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Chain Length and Saturation Levels of Molecular Species of 
Neutral Lipids in Dry Eye Patients
Jianzhong CHEN, Kelly K. Nichols. Optometry and Vision Science, 
University of Alabama at Birmingham, Birmingham, AL.
Purpose: Molecular alterations in meibum lipids, which are 
believed to be a predominant reason for evaporative dry eye disease 
(DED), are largely unknown. To better understand the underlying 
mechanisms, we compared the neutral lipid profiles of four major 
classes, including wax esters (WE), cholesteryl esters (CE), ω Type 
I-St diesters (DE1), and α, ω Type-II diesters (DE2), between DED 
and normal groups to evaluate differences in these lipids related to 
chain length and saturation levels as predictors of DED.
Methods: This study is an in-depth data analysis of previously 
collected and analyzed meibum samples. The method for sample 
preparation and data acquisition were the same as described 
previously (Chen J, et al. IOVS 2015; 56: ARVO E-Abstract 342). 
Briefly, lipids of meibum sample solutions from a total of 66 subjects 
(40 normal, 26 postmenopausal women with DED) were detected 
on a high-resolution mass spectrometer (maXis 4G UHR-QTOF, 
Bruker; Billerica, MA) in positive ion mode by direct infusion and 
electrospray ionization. The resultant peak lists for these samples 
were statistically analyzed by student’s t test. In contrast to our 
previous work focusing only on statistically different lipids, all 
detected species were compared within each class for relative 
intensity, intensity ratio (DED/N), and corresponding p-value.
Results: The overall ratio of peak intensity (DED vs normal) for 
each class decreases as the chain length increases, however each 
class demonstrates a different pattern. For WE, species with shorter 
(nc < 40), intermediate (nc = 40-43), and longer (nc ≥ 44) chains, 
the intensity ratio were consistently >1, about 1, and variable, 
respectively. Specifically, the variability appeared to be associated 
with unsaturation level; while the ratio for most WE molecular 
species decreased significantly, some including 45:3, 46:4, 47:3, 49:3, 
46:0 and 48:0 were almost the same for DED/N. For CE with longer 
chains (nc ≥ 24), the ratio was consistently less than 1; however, 
with the exception of 25:1 and 27:1 which were close to 1 (see 
figure). Similarly, for DE1 and DE2 with chain length ≥ 48 and ≥64, 
respectively, the ratio was consistently <1 with few exceptions.
Conclusions: Evaporative dry eye disease is likely related to a 
dysfunction in synthesis of neutral lipids of very long chain and 
appropriate unsaturation, and differences are exhibited both within 
and between major lipid classes.

Commercial Relationships: Jianzhong CHEN, None; 
Kelly K. Nichols, None
Support: NEI R01EY015519
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Intranasal Neurostimulator Induces Morphologial Changes in 
Meibomian GLands in Patients with Dry Eye Disease
Nicholas Pondelis1, 2, Gabriella Dieckmann1, 2, Paula Kataguiri1, 2, 
Alessandro Abbouda1, 2, zeina salem1, 2, Manfred Franke3, 
Michelle Senchyna4, Pedram Hamrah1, 2. 1Cornea Service, New 
England Eye Center, Boston, MA; 2Center for Translational Ocular 
Immunology, Ophthalmology, Tufts Medical Center, Boston, MA; 
3Research and Development, Allergan, Irvine, CA; 4Director, Product 
Enhancement, Allergan, Irvine, CA.
Purpose: The Intranasal Tear Neurostimulator (ITN) delivers a small 
electrical current to sensory neurons of the nasal cavity that stimulate 
the nasolacrimal reflex to induce tear production. Most patents with 
dry eye (DE) suffer from decreased tear break-up time with varying 
degrees of meibomian gland (MG) dysfunction. 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. This study explored whether MG morphology 
was altered following use of the ITN.
Methods: Twelve DE subjects were enrolled in a single-center, 
single-arm study. Anterior segment optical coherence tomography 
(AS-OCT) meibography was performed on the lower eyelids of each 
patient before and after approximately 3 minutes of ITN stimulation. 
Central MGs clearly shown in both sets of AS-OCT images were 
selected for analysis. The same MGs were selected before and 
after stimulation. In the selected images three or four glands were 
analyzed. The MGs were selected according to the accuracy and 
quality from the image. Two masked observers then analyzed images 
using ImageJ™ software. The area and perimeter of selected MGs 
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were quantified, and the effect of ITN on MGs was determined by 
morphological changes after stimulation. All data are shown as 
mean±SD. Mean data were compared using a paired t-test. P values 
<0.05 were considered statistically significant.
Results: Mean pre- and post-stimulation MG areas were 
2,184.76±135.51µm2 and 1,933.2±114.82mm2, respectively. The 
mean change in area, 251.56±20.69 µm2, representing a 11.6% 
reduction following use of the ITN, was statistically significant 
(p<0.001). Mean pre- and post-stimulation MG perimeters were 
222.2±10.14 µm and 235.9±10.95mm, respectively. The mean 
change in perimeter, 13.7±0.81 µm, representing a 5.81% reduction 
following use of the ITN, was statistically significant (p<0.012). The 
images after use of the INT showed an increase in brightness at the 
conjunctival surface, and hyporeflective areas at orifices of the MGs 
suggesting release of meibum.
Conclusions: In addition to lacrimal gland stimulation, use of the 
ITN has a significant effect on MG morphology. Post-ITN use, MGs 
were measurably reduced in area and perimeter, suggesting release of 
meibum.
Commercial Relationships: Nicholas Pondelis, None; 
Gabriella Dieckmann, None; Paula Kataguiri, None; 
Alessandro Abbouda, None; zeina salem, None; Manfred Franke, 
Allergan (E); Michelle Senchyna, Allergan (E); Pedram Hamrah, 
Shire (F), GlaxoSmithKline (F), GlaxoSmithKline (C), Novabay (C), 
Heidelberg Engineering (C), Allergan (F), Santen Inc. (C), Tissue-
Tech (F), Eyegate Pharmaceuticals (C), Stemnion (C), Tissue-Tech 
(C), Jade Pharmaceuticals (C), Valeant (C), Allergan (C), Shire (C)
Support: Allergan, Inc., Irvine, CA; NIH R01-EY022695; 
Massachusetts Lions Eye Foundation
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The effects of a red light technology on dry eye due to meibomian 
gland dysfunction
Rolando Toyos. Toyos Clinic, Germantown, TN.
Purpose: With a high prevalence of dry eye due to meibomian gland 
dysfunction (MGD) in the general population, effective methods 
of treatment are becoming very important. The purpose of this 
study is to present data on the effectiveness of the use of a red light 
technology called the Quantum (or Q). This Q was developed as an at 
home therapy to directly affect the meibomian gland secretions and 
thereby alleviate the symptoms of dry eye.
Methods: This prospective study measured non-invasive break 
up time (NIBUT) with the Oculus Keratograph before and after 
treatment with the Q. Patients were selected based on dry eye 
symptoms, NIBUT less than 10 sec, and clinical observation of 
MGD. Patients were instructed to place the Q over closed eyes for 3 
minutes on each eye at least twice a week. Patients could not use the 
Q more than once a day. 52 patients were included in the study and 
treatment times ranged from 1 to 12 months.
Results: NIBUT data before and after treatment was achieved on 
81 eyes. The mean NIBUT before treatment was 3.62 sec with a 
standard deviation of 2.05. Values ranged from 0.9 sec to 8.54 sec. 
Mean NIBUT post treatment was 5.87sec with a standard deviation 
of 2.95. Values ranged from 1.5 sec to 16.19 sec. T-test results show 
the difference to be statistically significant (P <0.001). No statistical 
significance found between right eyes (N=41) and left eyes (N=40) 
before treatment (P=0.53) or after treatment (P=0.75).
Conclusions: On average, at home use of the Q shows a statistically 
significant improvement in NIBUT. This prototype has been 
developed over several years and once ready for public distribution 
may be dispensed by physicians in treating evaporative dry eye due 
to MGD as an alternative to oral and topical medications.

Commercial Relationships: Rolando Toyos, Lumenis (C), Shire (C)
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Intense pulsed light therapy significantly relieves dry eye 
symptoms and improves tear film metrics in meibomian 
gland dysfunction through modulation of meibum quality and 
expressibility
Kendrick C. Shih1, Jasmine Chuang1, Christie Lun1, Louis Tong2, 
Jimmy Lai1. 1Department of Ophthalmology, University of Hong 
Kong, Hong Kong, Hong Kong; 2Singapore Eye Research Institute, 
Singapore, Singapore.
Purpose: This is a prospective interventional trial to examine the 
effects and potential underyling mechanisms of IPL treatment in 
meibomian gland dysfunction-related dry eye disease.
Methods: The study was conducted between July 2016 – November 
2016 at the Lo Fong Siu Po Eye Centre, Grantham Hospital, Hong 
Kong SAR. Consecutive subjects with moderate to severe meibomian 
gland dysfunction and on at least one lubricating eyedrop were 
recruited. Subjects underwent two courses of intense pulsed light 
therapy from a Lumenis M22 device (wavelength 590 nm, triple 
pulsed, energy 11-13 J/cm2) fifteen days apart. Baseline, 1-week and 
1-month post-treatment parameters were measured and compared 
between groups, including: Ocular Surface Disease Index (OSDI) 
Dry eye Symptom Questionnaire scores, tear meniscus height, non-
invasive keratometric tear break-up times (NIKBUT) and ocular 
redness using the Oculus Keratograph 5M device and meibum 
expressibility and quality via slit lamp examination (video-recorded).
Results: 13 subjects (2 male and 11 female) were enrolled.). After 1 
treatment 3 subjects defaulted follow-up or refused further treatment. 
Baseline average NIKBUT were 6.12 (± 2.70) secs for right eye 
and 7.80 (±2.60) secs for left eye. Baseline average OSDI score was 
23.3 (±15.1). At 1 month after treatment, average NIKBUT was 8.75 
(± 2.67) secs in the right eye and 8.41 (± 2.79) secs in the left eye. 
Correspondingly, the average OSDI score was 6.7 (± 4.31) at 1 month 
after treatment. The difference between pre- and post-treatment 
measurements were statistically significant. Compared to baseline, 
90% of subjects had improvement in OSDI score, while 80% of 
subjects had demonstrated improvement in tear film metrics. This was 
associated with 100% of patients demonstrating improved meibum 
quality and expressibility after two courses of treatments. At the end 
of the study 60% of patients no longer required regular lubricating 
eyedrops. Adverse events reported during the study included mild 
pain, blepharospasm, skin erythema and skin dryness.
Conclusions: Intense pulsed light therapy is potentially a safe 
and effective treatment for meibomian gland dysfunction-related 
dry eye disease. Similar to other eyelid warming methods, the 
underlying mechanism is through modulation of meibum quality and 
expressibility.
Commercial Relationships: Kendrick C. Shih, None; 
Jasmine Chuang, None; Christie Lun, None; Louis Tong, None; 
Jimmy Lai, None
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Light Transmission Characteristics of the Meibomian Gland: 
What Does Meibography Detect?
Ho Sik Hwang1, 2, Yilu Xie2, Elena Koudouna2, Donald J. Brown2, 
James Jester2. 1Ophthalmology, Chuncheon Sacred Heart Hospital, 
Hallym University, Chuncheon, Korea (the Republic of); 2Gavin 
Herbert Eye Institute, University of California, Irvine, Irvine, CA.
Purpose: While meibography has proven useful in diagnosing 
MGD, little is known regarding the specific spectral wavelengths that 
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are transmitted or absorbed by the meibomian gland. The purpose 
of this study was to measure the spectral transmission/absorption 
characteristics of the meibomian gland compared to other eyelid 
tissues.
Methods: Human and rabbit eyelids were fixed in paraformaldehyde 
and serial 50 µm thick tissue sections cut using a cryotome. Sections 
were then mounted on glass slides and specific tissue regions (acini, 
muscle, tarsus and dermis) illuminated within a 100 µm spot using a 
broad spectrum light source (OSL2 and OSL2BIR, Thorlabs, Newton, 
NJ). Transmission/absorption spectra over a 550-950 nm range were 
then measured using a spectrometer (CCS200/M, Thorlabs, Newton, 
NJ). Measurements were obtained from 5-10 different tissue sections 
for each tissue region. Differences in absorption were compared 
by analyzing the area under the transmission curve using two-way 
analysis of variance (Student-Newman-Keuls, multiple comparison).
Results: Bright field microscopy showed stronger light absorption 
in differentiated meibocytes within the acini compared to the 
disintegrating region of the acini, the central duct, muscle and dermis. 
Staining for neutral lipid showed light absorption to be related to 
the presence of small lipid droplets, 1-2 µm in diameter. In scattered 
light images, the acinus showed strong scattering compared to the 
muscle and dermis. In the rabbit, the acinus showed significantly 
less transmission of light compared to the dermis (80%, P<.001), 
and muscle (60%, P<.001) suggesting differences in transmittance 
due light scattering. For human, comparison of light transmittance 
through acinus showed a tenfold decrease compared to muscle 
(P<.01), and a one hundred fold decrease compared to tarsus 
(P<.001). No specific spectral region of light absorption in the 
infrared could be detected in rabbit and human meibomian glands 
compared to other tissues.
Conclusions: This is the first study to evaluate the spectral 
transmission characteristic of the meibomian gland. Overall, the 
data show that light transmission is dramatically reduced in the 
acini due to light scattering by small lipid droplets, suggesting 
that Meibography detects active lipid synthesis in differentiating 
meibocytes.
Commercial Relationships: Ho Sik Hwang, None; Yilu Xie, None; 
Elena Koudouna, None; Donald J. Brown, None; James Jester, 
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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Morphological Meibomian Gland Changes in Experimental Dry 
Eye
Carolina Kunnen, Rose Y. Reins, Carolina Lema, Rachel L. Redfern. 
The Ocular Surface Institute / College of Optometry, University of 
Houston, Houston, TX.
Purpose: Meibomian gland dysfunction (MGD) is the leading cause 
of dry eye disease. Exposure to environmental stress is thought to 
alter the meibomian gland function and impact tear quality. These 
functional changes can in turn result in morphological changes 
to the meibomian glands. This study evaluates the morphological 
meibomian gland changes in an experimental dry eye (EDE) mouse 
model using meibography.
Methods: EDE was induced in 12 week old C57BL/6 mice by 
subcutaneous scopolamine injection (TID) and desiccating stress for 
5 days. Following treatment, EDE (n=4) and untreated (UT) (n=5) 
age-matched mice were euthanized and the eyelids were removed for 
imaging of the meibomian glands using the Keratograph 5M infrared 
camera (OCULUS). A region of interest from the center of the eyelid 

containing the superior (185x400 pixels), inferior (160x400 pixels), 
and combined meibomian glands (250x400 pixels), was selected 
from 14 images and processed using a custom designed software 
developed in MATLAB. The relative proportion of meibomian gland 
coverage and average gland length were compared between EDE and 
UT mice.
Results: Overall, a significant larger relative proportion of 
meibomian glands were observed in the EDE (n=7) eyelids compared 
to the UT (n=7) eyelids (35.2 ± 1.6% vs. 32.8 ± 1.5%, p = 0.01). 
Morphological changes in EDE were mainly observed in the 
inferior glands compared to the UT (28.8 ± 2.7% vs. 26.1 ± 1.3%, 
p = 0.04). No significant difference was observed for the superior 
glands between EDE and UT (39.3 ± 1.3 vs. 38.2 ± 1.4%, p = 0.12). 
No significant difference in gland length was observed for either 
superior or inferior meibomian glands between the EDE and UT mice 
(Superior: 1.29 ± 0.06mm vs. 1.25 ± 0.06mm, p = 0.25; Inferior: 0.77 
± 0.06mm vs. 0.79 ± 0.07mm, p = 0.63).
Conclusions: After 5 days of EDE, there was an increase in relative 
proportion of the meibomian glands compared to UT mice. This was 
attributed to the enlargement of the inferior glands suggesting their 
involvement in the early pathogenesis of MGD. This enlargement 
appears to be caused by widening of the glands, as no significant 
differences in the length of the glands was observed. Widening of the 
meibomian glands is believed to be the first sign of meibomian gland 
dysfunction that ultimately leads to meibomian gland atrophy.
Commercial Relationships: Carolina Kunnen, None; 
Rose Y. Reins, None; Carolina Lema, None; Rachel L. Redfern, 
None
Support: NIH-NEI Grant EY023638
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Oxidative Stress Induces MAPKs Pathways Activation in Human 
Meibomian Gland Epithelial Cells
Yujing Yang, Suqian Wu, Xinhan Cui, JianJiang Xu. Ophthalmology, 
Eye&ENT Hospital of Fudan University, Shanghai, China.
Purpose: Oxidative stress is considered a contributing factor in the 
pathogenesis of meibomian gland dysfunction (MGD), which is the 
leading cause of dry eye. However, the underlying mechanism is 
unrevealed. We hypothesized that the associated MAPKs signaling 
pathways were involved in the oxidative impairment on meibomian 
gland.
Methods: Immortalized human meibomian gland epithelial cells 
(iHMGECs) were cultured with or without t-butylhydroperoxide(t-
BHP), which serves as an oxidative stress, for varying doses and 
time. Cell viability and cell death were evaluated. Changes in 
mitochondrial membrane potential were detected using the JC-1 
fluorescent dye. Activation of mitogen-activated protein kinases 
(MAPKs) were quantified by Western Blot analysis.
Results: T-BHP induced dose- and time-dependent cell death, whilst 
accompanying a loss of mitochondrial membrane potential, indicating 
oxidative damage on iHMGECs. The MAPK JNK and ERK 
pathways were activated by t-BHP, while the MAPK p38 pathway 
was not influenced.
Conclusions: MAPKs signaling pathways might be involved in the 
oxidative stress-induced cell death and playing an important role in 
the pathogenesis of MGD.
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Mitochondrial membrane potential changes in iHMGECs treated 
with t-BHP (different concentrations). By JC-1 fluorescent dye. 
Magnification: upper × 100, lower × 400.

t-BHP induces alterations in MAPKs in iHMGECs. By Western Blot.
Commercial Relationships: Yujing Yang, None; Suqian Wu, None; 
Xinhan Cui, None; JianJiang Xu, None

Program Number: 2241 Poster Board Number: B0008
Presentation Time: 3:45 PM–5:30 PM
Lacrimal Gland Excision in Male and Female C57BL/6 Mice 
Causes Pain- and Anxiety-like Behavior
Neal Mecum1, 2, Tori Denis1, Will Bushey1, Ian D. Meng1, 3. 1Center 
of Excellence in Neuroscience, University of New England, Old 
Orchard Beach, ME; 2Graduate Studies in Biomedical Sciences, 
University of Maine, Orono, ME; 3Department of Biomedical 
Sciences, College of Osteopathic Medicine, University of New 
England, Biddeford, ME.
Purpose: Previously, we have shown that female mice exhibit a 
more severe dry eye phenotype following lacrimal gland excision 
(LGE) induced dry eye, as evidenced by increased fluorescein scores 
and cornea epithelial apoptosis. Signs of ocular discomfort and pain 
are the most common symptoms of dry eye disease. The aim of the 
present study was to determine whether sex differences are also 
observed following LGE using specific assays to assess pain and 
anxiety-like behaviors.
Methods: Male and female C57BL/6 mice were obtained from 
Jackson Labs. Under isoflurane, a unilateral LGE was performed, 

excising either the left extraorbital gland, or both the extraorbital 
and intraorbital glands. For SHAM surgeries, incisions were made to 
partially expose both the extra- and intraorbital glands. Eye closure 
(squinting) was measured using a ratio consisting of the height of the 
gap between the upper and lower eyelids and the distance separating 
the two canthi. The topical anesthetic tetracaine (0.5% in ophthalmic 
solution) or vehicle was applied to the cornea 5 minutes prior to 
measuring eye closure. Sensitivity to cold was examined by counting 
the total number of swipes following the application of acetone (15ul) 
to the forehead. To assess anxiety and pain-suppressed behaviors, 
locomotor activity and rearing behavior was measured in open field 
chambers.
Results: Following double LGE, both male and female mice 
exhibited squinting in the ipsilateral eye, signified by a significant 
decrease in the eye closure ratio. Single LGE caused significant 
decrease in the eye closure ratio only in female mice. Topical 
application of tetracaine, rescued eye closure ratios to normal SHAM 
eye closure levels. Evaporative cooling produced by the application 
of acetone to the forehead caused a significant increase in swiping 
behavior in both male and female animals after single and double 
LGE when compared to SHAM. In the open field test, double LGE 
significantly decreased the total distance traveled, number of vertical 
rears, and vertical rearing time for both sexes. Single LGE reduced 
the number of vertical rears and vertical rearing time only in female 
mice.
Conclusions: These results indicate that single LGE produces greater 
irritation and pain in female mice. Pain and anxiety-like behaviors in 
dry eye provide important preclinical endpoints that can be utilized 
when investigating the value of potential therapeutic interventions.
Commercial Relationships: Neal Mecum, None; Tori Denis, None; 
Will Bushey, None; Ian D. Meng, None
Support: NIH grants R01EY021230 and R01EY026145
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Effect of vasoactive intestinal peptide on lacrimal gland ductal 
fluid secretion in wild type and CFTR knockout mice
Edit Toth-Molnar1, 2, Orsolya Berczeli1, Vizvari Eszter1, 
Zoltan Rakonczay3, 4, Peter Hegyi3, Chuanqing Ding5. 
1Ophthalmology, University of Szeged, Szeged, Hungary; 
2Pharmacology and Pharmacotherapy, University of Szeged, Szeged, 
Hungary; 3First Department of Internal Medicine, University 
of Szeged, Szeged, Hungary; 4Department of Pathophysiology, 
University of Szeged, Szeged, Hungary; 5Pharmacology and 
Pharmaceutic Sciences, Ophthalmology, University of Southern 
California, Los Angeles, CA.
Purpose: Earlier reports demonstrated the presence of vasoactive 
intestinal peptide (VIP) receptors in the lacrimal gland (LG) and 
the role of VIP in acinar protein secretion. However, it is unknown 
whether VIP has any effect on fluid secretion of LG ducts. Recently, 
we reported that cystic fibrosis transmembrane conductance regulator 
(CFTR) plays a key role in LG ductal fluid secretion. There are 
accumulating evidences that VIP stimulation and CFTR functions are 
tightly related and regulated. Therefore the aim of the present study 
was to investigate the VIP-mediated fluid secretion of isolated LG 
ducts from wild type (WT) and CFTR knockout (CFTR KO) mice.
Methods: Immunofluorescence was used to confirm the presence 
of VIP receptors on LG duct cells. LG interlobular and intralobar 
ducts were isolated from WT and CFTR KO mice as we described 
earlier. Ends of the ducts seal during incubation, forming a closed 
luminal space. The secretory response can be analyzed using bright 
field video-microscopy. Effects of VIP (100 nM) on ducts from 
WT and CFTR KO mice were investigated. As VIP acts not only 
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through the adenylyl cyclase-cAMP system but - in a smaller extent 
- through the elevation of cytosolic Ca2+ level ([Ca2+]i}, intracellular 
Ca2+ homeostasis underlying VIP stimulation was also measured 
with fluorophotometry using the Ca2+-sensitive fluorescent dye Fura 
2-AM. Data was presented as means ± SEM.
Results: Immunofluorescence proved the presence of VPAC1 and 
VPAC2 receptors on the basolateral membranes of mouse LG duct 
cells. VIP stimulation caused a strong and continuous fluid secretion 
in WT mouse LG ducts (secretory rate: 213.1 ± 37.3 pl/min/mm2, 
n=7). In contrast, CFTR KO ducts exhibited only a weak pulse-like 
secretion in the first 5 minutes of stimulation (54.5 ± 18.4 pl/min/
mm2, n=6), followed by a plateau phase. VIP stimulation resulted in a 
statistically significant increase in [Ca2+]i both in WT (24.01 ± 9.07%, 
p=0.001) and in CFTR KO ducts (22.04 ± 9.12%, p=0.002).
Conclusions: Our results reveal new insight into the role of VIP in 
LG duct function by demonstrating VIP-induced fluid secretion of 
mouse LG duct segments. Role of CFTR in the secretory process 
found to be decisive as only small VIP-induced fluid secretion was 
detected in the absence of CFTR protein. The weak fluid secretory 
response evoked by VIP in CFTR KO ducts may reflect the elevation 
of [Ca2+]i observed.
Commercial Relationships: Edit Toth-Molnar, None; 
Orsolya Berczeli, None; Vizvari Eszter, None; Zoltan Rakonczay, 
None; Peter Hegyi, None; Chuanqing Ding, None
Support: NKFIH NN 115611; The Webb Foundation Grant; NIH/
NEI-R01 EY017731
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Ocular Severity does not predict mortality or systemic severity in 
chronic GVHD patients
Yael Kusne1, Nandita Khera2, Joanne F. Shen2. 1University of Arizona 
College of Medicine, Phoenix, AZ; 2Mayo Clinic, Scottsdale, AZ.
Purpose: Ocular GVHD presents in >30% of SCT patients and 
results in a significant impact on quality of life. Retrospective chart 
review was conducted to examine ocular manifestations, systemic 
severity, and mortality in patients with chronic GVHD.
Methods: 21 subjects with ocular manifestations of chronic GVHD 
were evaluated by a single ophthalmologist using OSDI, conjunctival 
injection severity, corneal fluorescein vital dye staining, Schirmer’s 
testing without anesthesia, severity of conjunctival subepithelial 
fibrosis (CSEF) and meibomian gland atrophy (MGA) by infrared 
meibography. Infrared meibography images were scored using 
ImageJ to determine percent of MGA. CSEF was scored by a 
single ophthalmologist. International Consensus of Chronic Ocular 
GVHD (ICCG) scores were calculated for each patient using 
criteria previously published (Ogawa, 2013). NIH severity scores of 
morbidity were calculated using criteria previously published (2014). 
Pearson correlation coefficients were calculated for all variables.
Results: In this cohort, mortality was 19% due to infection, 
malignancy relapse and GVHD. There was no correlation between 
ocular scores and mortality or between NIH scores and mortality. 
NIH scores did not correlate with ICCG scores (r=0.06), nor with 
MGA (r=0.06) or CSEF (r=0.03).
Conclusions: The NIH severity score is used to assess systemic 
manifestations of chronic GVHD with inclusion of multiple organ 
systems. In 2013, the development of the ICCG score aimed at 
providing further specificity for ocular findings in chronic GVHD. 
Here, we found that NIH severity score does not predict measured 
ocular manifestations including ICCG score, MGA or CSEF, 
as would be hypothesized, highlighting the variability of organ 
involvement in GVHD. Additionally, NIH severity score was not 
correlated to mortality in this GVHD patient cohort. Ocular symptom 

severity, measured by ICCG score, MGA or CSEF, was also not 
correlated with mortality. This data is in line with recent previously 
published data indicating that ocular GVHD does not infer a worse 
prognosis.
Commercial Relationships: Yael Kusne, None; Nandita Khera, 
None; Joanne F. Shen, None
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Tear film proteomics of allogenic hematopoietic stem cell 
transplantation
Kim David Plattner2, Nadine Gerber-Hollbach2, Jörg Halter1, 
Paul Jenoe3, Suzette Moes3, David Goldblum2. 1Hematology, 
University Hospital of Basel, Basel, Switzerland; 2Ophthalmology, 
University Hospital of Basel, Basel, Switzerland; 3Biocenter, 
University of Basel, Basel, Switzerland.
Purpose: To date no biomarker exists to predict the development 
of ocular Graft versus Host Disease (GvHD) after allogenic 
hematopoietic stem cell transplantation. We evaluated the potential 
of tear proteins as biomarkers in ocular GvHD in a prospective 
observational clinical study.
Methods: Tear fluid of 10 patients with ocular GvHD were 
compared to healthy individuals. Tryptic digests from Schirmer 
strips were analysed on an Orbitrap mass analyzer in triplicate. 
Clinical examinations included slit lamp examination, fluorescein 
staining, Schirmers test, break-up-time (BUT) and a quality of life 
questionnaire (OSDI). Outcome measures were the differences and 
consistency of proteins in human tear fluid between patients with 
ocular GvHD and healthy individuals.
Results: 306 different proteins with different cellular functions were 
found. 172 of these were significantly up- or downregulated in ocular 
GvHD. The main three significantly upregulated proteins were serum 
albumin (ratio 214.0), cluster of keratin (ratio 191.5) and cluster of 
pyruvate kinase (ratio 142.3). Top three downregulated proteins in 
ocular GvHD were lactotransferrin (ratio 0.007), proline-rich protein 
(ratio 0.01) and prolactin-inducible protein (ratio 0.014).
Conclusions: Different groups of proteins were found to be up- or 
downregulated in ocular GvHD. Increased levels of albumin may 
indicate a disturbed integrity of ocular surface and leakage of 
conjunctival capillaries. Lacrimal proline-rich protein and prolactin-
inducible protein have been known to be downregulated in dry eye 
disease. To evaluate the proteins found as potential biomarkers more 
detailed studies are now necessary with more participants, different 
subgroups and longitudinal analysis.
Commercial Relationships: Kim David Plattner, None; 
Nadine Gerber-Hollbach, None; Jörg Halter, None; Paul Jenoe, 
None; Suzette Moes, None; David Goldblum, None
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Staining, lid hyperkeratinization and blink rate: Differences 
between DED and MGD
Blaine Brown1, Peter Corcoran2, George W. Ousler1, Keith J. Lane2, 
David A. Hollander2. 1Dry Eye, Ora, Inc., Andover, MA; 2Research & 
Development, Ora, Inc., Andover, MA.
Purpose: The aim of this retrospective analysis was to ascertain if 
differences existed in staining patterns, lid hyperkeratinization, and/or 
blink patterns in two disease populations: dry eye disease (DED) and 
meibomian gland dysfunction (MGD).
Methods: Objective signs of DED and MGD were assessed in DED 
subjects (n=16), MGD subjects (n=33), and normals (n=10). MGD 
subjects had to have a documented history of MGD, Schirmer’s >5 
mm, TFBUT <5 sec, corneal fluorescein staining >0.5. DED subjects 
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had to have documented history of dry eye, and a symptom score 
>1 (Ora Calibra® Ocular discomfort and 4-symptom questionnaire). 
Normal subjects had to have <2 on the same scale, corneal 
fluorescein staining <2. Corneal and conjunctival staining in five 
regions was assessed with standardized and reproducible scales, and 
blink rates measured. Lid hyperkeratinization, a component of the 
clinically validated Ora CalibraTM Lid Margin and Ocular Surface 
Staining Scales, was also assessed on a 4-point scale. P values were 
calculated by unpaired, equal variance t-test (p<0.05).
Results: Blink rate (blinks/min) was significantly higher in the MGD 
group (24.76±15.8) compared to normals (12.79±11.4, p=0.03), 
and higher but not significantly than the DED group (19.29±14.1, 
p=0.24). Lissamine staining in 2 regions was higher in the MGD 
group: inferior cornea (2.14±0.83 vs. 1.56±0.64, p=0.02) and central 
cornea (0.72±0.77 vs. 0.15±0.44, p<0.01). Conversely, fluorescein 
staining was higher in 3 regions in the DED group: superior cornea 
(2.16±0.57 vs. 1.68±0.80, p=0.04), temporal conjunctiva (2.13±0.50 
vs. 1.60±0.76, p=0.01), and nasal conjunctiva (2.21±0.68 vs. 
1.62±0.78, p=0.01). Sum scores of all 5 regions also reflected these 
differences. Lid hyperkeratinization was significantly worse in MGD 
(2.84±0.31) than DED (1.97±0.67, p<0.01) and normals (1.80±0.42, 
p<0.01).
Conclusions: In the MGD population, significant 
hyperkeratinization, as assessed by the Lid Margin ScaleTM, as well 
as the observed increased blink rate, may contribute to mechanical 
disruption of glycoprotein secretions of ocular surface mucins, 
resulting in increased lissamine staining. These results support 
development of clinical methods to distinguish MGD-derived DED 
with precise anatomical and functional assessments of the lids and 
ocular surface.
Commercial Relationships: Blaine Brown, Ora, Inc. (E); 
Peter Corcoran, Ora, Inc. (E); George W. Ousler, Ora, Inc. (E); 
Keith J. Lane, Ora, Inc. (E); David A. Hollander, Ora, Inc. (E)
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Commercial lid cleanser outperforms baby shampoo for 
management of blepharitis in randomized, double-masked 
clinical trial
Jennifer P. Craig, Justin Sung, Michael T. Wang, Isabella Cheung, 
Trevor Sherwin, Salim Ismail. Ophthalmology, University of 
Auckland, Auckland, New Zealand.
Purpose: To compare the efficacy of a commercial eyelid cleanser 
and diluted baby shampoo in blepharitis management.
Methods: Forty-three participants with clinical signs of blepharitis 
were enrolled in a prospective, randomized, double-masked, 
paired-eye trial. A commercial eyelid cleanser (TheraTears® 
SteriLid®) was applied to the eyelids of one eye (randomized), 
and diluted baby shampoo (Johnson’s® No More Tears®) to the 
fellow eye, twice daily for four weeks. Tear film parameters, ocular 
surface characteristics, symptomatology (SPEED and SANDE 
questionnaires) and the expression of markers of inflammation 
(MMP-9, IL-6) and goblet cell function (MUC5AC), were assessed at 
baseline and on day 28.
Results: No significant differences in baseline measurements were 
detected between treatment groups (all p>0.05). SPEED score, upper 
lid wiper epitheliopathy, greasy crusting, and trichiasis decreased 
significantly with both treatments (all p<0.05), and did not differ 
between groups (all p>0.05). Improvements in the tear film lipid 
layer, lower lid wiper epitheliopathy, cylindrical collarettes, and 
MMP-9 expression were found only with the commercial eyelid 
cleanser (all p<0.05), and a greater decrease in symptoms (SANDE 
questionnaire) was also observed (p=0.04). Meibomian gland 

orifice obstruction and MUC5AC expression worsened with baby 
shampoo treatment (both p<0.05). A significantly higher proportion 
of participants preferred the eyelid cleanser over the baby shampoo 
solution (p<0.001).
Conclusions: Clinical improvements were observed with both 
treatments in blepharitis patients, although baby shampoo appeared 
to reduce goblet cell function. The commercial eyelid cleanser was 
shown to be more effective in reducing inflammation and improving 
lipid layer function, and was the preferred treatment option among 
participants.
Commercial Relationships: Jennifer P. Craig, Akorn Inc. (F); 
Justin Sung, None; Michael T. Wang, None; Isabella Cheung, 
None; Trevor Sherwin, None; Salim Ismail, None
Clinical Trial: ACTRN12616000545460
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Debridement- Scaling, Moist-Heat Therapy and Meibomian 
Gland Expression in the Treatment for Evaporative Dry Eye
Paloma Lopez, Jorge E. Valdez-Garcia, Julio C. Hernandez, 
Denise Loya. Centro Medico Zambrano Helion, Monterrey, Mexico.
Purpose: Report the effectiveness in reducing evaporative dry 
eye signs and symptoms with palpebral therapy consisting of: 
debridement- scaling, heat therapy and meibomian gland expression.
Methods: Patients with evaporative dry eye where referred to the 
palpebral therapy sessions from January 2016 to November 2016. 
Palpebral therapy consisted of 3 sessions once a week where patient 
underwent debridement- scaling of the lid margin (prior to lissamine 
green staining), followed by moist-heat therapy with Blephasteam® 
during 10 minutes and meibomian gland expression (triple therapy) 
and topical preservative-free sodium hyaluronate 0.15% only. 
All patients summited the Ocular Surface Disease Index (OSDI) 
questionnaire on their first session and where asked to repeat ending 
the 3 week treatment. Tear break up time and corneal staining score 
(NEI scale) was also measured and recorded using fluorescein the 
first session and at the end of treatment. T test to compare means 
and variance analysis were used, p<.05 was considered statistically 
significant.
Results: A total of 186 eyes (93 patients) were included. Mean age 
was 54.95±17.23 years, 58% were female. Ocular surface disease 
other than posterior blepharitis was present in 13.9% of the eyes. 
Topical antibiotics and topical steroids were previously used by 
12.9% and 13.1% of the patients, respectively. 13.97% of the patients 
were on previous treatment with oral tetracyclines. Pre-treatment 
corneal staining score (NEI scale), tear break up time (seconds) and 
OSDI score were 1.14±1.59, 6.57±2.17 and 28.36±19.21 respectively. 
Post-treatment corneal staining score (NEI scale), tear break up 
time and OSDI score were 0.27±0.69, 7.75±1.93 and 14.32±12.91 
(p<.001, p<.001 and p<.001, respectively). Variance analysis showed 
a positive effect of using oral tetracyclines previous to the triple 
treatment on the OSDI score (p=.03, n2=0.126). No adverse effects 
were observed.
Conclusions: Triple therapy for evaporative dry eye showed a 
significant decrease in OSDI score and an improvement on TBUT 
as well as on corneal staining score after the three week therapy. 
Previous treatment with oral tetracycline was associated with 
increased improvement on OSDI score.
Commercial Relationships: Paloma Lopez, None; Jorge 
E. Valdez-Garcia, None; Julio C. Hernandez, None; Denise Loya, 
None
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Topical Spironolactone in the Treatment of Meibomian Gland 
Dysfunction
Janell R. Johnson1, 2, Waju Ali4, Brian S. Wong3, Mikhail de Jesus1, 
Richard W. Yee1. 1Cross Ophthalmology Associates, Houston, TX; 
2Universidad Autónoma de Guadalajara, Guadalajara, Mexico; 3Texas 
Tech University Health Sciences Center, Lubbock, TX; 4University of 
Houston, Houston, TX.
Purpose: Conventional treatments for dry eye syndrome have 
focused on addressing tear levels and inflammation, but have failed to 
demonstrate efficacy in all patients. New therapies have increasingly 
addressed meibomian gland dysfunction (MGD). This study tested 
the hypothesis that topical spironolactone can aid in the treatment 
of MGD by regulating and improving sebaceous gland meibum 
secretions through a variety of mechanisms in both patients with and 
without aqueous tear deficiency.
Methods: We performed a retrospective, observational clinical study 
of 102 patients with moderate to severe MGD from Nov. 2014 to 
May 2016. These patients were split into two cohorts: the first cohort 
included 75 patients with Schirmer’s tear test (STT) scores greater 
than 5 and at least 1 follow-up after 1 month and the second cohort 
included 27 patients with STT of 5 or less and at least 1 follow-up 
after 1 month. Both cohorts were monitored for changes in subjective 
global dry eye assessment, keratitis and conjuctival staining, anterior 
blepharitis grade (AB), gland obstruction grade (O), meibum 
turbidity grade (T), vascularization of the anterior lid margin (V), 
zone A posterior lid margin grade, best corrected vision, and STT 
score. These parameters were compared in a pre-post study.
Results: At the first follow-up, the 75 patients in the first cohort 
had statistically significant improvements in self-reported global 
assessment scores (p<0.0001), V scores (p=0.0009), O scores 
(p=0.0011), T scores (p<0.0001), and Zone A scores (p<0.0001). At 
the first follow-up, the 27 patients in the 2nd cohort had statistically 
significant improvements in self-reported global assessment scores 
(p=0.030), V scores (p=0.0056), T scores (0=0.0005), Zone A scores 
(p=0.0199), and STT (p=0.0324 OD, p=0.0096 OS).
Conclusions: In both cohorts at the 1st follow-up, patients reported 
improved dry eye symptoms after using spironolactone. The quality 
of expressed meibum secretions showed clinical improvement of 
clarity and viscosity post-treatment. Inflammation decreased at the 
avascular region ~0.5 mm posterior to the posterior lid margin. 
Patients with low STT prior to treatment showed increased tear 
quantity. Ultimately, this retrospective study demonstrates the 
potential for spironolactone to significantly regulate meibum quality 
and address inflammation in treating moderate to severe MGD.
Commercial Relationships: Janell R. Johnson, None; 
Waju Ali, None; Brian S. Wong, None; Mikhail de Jesus, None; 
Richard W. Yee, Richard W. Yee, M.D. (P)
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Nanoscale Comparison of Meibum and an In Vitro Lipid Model
Elizabeth Drolle1, Zoya Leonenko2, 3, Lakshman Subbaraman1, 
Lyndon W. Jones1, 3. 1Centre for Contact Lens Research, School of 
Optometry & Vision Science, University of Waterloo, Waterloo, 
Ontario, ON, Canada; 2Department of Physics and Astronomy, 
University of Waterloo, Waterloo, ON, Canada; 3Department of 
Biology, University of Waterloo, Waterloo, ON, Canada.
Purpose: Meibum is a highly complex mix of lipids, whose 
characteristics can be studied in vitro by using a model mixture 
containing 6 lipids (cholesterol, cholesteryl oleate, oleic acid, oleic 
acid methyl ester, triolein and phosphatidylcholine; 6L), which 

are reflective of the amphiphilic and non-polar constituents of 
human meibum. Nanoscale surface characteristics and the surface 
potential of this 6L stock and collected human meibum from normal 
participants were examined and compared using appropriate imaging 
methods.
Methods: Thin films of each mixture were deposited on mica 
substrates using the Langmuir-Blodgett trough by depositing lipids in 
chloroform onto a nanopure water subphase of the trough, followed 
by vertical deposition on mica at a pressure of 5-10mN/m. Samples 
were then affixed to a metallic substrate and imaged using atomic 
force microscopy (AFM) to visualize the topography and Kelvin 
probe force microscopy (KPFM) to observe the differences in surface 
potential.
Results: Topography images showed that the 6L and meibum 
behaved similarly. Both lipid mixtures formed thin film patches on 
the surface of the substrate, with large aggregates atop (Fig.1). The 
overall average roughness of 6L was 5.3 ± 0.3 nm (nimage=8), with 
aggregate sizes ranging from 41 to 153 nm in height. The range in 
surface potential was 33.0 - 125.9 mV. The overall average roughness 
of meibum was 21.5 ± 3.1 nm; aggregates had a size range of 170 to 
459 nm in height (nimage=6) and surface potential ranged from 15.9 to 
76.1 mV.
Conclusions: This study allowed for the visualization of lipids 
from human meibum and a 6L stock analogue, deposited on a solid 
substrate. It was shown that the two samples behaved similarly. This 
study is the first to investigate the surface potential characteristics 
of meibum and an in vitro meibum model. KPFM was used to 
simultaneously measure the differences in surface potential of the 
samples while analyzing the topography. For both 6L and meibum, 
it was shown that the areas of difference in surface potential 
corresponded to features visualized in the topography images, 
suggesting that the lipids themselves are sources of differences in 
surface potential. This could be an important determinant of the 
interaction of charged particles with the tear film and with deposits on 
contact lenses.

Fig1: Comparison of Surface Potential and Topography Features 
between Six Lipid Stock and Meibum samples
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Commercial Relationships: Elizabeth Drolle, None; 
Zoya Leonenko, None; Lakshman Subbaraman, None; 
Lyndon W. Jones, None
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Lacrimal Gland Squeezing by Contraction of Myoepithelial Cell 
Affects Tear Secretion
Kai Jin, Imada Toshihiro, Yusuke Izuta, Shigeru Nakamura, 
Kazuo Tsubota. Dept.Ophthalmology, Keio University, school of 
medicine, Tokyo, Japan.
Purpose: Lacrimal gland (LG) myoepithelial cells (MECs) surround 
the basolateral membranes of acinar cells. There is little information 
of the role of MECs in tear secretion. In this study, we investigated 
the relationship between LG acinar cells squeezing and myoepithelial 
contraction after cholinergic stimulation.
Methods: Isolated lacrimal glands from 8 week-old male B6J mice 
were used for ex vivo two photon fluorescence imaging (Olympus 
FV1200MPE). To visualize the acinar cell surface shape, the LG were 
stained with Alexa Fluor® 555 conjugated wheat germ agglutinin 
(WGA). The LG was excited at 830 nm, and the fluorescence 
emission of WGA was detected at 570-650 nm. The LG was 
stimulated by acetylcholine (ACh) at different dosages ranging from 
0.01 to 10 µM. The inhibitory effect of 2, 3-butanedione monoxime 
(BDM, 10mM), a myosin II ATPase inhibitor, on Ach-induced LG 
myoepithelial contraction was investigated. The fluorescence images 
were acquired at 25X magnification (approximately 1 flame/5sec) 
and the contraction was quantitatively analyzed by calculating the 
changing ratio of acinar area using ImageJ software.
Results: The acinar cell squeezing was induced by ACh stimulation 
in a dose-dependent fashion. The changing ratio of acinar area were 
10.4%, 26.3% (P=0.195), 112.7% (P=0.001), 94.9% (P=0.002), 
respectively at the dosage of 0.01µM, 0.1µM, 1µM, 10µM ACh. 
And the pre-treatment with BDM significantly, approximately 60%, 
suppressed the Ach-induced acinar cell squeezing.
Conclusions: Our study demonstrated that LG acinar cells were 
squeezed by myoepithelial contraction following cholinergic 
stimulation. It suggested that myoepithelial contraction affects the 
tear secretion process.
Commercial Relationships: Kai Jin, None; Imada Toshihiro, 
None; Yusuke Izuta, None; Shigeru Nakamura, None; 
Kazuo Tsubota, None

Program Number: 2252 Poster Board Number: B0019
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Protective effect of persimmon leaves (Diospyros kaki) on dry eye 
in an exorbital lacrimal gland excision model of mice
CHUNGHYUN LEE1, Kyung-A Kim2, 3, SUNGJAE YANG1, 4, 
SANGHOON JUNG2, 3. 1Ophthalmology, University of Ulsan, College 
of Medicine, Gangneung Asan Hospital, Gangneung, Korea (the 
Republic of); 2Natural Products Research Center, Korea Institute of 
Science and Technology (KIST), Gangneung, Korea (the Republic 
of); 3Biological Chemistry, University of Science and Technology 
(UST), Daejeon, Korea (the Republic of); 4Ophthalmology (Casey 
Eye Ins.), Oregon Health & Science University, Portland, OR.
Purpose: To evaluate the effects of ethanol extract of Diospyros kaki 
(EEDK) on dry eye in an exorbital lacrimal gland excision model of 
mice.
Methods: Unilateral excision of the exorbital lacrimal gland was 
performed on BALB/C mice. In order to the effectiveness of the 
EEDK, it was orally administered throughout the experimental 
period. We performed tear break-up time (BUT) test, fluorescein 
staining, and histological analysis on the ocular surface after surgery. 

The protein expression levels of Mucin 5AC (MUC5AC) and 
apoptosis-associated proteins (Bax, cytochrome c, and caspase-3) 
detected by western blotting. Moreover, apoptotic cell death was 
tested by in situ terminal deoxynucleotidyl transferase dUTP nick 
end labeling (TUNEL) assay. The squamous epithelium cells were 
evaluated by the immunohistochemistry (IHC).
Results: Oral administration of EEDK resulted in prolonged tear 
break-up time (BUT), decreased fluorescein score, and smoother 
epithelial cells compared with lacrimal gland excision alone in 
the cornea. Moreover, down-regulated MUC5AC, up-regulated 
apoptotic-associated proteins, elevated squamous epithelium cells, 
and increased apoptotic cells (TUNEL positive cells) were inhibited 
by treatment with EEDK.
Conclusions: EEDK has potential as a beneficial agent in the clinical 
treatment of dry eye.
Commercial Relationships: CHUNGHYUN LEE, 
None; Kyung-A Kim, None; SUNGJAE YANG, None; 
SANGHOON JUNG, None
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In vivo dynamics of Ca2+-dependent myoepithelial contraction in 
lacrimal gland
Imada Toshihiro1, Kai Jin1, Yusuke Izuta1, Shigeru Nakamura1, 
Takahiro Adachi2, Kazuo Tsubota1. 1Ophthalmology, Keio University, 
Sinjyuku Ku, Japan; 2Immunology, Tokyo Medical and Dental 
University, Tokyo, Japan.
Purpose: Lacrimal gland (LG) myoepithelial cells (MECs) are 
distributed surrounding the acinar cells. It has been reported that 
intracellular Ca2+ ([Ca2+]i)-dependent myoepithelial contraction plays 
a role in squeezing the acinar cells and expelling tear components 
within isolated LG alone. In this study, we verified the relationship 
between [Ca2+]i and myoepithelial contraction in vivo Ca2+ dynamics 
imaging together with the YC3.60 transgenic mice (a mouse lines 
expressing Ca2+ sensor yellow cameleon 3.60, which is established 
based on the Cre/loxP system under control of a CAG promoter).
Methods: Eight-week-old female YC3.60 transgenic mice were 
used. Mice were placed in a prone position, and their LG were 
exposed by skin incision on the right temporal side of the head under 
anesthesia. In vivo FRET (fluorescence resonance energy transfer) 
ratio imaging of LG was performed by two-photon microscopy in 
order to visualize the Ca2+ dynamics. The LG was excited at 840 
nm, and the fluorescence emission of CFP and YFP were detected 
at 460-500 nm and 520-560 nm, respectively. The images were 
acquired at approximately 1 frame/sec. To calculate the FRET ratio, 
the fluorescence images of each emission wavelength were analyzed 
by the software FluoView FV1200MPE. The area surrounded by 
MECs is measured by Image J software. The changes in FRET ratio 
and myoepithelial contraction after intravenous injection of 1 mg/kg 
pilocarpine, cholinergic tear secretion stimulant, were evaluated.
Results: YC3.60 probe was specifically expressed in the LG MECs, 
not in acinar cells, of YC3.60 transgenic mice. Pilocarpine injection 
increased the FRET ratio in the MECs, and their surrounded area 
was immediately decreased after increase in FRET ratio. The area 
surrounded by MECs decreased to approximately 80% of that of 
before pilocarpine injection.
Conclusions: Our study demonstrated that [Ca2+]i-dependent 
myoepithelial contraction can be visualized in living animal. It 
suggested that YC-3.60 transgenic mouse are useful for elucidation 
the physiological role of MECs in tear secretion in living animal.
Commercial Relationships: Imada Toshihiro, None; Kai Jin, 
None; Yusuke Izuta, None; Shigeru Nakamura, None; 
Takahiro Adachi, None; Kazuo Tsubota, None
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On the structure of meibum spread on saline
Peter E. King-Smith1, Kathleen Reuter1, Heather L. Chandler1, 
Carolyn G. Begley2, Richard J. Braun3. 1Optometry, Ohio State 
University, Columbus, OH; 2Optometry, Indiana University, 
Bloomington, IN; 3Mathematical Sciences, University of Delaware, 
Newark, DE.
Purpose: X-ray studies of Leiske et al., (2012, Biophys J 102, 369) 
show that human meibum contains crystalline or lamellar structures. 
Below 30oC, the main lamellar thickness was 4.9 nm, but a thickness 
of about 11 nm was stronger at higher temperatures. Rosenfeld 
et al. (2013, IOVS 54, 2720) interpreted these results in terms of 
localized “crystallites” but King-Smith et al. (2013, Ocul Surf 11, 
236) proposed extended lamellae providing evaporation resistance, 
as in the skin lipid barrier. Here, high resolution color imaging was 
used to test for the presence of extended lamellae in meibum spread 
on saline.
Methods: Meibum was collected from 10 normal subjects in 
microcapillary tubes and pushed out using a fine wire onto a beaker 
of buffered saline at 40oC. Images of the meibum film were obtained 
as it cooled to room temperature, using a high resolution reflection 
microscope (King-Smith et al., 2011, Ocul Surf 9, 197). The beaker 
was mounted on a 3 dimensional positioning stage to adjust for 
focus and movement of the meibum. Temperature was measured by 
infrared thermometer to avoid contamination.
Results: Typical findings for a 27 year old, white male, are shown 
in the figures. At 34oC meibum forms “lenses” within a dark 
“background”, b, Fig. 1A. Fig. 1B is the same image with much 
increased contrast, showing that the background contains darker 
areas, d; if these are from bare saline surface, then the lighter areas 
correspond to a thickness of about 6 nm by interferometric analysis. 
Fig. 1C shows that the dark areas constrict, probably from release of 
lipid from lenses. Below 30oC, the lenses start to grow “tails”, Fig. 
2A. The thicknesses of these tails are multiples of 4.5 nm, indicating 
a multi-lamellar structure. Many lenses had completely converted 
into tails by 20oC, Fig. 2B, indicating that the tails contain all the 
material from the lenses.
Conclusions: Fig. 2C is an interpretation of the results. Above 30oC, 
a 6nm “background” layer spreads out from the lenses; this may 
correspond to polar lipids. We did not observe the 11 nm lamellae 
found by X-rays. Below 30oC, multi-lamellar “tails” spread out from 
the lenses; this may be non-polar lipid spreading on top of the polar 
background layer. The thickness of these lamellae of about 4.5 nm 
is similar to the X-ray value of 4.9 nm. The tails consist of extended 
lamellae rather than the localized “crystallites” of Rosenfeld et al.

Fig. 1
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Fig. 2
Commercial Relationships: Peter E. King-Smith, None; 
Kathleen Reuter, None; Heather L. Chandler, None; 
Carolyn G. Begley, None; Richard J. Braun, None
Support: NIH EY 017951 PE King-Smith, NIH EY021794 CG 
Begley, NSF 1412085 RJ Braun
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Androgen suppression of proinflammatory gene expression in 
human meibomian gland epithelial cells
David A. Sullivan1, Yang Liu1, Wendy R. Kam1, Raheleh Rahimi 
Darabad1, Afsun Sahin1, 2. 1Schepens Eye Res Inst/Harvard Med 
School, Boston, MA; 2Eskisehir Osmangazi University Medical 
School, Eskisehir, Turkey.
Purpose: We discovered that dihydrotestosterone (DHT) decreases 
the ability of lipopolysaccharide, a bacterial toxin, to stimulate the 
secretion of leukotriene B4, a potent proinflammatory mediator, by 
immortalized human meibomian gland epithelial cells (IHMGECs; 
Sahin A et al, Arch Ophthalmol 2012;130:1013-1018). We 
hypothesize that this hormone action reflects an androgen suppression 
of proinflammatory gene activity in these cells. Our goal was to test 
this hypothesis.

Methods: Confluent IHMGECs were cultured for 2.3 days in media 
containing charcoal-stripped serum and vehicle or 10 nM DHT. Cells 
(n = 3 wells/treatment group) were then processed for RNA isolation 
and the analysis of gene expression by using Illumina BeadChips, 
background subtraction, cubic spline normalization and Geospiza 
software.
Results: Our results demonstrate that DHT significantly suppresses 
the expression of 67 immune response genes in IHMGECs, including 
those related to innate and adaptive immune responses, antigen 
processing and presentation, T cell mediated immunity, chemotaxis, 
and the production, binding, activity and signaling of cytokines and/
or chemokines. As examples, DHT downregulates genes encoding 
IL-1 beta and IL-8. In contrast, DHT enhances the expression of 
genes for IL-1 receptor antagonist and defensin beta 1 in IHMGECs.
Conclusions: Our findings support our hypothesis that androgens 
suppress proinflammatory gene expression in IHMGECs. This 
hormone effect may contribute to the typical absence of inflammation 
within the human meibomian gland.
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Role of adrenergic stimulation on lacrimal gland ductal fluid 
secretion in mice
Orsolya Berczeli1, Vizvari Eszter1, Mate Katona2, 
Zoltan Rakonczay2, 3, Peter Hegyi2, Chuanqing Ding4,  
Edit Toth-Molnar1, 5. 1Department of Ophthalmology, University 
of Szeged, Szeged, Hungary; 2First Department of Internal 
Medicine, University of Szeged, Szeged, Hungary; 3Department 
of Pathophysiology, University of Szeged, Szeged, Hungary; 
4Pharmacology and Pharmaceutic Sciences, Ophthalmology, 
University of Southern California, Los Angeles, CA; 5Department of 
Pharmacology and Pharmacotherapy, University of Szeged, Szeged, 
Hungary.
Purpose: Earlier reports demonstrated that both α and β adrenergic 
agonists could stimulate secretory response in whole lacrimal gland 
(LG) pieces in mouse, suggesting the direct role of adrenergic system 
in LG secretion. However, whether their effects are through acinar 
cells or ductal cells remained unknown. Therefore the aim of the 
present study was to investigate the effect of adrenergic stimulation 
on fluid secretion of isolated LG duct segments in mouse.
Methods: Interlobular and intralobar ducts were isolated from 
mouse LG as previously described by us. During incubation, ends of 
the ducts seal forming a closed intraluminal space. Fluid secretion 
into the lumen results in swelling of the ducts. This response was 
analyzed using video-microscopy. Secretory effects of α1-adrenergic 
agonist phenylephrine (10 µM, in the presence of β-antagonist [1 
µM propranolol]), β-adrenergic agonist isoproterenol (100 µM, in 
the presence of α-antagonist [10 µM phentolamine]) and the effect 
of norepinephrine (10 µM) were investigated. This latter transmitter 
can stimulate both α- and β- receptors. Data was presented as means 
± SEM.
Results: Phenylephrine stimulation caused a rapid fluid secretory 
response (secretory rate in the first 10 min of stimulation: 187.8±26.8 
pl/min/mm2) in the isolated duct segments. Isoproterenol failed to 
elicit any detectable secretory effect (secretory rate: -0.8±19.7 pl/min/
mm2) while norepinephrine initiated a rapid response (189.6±13.9 
pl/min/mm2 in the first 10 min of stimulation). We could not detect 
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statistically significant difference between the fluid secretory rates 
evoked by phenylephrine and norepinephrine (p=0.42) and the 
kinetics of secretion was also similar.
Conclusions: These data suggest the direct role of α adrenergic 
stimulation in LG ductal fluid secretion. Lack of isoproterenol-
induced fluid secretory response suggests the absence of β-receptor 
mediated pathway in mouse LG ducts. The similar secretory effects 
of norepinephrine and phenylephrine suggest that α-adrenergic 
stimulation may be the dominant adrenergic pathway in mouse 

LG ducts. Considering the robust response observed, sympathetic 
innervation may have more functional significance than previously 
believed.
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