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<ABSTRACT>

Toll like receptor 4 initiates an innate immunep@sse to

lipopolysacccharide in human conjunctival epitHetells

So-Hyang Chung

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Eung Kweon Kim)

Conjunctival epithelial cells serve as a first link defense against pathogens
presented to the innate immune system. The inflawmparesponse to Gram-
negative bacteria is initiated by Toll-like recaptb (TLR4). The purpose of our
study was to investigate whether a TLR4 ligand aeduproduction of inflammatory
cytokines in human conjunctival epithelial cellsQHECs) through nuclear factor
kappa-B (NF«B).

HCECs were stimulated with various concentrationigpopolysaccharide (LPS).
HCECs were evaluated for TLR4 expression by revéeescriptase polymerase
chain reaction (RT-PCR) and flow cytometric anay3ihe innate immune response
was quantified by measuring expression of the infteatory cytokines IL-6 and IL-
8. Functional NR¢B activation was examined using a luciferase rep@ssay.

Expression of TLR4-specific mMRNA as well as itsresponding protein was

observed both intracellularly and on the cell stefaof HCECs. Incubation of



HCECs with LPS led to activation of the MB-transcription factor and secretion of
IL-6 and IL-8 in a dose dependent manner. BlockafdELR4 and TRAF6 activity
abolished induction of the inflammatory responsd. RS in HCECs. LPS did not
induce the expression of TLR4 in HCECs. This stdeéynonstrated that surface
expression of TLR4 in human conjunctival epithetiells was able to elicit a TLR4-
mediated innate immune response and contribute tmflammatory environment

on the ocular surface.

Key words:conjunctival epithelial cells, innate immune respanlL-6, IL-8, toll-like

receptor 4
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[. INTRODUCTION

On the ocular surface, the surface epithelium seaveritical function in front-line
defense of the mucosal innate immune systékthen presented with a challenge,
the epithelial cells lining the mucosal surfaceypapivotal role in innate immunity
by secreting chemokines and other immune mediatBigman conjunctival
epithelial cells (HCECSs) participate in the hostedlse mechanism by maintaining a
tear film and initiating an inflammatory responsa velease of proinflammatory
cytokines.

The innate immune system recognizes microbial mahe using Toll-like
receptors (TLRs), a family of innate immune-rectigni receptors that provide an
initial triggering signal for induction of antimiobial immune responsé4 total of
11 mammalian TLRs have been described, and retadies have revealed that a
striking feature of TLRs is their ability to disgrinate among different classes of

pathogen-associated moleculds. Among  them, TLR4 recognizes



lipopolysaccharide (LPS), a constituent of the welll of Gram-negative bacteri4.
For binding of LPS to TLR4 requires three additiopeoteins, referred to as the
LPS receptor compleXLPS recognition is mainly initiated by LBP (LPSatling
protein) whose function is to extract LPS monomieosn aggregated endotoxin
structures for their subsequent delivery to CB14D14 transfers LPS to the
TLR4/MD-2 transmembrane coreceptdt? Binding of a ligand to a TLR leads to
activation of a complex signaling cascade that uides the activation of
transcription factor N&B and increased expression of inflammatory cytakifié®

It has also been reported that several TLRs argesgpd in the mucosal
epithelia’®*? In the human conjunctiva, one group reported esgioa of TLR2, 4
and 9 in both healthy and allergic human conjumgtincluding the epitheliurf.
Another group reported that TLR1, 2, 3, 4, 5, 6d &h are expressed in the
conjunctival epithelia at both mRNA and proteindbs?* Conjunctival epithelial
cells are continuously exposed to large numberbiabgically active microbial
products such as LPS and PGN. The response caijgabitif TLR across the
conjunctival surface may be expected to cover mmhosignals. Although the
incidence of Gram-negative bacterial conjunctivigsless common than Gram-
positive bacterial conjunctivitis, their consequesicare sever@® However,
previous reports looking at the responsiveness@EEs to Gram-negative bacterial
cell wall components demonstrated that HCECs doregpond to TLR4 ligands
even though both TLR4 mRNA and protein is presentcultured conjunctival

epithelial cell$*? Further, respiratory and bladder epithelial cells capable of



responding to LP$E:* In human corneal epithelial cells, an early stfrdyn Songet
al. clearly showed LPS-stimulated IL-6 and IL-8 séiore?® On the contrary, a lack
of LPS-induced inflammatory responses in human eairepithelial cells has been
observed by Uetaet al. In the case of intestinal and oral epithelial ssell
controversial results have also been repdftétf*#?

In this study, we demonstrated constitutive expoesef TLR4 in multi-layered
human conjunctival epithelial cells. Our culturednginctival epithelial cells

activated NF«B and thus were able to generate the inflammatgtgkaes IL-6

and IL-8 in the presence of LPS, which was spetifi€LR4.



II. MATERIALS AND METHODS

1. Human conjunctival epithelial cell cultures andexperimental protocols
Methods detailing the culturing of primary epitlaélcells have been describ&d.
Briefly, three conjunctival biopsy specimef@dsx 3 mm) were obtained from the
superior temporal bulbar conjunctiva of patientdangoing routine cataract surgery.
Each patient provided written informed consent, dhd study protocol was

approved by thénstitutional Review Board of the Ethics Committekthe Inje
University College of Medicine in Seoul, Korea,aocordance with the Declaration
of Helsinki. Conjunctival specimens were enzymditicadigested overnight.
Epithelial cells were then gently scraped, dispkis® a single-cell suspension, and
cultured in bronchial epithelial growth medium (BHEG Clonetics Corp,
Walkerville, MD, USA). Passage 3 human conjunctiegithelial cells (HCECSs)
were seeded onto CostaFranswell-clear 3450 culture inserts (Corning, N)SA)
and cultured in a 1:1 mixture of BEGM:DMEM. Cellsached confluencey within
five days and were then cultured using an air-tigoterface (ALI).

To stimulate TLR4, cells were treated with diffeareoncentrations of LPS from
Pseudomonas aeruginosa (0.1, 1, or 10 ug/ml; Sigma-Aldrich, St Louis, MOSA)
for 24 hours after one week of ALI culture. To édigh the role of TLR4 signaling
in LPS-induced activation of HCECs, an inhibitonAmfor TLR4 (20 ug/ml;
eBioscience, San Diego, CA, USA) was used in théokiye production

experiments. HCECs were preincubated with the itdripmAb for one hour prior



to addition of LPS to ensure complete blockageokiyie production was assessed
24 hours after stimulation. For abrogate TRAF6agti transfection of a dominant

negative TRAF6 was performed before adding LPS.

2. RT-PCR

Total RNA from HCECs and human conjunctival tissuges isolated using TRIzol
reagent. Synthesis of cDNA was performed using 3gta RNA (SuperScript I
Reverse Transcriptase; Gibco-Invitrogen, NY, USAxccording to the
manufacturers' suggested protocol. Residual gen@hid from the samples was
eliminated by a DNase | digestion of the RNA pregian. Primers specific for
TLR4, MD2, LBP, and CD14 were designed to produE®Products 504 bfy,422
bp?’ 528 bp®* and 1060 bP in size, respectively. The amplification protocol
consisted of 38 (35 for MD2, LBP, and CD14) cyadéslenaturation at 94°C for 1
min, annealing at 52°C (56°C for MD2, 59°C for LB#d 60°C for CD14) for 1
min, and extension at 72 °C for 1 min, with a firatension at 72 °C for 10 minutes.
Amplification using specific primers for GAPDH (glgraldehyde-3-phosphate
dehydrogenase) was used as an endogenous reféeoedermine the integrity of
the mRNA in each sample. Amplified samples (10 miere electrophoresed on
1.4% agarose gels containing ethidium bromide amickywhotographed (UVipro gel
documentation system; UVITEC, Cambridge, UK). Ressale representative of at

least three independent experiments.



3. Real-time quantitative PCR

Real-time PCR amplification was performed in thegence of double-labeled
fluorogenic probes fotL-6 andIL-8 (TagMan probes; Applied Biosystems, Foster
City, CA, USA). For each amplification reaction,020g of cDNA in a total volume
of 50 uL was usediégMan chemistry). Assays were performed using an Rigm
7500 Sequence Detection System (Applied Biosysteifisg average threshold
cycle (G) values for GAPDH were used as an internal caiiloréo correct for
differences in the integrity and amount of total RbEdded to each reaction. For
relative quantification, we used thé*2" method®* A non-template control was
included in all experiments to eliminate the poidisjbof DNA contamination of the
reagents used for amplification. None of the nonglate controls in our
experiments resulted in a positive signal, whictlidated that there was no DNA
contamination in the RNA used for the ass&esults were represented as the mean

+ SD of three independent experiments.

4. ELISA

To quantify the cytokine secretion, human conjwadtepithelial cells were plated
in CostaP Transwell-clear 3450 culture inserts (1 X t@lls/well). After one week
of ALI culturing, the cells were either left untted or were exposed to 0.1, 1, or 10
ug/ml LPS fromPseudomonas aeruginosa (Sigma-Aldrich) for 24 h from both
apical and basolateral sides. The culture supertsatgere harvested, and the levels

of IL-6 and IL-8 were determined using commerciallyailable ELISA kits (R&D



systems, Minneapolis, MN, USA). Results were repmésd as the mean + SD of

three independent experiments.

5. Transfection and NF-kB—driven luciferase reporter assay

HCECs cells were transfected witlu@ NF«B-luciferase reporter plasmids using
lipofectamine 2000 according to the manufacturitpggested protocol (Invitrogen).
After 2 h incubation with DNA-lipofectamine mixtwsecells were maintained in
fresh medium for another 24 h before LPS treatn@ells were stimulated with 0.1,
1, or 10 ug/ml LPS for 6 h and then washed twici WiBS and lysed with reporter
lysis buffer (Promega, Madison, WI, USA). After texing and centrifugation at
12,000xg for 1 min at 4 C, the supernatant was stored —-4ihtl assayed for
luciferase activity. A total of 5@l of the cell extract was mixed with 50 of the
luciferase assay reagent at room temperature, wmif@rase activity was measured

with a luminometer (LMax £ Molecular Devices, Sunnyvale, CA, USA).

6. Flow cytometric analysis

Human conjunctival epithelial cells were treatedhwd.02% EDTA. Cell surface
expression of TLR4 was examined by flow cytome@glls were incubated with the
PE-conjugated mouse anti-human TLR4 (HTA125) mABidscience) or isotype
control mouse 1gG2a (BD Biosciences, San Jose, G8A) for 1h at room

temperature. For intracellular FACS, the cell fisatpermeabilization kit (BD



Biosciences) was used. Cells were fixed with Cyt@fytoperm and then stained
with PE-conjugated mouse anti-human TLR4 (HTA12%bmas described above,
in Perm/Wash solution for one hour at room tempeeat Stained cells were
analyzed with a FACSCalibur (BD Biosciences), armdadwere analyzed using

CellQuest software (BD Biosciences).
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[ll. RESULTS

1. Cultured human conjunctival epithelial cells (HCECs) expressTLR4, MD2,
LBP and CD14-specific mRNA.

Among all members of the TLR family, TLR4 has atgat recognition receptor
for targeting Gram-negative (e.g., LPS) bacteriastF we elucidated whether
HCECs and normal human conjunctival epithelialscélarbor specific mRNA for
TLR4. TLR4-specific mRNA was present in both HCECs and norimainan
conjunctival epithelial cells. MD2, LPB, and CD1#&n accessory molecule that is
required for LPS recognition and signaling. HCE@G axpresdMD2, LBP, and

CD14-specific mRNA (Fig. 1).

2. Cultured human conjunctival epithelial cells expess TLR4 intracellularly
and on the cell surface.

The next logical step was to investigate whetheEBE express TLR4 on their
cell surfaceTo make this determination, we examined the ceflase expressioof
TLR4 on HCECs. FACS analysis showed that HCECsesgad TLR4 on the cell

surface as well as intracellulary (Fig. 2).
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Cell Tissue Cell Tissue
TLR4 _ LBP
IS o N T |
422bp 1050675 [ —

GAPDH

575bp""
Gene Primers Productsize | Annealing
(bp) (‘c)
GAPDH | Sense 5-CCATCACCATCTTCCAGGAG-S 575 &0
anti-sense 5-COTGCTTCAGCACCTTCTTGY
TLR4 Sense S-GOCAAAGTCTTGATTGATTRRY 504 52
anti-sense 5-TTGAAGTTCTCCAGCTCCTG-3
MD2 Sanse 5-GATGACATCAAGAAGGTGGTGAAG Y 5'- 429 56
anti-sense TCCTTGGAGGCCATGTGRGOCAT-2
LBP Sense 5-GCTGTTGAACCTCTTCCACAACCAG Y 528 59
anti-sense | 5-CTGAAGTTCAGGAGCGGAGCAGAGS

CcD14 Sense | 5-ACCACGCCAGAACCTTGTGAGCTGGAY 1060 80

anti-sense S-TTAGGCAAAGCCCCGGGCCCCT-3

Figure 1. Normal human conjunctival epithelial seland cultured human
conjunctival epithelial cells (HCECs) expredsR4, MD2, LBP, and CD14-specific
MRNA. Representative RT-PCR profiles from threeesxpents showed the mRNA
expression ofLR4, MD2, LBP, andCD14. GAPDH was used as an internal control
in normal human conjunctival epithelial cells andCECs. Ethidium bromide-
stained 1.4% agarose gels showing amplified pradiec{TLR4, MD2, LBP, CD14,

andGAPDH.
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Figure 2. TLR4 is expressed intracellularly and tbe cell surface of human
conjunctival epithelial cells (HCECSs). Cell surfagad intracellular expression of
TLR4 in HCECs was examined by flow cytometric asaly Cells were incubated
with PE-conjugated anti-human TLR4 (HTA125) mAb an isotype control.

Histogram data are representative of three sepexg&riments.
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3. Cultured human conjunctival epithelial cells repond to LPS.

Next, we examined whether HCECs respond to the Tligeshd LPS. We first
examined the production of inflammatory cytokings HCECs after exposure to
different doses of LPS. As shown in Fig. 3A, LPi&atation induced the secretion
of IL-6 and IL-8. Therefore, levels of IL-6 and BR.-production in the treated
supernatants significantly increased over thosenistimulated NHCE. The higher
concentration of LPS resulted in a greater induactibthe secretion of IL-6 and IL-8.
These findings demonstrate that human conjuncéipédhelial cells were capable of
responding to exogenous microbial stimuli (e.g.SLP

This finding was further confirmed at the level ofRNA. After in vitro
incubation of HCECs with various concentrationd B, quantitative RT-PCR was
performed for the respective cytokines. The leeélH -6- and IL-8-specifietnRNA
were elevated in HCECs stimulated with LPS (BB). NHCE responded to LPS in
a dose-dependent manrier the enhancement of IL-6- and IL-8-specific mMRNA
(Fig. 3B).Taken together, these results showed that humajuradival epithelial

cells were able to respond to LPS frénaeruginosa.

14



A Cytokine production

IL-6 IL-8

250 20000r

ok

10000 -

Concentration (pg/ml)
o &
e o

o
(-]

Medium 0.1 1 10 Medium 0.1 1 10
LPS (ug/ml) LPS (ug/ml)

B Quantatitive RT-PCR

IL-6 IL-8

« 100 500

=

o

£

—

S 60} 300

-

W

= |

1]

Ig- L

E 201 *k 100 .

) : 0 .

Medium 0.1 1 10 Medium 0.1 1 10

LPS (ug/ml) LPS (ug/ml)

Figure 3. Cultured human conjunctival epithelialcdHCECs) are responsive to
LPS. To quantify inflammatory cytokine secretionCECs were left untreated or
were exposed to 0.1, 1, and 10 ug/ml LPS fi@raeruginosa for 24 h The culture
supernatants were harvested for measurements éfdhd IL-8 (A). Quantitative
RT-PCR was used to measure the expression of lheblia8 mRNA in HCECs
after treatment with LPS. The quantification dateravnormalized to the expression
of the housekeeping gene GAPDH. Thaxis shows an increase in specific mMRNA
over unstimulated samples (B). Data represent thansh SD from an experiment

done in triplicate. *, p < 0.05, **, p < 0.01, **f < 0.001.
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4. Inflammatory cytokine production in response toLPS is NFkB-dependent

In epithelial cells, the transcription factor MB- plays a central role in regulating
genes associated with mucosal immune respoBse® the activation of NKB by
LPS can induce expression of proinflammatory medidf™ we investigated the
effects of LPS on NkB activity using luciferase assays. NHCEs were \stited
with LPS for 6 h. The expression of an MB-reporter construct was measured by

relative luciferase activity. As shown in Fig. 28 significantly enhanced the NF-

KB activity.
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Figure 4. To characterize NEB activation, cultured human conjunctival epithkelia
cells (HCECs) were transfected with KB-luciferase reporter plasmids and were
left untreated or were exposed to LPS (10 ug/mi6fh. After stimulation, the NF-
KB assay was performed using a luciferase repossarya Data represent the mean

SD from an experiment with triplicate wells. *, 005
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5. Blocking TLR4 and TRAF6 activity prevents the ativation of inflammatory
pathways induced by LPS in HCECs

In order to assess the role of TLR4 in IL-6 and8llproduction by HCECs, we
pretreated HCECs with TLR4-blocking antibody. Humemnjunctival epithelial
cells pretreated with 20 ug/ml TLR4 blocking antlggqHTA 125) for 1 h failed to
respond to LPS. The magnitude of cytokine prodactib both mRNA and protein
levels was reduced significantly compared with ¢hesen from not pretreated cells
(Fig. 5). TRAF6 has been implicated in the TLR4nsiing pathway and has been
shown to complex with IRAK and IRAK-2 downstream tbe receptor signaling
complex**'** We therefore determined whether a dominant-negatirsion of
TRAF6 could act to inhibit TLR4-induced inflammagorcytokine production.
Dominant-negative TRAF6, but not dominant-negafi®AF2, which served as a
control, significantly impaired TLR4-induced inflanatory cytokine production
(Fig. 5), suggesting that TRAF6 may act as a dawast mediator of the TLR4-

induced signaling cascade.

17
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Figure 5. LPS-induced IL-6 and IL-8 expressions atvelished by blocking TLR4

or TRAF6 activity in cultured human conjunctivalitaelial cells (HCECs). Cells

were left untreated or were exposed to LPS (10 Dgfor 24 h. In some

experiments, cells were pre-incubated with anti-FL0 ug/ml)-neutralizing Abs

or transfected with a dominant negative TRAF6 befoeatment. The cultured

supernatants were harvested for measurements éfdhd IL-8 (A). Quantitative

RT-PCR was used to measure the expression of lheblia8 mRNA in HCECs

after treatment with LPS. The quantification daeravnormalized to the expression

of the housekeeping gene GAPDH. (B). Data reprefetmeant SD from an

experiment done in triplicate. ***, p < 0.001.
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6. LPS does not induce the gene expression, intrélaéar expression and

surface expression of TLR4 in HCECs

We examined whether TLR4-specific mRNA was induzibh HCECs by the
TLR4 agonist LPS. As shown in Fig. 6, TLR4-sepcifiRNA was not induced in
HCECs stimulated with an optimal concentration 6f ug/ml LPS. Furthermore,
Intracellular and cell-surface expression of TLRdswalso not increased by LPS
(Fig. 6). Taken together, these findings demoretithait stimulation of HCECs with

LPS failed to induce TLR4 expression.
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Figure 6. TLR4 expression is not induced on cuttdraman conjunctival epithelial
cells (HCECSs) by LPS stimulation. RT-PCR showed #ldene expression was not
augmented with 10 ug/ml LPS-stimulated HCEGAPDH was used as an internal
control (A). Flow cytometric analysis demonstratébat cell-surface and

intracellular expression of TLR4 was also not iridlecby LPS (B).



IV. DISCUSSION

Interestingly, our results indicated that conjuvetiepithelial cells, which are an
important component of the mucosal immune systexpress functional TLR4.
Incubation with lipopolysaccharide (LPS) inducede tlsecretion by human
conjunctival epithelial cells (HCECs) of inflammaniassociated cytokines such as
IL-6 and IL-8. Further, NB activation was up-regulated by the stimulation of
HCECs with LPS. These results showed that our @ditHCECs were capable of
responding to LPS frorR. aeruginosa. To support this finding, we subsequently
used FACS to show that human conjunctival epithetiells express TLR4
intracellularly and on the cell surface. These ifigd suggest the interesting
possibility that the human conjunctival epitheliummay serve as both a critical
immunological barrier against invasion by Gram-riegabacteria as well as a
physical barrier.

When invaded by pathogens, mucosal epithelial edilig pro-inflammatory gene
expression, secretion of cytokines and chemokimas recruitment of inflammatory
cells to the site of infectiol:*®> These findings suggest that epithelial cells @lay
major role in the innate immune response, and Hikely evolved as a means to
limit the frequency and intensity of infection bgithogenic bacteria at the invasion
site. To this end, it has been shown that sevetd&sT including TLR4, are
expressed in the mucosal epithelium of the humach&bronchid® After exposure
to LPS, human trachebronchial epithelial cells actévated to produce increased

levels of hBD2 mRNA. Bladder epithelial cells haalso been reported to express

21



TLR4 as well as increased levels of proinflammatoytpkines following incubation
with LPS3* Similarly, our findings suggest that the conjuvatiepithelia expresses
TLR4 and is inducible with respect to inflammatasgokine following exposure to
LPS.

The findings in this study contradict earlier repowhich demonstrate that
conjunctival epithelial cells are not activated IB§S?*?’ Previous work byTalreja
et al. demonstrated that deficiency of MD2 contributes a@olack of LPS
responsiveness in immortalized conjunctival celes?’ as MD2 is required for the
binding of LPS to TLR4%'?An early study from Liet al. showed that TLR4-
mediated LPS-induced proinflammatory responsesaienrist in primary cultured
conjunctival epithelial cells, even when the celte positive for TLR4 mRNA and
protein expressioff. Our results convincingly demonstrate that conjivatt
epithelial cells express TLR4 as well as MD2, aespond to LPS, as evidenced by
the induction of inflammatory cytokine productiomdamRNA expression. One
possible explanation for our data could be thatateclusions of our study were
based on the basis of differentiated human conjalcgpithelial cellswith multi-
layered featuresimilar to anin vivo situation®

Our study also presents a novel finding that catiutuman conjunctival epithelial
cells express TLR4 intracellularly and on the seliface. The human conjunctival
epithelium responds to bacteria via TLRs in ordeiirtitiate the innate immune
response. TLR4 on conjunctival epithelial cell aod interacted with LPS and

subsequently induced LPS-associated inflammatorgiates. Our experiments
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further showed that LPS did not up-regulate TLRgregsion at mRNA and protein
levels as well as on the cell surface (Fig. 6)nbcrophages, TLR4 expression is not
inducible by TLR4 ligands, although such stimulncsuccessfully induce TLR3
expression through autocrine IfNinduction®® In human corneal epithelial cells,
LPS does not induce TLR4 expression and is incapabinducing expression of
IFN-pB.%

After ligand binding, TLRs/IL-1Rs dimerize and umge a conformational
change required in order for the newly formed camplo recruit downstream
signaling molecules, including the adaptor moleciMgD88, IL-1R-associated
kinase (IRAK), TNFR-associated factor 6 (TRAF6), darNF«B-inducing
kinase**** The recruitment of these molecules triggers thienuation of
downstream kinases, including MAPKs such as ERKf@B8 MAPK, and stress-
activated protein kinase (SAPK)/JNK, as well asvation of the transcriptional
factors NFkB and AP-13'3*The activation of these transcriptional factoese to
the induction of genes encoding cytokines and rnfleatory mediators. The
findings in this study demonstrated that LPS, a Zligand, was able to stimulate
human conjunctival epithelial cells and induce dapctivation of the TLR4/IL-1RI
signal transduction pathways. Thus, a key indicatibactivation of these receptors
following LPS stimulation is activation of the selggient downstream transcription
factor NFkB (Fig. 4). Consistent with the hypothesis that LP&diates
inflammatory events by activating TLR4/IL-1RI, odata demonstrated that LPS-

induced inflammatory cytokine production in humasnjanctival epithelial cells
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was abolished by blocking the activation of TLR4hna neutralizing Ab (Fig. 5).
Our results also demonstrated that by blocking TRAdetivity, LPS-induced
inflammatory cytokine production was inhibited bah the mRNA and protein
levels. These data suggest that LPS stimulatesnimfiatory cytokine production in

human conjunctival epithelial cells via TLR4.
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V. CONCLUSION

The data presented in this study demonstrate tinath conjunctival epithelial
cells respond to LPS due to their ability to expr&é&R4 on their cell surface. We
provide evidence for the gene and surface expmessidb TLR4 in human
conjunctival epithelial cells and suggest that egped TLR4 is functionally active
and is involved in the secretion of the inflammugtorediators IL-6 and IL-8. Thus,
we concluded that LPS could induce the secretiomftdmmatory mediators by
human conjunctival epithelial cells. These findisgggest that human conjunctival
epithelial cells play a vital role in the initiagjrthe TLR4-mediated innate immunity

on the ocular surface.
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