: Research to Prevent Blindness (RPB) and Maryland Stem 
Cell Research Fund 2014-MSCRFF-0788
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A novel meibum analytical method based on surface enhanced 
raman spectroscopy
Shangkun Ou1, 2, Xin He1, 2, Liying Zhang1, 2, dulei zou1, 2, 
Yangluowa Qu1, 2, chengyou zuo1, 2, Changkai Jia1, 2, Huimin Sun1, 2, 
ZUGUO LIU1, 2, Wei Li1, 2. 1Eye Institute of Xiamen University, 
Xiamen, China; 2Xiamen University affiliated Xiamen Eye Center, 
Xiamen, China.
Purpose: We applied the surface enhanced Raman spectroscopy 
(SERS) to analyze the composition of proteins, saturated fats, 
unsaturated fatty acids and their interaction in Meibomian gland 
secretion, i.e., meibum, and evaluate the pathological changes of 
Meibomian gland dysfunction.
Methods: Human meibum from healthy individuals and Meibomian 
gland dysfunction patients was expressed from eyelids and collected 
for direct spectroscopic study. The meibum was immediately spread 
onto the silicon slice coated by gold surface or preserved in glass 
tube. All samples were frozen under liquid nitrogen for analysis using 
a Raman spectrometer within two hours.
Results: Human meibum was enrich with lipid. We used the Raman 
band intensity ratio, I1659/I1438cm−1 and I3013/I2860cm−1, to 
calculate a saturation level CH2/=CH of meibum; used the Raman 
band intensity ratio, I1659/I1161cm−1, to calculate the relative amount 
of lipid and protein; and used the Raman band intensity ratio, I2860/
I2934cm−1, to calculate the conformation of lipid. We found that 
there was significant difference (P<0.01) at I1659/I1438cm−1, I3013/
I2860cm−1, and I1659/I1161cm−1 between liquid-like, granular and 
paste-like meibum. However, there was no significant difference 
(P>0.05) at I1659/I1438cm−1. Raman mapping was used for relative 
quantity analysis and the results showed similar as that of the Raman 
spectra.
Conclusions: Compared with liquid-like meibum, the unsaturated 
fatty acid of granular and paste-like meibum was decreased; while 
the protein was increased; the conformation of lipid was similar. 
We predict that Meibomian gland dysfunction may be accompanied 
by decrease of non-saturated fatty acid and increase of protein in 
meibum. SERS may be used as a method to analyze the meibum and 
determine the pathological changes of MGD.
Commercial Relationships: Shangkun Ou; Xin He, None; 
Liying Zhang, None; dulei zou, None; Yangluowa Qu, None; 
chengyou zuo, None; Changkai Jia, None; Huimin Sun, None; 
ZUGUO LIU, None; Wei Li, None
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The effect of solithromycin, a cationic amphiphilic drug, on the 
proliferation and differentiation of human meibomian gland 
epithelial cells
Yang Liu1, Wendy R. Kam1, Prabhavathi Fernandes2, 
David A. Sullivan1. 1Schepens Eye Research Inst, Boston, MA; 
2Cempra Pharmaceuticals, Chapel Hill, NC.

Purpose: We have discovered that azithromycin (AZM) acts 
directly on immortalized human meibomian gland epithlelial cells 
(HMGECs) to stimulate their lysosome and lipid accumulation and 
overall differentiation. We hypothesize that this phospholipidosis-like 
effect of AZM on HMGECs is due to its cationic amphiphilic drug 
(CAD) nature. CADs feature a hydrophobic ring structure linked to a 
hydrophilic domain with a cationic amine group. If our hypothesis is 
correct, then other CADs (e.g. solithromycin [SOL]) should be able 
to duplicate AZM’s action on HMGECs. Our purpose was to test this 
hypothesis.
Methods: Immortalized HMGECs were cultured in the presence 
of vehicle or SOL (2, 10, or 20 µg/ml) for up to 7 days under 
proliferating (keratinocyte serum-free medium; KSFM) or 
differentiating (DMEM/F12 plus 10% fetal bovine serum) conditions. 
Positive (epidermal growth factor and bovine pituitary extract for 
proliferation; AZM for differentiation) and negative (media only) 
controls were included with the experiments. HMGECs were 
evaluated for cell number, neutral lipid content (LipidTox) and 
lysosome accumulation (LysoTracker).
Results: Our results demonstrate that SOL induces a rapid and 
dose-dependent increase in the accumulation of neutral lipids and 
lysosomes in HMGECs. The lysosomal effects were most prominent 
with the 10 and 20 µg/ml doses, and occurred earlier (i.e. 1 day) with 
SOL than with the AZM (10 µg/ml) control. The effects of SOL and 
AZM on HMGEC differentiation were essentially the same after 3 
days of culture. SOL did not influence the proliferation of HMGECs 
during a 7-day time period.
Conclusions: Our results support our hypothesis that SOL, a CAD, 
is able to duplicate, at least, AZM’s impact on lysosome and lipid 
accumulation, as well as differentiation, of HMGECs. The effect of 
SOL on lysosome appearance was faster than that of AZM.
Commercial Relationships: Yang Liu, Cempra Inc. (F); 
Wendy R. Kam, Cempra Inc. (F); Prabhavathi Fernandes, Cempra 
Inc. (E), Cempra Inc. (P); David A. Sullivan, Cempra Inc. (F)
Support: Sponsored by Cempra Pharmaceuticals
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Efficacy of Repeated LipiFlow Treatment for Obstructive 
Meibomian Gland Dysfunction
Reiko Arita1, 2, Shima Fukuoka3, 2, Naoyuki Morishige4, 2. 1Itoh Clinic, 
Bunkyo-ku, Japan; 2Lid and meibomian gland working group, Tokyo, 
Japan; 3Omiya Hamada Eye Clinic West Branch, Saitama, Japan; 
4Oshima Eye Hospital of Ophthalmology, Fukuoka, Japan.
Purpose: LipiFlow (TearScience, Morrisville, NC) is a device for 
treatment of meibomian gland dysfunction (MGD) based on warming 
and massage of the eyelid. Given that we found that some MGD 
patients treated with a single application of LipiFlow did not show 
improvement in their symptoms, we evaluated the clinical efficacy of 
repeated LipiFlow treatment in such individuals.
Methods: Among 30 patients with obstructive MGD subjected to a 
single application of LipiFlow, 10 individuals (7 women and 3 men; 
mean age ± SD, 48.4 ± 16.4 years; age range, 30 to 88 years) who 
did not show improvement in their subjective symptom score, lid 
margin findings (such as plugging, vascularity, and irregularity), and 
meibum grade were enrolled in the present study. For examination of 
the effects of repeated LipiFlow treatment, LipiFlow was applied to 
both eyes of each subject three times every 3 months. We evaluated 
the clinical parameters in right eye such as lid margin abnormalities, 
the thickness of the lipid layer of the tear film, tear film breakup time, 
meibum grade, epithelial disorders, meiboscore (as determined by 
meibography), and the Schirmer test value as well as the subjective 
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symptom score before the initial application of LipiFlow and 1 month 
after each treatment application.
Results: The study subjects included 5 individuals with MGD 
combined with aqueous-deficient dry eye, 5 individuals with a 
history of contact lens wear, and 6 individuals with extensive 
damage to MG morphology. The subjective symptom score was 
significantly improved (P = 0.006) after the second application of 
the study treatment. Furthermore, the subjective symptom score, 
lipid layer thickness, tear film breakup time, and meibum grade were 
significantly improved after the third application (P < 0.001, P < 
0.001, P < 0.001, and P = 0.019, respectively).
Conclusions: LipiFlow treatment requires repeated application to 
show efficacy in some MGD patients. Such repeated application is 
thus a promising option for treatment of refractory MGD.
Commercial Relationships: Reiko Arita, TearScience (F), 
TOPCON (P); Shima Fukuoka, None; Naoyuki Morishige, None
Clinical Trial: UMIN, UMIN000018535
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Evaluation of lipid layer thickness of the tears over the course of 
a day
Jennifer S. Fogt, Matthew J. Kowalski, Nick Fogt, Peter E.  
King-Smith, Joseph T. Barr. The Ohio State University College of 
Optometry, Columbus, OH.
Purpose: The purpose of this study was to compare measurements 
of the lipid layer thickness (LLT) of the tears when taken at different 
times of the day.
Methods: A custom built instrument, a stroboscopic video color 
microscope (SVCM) was used to measure the lipid layer of the tears. 
The instrument measures LLT of a circular area 6mm in diameter, 
taking 22 images/sec at 1,400x1100 pixels. Over the course of 40 
seconds, 900 frames are recorded. Software analyzes the data and 
blink disruption of the data is deleted. The LLT over the lower third 
of the circular area was calculated.
35 subjects participated. For each subject, a baseline measurement 
was taken and processed. The subject returned for two more LLT 
measurements on separate days. Appointments were scheduled at 
any time during a normal workday, with the earliest measurement 
occurring at 8:33 am and the latest measurement being taken 5:39pm. 
Subjects were told not to rub their eyes or use any eye drops on the 
day of each measurement. The eye with the thinnest LLT at the initial 
baseline visit was used for analysis.
Results: 105 LLT measurements were used. The mean LLT was 
49.53±10.98 nm. These data were analyzed using a single factor 
repeated measures analysis of variance (ANOVA). The effect of time 
was not significant (p=0.19). Regression of LLT versus time yielded a 
correlation coefficient of 0.0 (p=0.619).
To account for potential bias between subjects due to variations in 
the time of day in which measurements were taken, a second group 
of analyses using the change in time from the earliest measurement 
and the associated change in LLT was performed. The mean and 
standard deviation of LLT changes was calculated for changes of time 
less than one hour (-2.50±11.09 nm), changes of time of 1-2 hours 
(-0.24±11.93nm), and changes of time over 2 hours (-0.25±9.56nm). 
Repeated measures ANOVA was performed. The change in time had 
an insignificant effect on the change in LLT (p=0.582). Regression of 
LLT change versus time change yielded a correlation coefficient of 
0.0 (p=0.955).
Conclusions: These data suggest that lipid layer thickness for a given 
subject is consistent over the course of a typical work day. With many 
studies currently on going in the treatment of dry eye, it is important 
to rule out confounding causes of change in LLT. This study suggests 

that the time of day is likely not a confounding variable in these 
studies of lipid layer thickness.
Commercial Relationships: Jennifer S. Fogt, Valeant 
Pharmaceuticals (F), Valeant Pharmaceuticals (C); 
Matthew J. Kowalski, Va (F); Nick Fogt, Spouse - Valeant 
Pharmaceuticals (F), Spouse - Valeant Pharmaceuticals (C); 
Peter E. King-Smith, Valeant Pharmaceuticals (F); Joseph T. Barr, 
Valeant Pharmaceuticals (F), Valeant Pharmaceuticals (C)
Support: Valeant Pharmaceuticals
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Human Tear Film Lipid Variability – A Year-long Assessment
Jadwiga C. Wojtowicz, Anne McMahon, Igor A. Butovich. 
Ophthalmology, University of Texas Southwestern Medical Center, 
Dallas, TX.
Purpose: The tear film has a complex structure and dynamics which 
have not yet been completely elucidated. Our aim was to evaluate 
over time changes in the lipid composition and tear volume of human 
tears.
Methods: The tears of two normal (non-dry eye, a male and a female 
volunteer) were collected weeklybetween 3:00 and 5:00 pm over a 
period of one year, using Schirmer test strips (without anesthetic). 
Tear samples were recovered from the strips using a chloroform-
methanol (3:1) solvent mixture, and analyzed individually using 
chromatography and mass spectrometry. Intra- and inter-donor 
variability in their amount and composition were evaluated. The 
lipids were identified and quantitated using authentic lipid standards.
Results: Over a 1-year period, tear production and the amount 
of total tear lipids, were found to be variable and changing from 
week to week. Tear production (as measured by Schimer I test) was 
variable within subjects and the lipid amounts were not proportional 
to the tear volumes. Intra-donor variability of tear lipid (for 2 eyes 
combined) was estimated to range from 10 to 80 ug for the male 
subject, and 3 to 4 times that – for the female. As regards to the 
tear lipid profile, it could be characterized as two groups – 1) a 
conservative one (making up to 90% of total tear lipids) whose 
lipid profile was fairly constant over time and resembled that of 
meibum (represented by cholesteryl esters, wax esters, OAHFA and 
cholesteryl esters of OAHFA), and 2) a dynamic one, which made 
10% or so of tear lipids and was represented by free cholesterol, 
squalene, phospholipids, and acylglycerols. Its composition 
demonstrated high variations with no discernible pattern.
Conclusions: The tear volume, and the amount of lipid material 
that could be recovered from the ocular surface, varied widely in a 
random manner. Meibum contributed to the conservative group of 
tear film lipids, while the dynamic group (from sources other than 
meibum) was changing independently from the stable one.
Commercial Relationships: Jadwiga C. Wojtowicz, None; 
Anne McMahon, None; Igor A. Butovich, None
Support: NIH Grant RO1EY019480, P30EY020799, 
RO1EY024324; An Unrestricted Grant from Research to Prevent 
Blindness
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Loss of βENaC Function in Meibomian Gland Produces Severe 
Sex-Biased Ocular Surface Diseases in Mice
Dongfang Yu1, Yogesh Saini3, Gang Chen1, Kimberlie A. Burns1, 
Hong Dang1, Richard Davis2, Scott H. Randell1, Charles R. Esther5, 
Friedrich P. Paulsen4, Richard C. Boucher1. 1Marsico Lung Institute/
UNC Cystic Fibrosis Research Center, University of North Carolina, 
Chapel Hill, NC; 2Department of Ophthalmology, Universisty of 
North Carolina at Chapel Hill, Chapel Hill, NC; 3Department of 
Comparative Biomedical Sciences, Louisiana State University, 
Baton Rouge, LA; 4Department of Anatomy II, Friedrich Alexander 
University Erlangen Nürnberg, Erlangen, Germany; 5Pediatric 
Pulmonology, Universisty of North Carolina at Chapel Hill, Chapel 
Hill, NC.
Purpose: To investigate the role of β subunit of epithelial sodium 
channel (ENaC) in mouse meibomian glands (MG).
Methods: A conditional MG βENaC knockout mouse model was 
generated by cross breeding Sonic Hedgehog (Shh)-Cre and floxed 
βENaC mice. Real time RT-PCR confirmed βENaC deletion and 
quantitated altered expression of genes of interest. Whole eyeballs 
were excised, fixed, and processed for histopathological analysis and 
scanning electron microscopy (SEM). Sections were immunostained 
for cytokeratins, proliferation, and inflammatory cell markers. 
Conjunctival tissue homogenates were used for cytokine multiplex 
assays. Tear production was measured with phenol red threads 
(PRT) test and tears were analyzed for purine metabolites by Mass 
Spectrometry. Primary mouse MG cell cultures were generated to test 
the role of ENaC in MG cell growth and proliferation.
Results: MG βENaC KO mice exhibited striking age dependent 
Meibomian gland dysfunction (MGD). This phenotype was more 
prevalent in female than male mice, with white toothpaste-like 
secretions obstructing the MG orifices. In older mice, there were 
dramatic corneal pathologies, including corneal opacification, 
ulceration, neovascularization, and ectasis. There was compensatory 
increase in tear production in MG βENaC KO mice, and tear 
purine metabolites levels were lower in KO mice. Histologically, 
inflammatory cell infiltration was observed in both acini and ducts 
of MG of βENaC MG KO mice, with duct enlargement, and ductal 
epithelial cells hyperstratification. In older mice, there was MG acinar 
atrophy, conjunctival epithelial epidermalization, corneal epithelial 
hyperkeratinization, conjunctivalization, and neovascularization. 
Structural morphological changes in the cornea as well as the lids 
were observed by SEM. Inflammation in MG and conjunctiva was 
confirmed by increased cytokine gene and protein expression, and 
positive Ly-6B.2 immunostaining. Cell proliferation assays revealed 
lower proliferation rates of MG cells derived from KO mice than 
control mice.
Conclusions: βENaC expression in the MG plays a critical role 
in normal mouse MG function. Loss of βENaC function resulted 
in MGD, and severe ocular surface damage with time that was 
sex dependent. Our data suggest a pivotal role of βENaC in the 
proliferation and regeneration of MG cells. Further investigation on 
this observation may lead to new therapeutic developments for MGD.
Commercial Relationships: Dongfang Yu, None; Yogesh Saini, 
None; Gang Chen, None; Kimberlie A. Burns, None; Hong Dang, 
None; Richard Davis, None; Scott H. Randell, Parion 
Sciences (F), Gilead Sciences (C); Charles R. Esther, None; 
Friedrich P. Paulsen, None; Richard C. Boucher, Parion Sciences 
(I)
Support: PPG P01HL110873
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Meibomian Gland Dysfunction in Primary Sjögren’s síndrome
Gerardo Villarreal Méndez2, Karim Mohamed-Noriega1, 
Jesus Mohamed1, Jibran Mohamed-Noriega2, Fernando  
Morales-Wong2, Janett Riega-Torres3, Mario A. Garza-Elizondo3. 
1Ophthalmology, University Hospital UANL, San Nicolas, Mexico; 
2Departamento de Oftalmología, Hospital Universitario, UANL, 
Monterrey, Mexico; 3Departamento de Reumatología, Hospital 
Universitario, UANL, Monterrey, Mexico.
Purpose: To describe the characteristics of Meibomian Gland 
Dysfunction (DGM) observed in a group of patients with primary 
Sjögren’s síndrome (1SS)
Methods: This is a prospective, consecutive, and transversal case 
series of patients with SS confirmed with salivary gland biopsy, 
serology and/or SICCA Ocular Staining Score (SICCA OSS) 
according to 2012 classification criteria for SS.
The ophthalmic and dry eye evaluations included were Meibography, 
meibomian gland (MG) dropout, TBUT, Schirmer’s test without 
anesthesia and complete eyelid margin evaluation. Meibography 
were performed with Keratograph 5M® (Oculus). MG dropout was 
subjectively graded 0-3 (0: 0%, 1: <33%, 2: 33-66%, 3: >66% of MG 
dropout) by 2-blinded evaluators. The correlation between variables 
was analyzed using Spearman’s correlation test.
Results: We evaluated 73 eyes of 37 patients: Mean age ± standard 
deviation (SD) was 54.64 ± 12.74 years. Schirmer’s test:11.57 
(10.65), TBUT: 4.78 (3.68), mean SICCA OSS 7.01 (3.36), Mean 
MG dropout: 1.48 (0.463). Mean (SD) number of expressible glands: 
4.36 (2.07). Meibum quality [n(%)]: normal: 6 (8.2%), opaque: 5 
(6.8%) granular: 52 (71.2%), tooth paste: 10 (13.7%). Marks Line 
[n(%)]: normal: 20 (27.4%), thickened: 38 (52.1%), anteriorized: 
15 (20.5%). Eyelid border debris: no debris: 20 (27.4%), mild: 49 
(67.1%), moderate: 4 (5.5%). Eyelid foam: 11 (15.1%), hyperemic lid 
margin: 67 (91.8%), lid margin telangiectasia: 54 (74%), Thickened 
lid margin: 71 (97.3%), irregular lid margin: 20 (27%) and lid margin 
scar: 0 (0.0%).
MG dropout was grade 1 in 32 (43.8%) eyes, grade 2 in 43 (50.6%), 
and grade 3 in 4 (5.5%). We found no significant correlation (p 
> 0.50) between MG dropout grade and the evaluated dry eye 
parameters.
Conclusions: Mixed dry eye is present in patients with 1SS. All 
patients showed clinical signs of MGD, and mean of TBUT was low, 
it has a significantly mild correlation with Schiermer’s test.
Commercial Relationships: Gerardo Villarreal Méndez, None; 
Karim Mohamed-Noriega, None; Jesus Mohamed, None; 
Jibran Mohamed-Noriega, None; Fernando Morales-Wong, None; 
Janett Riega-Torres, None; Mario A. Garza-Elizondo, None
Support: PAICYT 2015 SA161-15
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Therapy for Dry eye and Meibomian gland dysfunction(MGD) 
based on the replacement of (O-acyl)-omega-hydroxy fatty 
acids(OAHFAs)
Sher Li Gan1, Richard Webster1, Louis Tong3, Roderick Bates1, 
Manfred Raida2. 1School of Physical and Mathematical Sciences, 
Nanyang Technological University, Singapore, Singapore; 2National 
University of Singapore, Singapore, Singapore; 3Singapore Eye 
Research Institute, Singapore, Singapore.
Purpose: The main aim of our work is to develop a supplementary 
form of dry eye treatment, that targets replacement of deficient lipid 
species in the tear film lipid layer(TFLL) induced by MGD. Based 
on the consistently decreasing trend of OAHFAs with increasing 
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severity of dry eye and its amphiphilic nature, we propose a topical 
supplement of OAHFAs into the eye. This is an improvement 
from topical artificial tears, which remains the mainstay of dry eye 
treatment, but usually only provide temporary relief of symptoms for 
patients. The feasibility of this proposed treatment will be evaluated 
in healthy rabbits and dry eye models.
Methods: OAHFA 18:1/34:1 was selected to be synthesized as it 
showed a significant correlation with improved corneal staining 
after eyelid-warming treatment for MGD. Different formulations 
of the synthesized OAHFA are developed and selection was based 
on a study of the safety and retention time of the eye drops (30µL) 
tested on the rabbit’s eye. Tear samples are collected at fixed intervals 
using Schirmer’s strips and HPLC/MS/MS studies are conducted 
to determine if the OAHFA eye drop is well retained in the eye 
and whether there are changes to the overall lipid profile upon 
application.
Results: OAHFA 18:1/34:1 was successfully synthesized via a 
convergent synthetic route (Scheme 1) and well characterised 
using NMR (1H and 13C), HRMS and elemental analysis. Two eye 
drop formulations were developed: (i) 0.1% OAHFA in undiluted 
olive oil (ii) emulsion of 0.1% OAHFA, 0.5% polysorbate 80, 1% 
glycerin, 1% olive oil in ultrapure water (aggregation size ~150 
nm). Preliminary tests performed on a rabbit with (i) showed both 
no signs of irritation and a significant increase in OAHFA 5 minutes 
after application, along with a decrease in TAGs, PCs and DAGs as 
compared to controls instilled with olive oil only.
Conclusions: Preliminary results suggest that formulation (i) is 
not only well tolerated and retained in the eye but also triggered 
alteration to other lipid classes, hence implying that the eye drop may 
serve beyond a mere supplementation of OAHFAs in improving dry 
eye conditions. Similar tests will be conducted on more rabbits and 
further on with formulation (ii) to statistically determine the more 
suitable vehicle and dosage before proceeding on to pre-clinical trials 
on dry eye rabbit models for efficacy tests.

Scheme 1. Synthesis of OAHFA 18:1/34:1
Commercial Relationships: Sher Li Gan; Richard Webster, None; 
Louis Tong, None; Roderick Bates, None; Manfred Raida, None
Support: Nanyang President's Graduate Scholarship conference 
allowance
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FGF-signaling in Meibomian Gland (MG) Homeostasis of Adult 
Mice
Lixing W. Reneker1, Ying-Bo Shui2, Ying Liu2, LanLan Wang1, 
Andrew J. Huang2. 1Ophthalmology, University of Missouri-
Columbia, Columbia, MO; 2Ophthalmology&Visual Science, 
Washington University School of Medicine, St. Louis, MO.
Purpose: Meibomian glands (MGs) secret lipids (meibum) via a 
holocrine mechanism which requires perpetual regeneration and 
renewal of acinar cells to maintain MG homeostasis. We investigate 
the role of fibroblast growth factor (FGF) as one of the potential 
modulating mechanism(s) of MG homeostasis in this study.
Methods: Individual MGs were isolated from tarsal plates of adult 
mice of either sex by laser capture microdissection. RNAs from 
either MGs or surrounding eyelid tissue were extracted for RT-PCR 
to examine the expression of FGFs and FGF receptors (FGFRs). 
To delineate the role of FGFR2 in MGs, a triple transgenic mouse 
line (Krt14-rtTA; tetO-Cre, Fgfr2flox/flox, referred as Fgfr2CKO) was 
generated, in which the floxed Fgfr2 gene in keratin-14 (Krt14)-
expressing epithelial cells can be ablated by Cre recombinase upon 
doxycycline (Dox) induction. Pathological changes in the MGs of 
mutant mice were examined by immunohistochemical analyses of 
various MG markers.
Results: Among the 22 FGF members examined, at least 9 different 
FGFs were detected by RT-PCR using the RNAs from either MGs 
or eyelids of adult mice (n=3). Among them, FGF-7 and FGF-10 
(both being FGFR2 ligand) were expressed at a higher level than 
other FGFs. Three of the four FGFRs, FGFR 1, 2 and 3, were highly 
expressed in the MGs. To investigate the role of FGFR2 in MGs, two-
month old Fgfr2CKO mice were fed with Dox chow to induce gene 
deletion in MGs and other Krt-14 expressing cells. After receiving 
Dox for two weeks, Fgfr2CKO mice developed severe MG atrophy, 
associated with reduced meibum production and development 
of ocular surface abnormalities similar to those noted in human 
evaporative dry eye disease (DED). Further immunohistochemical 
analyses showed that FGFR2 deletion led to poor MG basal cell 
proliferation and impaired acinar cell differentiation with only 
minimal impact on MG ductal cells.
Conclusions: Three FGFRs are expressed in adult mouse MGs which 
can be regulated by various FGF ligands produced in MGs and in 
eyelids. Activation of FGFR2 by FGF-7 and/or FGF-10 is likely to 
be essential for MG homeostasis via regulating MG proliferation and 
differentiation.
Commercial Relationships: Lixing W. Reneker, None; 
Ying-Bo Shui, None; Ying Liu, None; LanLan Wang, None; 
Andrew J. Huang, None
Support: NIH EY24221
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Effect of the Intranasal Tear Neurostimulator on Meibomian 
Glands
Michael Watson1, Endri Angjeli1, Brian Orrick1, Stephanie Baba2, 
Manfred Franke3, Mark Holdbrook4, George W. Ousler1, 
David A. Hollander1, Michelle Senchyna5. 1Dry Eye, Ora, Inc, 
Andover, MA; 2Clinical Affairs, Oculeve, Inc., South San Francisco, 
CA; 3Private Consultant, Valencia, CA; 4Executive Director, Clinical 
Affairs and Biostatistics, Allergan, plc, South San Francisco, CA; 
5Senior Director, Clinical Development, Ophthalmology Therapeutic 
Area, Allergan, plc, Irvine, CA.
Purpose: The Intranasal Tear Neurostimulator (ITN) delivers a small 
electrical current to sensory neurons of the nasal cavity that stimulate 
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the nasolacrimal reflex to induce tear production. Meibum expression 
is typically achieved though coordinated muscular activity of the 
orbicularis and Riolan’s muscles, both of which are innervated by the 
cranial nerve CN-VII.The purpose of this study was to investigate 
whether use of the ITN produces activity on the meibomian glands.
Methods: 25 dry eye subjects were enrolled in a crossover, 4-visit 
study consisting of screening and baseline visits followed by two 
application visits, in which subjects received a single treatment of 
approximately 8 minutes (ITN or extranasal control) in randomized 
order. The following lid margin assessments were made: lower 
eyelid (LEL), lower central meibomian gland(LCMG) and tear film 
(TF) temperature through thermal video capture (FLIR A655sc); 
lipid layer thickness prior to and immediately following application 
through Tearscope visualization, and comparison of these results 
to the Guillon Tear Film Scale. All data are shown as change vs. 
baseline measured immediately prior to treatment in Mean±SD. 
Mean data were compared using a paired t-test (temperature data) 
or Wilcoxon signed-rank test (LLT data). P values < 0.05 were 
considered statistically significant.
Results: 
See Table. All lid margin assessments were significantly improved by 
ITN treatment.
Conclusions: 
Use of the ITN results in a statistically significant increase in the 
temperature of LEL, LCMG and TF, as well as an increase in lipid 
layer thickness. These data demonstrate that neural stimulation with 
the ITN results in both lacrimal and meibomian gland secretion.

Commercial Relationships: Michael Watson, Ora, Inc. (E); 
Endri Angjeli, Ora, Inc. (E); Brian Orrick, Ora, Inc. (E); 
Stephanie Baba, Oculeve, Inc. (E); Manfred Franke, Oculeve, Inc. 
(P); Mark Holdbrook, Allergan, plc (E); George W. Ousler, Ora, 
Inc. (E); David A. Hollander, Ora, Inc. (E); Michelle Senchyna, 
Allergan, plc (E)
Clinical Trial: NCT02970799
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Influence of eyelid pigmentation on the diagnosis of meibomian 
gland dysfunction
Sangita P. Patel1, 2, Max J. Blumberg1. 1Ophthalmology, University at 
Buffalo, Buffalo, NY; 2Research Service, VA Western NY Healthcare 
System, Buffalo, NY.
Purpose: Meibomian gland dysfunction is often incorrectly 
diagnosed based upon the presence of eyelid vascularization 
without gland expression. Eyelid margin vascularization is 
difficult to appreciate with dark skin pigmentation. We performed 
an observational clinical study to test the hypothesis that MGD 
diagnosed using meibomian gland expression is seen with all skin 
pigmentations, however, reliance on eyelid margin vascularization as 
a primary diagnostic criterion results in under-diagnosis of MGD in 
individuals with dark skin.
Methods: Following IRB approval, subjects were recruited from 
the Ross Eye Institute, Buffalo, NY. Subjects completed: a dry eye 
symptom questionnaire; digital slit lamp photographs of the eyelids; 
infrared images of the meibomian glands (meibography, Heidelberg 
Spectralis, Germany); Schirmer’s test for tear production; and 

evaluation of meibum quantity/quality using a Korb Meibomian 
Gland Evaluator (Tear Science). Eyelid pigmentation from slit lamp 
photos was graded using RGB pixel analysis in ImageJ software. 
Vascularization and gland truncation/dropout were graded visually 
from slit lamp and meibography images, respectively, and confirmed 
by a masked observer.
Results: We recruited 47 subjects from age 15 to 79 years old. Skin 
pigmentation by RGB pixel analysis ranged from 231 (fair skin) to 
68 (dark skin), with a mean of 160 (median 170). Dry eye symptoms 
ranged from 0 (no symptoms) to 100 (severe symptoms), with a mean 
of 24 (median 8). MGD diagnosed by abnormal meibum quality/
quantity ranged from absent to severe. Dry eye symptoms, abnormal 
tear production, gland truncation/dropout, and abnormal meibum 
quality/quantity affected individuals of all skin pigmentations. 
However, vascularization was not seen in any darkly pigmented 
individuals (RGB<145, n = 13), despite the presence of MGD in 
this population (10/13 had abnormal meibum). Vascularization was 
neither sensitive (33%) nor specific (50%) for the diagnosis of MGD.
Conclusions: 
Although vascularization of the eyelid margin has been used for 
diagnosis of MGD, vascularization is not seen in our population of 
darkly pigmented individuals. Because MGD affects individuals of 
all skin pigmentations, meibomian gland expression is central to 
diagnosis, especially in those with darker pigmentation.
Commercial Relationships: Sangita P. Patel, None; 
Max J. Blumberg, None
Support: RPB Unrestricted Grant
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An Evaluation of the Presence of Demodex and its influence on 
Meibomian Gland structure
Clare Halleran2, Leslie O’Dell6, Jennifer S. Harthan1, 
Justin T. Kwan3, Kristen Hipolito4, Milton M. Hom5. 1Illinois 
College of Optometry, Chicago, IL; 2Private Practice, Clarenville, 
NL, Canada; 3MBKU Southern California College of Optometry, 
Fullerton, CA; 4Private Practice, Azusa, CA; 5Private Practice, Azusa, 
CA; 6Private Practice, York, PA.
Purpose: The Purpose of this study was to evaluate any correlation, 
or lack of correlation, between the presence of Demodex mites and 
meibomian gland (MG) structure. The study evaluated structure in 
terms of both gland atrophy and tortuosity.
Methods: This was a multicenter study evaluating ocular surface 
symptoms with the UNC and SPEED questionnaires. Bilateral 
epilation of two eyelashes per eye was performed followed by 
microscopic evaluation counting of mites. Meibography was also 
performed on upper and lower eyelids. The Pult and Halleran scales 
were used to grade MG atrophy and tortuosity respectively. The Gao 
scale was used to grade cylindrical dandruff (CD). Statistical analyses 
included unpaired t-test
Results: Fourteen subjects were found to have Demodex folliculorum 
and 7 subjects had no mites. The average age of each cohort was  
54.0 and 33.9 respectively. Symptomatology measured by SPEED  
(p = 0.226) and UNC (p = 0.505) were not found to be different 
between the two groups. Neither was there a difference in MG 
morphology (atrophy and tortuosity). The cylindrical dandruff 
amount and severity reflected the presence of mites found upon 
epilation. When the sample was separated by ethnicity (53% 
Hispanic, 47% White), Hispanics were found to have more MG 
tortuosity in the lower eyelids than White (p = 0.005)
Conclusions: This study confirmed that cylindrical dandruff is 
pathognomonic for Demodex and that symptomology may not 
always be significantly higher than those without Demodex. We 
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found that Hispanics had more MG tortuosity than Whites. Further 
ethnic differences MG morphology is worth exploring. The presence 
of mites does not affect MG physical configuration, therefore MGD 
related to demodex must be obstruction probably due to cylindrical 
dandruff
Commercial Relationships: Clare Halleran, Allergan Inc (R); 
Leslie O'Dell, Shire Inc (C), Allergan Inc (C), Paragon Biotech (C); 
Jennifer S. Harthan, Metro Optics (F), Allergan Inc (F), Bausch & 
Lomb (F), Contamac (F); Justin T. Kwan, Allergan Inc (C), Johnson 
& Johnson (C); Kristen Hipolito, None; Milton M. Hom, Shire Inc 
(C), Allergan Inc (F), Optovue (R), Bausch & Lomb (F)
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Dendrimer-dexamethasone therapy improved lacrimal gland 
function in an induced autoimmune dacryoadenitis rabbit model
Ying Liu1, 2, Hui Lin1, 2, Siva Pramodh Kambhampati1, 2, 
Kannan Rangaramanujam1, 2, Samuel C. Yiu1, 2. 1Wilmer Eye Institute, 
Baltimore, MD; 2The center of Nanomedicine, Johns Hopkins 
University, Baltimore, MD.
Purpose: Sjögren syndrome (SS), characterized by focal lymphocytic 
infiltration and severe dysfunction of the exocrine organs, is one of 
the most common causes of dry eye. Ocular surface and lacrimal 
gland (LG) inflammation has been identified to play a vital role in the 
pathogenesis of dry eye. Anti-inflammatory drugs are widely used for 
the treatment of the inflammation with topical corticosteroid drops. 
Dendrimers are known to enhance anti-inflammatory efficacy in 
several diseases through targeted delivery. We aim to evaluate single 
subconjunctival injection of dendrimer-dexamethasone conjugate in 
the treatment of dry eye using a rabbit model of induced autoimmune 
dacryoadenitis (AID).
Methods: AID was induced by injecting autologous peripheral blood 
lymphocytes, which had been activated in a mixed cell reaction 
with acinar cells isolated from one inferior LG, back into the donor 
animal’s remaining inferior LG. Three groups of animals with 
established disease were treated with free dexamethasone (F-Dex), 
dendrimer-dexamethasone (D-Dex) or PBS via single subconjunctival 
injection. The clinical evaluations include Schirmer’s test, tear 
breakup time (BUT), fluorescein staining and rose Bengal staining. 
Histopathology was evaluated by H&E staining and immunostaining. 
The levels of inflammatory cytokines and aquaporin proteins in the 
LGs were determined by real-time PCR.
Results: Only D-Dex treatment resulted in an increased tear 
secretion and BUT at 2 weeks. The score of Rose Bengal staining 
was significantly decreased in D-Dex group. But no significant 
change in fluorescein staining scores was observed among treatment 
groups. The H&E staining showed less inflammatory infiltration in 
D-Dex treated rabbits LG compared to PBS or F-Dex group. CD18 
+, Iba+ and RTLA + staining was less in LGs of D-Dex and F-Dex 
treated rabbits than PBS group, while D-Dex group showed less 
staining than F-Dex group. D-Dex group showed more Aquaporin 5/4 
immunostaining and higher AQP5 mRNA level than other treatment 
groups. The expression levels of matrix metalloproteinase-9, IL-6 and 
TNF-α were decreased in D-Dex group compared to PBS group.
Conclusions: Dendrimer mediated dexamethasone delivery via single 
subconjunctival injection results in the inhibition of inflammation 
and partial recovery of LG function in the induced AID model, which 
may contribute to the clinical improvements of SS patient.
Commercial Relationships: Ying Liu, None; Hui Lin, None; Siva 
Pramodh Kambhampati, None; Kannan Rangaramanujam, 
None; Samuel C. Yiu, None

Support: This work is supported in part by an unrestricted grant from 
Research to Prevent Blindness, New York, NY to the Wilmer Eye 
Institute, and NIH/NEI R01 1R01EY025304-01
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Dry eye disease and meibomian gland dysfunction after 
allogeneic hematopoietic stem cell transplantation
Marília M. Ferrer1, Melina Rodrigues2, Bruna Duarte Moron de 
Andrade1, Bruna Martins1, Francisco Aranha2, Denise Oliveira1, 
Eliana Miranda2, Marcos Colella2, Afonso Vigorito2, Monica Alves1. 
1Oftalmo-Otorrinolaringologia, Unicamp, Campinas, Brazil; 2Onco-
Hematologia, Unicamp, Campinas, Brazil.
Purpose: Cross-sectional study to (1) describe incidence, clinical 
features and outcome of dry eye disease (DED) and meibomian gland 
dysfunction (MGD) associated with ocular graft-versus-host disease 
(oGVHD) in allogeneic hematopoietic stem cell transplantation (allo-
HSCT) patients and (2) show the experience of the recently created 
oGVHD Unit.
Methods: At the University of Campinas oGVHD Unit, 
ophthalmologists and hematologists have evaluated together all 
patients prior to transplantation procedure, during the follow-up 
or due to ocular discomfort any time after allo-HSCT. Patients 
were diagnosed with cGVHD per NIH Consensus criteria. The 
ancillary ophthalmological examination, including Schirmer’s test, 
Ocular Surface Disease Index (OSDI), Corneal fluorescein staining 
(CFS), Conjunctival hyperemia (CH), Non-invasiveTear Breakup 
time (NITBUT) and Meibomian Gland Dysfunction (MGD) were 
compared to NIH ocular score at the onset of the ocular symptoms. 
Clinical and ocular surface data were analysed using descriptive tools 
and Pearson’s test using SPSS 21 version software.
Results: cGVHD occurred in 82% of 50 allo-HSCT patients (age 
54.6±8.8 yo). The median month of cGVHD onset was 7 (2-74). 
The median of organs involved was 3 (1-6). Mouth, skin and liver 
were the main organs involved (93%, 63% and 63%, respectively). 
The ocular involvement was present in 54% of cGVHD patients. 
Comparing all cGVHD, with or without ocular involvement, 
Schirmer < 10mm (67% p<0.0001), CH > 1 (67% p<0.0001), CSF > 
1 (43% p=0.005), and OSDI > 20 (65% p<0.0001) had a significant 
association with oGVHD. MGD was a common finding prior to allo-
HSCT.
Conclusions: By evaluating patients at oGVHD Unit we have 
perceived that ocular surface dysfunction is present even before the 
HSCT and that oGVHD diagnosis remains a challenge. Schirmer’s 
test, CH, CFS and OSDI might be important tools to refine the 
evaluation of oGVHD and should be considered in clinical trials 
addressing ocular involvement.
Commercial Relationships: Marília M. Ferrer, None; 
Melina Rodrigues, None; Bruna Duarte Moron de Andrade, 
None; Bruna Martins, None; Francisco Aranha, None; 
Denise Oliveira, None; Eliana Miranda, None; Marcos Colella, 
None; Afonso Vigorito, None; Monica Alves, None
Support: Financial Support: Fapesp grant#2014/19138-5
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Regrowth of Meibomian Gland Tissue After Intraductal 
Meibomian Gland Probing in Patients With Obstructive 
Meibomian Gland Dysfunction
Steven L. Maskin, Whitney R. Testa. Dry Eye and Cornea Treatment 
Center, Tampa, FL.
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Purpose: To report statistically significant growth of Meibomian 
Gland (MG) tissue after Meibomian Gland Probing (MGP) from 
patients with obstructive Meibomian Gland Dysfunction (o-MGD).
Methods: Retrospective study comparing pre and post MGP non-
contact infrared (IR) meibography results in patients with o-MGD, 
looking at signs of individual MG growth and increase in overall MG 
tissue area within total measurement field (TMF).
Results: Post MGP meibography of 34 upper lids of 19 patients (4.5-
12 month follow up) showed 14 lids (41.2%) with signs of individual 
gland growth. 3 lids had light artifact or lid distortion limiting 
quantitative analysis, 1 lid developed a hordeolum. 10 remaining 
lids showed a significant collective increase in mean individual 
glandular area within TMF of 4.87% (p=0.0145). 4 of 10 lids showed 
significant increase in MG tissue area from 10.70% to 21.13% (p< 
0.0001, p=0.0277, p=0.0292, and p=0.0345). At >12 to <25 months 
follow-up, 16 upper lids of 9 additional patients showed 4 lids (25%) 
with signs of individual gland growth. 1 lid had distortion, limiting 
quantitative analysis. 3 remaining lids showed significant collective 
increase in mean individual glandular area within TMF of 11.19% 
(p=0.0004). 2 of 3 lids showed significant increase in MG tissue 
area of 13.73% and 20.00% (p= 0.0097 and p=0.0001). For all 13 
analyzed lids with a follow-up of <25 months, there was a significant 
increase of 6.23% in overall total glandular area from 34.93% to 
37.16% of TMF (p=0.0447). Findings included lengthening of 
shortened MGs, increased density and definition of faded atrophic 
appearing MGs, growth of discontinuous segments into continuous 
MG, and appearance of a new MG.
Conclusions: MGP was associated with increased MG tissue 
area and regrowth of atrophied MGs as viewed on meibography. 
MGP may promote MG regrowth in part by mechanically and 
directly establishing a patent duct/orifice system as well as provide 
unequivocal physical proof of a patent meibum outflow tract through 
the natural orifice.

Rectangles highlight atrophic area in the TMF with growth and 
regeneration. A. Pre/post MGP image from IR meibography. B. Pre/
post MGP image after desaturation and inversion of color image. C. 
Pre/post MGP traces of TMF and individual MGs. Pre MGP images 
show proximal atrophy with shortened gland length. Post MGP shows 
an increased lengthening of these glands.
Commercial Relationships: Steven L. Maskin, Rhein (P); 
Whitney R. Testa, None
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PPARγ Regulates Meibocyte Differentiation and Lipid Synthesis 
of Cultured Human Meibomian Gland Epithelial (hMGE) Cells
James Jester, Yilu Xie, Jonathan S. Kang, Paul Q. Nguyen, 
Vickie T. Bui, Kelly Huynh, Donald J. Brown. Gavin Herbert Eye 
Institute, UC Irvine, Irvine, CA.
Purpose: PPARγ is a lipid sensitive nuclear receptor that regulates 
expression of genes involved in lipogenesis. In recent studies we 
have shown that PPARγ signaling is down regulated in aging human 
and mouse meibomian glands and up-regulates lipogenesis of mouse 
meibocytes in culture. The purpose of this study was to evaluate 
the role of PPARγ in regulating meibocyte differentiation and lipid 
synthesis in cultured hMGE cells.
Methods: Telomerized hMGE cells were cultured in DMEM/F12 
supplemented with 10ng/ml EGF and exposed to the PPARγ agonist, 
Rosiglitazone (Rosi), at 10-50 µM. Cultures were also exposed to 
PPARγ antagonist, GW9662, to block Rosi effects. Cells were then 
fixed for staining with LipidTox to measure lipid synthesis, Ki67 
to measure cell cycling, and antibodies to meibocyte differentiation 
proteins, PPARγ, ADFP, caspase 9, caspase 14 and ULK1 s556. 
Proteins were also collected for western blotting. All experiments 
were run in triplicate.
Results: Rosi induced a significant (P<.001) dose and time dependent 
increase in neutral lipid synthesis from 20-50 µM that peaked with 
30 µM at day 6 after treatment (P<.001), increasing over 80 fold. 
Treating cells with the inhibitor, GW9662, at 20 µM and 50µM 
significantly blocked lipid synthesis induced by the concomitant 
treatment of 20 µM Rosi for 5 days by 64% (P<.001) and 89% 
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(P<.001) respectively. Treatment with Rosi also induced significant 
(P<.001) loss of Ki67 labeling, which was reduced by 77%, 86% and 
96% following 2 days of treatment with 10 µM, 30 µM and 50 µM 
respectively. Expression of PPARγ was also significantly increased 
~4 fold following treatment with 30 µM and 50 µM Rosi (P<.025) as 
well as other differentiation markers including caspase 9, caspase 14, 
ADFP and ULK1 s556 identified by western blotting.
Conclusions: These results indicate that PPARγ receptor signaling 
specifically induces cell cycle exit of hMGE cells and meibocyte 
differentiation involving expression of meibocyte specific proteins 
and lipid synthesis. Overall, these findings support the hypothesis that 
PPARγ is a master regulator of meibocyte differentiation.
Commercial Relationships: James Jester, None; Yilu Xie, None; 
Jonathan S. Kang, None; Paul Q. Nguyen, None; Vickie T. Bui, 
None; Kelly Huynh, None; Donald J. Brown, None
Support: Supported in part by NIH Grant EY021510, the Skirball 
Program in Molecular Ophthalmology, and Research to Prevent 
Blindness, Inc. Unrestricted Grant.
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Meibomian Gland Dysfunction: Role of PPAR-gamma
Mindy Call, Winston W. Kao, Jared Ebert. University of Cincinnati, 
Cincinnati, OH.
Purpose: Meibomian gland dysfunction is characterized by changes 
in glandular secretion and/or terminal duct obstruction resulting 
from a chronic abnormality of the meibomian glands. This results 
in chronic inflammation, dry eye, or other ocular surface diseases. 
The meibomian glands are responsible for secreting a majority of 
the lipids that compromise the tear film. PPAR-gamma is involved 
in lipid metabolism, cellular proliferation and adipogenesis and is 
considered to be a terminal differentiation marker of meibocytes. In 
addition to these roles, PPAR-gamma has also been shown to have 
anti-inflammatory properties. Given these functions, the purpose of 
this study is to explore the role of PPAR-gamma in inflammation 
and lipid production and how alteration in expression can lead to 
pathogenesis.
Methods: An inducible, transgenic mouse model utilizing a Krt4-
rtTA driver mouse was used to ablate PPAR-gamma from the ocular 
surface. Mice were induced at E0, P7 and P21 to assess the role of 
PPAR-gamma at various stages of meibomian gland development. 
Mice were examined for signs of meibomian gland dysfunction/
evaporative dry eye as well as the expression of meibomian gland 
differentiation markers and inflammation.
Results: Loss of PPAR-gamma from the ocular surface resulted 
in gland dropout and atrophy as determined by oil red O staining. 
This was more pronounced at the earlier stages of induction. 
Additionally mice lacking PPAR-gamma, resulted in corneal opacity 
and compromised barrier function. Prolonged periods of induction 
resulted in inflammation as seen by an increase in CD45 expression.
Conclusions: Use of the Krt4-rtTA driver mouse to remove PPAR-
gamma resulted in meibomian gland dysfunction/evaporative dry 
eye disease. PPAR-gamma helps to maintain the health of the ocular 
surface by maintaining meibocyte differentiation and prevention of 
inflammation.
Commercial Relationships: Mindy Call, None; Winston W. Kao, 
None; Jared Ebert, None
Support: NIH/NEI EY013755, EY011845, Ohio Lions Eye Research 
Foundation.
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Characterization of Expressed Human Meibum Lipid 
Composition using Stimulated Raman Spectroscopy (SRS)
Jerry R. Paugh1, Alba Alfonso-Garcia2, Marjan Farid3, Sumit Garg3, 
Eric Potma4, Donald J. Brown3, James Jester3. 1SCCO at Marshall 
B. Ketchum University, Fullerton, CA; 2Chemistry, University of 
california at Irvine, Irvine, CA; 3Ophthalmology, University of 
California at Irvine, Irvine, CA; 4Chemistry, University of California 
at Irvine, Irvine, CA.
Purpose: Previous studies have shown that differences in meibum 
composition can be measured using Stimulated Raman Spectroscopy 
(SRS) in normal and environmentally stressed mice. The purpose 
of this study was to determine if SRS can detect lipid differences 
in human meibum collected from normal and meibomian gland 
dysfunction (MGD) subjects.
Methods: All subjects were evaluated for tear breakup time (TBUT), 
ocular surface fluorescein staining (FS), meibomian gland dropout 
(DO) and meibum expression (ME). Meibum was collected using a 
Korb MG expressor and then transferred to a clean glass slide and 
evaluated using SRS vibrational signatures in the CH stretching 
region (2800 – 3050 cm-1). Vertex component analysis was used to 
reduce the data to 3 color coefficients and K-means clustering was 
then used to group the pixels according to spectral similarities similar 
to the central duct (G1), ductules (G2), disintegrating meibocytes 
(G3) and differentiating meibocytes (G4).
Results: Meibum samples were obtained from 56 lower eyelids 
of 18 normal and 23 MGD subjects (41 total) averaging 50.1 
years of age (range=22 to 85), and comprised of 17 males and 24 
females from Caucasian (26), Asian (9), Hispanic (5) and other 
(1) ethnicities. Linear correlation analysis (Pearsons) identified 
significant correlations between TBUT and FS (r=-0.439, P<.001), 
ME (r=-0.337, P<.002) and Age (r=-0.370, P<.005). Regarding 
lipid composition, G1-G4 were identified in all individual meibum 
samples, but in general the appearance of G1 and G4 lipid was 
inversely associated with G2 and G3 lipids. The only significant 
correlations identified for different lipid compositions were between 
the level of G1 and TBUT (r=-0.321, P<0.02) and FS (r=0.443, 
P<.001) and between G3 and FS (r=-0.277, P<.05). Multiple linear 
regression analysis identified G1 lipid (P<.003) and ME (P<.002) 
as the best predictors of tear film instability (TBUT < 5s) with an 
R=0.601 (P<.001).
Conclusions: SRS allows compositional analysis of expressed 
meibum from humans that can be correlated to changes in both 
TBUT and fluorescein staining. These findings support the hypothesis 
that SRS may be useful in identifying lipid compositional changes 
associated with ocular surface disease and evaluating the effects of 
therapy.
Commercial Relationships: Jerry R. Paugh, Alcon Research (F); 
Alba Alfonso-Garcia, None; Marjan Farid, None; Sumit Garg, 
None; Eric Potma, None; Donald J. Brown, None; James Jester, 
None
Support: Supported in part by an Investigator Initiated Trial 
grant (JP), NEI EY021510 (JJ) and P41-RR01192 (EP and AAG), 
supported by an RPB Unrestricted Grant.
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Purpose: We analyzed the longitudinal changes of meibomian gland 
morphology and tear dynamics changes after hematopoietic stem cell 
transplantation (HSCT) associated with related with symptoms for 
the dry eye.
Methods: This retrospective, noncomparative, observational 
study was conducted in patients after HSCT due to hematologic 
malignancies. The following tests were performed in order in every 
ophthalmologic examinations as follows: Ocular Surface Disease 
Index (OSDI) questionnaire, slit-lamp examination of the ocular 
surface to assess tear breakup time (TBUT), corneal fluorescein 
staining, lid margin scoring, Schirmer test without anesthesia, and 
noncontact infrared meibography. The examination was performed 
.before and after HSCT; one, two, and three months, respectively.
Results: A total of 136 eyes in 68 patients were included. As 
compared with the group (before HSCT), there is statistical 
significance of OSDI score (p < 0.05), ocular staining score (Oxford) 
(p < 0.05) and meiboscore (total, upper, and lower) in other groups 
(1, 2, and 3 months after HSCT, respectively). Among them, 5 eyes in 
4 patients showed improved meiboscore in meibography.
Conclusions: There was no difference in the severity of ocular 
GVHD grading and ocular surface parameters and meibomian gland 
loss was seen during the follow-up period. However, it is still not 
clear whether gland dropout indicates actual physical loss or whether 
the changes of surround soft tissue. Further histologic examinations 
are needed.
Commercial Relationships: Heejong Shin, None; Kyung-Sun Na, 
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Correlation of change in meibomian gland structure with tear 
film lipid layer thickness
Joo Hyun Kim1, Hyun Sun Jeon1, Won Ryang Wee2, Joon-
Young Hyon2, 1. 1Ophthalmology, Seoul National University Bundang 
Hospital, Seongnam, Korea (the Republic of); 2Ophthalmology, Seoul 
National University College of Medicine, Seoul, Korea (the Republic 
of).
Purpose: Meibomian gland dysfunction (MGD) is characterized by 
inadequate meibomian gland (MG) secretion attributable to chronic, 
diffuse abnormality of the MG, and relationships between MGD 
and dry eye symptoms have been well established. This study is to 
evaluate the correlation of structural change in MG with tear film 
lipid layer thickness.
Methods: This retrospective cross-sectional study included 156 
eyes of 78 patients who presented MGD on slit lamp examination. 
Patients were subclassified into Young (Y) group (35 subjects, 
age under 65) and Old (O) group (43 subjects, age 65 and older). 
Average, maximum, and minimum LLT and incomplete/total blinking 
were measured using the Lipiview 2. Meibography was taken with 
Lipiview 2 and evaluated using meiboscore for lower lid. Partial or 
complete loss of the meibomian glands was graded by meiboscore; 
grade 0 (no loss of meibomian glands), grade 1 (loss of 1/3 of the 
total area of meibomian glands), grade 2 (area loss between 1/3 
and 2/3), and grade 3 (area loss ≥2/3). The correlation between 
meiboscore and several parameters were evaluated using Spearman’s 
correlation analysis. The differences in parameters between two 
groups were evaluated using the Independent T test.
Results: The average age was 62.2 ± 13.3. Male and female subjects 
were 14/78 (17.9%) and 64/78 (82.1%), respectively. Average LLT 
in the O group (89.6 ± 16.8 nm) was significantly thicker than that 
of the Y group (70.8 ± 21.9 nm) (p = 0.000). The O group showed 
severe meiboscore (1.4 ± 0.9) when compared with the Y group (1.0 
± 0.9, p = 0.018). However, there was no significant difference in 

ratio of incomplete blinking between two groups. In the Y group, 
Meiboscore showed a significant negative correlation with average 
LLT (r = -0.445, p = 0.000). In contrast, Meiboscore in the O 
group showed a positive correlation with average LLT (r = 0.215, 
p = 0.047). In the O group, ratio of incomplete blinking showed 
significant positive correlation with average LLT (r = 0.324,  
p = 0.002). But, this correlation was not found in the Y group.
Conclusions: Young MGD patients had thin LLT according to MG 
dropout. But, in older patients, LLT was positively correlated with 
MG losses, suggesting that hypersecretory MGD is predominant in 
older patients.
Commercial Relationships: Joo Hyun Kim; Hyun Sun Jeon, 
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Short-term reproducibility of interferometry based tear film lipid 
layer thickness measurements in humans
Gerhard Garhofer1, Valentin Aranha dos Santos2, 
Rene M. Werkmeister2, Alina Messner2, Doreen Schmidl1, 
Klemens Fondi1, Leopold Schmetterer1, 2. 1Department of Clinical 
Pharmacology, Medical University of Vienna, Vienna, Austria; 
2Center for Medical Physics and Biomedical Engineering, Medical 
University of Vienna, Vienna, Austria.
Purpose: Alterations in the lipid layer of the tear film play an 
important role in the pathophysiology of dry eye disease (DED). 
Recently, a new technique for the non-invasive quantitative 
measurement of lipid layer thickness based on interferometry has 
been introduced. The aim of the present study was to evaluate the 
short-term reproducibility of the device in healthy volunteers.
Methods: 10 subjects with no symptoms of DED participated in the 
study. Break up time (BUT), Schirmer I test, corneal staining and 
Ocular Surface Disease Index Score (OSDI) were assessed in all 
subjects. For measurement of lipid layer thickness, a commercially 
available system (LipiView Ocular Surface Interferometer; Tear 
Science Inc, NC, USA) was used. Lipid film thickness measurements 
were performed every 10 minutes for one hour to determine 
reproducibility of the technique. Based on these 6 consecutive 
measurements, the coefficient of variation was calculated as a 
measure of reproducibility.
Results: 3 female and 7 male subjects aged between 22 and 38 years 
participated in the study. Mean OSDI was 4.1±5.2, mean BUT was 
10±4 seconds and mean Schirmer I test score was 17.0±7.7 mm/5sec 
in the study group, respectively. No corneal or conjunctival staining 
was present in any of the subjects. Mean lipid film thickness as 
measured with interferometry was 65±13nm in this healthy cohort. 
Based on the 6 consecutive measurements the calculated coefficient 
of variation of the lipid film measurement was 7.1%±3.5%.
Conclusions: : Our data shows good short-time reproducibility of 
the interferometry-based assessment of lipid layer thickness. Further 
studies on the validity of the obtained results are, however, required.
Commercial Relationships: Gerhard Garhofer, None; 
Valentin Aranha dos Santos, None; Rene M. Werkmeister, None; 
Alina Messner, None; Doreen Schmidl, None; Klemens Fondi, 
None; Leopold Schmetterer, None
Clinical Trial: NCT02585414
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Systematic Analysis of Dry-eye Disease in Rural and Urban 
Populations in Ghana using a Custom Made Infrared 
Meibographer
Eugene A. Osae2, 1, Reynolds K. Ablordeppey2, Jens Horstmann1, 3, 
David B. Kumah2, Philipp Steven1, 3. 1Department of Ophthalmology, 
University of Cologne, Cologne, Germany; 2Optometry and Visual 
Science, Kwame Nkrumah Univ of Science and Technology, Kumasi, 
Ghana; 3Cluster of Excellence: Cellular Stress Response in Aging 
– associated Disease (CECAD), University of Cologne, Cologne, 
Germany.
Purpose: Very little information is known about the incidence 
of dry-eye disease (DED) in developing countries in contrast to 
industrialized populations. Some studies have largely related DED 
in those areas to vitamin A deficiency and infectious diseases 
(Trachoma). However, as many developing countries have recently 
transitioned (some still transitioning) into emerging economies such 
transformations may impact disease and health including DED. 
Our purpose was to evaluate the epidemiology of DED particularly 
regarding the differences between rural and urban populations.
Methods: Using a custom made meibographer, meibographs were 
captured of upper and lower lids of 111 subjects (45males, mean age 
= 48.0± 22.99) visiting two ophthalmic practices (1 rural, 1 urban) 
in Ghana. Meibomian gland (MG) area was determined by intensity 
threshold segmentation and calculated with ImageJ software. 
Meibomian Gland Loss (MGL) was quantified by outlining its area 
and expressing it as a percentage of the total MG area. Additionally 
Schirmer’s test, Ocular Surface Staining (OSS) and tear break-up 
time (TBUT) were measured and symptoms were evaluated with the 
SPEED II questionnaire. Spearman rank correlation was performed 
to determine the relationship between MGL and the clinical variables. 
Differences between groups were analyzed using Mann -Whitney U 
and Chi-square tests. P< 0.005 was considered significant.
Results: Average MGL was higher in rural populations than urban 
populations for the upper lids (31.05 %±27.28 vs 17.96 %±22.01 
U=1988.5, p =0.008) and lower lids (34.04±29.24 vs 20.00 ±24.90 
U=1986.5, p = 0.008). All other clinical DED parameter but 
TBUT differed significantly between rural and urban populations 
(U =1195.5,p=0.043). Overall, there were significant correlations 
between MGL and age (rs = 0.82, p =0.001), TBUT (rs = -0.72, p < 
0.001), Schirmer’s scores (rs = -0.68, p < 0.001) and OSS (rs = 0.59, 
p < 0.001). However, there was insignificant correlation MGL and 
SPEED II score (rs = 0.02 p= 0.84)
Conclusions: This is the first study that systematically investigated 
MGL in an African population. While MGL correlated with 
most clinical signs, to our surprise MGL was greater in the rural 
population; which may be due to higher rate of recurrent eye 
infections. Results show similarities to previous studies from 
developed countries, including lack of correlation between signs and 
symptoms..
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Vital Staining of the Cornea and Conjunctiva Following 
Treatment of Meibomian Gland Dysfunction in Dry Eye Patients
Andrew T. McPherson1, 2, Jack V. Greiner1, 2, Paula J. Oliver1, 2. 
1Department of Ophthalmology, Schepens Eye Research Institute, 
Massachusetts Eye and Ear, Harvard Medical School, Boston, MA; 
2Boston Ocular Surface Center, Boston and Winchester, MA.
Purpose: To determine the degree of vital staining of the cornea and 
conjunctiva in dry eye (DE) patients following meibomian gland 
therapy.
Methods: In this observational single-center study, symptomatic 
DE patients with meibomian gland dysfunction (MGD) underwent 
modified conventional therapy (2 manual lid expressions per eye 
during a 3 mo period supplemented with daily moist warm compress 
therapy; n=16, 32 eyes). Meibomian gland analysis (MGA) scores 
were determined by assessing 15 lower eyelid glands using the 
Meibomian Gland Evaluator (TearScience®, Morrisville, NC); 
secretions were graded as 0=no secretion, 1=inspissated-filamentary, 
2=cloudy/turbid liquid, 3=clear liquid. DE patients required MGA 
scores ≤ 20 for inclusion. Sodium fluorescein (SF) corneal staining 
and lissamine green (LG) conjunctival staining were graded as 
0=none, 1=mild, 2=moderate, 3=severe for 5 corneal and 6 bulbar 
conjunctival regions. MGA, SPEED, OSDI, osmolarity, lid wiper 
epitheliopathy (LWE) and TFBUT were determined at baseline (BL) 
and 3 mo. Average staining of individual corneal and conjunctival 
tissues was determined in each eye. Tissues were grouped based 
on staining severity [grade 0=(0-0.49), grade 1=(0.5-1.0), grade 
2=(1.01-2), and grade 3=(2.01-3)], where lower grades indicate less 
severe staining. The percentage of eyes in each severity group was 
determined.
Results: There were no statistically significant changes in SPEED, 
OSDI, osmolarity, LWE or TFBUT. MGA scores were significantly 
increased at 3 mo vs BL (22.81±1.61 vs 13.28±0.97; p=0.0005). SF 
staining decreased in severity from BL (grade 0: 9.38%, grade 1: 
46.88%, grade 2: 31.25%, grade 3: 12.5%) to 3 mo (grade 0: 37.5%, 
grade 1: 28.13%, grade 2: 25 %, grade 3: 9.38%). LG staining 
decreased in severity from BL (grade 0: 31.25%, grade 1: 46.88%, 
grade 2: 18.75%, grade 3: 3.13%) to 3 mo (grade 0: 43.75%, grade 1: 
43.75%, grade 2: 12.5%, grade 3: 0%). This represents a nearly 30% 
increase in the number of patients attaining a grade 0 staining score 
in the cornea and more than 12% increase in the number of patients 
attaining a grade 0 score in the conjunctiva at the 3 mo time point.
Conclusions: A 3-mo combined therapy regimen of two manual lid 
expressions and daily warm compresses improved meibomian gland 
secretion and decreased corneal and conjunctival staining in dry eye 
patients with meibomian gland dysfunction.
Commercial Relationships: Andrew T. McPherson, None; 
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