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Program Number: 795
Presentation Time: 3:15 PM–3:30 PM
Commensal Bacteria Reconstitution Delays Autoimmunity in the 
Germ-Free CD25KO Model of Sjögren Syndrome
Cintia S. De Paiva3, Mahira Zaheer3, Changjun Wang3, Fang Bian3, 
Alton Swennes1, Robert A. Britton2, Stephen C. Pflugfelder3. 1Center 
for Comparative Medicine, Department of Molecular Virology and 
Microbiology, Baylor College of Medicine, Houston, TX; 2Center for 
Metagenomics and Microbiome Research, Department of Molecular 
Virology and Microbiology, Baylor College of Medicine, Houston, 
TX; 3Ophthalmology, Baylor College of Medicine, Houston, TX.
Purpose: To investigate the role of the gut microbiota in the 
appearance and development of dacryoadenitis in a model of Sjögren 
Syndrome.
Methods: Four-week (W) old germ-free (GF) CD25 knock-out (KO) 
mice of both sexes received oral gavage (OG) of fecal slurry from 
normal conventional C57BL/6 mice raised in specific pathogen  
free conditions and were compared to 8W old GF KO four weeks 
post-gavage. Corneal barrier function was assessed by fluorescent 
Oregon-Green Dextran dye staining. Eyes and adnexae were excised 
and prepared for either histology or frozen sections. Conjunctival 
goblet cell density was counted in periodic acid Schiff stained 
sections. CD4+T cells were isolated from cervical lymph nodes 
(CLN) and adoptively transferred into RAG1KO recipients. T helper 
(Th) phenotype in lacrimal gland and eye draining nodes of recipients 
was investigated by intracellular staining 5 weeks post-transfer.
Results: Germ-free animals gavaged with mouse fecal slurry 
(GF+OG) CD25KO have significantly greater number of goblet cells 
and significantly lower corneal barrier disruption than GF CD25KO 
mice (P<0.05 for all). GF+OG lacrimal glands showed decreased 
infiltration score and areas with normal acini, whereas GF CD25KO 
acini were shrunken and heavily infiltrated by lymphocytes. 
RAG1KO recipients of adoptively transferred GF+OG CD25KO 
CD4+T cells had significantly lower corneal barrier disruption, greater 
number of goblet cells, lower total lacrimal gland infiltration score 
and greater preservation of lacrimal gland architecture than recipients 
of GF CD25KO CD4+T cells (P<0.01 for all parameters). This was 
accompanied by lower percentage of CD4+ IFN-gamma+ cells in the 
lacrimal gland and draining nodes of GF+OG recipients compared 
to GF recipients (23.07±15% vs. 57.45±4.4% and 23.46±8.74% vs. 
57.4±4.38%, respectively, P<0.001 for both).
Conclusions: Reconstitution of germ-free CD25KO mice with 
normal commensal delays the onset and severity of dacryoadenitis 
and ocular surface dry eye disease by decreasing the generation of 
autoreactive CD4+T cells.
Commercial Relationships: Cintia S. De Paiva; Mahira Zaheer, 
None; Changjun Wang, None; Fang Bian, None; Alton Swennes, 
None; Robert A. Britton, None; Stephen C. Pflugfelder, None

Program Number: 796
Presentation Time: 3:30 PM–3:45 PM
Application of Targeted Proteomics in Identification of Specific 
Signature Peptides in Dry Eye Disease: One Step Closer to 
Personalized Diagnosis?
Natarajan Perumal, Caroline Manicam, Matthias Steinicke, 
Alexandra Tschäbunin, Maya Scieranski, Norbert Pfeiffer, 
Franz H. Grus. Department of Ophthalmology, University Medical 
Center of the Johannes Gutenberg University Mainz, Mainz, 
Germany.
Purpose: Dry eye syndrome (DES) is a common yet debilitating 
ocular pathology that affects a large population. However, the 
fundamental etiology underlying this pathology remains elusive. 
Furthermore, high complexity of tear proteome and limited samples 
due to low tear protein concentration in DES patients deters detection 
of specific differentially expressed proteins in individual samples. 
Therefore, this study endeavored to investigate specific proteome 
alterations in individual tear samples of DES patients and to 
determine if any inter-individual variations exist.
Methods: Tear samples were collected from healthy subjects (CTRL, 
n= 18) and aqueous-deficient dry eye patients (DRYaq, n= 18).  
Samples were analyzed individually employing the targeted mass 
spectrometry (MS)-based proteomics strategy. The acquired 
continuum MS spectra were analyzed by MaxQuant computational 
proteomics platform followed by functional annotation and pathway 
analyses.
Results: A total of 64 signature peptides representing various 
protein isoforms, namely PRR4-N1, PRR4-N2, PRR4-N3, S100A8, 
S100A9, ANXA1 and ANXA2 were identified in the tear samples 
with less than 1 % false discovery rate. Among these, 23 peptides 
were significantly (P<0.05) differentially expressed in tears of 
DRYaq compared to the CTRL. These include increased expression 
of ALDH3A1, HPX, IGHA1 and S100A9, and decreased expression 
of LACRT, SERPINB1, PRR4 and LYZ. Noteworthy is that several 
metabolic, inflammatory and immune processes were highly activated 
in DRYaq tears. Most importantly, this study has identified variations 
in the expression levels of specific protein isoforms in different 
individuals, especially PRR4.
Conclusions: In conclusion, a targeted proteomics strategy was 
established in this study to identify a high number of specific 
differentially expressed proteins in individual tear samples of DES 
patients. This targeted MS strategy is instrumental for unambiguous 
identification and quantification of specific protein isoforms that 
cannot be effectively detected by the classical antibody-based 
methods. Multiplexed measurements of designated proteins based 
on the signature peptides via targeted strategy have the potential to 
speed-up expensive and time-consuming DES biomarker discovery 
in clinical settings, including in larger cohorts of DES patients in a 
personalized manner.
Commercial Relationships: Natarajan Perumal, None; 
Caroline Manicam, None; Matthias Steinicke, None; 
Alexandra Tschäbunin, None; Maya Scieranski, None; 
Norbert Pfeiffer, None; Franz H. Grus, None

Program Number: 797
Presentation Time: 3:45 PM–4:00 PM
Corneal transcriptome changes in a mouse model of dry eye
Philippe Daull1, Laurence Feraille2, Karima Kessal3,  
Pierre-Paul Elena2, Stefano Barabino4, Christophe Baudouin3,  
Jean-Sebastien Garrigue1. 1Novagali Innovation Center, Santen SAS, 
Evry, France; 2IRIS Pharma, La Gaude, France; 3Vision Institute, 
Paris, France; 4Clinica Oculistica, University of Genoa, Genoa, Italy.



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.

Purpose: Dry eye disease (DED) is a complex multifactorial disease 
that affects the life of millions of people worldwide. The loss of the 
ocular surface homeostasis results in the activation of inflammatory 
pathways leading to corneal epithelium alterations. The aim of the 
present study was to explore how dry eye modulates the corneal 
expression profiles of inflammation-associated genes in a mouse 
model of dry eye with severe corneal epithelium lesions.
Methods: Eight to 12-week-old female C57BL6 mice with tail 
patches of scopolamine (replaced every other days) were housed 
in controlled environment room to induce dry eye. At day three, 
following dry eye confirmation by corneal fluorescein staining 
(CFS, score 0-15) and phenol red thread (PRT) lacrimation test, 
the mice (n=10) were left untreated for an additional 7 days in the 
dry eye environment. At the end of the experiment the cornea were 
collected on ice, snap frozen in liquid nitrogen and stored at -80°C 
before processing. The cornea of 10 aged-matched healthy female 
C57BL6 mice served as controls. Following mRNA extraction 
(Qiagen RNeasy mini kit) and RNA integrity assessment (Agilent 
Bioanalyzer), the expressed transcripts were analyzed using a 
nCounter mouse inflammation code set (NanoString).
Results: The PRT lacrimation test confirmed the scopolamine-
induced decrease in tear secretion for the dry eye environment mice. 
At the end of the treatment period, the CFS score of the dry eye mice 
was 11.2±1.5 (CFS score range; 9-14), confirming the severity of the 
disease. 34 genes were upregulated (1.5- to 28.7-fold), and 34 were 
down regulated (0.7- to <0.1-fold). Of particular interest were the 
genes: Cxcl1, Ccl2, Fos, Areg, Il1b, Ptgs2, Jun, Tnfaip3, Tnf, Myc, 
Cebpb, Relb, Maff, Il1a, Irf1, Map2k6, Nod1, Csf1, Ccr2, which 
were significantly modulated (up or down) by the dry eye condition.
Conclusions: This study shed new lights on the pathways associated 
with the development of corneal damages in a mouse model of dry 
eye and identified possible new targets for the management of dry eye 
disease in patients.
Commercial Relationships: Philippe Daull, Santen SAS (E); 
Laurence Feraille, IRIS Pharma (E); Karima Kessal, None;  
Pierre-Paul Elena, IRIS Pharma (E); Stefano Barabino, Santen 
SAS (C); Christophe Baudouin; Jean-Sebastien Garrigue,  
Santen SAS (E)

Program Number: 798
Presentation Time: 4:00 PM–4:15 PM
A Novel Innate Immunity Pathway in Dry Eye: ROS 
Dysregulates Activity of NLRP3/NLRP6 Inflammasomes via 
BRCC36 and Caspase-8 Signaling
De-Quan Li1, Wei Chi1, 2, XIN CHEN1, 3, Xia Hua1, Fang Bian1, 
Cintia S. De Paiva1, Stephen C. Pflugfelder1. 1Ophthalmology, Baylor 
College of Medicine, Houston, TX; 2Zhongshan Ophthalmic Center, 
Sun Yan-Sen University, Guangzhou, China; 3School of Optometry 
and Ophthalmology, Wenzhou Medical University, Wenzhou, China.
Purpose: The concept of innate immunity has been expanded to 
recognize environmental pathogens other than microbes. However, 
whether and how the innate immunity is initiated by epithelium in 
response to environmental physical challenges is largely unknown. 
This study was to explore potential mechanism by which ocular 
epithelium responds to environmental stress via NLRs-mediated 
innate immunity pathway in dry eye.
Methods: Two models were used: in vitro primary human corneal 
epithelial cells (HCECs) exposed to hyperosmolarity, and in vivo 
mouse ocular surface facing desiccating stress, with untreated as 
controls. Confluent HCEC cultures were treated for 4-24 hours in 
medium at iso- and hyper- osmolarity (312-450 mOsM), without or 
with inhibitors for NLRP3, caspase-1, caspase-8 or ROS. The cells 
and medium supernatant from culture, as well as eyeballs, corneal 

epithelium and conjunctival tissues from mouse model were collected 
for different assays. Gene expression was determined by RT-qPCR, 
protein levels were evaluated by immunostaining, Western blotting, 
ELISA and caspase activity assays. Intracellular ROS was measured 
by DCFDA assay.
Results: In HCECs exposed to hyperosmolarity, the activated NLRP3 
with suppressed NLRP6 stimulated caspase-1 activation leading 
to IL-1β and IL-18 maturation and secretion. NLRP3-independent 
caspase-8 activation was revealed to noncanonically activate 
caspase-1 via reciprocal regulation of NLRP3/NLRP6-mediated 
inflammasomes. ROS overproduction was observed to induce 
mitochondrial DNA oxidative damage and BRCC36 deubiquitinating 
activity. Furthermore, exogenous 8-OHdG significantly suppressed 
450mOsM-stimulated maturation and secretion of IL-1β and IL-18 
while dG had no effect. In vivo model of mouse facing desiccating 
environment displayed an imbalanced activation of NLRP3/NLRP6 
inflammasomes and IL-1β and IL-18 mediated inflammation 
with stimulated caspase-8 and BRCC3 activity in corneal and 
conjunctival epithelia, the responses similar to in vitro HCECs under 
environmental stress.
Conclusions: Our findings uncover a novel innate immunity pathway 
by ocular epithelium where ROS-induced mitochondrial DNA 
oxidation dysregulates the activity of NLRP3/NLRP6 inflammasomes 
via BRCC36 and caspase-8 signaling in response to environmental 
stress, which provide a missing link between inflammation and 
environmental stress in dry eye.
Commercial Relationships: De-Quan Li, None; Wei Chi,  
None; XIN CHEN, None; Xia Hua, None; Fang Bian, None; 
Cintia S. De Paiva, None; Stephen C. Pflugfelder, None
Support: NIH NEI Grants EY023598 (DQL), EY011915 (SCP)  
and Core Grant for Vision Research EY002520, Lions Foundation for 
Sight, Research to Prevent Blindness, Oshman Foundation, William 
Stamps Farish Fund.

Program Number: 799
Presentation Time: 4:15 PM–4:30 PM
Mechanisms of corneal intraepithelial nerve damage after 
exposure to hyperosmolar solutions in rat
Kamila Mizerska1, Valentina Dallacasagrande1, Harumitsu Hirata1, 
Carl F. Marfurt2, Mark Rosenblatt3. 1Department of Ophthalmology, 
Weill Cornell Medicine, New York, NY; 2Indiana University School 
of Medicine, Gary, IN; 3Department of Ophthalmology and Visual 
Sciences, University of Illinois, Chicago, IL.
Purpose: Our recent work has shown that exposure of the rat cornea 
to hyperosmolar solutions induces morphological alterations in 
corneal intraepithelial nerves. The mechanisms for these changes 
remain unknown. The purpose of this study was to investigate, using 
a novel nerve fragmentation quantification technique, possible neural 
and epithelial mechanisms underlying these changes.
Methods: Immunohistochemistry: The eyes of each rat were 
exposed to hyperosmolar solutions (HOS; 600 and 1000 mOsm 
NaCl) or artificial tears (ATs), respectively, for 30 min to 3 hours. 
Another group of animals was treated with 200 µM Nifedipine 
or 2% Lidocaine in 1000 mOsm NaCl. The morphology of the 
corneal epithelial innervation was evaluated by staining corneal 
whole mounts with an antibody against beta-III tubulin. Damage 
(fragmentation) of corneal intraepithelial nerves acquired from 
z-stack images of central corneal areas was assessed quantitatively 
and expressed as nerve fragments/sq mm. Corneal cross sections 
were stained for ZO-1 as a marker for epithelial tight junctions. 
Electrophysiology: Single corneal neurons were recorded 
extracellularly from rat trigeminal ganglia. The neuronal responses to 
corneal drying (an important stimulus for tearing) were noted before, 
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and after, applying 200 µM Nifedipine or 2% Lidocaine in 1000 
mOsm NaCl or ATs.
Results: Immunohistochemistry: The morphometric analyses 
indicated that corneal nerve damage appeared even after short 
(30 min) exposure to 600 mOsm NaCl (p<0.0001). Corneal nerve 
morphology was not changed after adding a Ca++ channel blocker 
to the 1000 mOsm NaCl solution. Corneal cross sections stained 
for ZO-1 appeared to reveal diminished immunostaining intensity 
in 1000 mOsm NaCl-treated animals compared to controls. 
Electrophysiology: The responses of corneal neurons to hyperosmolar 
solutions (1000 mOsm) were abolished by 200 µM Nifedipine or 2% 
Lidocaine.
Conclusions: The novel morphometric approach used in this study 
enables automated and accessible evaluation of corneal nerve damage 
caused by short term exposure to hyperosmolar solutions. These 
results demonstrate for the first time that corneal nerve damage due 
to hyperosmotic tears might be a result of a combination of different 
mechanisms (neurotoxicity and decreased tight junction protein 
expression). These findings may contribute to a better understanding 
of signs and symptoms observed in dry eye patients.
Commercial Relationships: Kamila Mizerska; 
Valentina Dallacasagrande, None; Harumitsu Hirata, None; 
Carl F. Marfurt, None; Mark Rosenblatt, None
Support: NIH Grants EY023555 (HH), EY018594 (MIR), and 
the Research to Prevent Blindness Grants to Department of 
Ophthalmology, Weill Cornell Medical College

Program Number: 800
Presentation Time: 4:30 PM–4:45 PM
Comparative efficacy of preservative-free anti-inflammatory eye 
drops in a mouse model of dry eye
Jean-Sebastien Garrigue1, Cimbolini Nicolas2, Karima Kessal3, 
Emilie Gros2, Virginie Mauro2, Stefano Barabino4, 
Christophe Baudouin3, Philippe Daull1. 1Novagali Innovation Center, 
Santen SAS, Evry, France; 2IRIS Pharma, La Gaude, France; 3Vision 
Institute, Paris, France; 4Clinica Oculistica, University of Genoa, 
Genoa, Italy.
Purpose: Dry eye disease (DED) is a complex multifactorial disease 
with tear film instability and uncontrolled inflammation leading 
to corneal epithelium lesions and symptoms of discomfort. Anti-
inflammatory eye drops are effective options for the management of 
DED clinical signs and inflammation. The aim of the present study 
was to compare the efficacy of different formulations in a mouse 
model of dry eye with severe corneal epithelium lesions.
Methods: Eight to 12-week-old female C57BL6 mice with tail 
patches of scopolamine (replaced every other days) were housed in 
controlled environment room to induce dry eye. At day three (dry 
eye baseline), following dry eye confirmation by corneal fluorescein 
staining (CFS, score 0-15) and phenol red thread (PRT) lacrimation 
test, the mice (n=10/gp) were either treated 3 times a day in both 
eyes with: 0.1% CsA cationic emulsion (Ikervis, Santen, France), 5% 
lifitegrast solution (Xiidra, Shire, USA), a cationic emulsion vehicle 
(CEv, Santen, France), 0.9% NaCl or left untreated. Aqueous tear 
production and corneal epithelium lesions were assessed at day 3, 
6 and 10, while CD4+ and CD11b+ counts and inflammatory genes 
expression profile (NanoString mouse inflammatory codeset) in the 
cornea and conjunctiva were evaluated at the end of the treatment 
(day 10).
Results: The PRT lacrimation test confirmed the scopolamine-
induced decrease in tear secretion. At day 6, CFS score was reduced 

(vs. dry eye baseline) by 9.2, 18.5 and 22.8% with Xiidra, CEv and 
Ikervis, respectively. Interestingly, the cationic emulsion vehicle 
(CEv) was more effective than Xiidra at reducing the corneal 
epithelium lesions at day 6. CFS scores at day 10 decreased to 
6.9±1.5, 8.7±2.2, and 6.9±1.8 at day 10 for Xiidra, CEv, and Ikervis, 
respectively, while saline treatment failed to reduce CFS. The 
expression profiles of inflammatory markers were differentially 
modulated by the anti-inflammatory eye drops (eg. IL6, CXCL1, 
CXCL10, CCL19, TNF). CD11b+ and CD4+ cell counts in the 
cornea were only slightly decreased by the anti-inflammatory eye 
drops.
Conclusions: This study indicates that the two anti-inflammatory 
formulations and the CEv are effective at reducing corneal epithelium 
lesions in a mouse model of DED, and represents good treatment 
options for the management of DED in patients.
Commercial Relationships: Jean-Sebastien Garrigue, Santen SAS 
(E); Cimbolini Nicolas; Karima Kessal, None; Emilie Gros, IRIS 
Pharma (E); Virginie Mauro, IRIS Pharma (E); Stefano Barabino, 
Santen SAS (C); Christophe Baudouin, Santen SAS (C); 
Philippe Daull, Santen SAS (E)

Program Number: 801
Presentation Time: 4:45 PM–5:00 PM
AQP5 Promotes Inflammation and Apoptosis via JNK Activation 
in Hyperosmolarity Stressed Human Corneal Epithelial Cells
Qinxiang Zheng, Huihui Lu, Wei Chen. Wenzhou Medical University, 
Wenzhou, China.
Purpose: To investigate the role of water channel Aquaporin5 
(AQP5) and JNK pathway in hyperosmolarity-induced inflammation 
and cell apoptosis in human corneal epithelial cells (HCECs), and 
evaluate the relationship of AQP5, JNK, and the proinflammatory 
cytokines involved in dry eye (DE) progression.
Methods: Immortalized HCECs were cultured in different 
hyperosmolarities (450, 500 and 550 mOsm), and their mRNA 
levels of IL-1β, IL-6, IL-8, TNF-α, apoptosis factor caspase-1, and 
AQP5 were compared with those of the isosmotic group, as well 
as the protein levels of AQP5 and p-JNK. Then HCECs cultured 
in 310 mOsm media were switched to 500 mOsm media, with or 
without the pretreatment of an p-JNK inhibitor SP600125. Also 
the HCECs transfected with interference RNA targeted at AQP5 or 
negative control (NC) gene were cultivated in 500 mOsm media. The 
expressions of the same cytokines and the level of cell apoptosis were 
evaluated.
Results: The mRNA levels of IL-1β, IL-6, IL-8, TNF-α, caspase-1, 
and AQP5 increased in hyperosmotic media above 500 mOsm, with 
the protein levels of AQP5 and p-JNK elevated (P ≤ 0.019). The pre-
treatment of 20µM SP600125 reduced the mRNA levels of the same 
cytokines, the translational levels of AQP5 and p-JNK, as well as 
the cell apoptotic level (P ≤ 0.015). SiAQP5 transfection effectively 
downregulated the transcriptional levels of these cytokines and cell 
apoptosis (P ≤ 0.016).
Conclusions: AQP5 was involved in the promotion of 
hyperosmolarity-induced inflammation and cell apoptosis in HCECs, 
which might be regulated by the p-JNK activity. The water channel 
proteins might play a critical role in DE progression.
Commercial Relationships: Qinxiang Zheng; Huihui Lu, None; 
Wei Chen, None
Support: National Natural Science Foundation of China (81470605 
to Wei Chen,81500700 to Qinxiang Zheng),


