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We successfully identified 3 significant SNPs in the GWAS that
passed the FDR threshold, and one of them was from the EP3 re-
gion (Fig 2, A). We focused on that region and discovered 5 more
SNPs located in EP3, suggesting that EP3 might code for a func-
tional determinant of SIS/TEN pathogenesis (Fig 2, A and C).
Further functional studies revealed that EP3 suppressed the
polyI:C-induced cytokine production (Fig 3, B), suggesting that
EP3 might function in downregulating inflammation in the CE.
Indeed, EP3 protein expression in the CE was greatly reduced
in patients with SJS/TEN, but it was clearly detectable in control
subjects with noninflammatory ocular surface diseases (chalasis
and pterygium; Fig 3, C). However, although significant reduction
in EP3 protein expression was observed in the tissue derived from
patients with SJIS/TEN, the patients did not always possess the
risk allele of the identified SNPs (data not shown), suggesting
that EP3 levels in CE cells of the patients might be affected by
not only EP3 SNPs but also other factors, such as ocular surface
inflammation. Because the SNPs in EP3 were intronic or silent
(Fig 2, C), they could be involved in regulating the transcription
of EP3. Therefore we assumed that the significant reduction in
EP3 expression in the CE of the patients with SIS/TEN might
be due to EP3 downregulation at the transcriptional level. Such
a reduction in EP3 expression in the CE of patients with SJS/
TEN could contribute to ocular surface inflammation, which is
a major characteristic of the disease, and therefore the polymor-
phisms in EP3 might contribute to the pathophysiology of SJS/
TEN.

We also found that 4 of the 6 SNPs (rs5702, rs1325949,
rs7543182, and rs7555874) were in strong LD (see the Results
section). According to the International HapMap project, the 6
SNPs (rs17131450, rs5702, rs1325949, rs7543182, rs7555874,
and rs4147114) identified in the current study are found in both
ethnic Japanese and white populations, indicating that it is
important to examine these EP3 SNPs in non-Japanese
populations.

Prostanoids (ie, the prostaglandins and the thromboxanes) are a
group of lipid mediators that form in response to various stimuli.
They include prostaglandins D,, E,, Fy,, and I, and thromboxane
A,. They are released extracellularly immediately after their
synthesis, and they act by binding to a G protein—coupled
rhodopsin-type receptor on the surface of target cells. Eight types
of prostanoid receptors are conserved in mammals from mice to
human subjects: the prostaglandin D receptor (DP), 4 subtypes
of the prostaglandin E receptor (EP1, EP2, EP3, and EP4), the
prostaglandin F receptor (FP), the prostaglandin I receptor (IP),
and the thromboxane A receptor (TP). 3637 PGE,—EP3 signaling
is reported to inhibit keratinocyte activation and exert anti-
inflammatory actions in murine contact hypersensitivity.*® We
also previously reported that PGE, acts as a ligand for EP3 in
the CE and downregulates the progression of murine experimen-
tal allergic conjunctivitis.*® Here we demonstrated that an EP3 ag-
onist suppressed the production of CXCL11, CCL20, and IL-6 by
human CE cells in response to polyl:C stimulation (Fig 3, B).
Thus EP3 in the CE might downregulate ocular surface inflamma-
tion, an idea that is supported by our finding that EP3 was strongly
downregulated in the CE of patients with SJIS/TEN with ocular
involvement (Fig 3, C).

Drugs are probably the most widely accepted causative factor
for SIS/TEN.>*1%12 Many patients with SJS/TEN with ocular in-
volvement have had the disease after taking remedies for the com-
mon cold or NSAIDs. Given the association between the onset of
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SJS/TEN and various infections, we have considered the possibil-
ity that susceptibility to SJS/TEN is related to a disordered innate
immune response.”">* In this study we showed that EP3 sup-
pressed the cytokine production elicited by stimulation with
polyl:C (which mimics viral double-stranded RNA) in the human
CE (Fig 3, B), which might suggest that EP3 is involved in innate
immunity.

Of our 100 patients, 76 had SIS after being treated for the
common cold with medications that included NSAIDs. NSAIDs
inhibit the production of the EP3 ligand PGE,.* When we ana-
lyzed the association between the 6 SNPs identified here and their
frequency in the 76 cold remedy-related SJS/TEN cases, the as-
sociations remained strongly significant (data not shown). These
data support the idea that EP3 is involved in the development of
SJS/TEN.

In summary, we have demonstrated, using both genetic and
functional analyses, that EP3 could be a key player in the
pathogenesis of SIS/TEN accompanied by ocular complications.

We thank all of the patients and volunteers who enrolled in our study. We
also thank Dr Natsue Omi, Ms Sayaka Ohashi, Ms Naoko Saito, and Ms Yuko
Konoshima for processing blood samples and performing genotyping; Ms
Hiromi Yamada for assistance in clinical information analysis; and Mr
Ryuichi Sato and Ms Fumiko Sato (World Fusion, Tokyo, Japan) for
management of the genotype data.
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METHODS

GWAS

We used the Affymetrix GeneChip Mapping 500K Array Set in the GWAS.
In brief, 2 aliquots of approximately 250 ng of genomic DNA were digested
with NspI and Styl. Adaptor oligonucleotides specific to each digested end
were ligated to the fragments, and the resulting molecules were amplified
by means of PCR with adaptor-specific primers. The PCR products were frag-
mented, labeled, and hybridized with the corresponding Nspl or Styl arrays.
After hybridization, the arrays were stained and scanned with a GeneChip
Scanner 3000. The scanned data were managed with GeneChip Operating
Software. Intensity data provided by the CEL files were used for SNP genotyp-
ing. Detailed methods for the genotype-calling algorithms, SNP genotyping,
and criteria for SNP selection are described below.

SNP genotyping. The SNPs were initially genotyped with the
Dynamic Model algorithm with GeneChip Genotyping Analysis Software
(GTYPE, Affymetrix) to check the quality of each array. Arrays that did not
pass acall rate of 93% at a confidence threshold of 0.33 were rehybridized with
the stored hybridization cocktail. To confirm that no samples were mixed up,
we checked the genotypes of 50 common SNPs placed on both the Nspl and
Styl arrays. We checked for sex mismatch by comparing clinical records
and genotyping results for the X-chromosome. For the association analysis,
we genotyped the SNPs by using the Bayesian Robust Linear Model with a
Mabhalanobis distance classifier (BRLMM) algorithm with a BRLMM Analy-
sis Tool. The multiple sample classification was performed by clustering 60
case and 301 control samples, separately. Because 60 samples were not
enough for accurate clustering, we added 286 population-matched samples
from another project (data not shown). After excluding a sample from the con-
trol group that yielded low-quality data (see the Results section), we used 60
case and 300 control samples for the association analysis.

Criteria for SNP selection. From 500,568 SNPs (262,264 and
238,304 SNPs in the Nspl and Styl arrays, respectively), a total of 313,924 au-
tosomal SNPs were selected for association analysis based on our stringent QC
filter, which had the following criteria: (1) 90% or greater call rate per SNP in
cases and control subjects, (2) 5% or less call rate difference between cases
and control subjects for each SNP, and (3) 5% or greater minor allele fre-
quency (MAF) in cases and control subjects. After the association analysis,
we visually checked the 2-dimensional cluster plots of the genotypes for the
25 SNPs that passed the FDR threshold to remove the SNPs that clustered
poorly. Using our custom tool, we selected the SNPs with good 2-dimensional
cluster plots, as described below. The cluster for each SNP was given an ac-
ceptability score of O (reject), 1 (acceptable), or 2 (accept), and this was
done separately for the case and control data. The clusters were scored in ran-
dom order by 3 independent observers (M. N., T. T., and K. T.). The score
given by at least 2 observers had to agree to be accepted and was expressed
as a total acceptability score of the summed case and control scores, ranging
from O to 4. We excluded poorly clustered SNPs, which were given a total
score of 0 to 3. We ultimately selected 3 SNPs from the GWAS as candidates
(Table I).

Fine-mapping of the SNPs in the EP3 region

Genotyping of the SNPs in EP3 was performed by using the iSelect Custom
Infinium Genotyping system (iSelect, Illumina). Briefly, 150 to 300 ng of ge-
nomic DNA was denatured and amplified by using the manufacturer-provided
reagents. The samples were then fragmented, precipitated, and resuspended
completely. After being denatured, the samples were hybridized with iSelect
Genotyping BeadChips, and the BeadChips were then reacted to detect single-
base or allele-specific extensions. After being stained, the BeadChips were
scanned with a BeadArray Reader. The intensity data from each chip were
entered for analysis by using the BeadStudio 3.0 software, which converts
fluorescence intensities into SNP genotyping results. Detailed methods for
the SNP selection, SNP genotyping, and criteria for SNP selection are
described below.

SNP selection. we genotyped the SNPs in the EP3 gene using 75 case
samples, including 60 from the GWAS population, and 455 control samples
from different subjects than in the GWAS by using the iSelect Custom Infin-
ium Genotyping system (iSelect, Illumina). We first selected the SNPs on the
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EP3 gene together with adjacent SNPs on the LD block of the HapMap-JPT
and HapMap-CHB populations derived from the UCSC Genome Browser
(http://genome.ucsc.edu/cgi-bin/hgGateway). Of these, we selected the non-
monomorphic SNPs in the HapMap-JPT and HapMap-CHB populations.
We then validated the suitability of selected SNPs for constructing custom
chips by using the Assay Design Tool. Finally, 163 SNPs were chosen for
the custom chip and used for the subsequent analysis. To check sex
mismatches between the clinical records and the genotyping results, we also
analyzed 13 SNPs on the X-chromosome.

SNP genotyping. To check the quality of each data point, the SNPs
were initially genotyped by clustering 530 (75 cases plus 455 control subjects)
samples at a no-call threshold of 0.15. For these SNPs, we analyzed the call
rate per sample and the QC indices (staining, extension, target removal,
hybridization, stringency, nonspecific binding, and nonpolymorphic) using the
BeadStudio software. Because 8 samples showed a lower call rate than the
others (<95%), we reprocessed them starting with the sample preparation, as
described in the manufacturer’s technical note (Infinium Genotyping Data
Analysis). All the reprocessed samples showed a higher call rate than was seen
in the initial results. We excluded 7 samples (see the Results section) and then
clustered the results from 75 case and 448 control samples separately by using
our standard cluster file (data not shown). Three independent observers (M. N.,
T. T, and T. Y.) visually checked the 2-dimensioanl cluster plots of the
genotypes for all of the SNPs.

Criteria for SNP selection. From the 163 SNPs, 86 were selected
for the association analysis based on our QC filter: (1) 90% or greater call rate
per SNP and (2) 5% or greater MAF for both cases and control subjects.

SNP analysis by means of direct sequencing

The 6 SIS/TEN-associated SNPs that showed significant associations (P <
.01) in the Custom Genotyping BeadChip assay were sequenced from both
sides (ie, the forward and reverse directions) for rigorous assessment of our
genotyping results. For the EP3 SNPs, the PCR and sequence primers were
as shown in Table E2. Genomic DNA was isolated from human peripheral
blood at SRL, Inc (Tokyo, Japan). PCR amplification was performed with
DNA polymerase (Takara, Shiga, Japan) for 35 cycles at 94°C for 1 minute,
60°C for 1 minute, and 72°C for 1 minute on a commercial PCR machine
(GeneAmp, Perkin-Elmer Applied Biosystems). The PCR products were re-
acted with BigDye Terminator v3.1 (Applied Biosystems), and the sequence
reactions were resolved on an ABI PRISM 3100 Genetic Analyzer (Applied
Biosystems).

PHCjE cells

PHCJE cells were cultured for use in ELISAs. Conjunctival tissues were
washed and immersed for 1 hour at 37°C in 1.2 U/mL purified dispase (Roche
Diagnostic Ltd, Basel, Switzerland). The epithelial cells were detached,
collected, and cultured in low-calcium k-SFM medium supplemented with
0.2 ng/mL human recombinant epidermal growth factor (Invitrogen,
Carlsbad, Calif), 25 mg/mL bovine pituitary extract (Invitrogen), and 1%
antibiotic-antimycotic solution. Cell colonies usually became obvious within
3 to 4 days. After reaching 80% confluence in 7 to 10 days, the cells were
seeded into culture dishes and used for experiments once they had reached
subconfluence.

Immunohistochemistry

Sections 6 pm thick were cut and fixed in 100% acetone at 4°C for 10
minutes. They were then blocked for 30 minutes with 10% normal donkey
serum in PBS. The anti-EP3 antibody was a rabbit polyclonal antibody
(Cayman Chemical Co, Ann Arbor, Mich). A nonspecific rabbit IgG
(Abcam Ltd, Cambridge, United Kingdom) was used as the negative
control. The secondary antibody (Biotin-SP-conjugated AffiniPure F[ab'],
Fragment Donkey Anti-Rabbit IgG[H+L], 1:500 dilution; Jackson Immu-
noResearch, Baltimore, Md) was applied for 30 minutes. Vectastain ABC
Reagent (Vector Laboratories, Inc, Burlingame, Calif) was used to amplify
the signal from the DAB substrate (DAB substrate kit, Vector
Laboratories).
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RESULTS
Power estimation

As described in the introduction, it is extremely difficult to
recruit patients with SIS accompanied by ocular complications
because of the low annual rate of incidence. Therefore we decided
to complete the GWAS using the first set of subjects (60 cases vs
300 control subjects) and then move on to the fine-mapping
analysis by adding the new samples. In support of that decision,
we estimated the statistical power of both situations: 100 cases
versus 756 control subjects, which would be the maximum
number of subjects throughout the study, and 60 cases versus
300 control subjects (Fig E3). If we expected to detect SNPs with
an MAF of 0.1 and an odds ratio of 1.5 at a less than .05, the power
of both situations were 0.46 (blue line) and 0.30 (grey line),
respectively. The results suggested that even if we performed
the GWAS with 100 cases and 756 control subjects, we could
gain a statistical power of no more than twice that of the sample
size we used. Therefore our decision was fairly reasonable
considering the circumstances surrounding the collection of our
samples.

Genotyping for GWAS

We first genotyped 60 case and 301 control samples using the
Affymetrix GeneChip Mapping 500K Array Set. Using the
Dynamic Model algorithm, we found no mix-ups of the samples
between the Nspl and Styl arrays. We observed no inconsistent
results for sex between the clinical records and the genotyping re-
sults. The final genotyping results for 500,568 SNPs were called
by using the BRLMM algorithm. Because the value of the raw in-
tensity of 1 control sample was out of the accepted range, this
sample was excluded from the analysis. Ultimately, we used 60
cases and 300 control subjects for the association study. The
mean call rate per sample was more than 98% for the case and
control samples. Our stringent QC filter for the call rate and
MAF (see the Methods section) permitted 313,924 autosomal
SNPs to be used in the subsequent analysis.

Quantile-quantile plot

According to the quantile-quantile plot (Fig E4, A), the ob-
served P value deviated from the expected P value between
10”2 and 107, which might be reflecting the imbalanced sample
number of our case-control population. When we analyzed the
distribution with and without 44 SNPs from the EP3 region
(Fig E4, B), we were able to see a slight difference in the deviation
(enlarged box, red open circle to black-filled circle), suggesting
the contribution of the EP3 region to the SJS trait. However, be-
cause the magnitude of the difference was small, the genetic con-
tribution of £P3 SNPs to the trait seemed to be shared by other
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unidentified variants, which should also be explained from the re-
sult of the GWAS that we could not obtain genome-wide
significant SNPs possessing strong effects to the trait.

Population stratification of the subjects used in the
GWAS

According to the population stratification analyses using
STRUCTURE software, our case plus control samples showed
a similar stratification with those of the HapMap-JPT population
(Fig ES, A) and clearly differed from those of the HapMap-CEU
and HapMap Yoruba in Nigeria populations (Fig 5, A). The anal-
ysis also showed no significant difference in population stratifica-
tion between the case and control samples used in the GWAS (Fig
ES5, B). Moreover, Yamaguchi-Kabata et al®! reported that the
Japanese population stratification mainly divided into 2 clusters,
the main islands of Hondo and Ryukyu in Okinawa. They sug-
gested that the false-positive rates in the GWAS would be accept-
able when the samples were collected from Hondo island,
indicating that the population stratification within that region
was relatively small. In this study we collected all of the samples
at the single institute in the middle part of Hondo. Consequently,
we concluded that there was no significant difference in popula-
tion stratification between the case and control samples used in
the GWAS.

SNP density of the fine-mapping analysis

After applying our QC filter (>90% call rate per SNP and >5%
MAF in the case and control samples), the SNPs that we used for
the fine-mapping analysis resulted in 52.8% (86/163) of the total
number of SNPs for which we initially designed. The major
component of eliminated SNPs (76/77) belonged to an MAF of
less than 0.05 in our population. Of the passed 86 SNPs, 75 were
on the EP3 gene, with the rest being from the adjacent region. The
mean and median lengths between the SNPs on the EP3 gene
were 2.5 and 1.9 kb, respectively. In contrast, the mean and me-
dian lengths of the dbSNPs on the EP3 gene (in total, 76 SNPs
with MAFs > 0 based on HapMap-JPT + HapMap-CHB data)
were 2.5 and 2.0 kb, respectively, indicating the dense distribution
of analyzed SNPs on our custom chip through the gene (Fig E6).
Therefore although the success rate was low, the actual coverage
of the EP3 gene by the SNPs that passed the filter was reasonably
high enough to satisfy our purpose.

REFERENCE
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FIG E1. Manhattan plot of the SNPs of the GWAS. Distribution of P values obtained from the result of the
GWAS is shown. Horizontal line, FDR threshold; arrow, 2 adjacent SNPs with a similar P value were
overlapped.
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FIG E2. Two other candidate regions associated with SJS/TEN identified by the GWAS. Two other
significant SNPs were identified from chromosomes 6 (A) and 11 (B). Distribution of Pvalues obtained from
the result of the GWAS is shown. The LD block for the HapMap-JPT plus HapMap-CHB population based on
the r#value was obtained from the USCS Genome Browser (http:/genome.ucsc.edu/). Physical coordinates
refer to National Center for Biotechnology Information Build 35 of the human genome. There was no
annotated gene within 500 kb in these regions.
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FIG E3. Power calculation. Power calculation was performed by using
Power and Sample Size Calculation software (http:/biostat.mc.vanderbilt.
edu/twiki/bin/view/Main/PowerSampleSize). Power simulations of the
maximum number of subjects (100 cases vs 756 control subjects) and the
subjects used in the GWAS (60 cases vs 300 control subjects) were per-
formed. The parameters entered were as follows: statistical significance,
P < .05; MAF, 0.1; and control/case ratio, 5 and 7.56, respectively. OR,
Odds ratio.
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the null hypothesis, with no disease association, the points lie on the solid line. Observed SNP P values
smaller than 1072 are plotted as 1075,
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FIG E5. Analysis of population stratification. Population stratification anal-
ysis for the subjects used in the GWAS analyzed by using STRUCTURE
software is shown. Data are shown in triangle plots (assumed number of
populations = 3). A, The analysis shows the populations used in the GWAS
(case and control groups) and the HapMap-JPT population separated from
the HapMap-CEU and HapMap Yoruba in Nigeria (HapMap-YRI) popula-
tions with a highest log likelihood of an assumed number of populations
of 3. B, When the analysis was restricted to the DNA samples used in the
GWAS, plots showed a single tight cluster with a highest log likelihood of
an assumed number of populations of 1. Red and green dots correspond
to case and control samples, respectively. Blue, yellow, and pink dots cor-
respond to the HapMap-JPT, HapMap-CEU, and HapMap-YRI samples,
respectively.
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TABLE E1. Clinical characteristics of cases and control subjects*

UETAET AL 8.e9

GWAS Fine-mapping analysis Sequencing analysis
Casest Control subjects Casest Control subjects Casest Control subjects
No. of subjects for 60 300 75 448 100 160
case-control analyses
Ratio of female 1.1 (60) 1.3 (300) 1.0 (75) 1.8 (448) 1.5 (100) 1.8 (160)
subjects/male subjects
Agel (y) at:
Blood sampling 449 * 17.3(60) 51.1 = 13.9 (300) 44.0 £ 16.6(75) 552 = 14.7 (448) 442 = 17.8 (100) 36.2 = 11.5 (160)
Onset 29.1 = 16.7 (60) —_ 27.4 = 17.2 (75) — 28.0 *= 18.2 (100) —

*Numbers in parentheses are the total number of subjects whose samples were used for the analysis.

tMany of the case samples were shared in the analyses. We added samples from 15 patients for the fine-mapping analysis to those used in the GWAS, and samples from 25
additional patients were used along with samples from the other 75 patients for the sequencing analysis.

iData show the mean =+ SD.
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TABLE E2. Primers for PCR and sequencing to detect SJS/TEN-
associated SNPs

SNPs Strand Primers (5'-3')
rs17131450 Sense TTTTATGCAGCTTTCGGTCA
Antisense CCCCTCCAGGCTGATAACTC
rs5702 Sense CAAGTAGCAGTTGGCAGCAA
Antisense TGCAATCAGACAGGCAAGAG
rs1325949 Sense AATTGCAAGTCCAGCTCAGG
Antisense AGGCCTCAGGGAGCTTTTAC
157543182 Sense TGTGAGGCAAGAACCAGACA
Antisense AGGACCTGGGAGGGAAGATA
rs7555874 Sense AAGCCAGCAAAGGACAAGAA
Antisense TGTTGTGTGTCTGCCAGGTT
rs4147114 Sense TGCTGGAAGCTCATGGTCTA
Antisense TGCATGGTTCGTCTAACCTTAT
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Prostaglandin E receptor subtype
EP3 downregulates TSLP
expression in human conjunctival
epithelium

Prostanoids are a group of lipid mediators
that form in response to various stimuli.
They include prostaglandin (PG) D,, PGE,,
PGFyy, PGl and thromboxane (TX) As.
There are eight types of prostanoid receptors
that are conserved in mammals, ranging
from mice to humans: the PGD receptor
(DP), four subtypes of the PGE receptor
(EP1, EP2, EP3 and EP4), the PGF
receptor (FP), the PGI receptor (IP) and the
TXA receptor (IP). In regard to PGE receptor
subtype EP3, it is reported that the PGE,-EP3
pathway negatively regulates allergic reac-
tions in a murine allergic asthma model’ and
that it inhibits keratinocyte activation and
exerts anti-inflammatory actions in mouse
contact hypersensitivity.? We also previously
reported that PGE; acts as a ligand for EP3 in
murine conjunctival epithelium and down-
regulates the progression of murine experi-
mental allergic conjunctivitis.> On the other
hand, thymic stromal lymphopoietin (TSLP)
plays a key role in allergic inflammation” and
is induced by polyl:C stimulation in epithe-
lial cells, including human conjunctival
epithelial cells (HGJECs)® or keratinocytes.
In this study, we examined whether an EP3
agonist could suppress the production of
TSLP in HGECs.

This study was approved by the institu-
tional review board of Kyoto Prefectural
University of Medicine, Kyoto, Japan. All
experimental procedures were conducted in
accordance with the principles set forth in
the Helsinki Declaration. Reverse transcrip-
tion-polymerase chain reaction (RT-PCR),
immunohistochemistry, ELISA and quanti-
tative RT-PCR were performed using previ-
ously described methods (supplemental
methods available online at http://bjo.bmj.
com).3 56

The presence of PTGER3 (gene encoding
EP3) mRNAs in HCjECs was examined by
RT-PCR. The PTGER3 mRNA was detected
in normal HCJECs (figure 1A). The
sequences obtained from these PCR prod-
ucts were identical to the human PTGER3
cDNA sequence. The EP3 protein was also
detected in human conjunctival epithelium
(figure 1A).

Next, we examined the function of EP3 in
TSLP production by polyl:C-stimulated
primary HCJECs, using an EP3 agonist,
ONO-AE248. Primary HCJECs that were
untreated or pretreated with 10 pg/ml of
ONO-AE248 (which was the optimal dose
among 10, 1 and 0.1 pg/ml) or vehicle were
incubated for 24 h with 10 pg/ml of polyl:C.
While we found high levels of TSLP in the
supernatants from polyl:C-stimulated ONO-
AF248-untreated primary HCJECs cultures,
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Figure 1

(A) Expression of EP3 in human conjunctival epithelium. (a) Reverse transcription-

polymerase chain reaction (RT-PCR) analyses of the expression of PTGER3 (gene encoding EP3)-
specific mRNA in human conjunctival epithelium derived from a healthy volunteer. RT+, left lane;
RT—, right lana. (b} Immunohistochemical analysis for EP3 in human conjunctival epithelium
derived from human conjunctiva obtained during conjunctivochalasis surgery. Each bar represents
a length of 50 pm. (B) Suppression of thymic stromal lymphopoietin (TSLP) production by an EP3
agonist. Primary human conjunctival epithelial cells (HCJECs), either untreated or pretreated with
10 pg/ml ONO-AE248, an EP3 agonist, were incubated for 24 h (a) and 6 h (b) with 10 pug/ml polyl:
C (M, medium; P, polyl:C; P+E, polyl:C plus EP3 agonist; P+V, polyl:C plus vehicle). (C}
Suppression of thymic stromal lymphopoietin (TSLP) production by PGE;. Primary HCJECs, either

untreated or pretreated with 100 pg/ml PGE,, were

incubated for 24 h (a) and 6 h {b) with 10 pg/ml

polyl:C. Protein concentrations of TSLP in supernatants of cultured primary HCJECs were detected
by ELISA (a), and the levels of TSLP mRNA were detected by quantitative RT-PCR (b} in (B) and (C).
(B, C) Data are representative of three separate experiments and show the mean=SEM from an
experiment carried out in four wells per group. *p<0.05 for the comparison between poly!:C plus
vehicle and polyl:C plus EP3 agonist group (B) or between polyl:C and polyl:C plus PGE2 group (C)
(Student t test). GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

cultures pretreated with ONO-AE248
demonstrated significantly lower levels of
TSLP compared with vehicle-treated groups
(figure 1B). The TSLP mRNA levels at 6 h
after polyl:C stimulation were also signifi-
cantly lower in primary HCJECs cultures
pretreated with ONO-AE248, compared
with the vehicle-treated cultures (figure 1B).

Ueta M, Matsuoka T, Yokoi N, et al. Br J Ophthalmol (2010). doi:10.1136/bj0.2010.188748

Finally, we examined whether the PGE,, an
endogenous ligand for various EP receptors
including EP3, could also suppress the TSLP
production in primary HCJECs. Cultures
pretreated with PGE; (100 pg/ml) (which was
the optimal dose among 100, 10, 1 ug/ml
(supplemental figure 1 available online at
http://bjo.bmj.com)) produced significantly
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lower levels of TSLP (figure 1C) and the TSLP
mRNA levels were also significantly lower in
primary HCJECs cultures pretreated with
PGE,, compared with the untreated cultures
(figure 1C).

It is reported that TSLP is highly expressed
by airway epithelial cells of asthma patients
and keratinocytes in skin lesions of patients
with atopic  dermatitis.  Conjunctival
epithelium of the giant papillae obtained
from vernal keratoconjunctivitis and atopic
keratoconjunctivitis  patients also was
reported to be highly expressed.

The PGE;-EP3 pathway might function to
suppress development of human allergic
conjunctivitis through the suppression of
TSLP production in human conjunctival
epithelium. It is evident that ocular surface
epithelial cells regulate the inflammation of
allergic conjunctivitis.

In summary, the results of this study showed
that EP3 agonist and PGE,, endogenous EP3
ligands, could suppress the TSLP production in
human conjunctival epithelial cells and
suggested that stimulating the PGE;-EP3
pathway with a selective agonist may be useful
for treating allergic conjunctivitis in humans.
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Gene-expression analysis of polyl:C-stimulated
primary human conjunctival epithelial cells

Mayumi Ueta,"? Katsura Mizushima,® Norihiko Yokoi,? Yuji Naito,® Shigeru Kinoshita?

ABSTRACT

Background The authors previously reported that human
ocular surface epithelium expressed TLR3 and that its
ligand polyl:C stimulated the secretion of IL-6, IL-8 and
IFN-B. In this study, to examine comprehensive effects
of polyl:C stimulation of primary human conjunctival
epithelial cells (PHCECs), the authors performed a gene-
expression analysis of the polyl:C-stimulated PHCJECs
using oligonucleotide microarrays, GeneChip.

Methods The transcripts upregulated upon polyl:C
stimulation in PHCJECs from two individuals were
examined using GeneChip. Eleven new upregulated
transcripts of interest were confirmed by quantitative
real-time PCR (RT-PCR), and seven proteins produced by
those transcripts were examined by ELISA or
immunoblot analysis in PHCJECs from three other
individuals, respectively.

Results GeneChip analysis showed that 150 transcripts
were upregulated more than threefold and that 47
transcripts were upregulated more than 10-fold upon
polyl:C stimulation in the PHCJECs. Eleven of the 47
upregulated transcripts (CXCL11, RIG-I, IL28A, CXCL10,
CCL5, CCL4, MDAS, IL7R, TSLP, CCL20 and ICAM-1)
were significantly upregulated upon polyl:C stimulation by
quantitative RT-PCR, and the levels of seven proteins of the
transcripts CXCL11, CXCL10, CCL5, CCL20, TSLP, RIG-l and
MDAG5 were confirmed by ELISA or immunoblot analysis to
increase significantly in polyl:C-stimulated PHCJECs.
Conclusions Our results might show that TLR3 of
conjunctival epithelium could not only induce antiviral
innate immune responses but also regulate the allergic
reactions.

INTRODUCTION

Innate immunity, the early host defence against
microbes, is primarily studied in host immune-
competent cells such as macrophages. The ability
of cells to recognise pathogen-associated molecular
patterns (PAMPs) depends on the expression of a
family of Toll-like receptors (TLRs).! Macrophages
recognise and phagocytose microbes such as
bacteria and produce inflammatory cytokines and
chemokines, resulting in inflammation. They also
activate adaptive immunity. However, it is now clear
that the innate immunity of the mucosa in contact
with commensal bacteria differs from conventional
innate immunity.? ® The ocular surface is one of the
mucosa in contact with commensal bacteria.

The ocular surface epithelium serves a critical
function as the defensive front line of the innate
immune system. While the detection of microbes is
arguably its most important task, an excessive host
defence reaction to endogenous bacterial flora may
initiate and perpetuate inflammatory mucosal

responses. The healthy ocular surface is not
inflammatory, although ocular surface epithelium is
in constant contact with bacteria and bacterial
products.? ® We have shown that human ocular
surface epithelial cells, both corneal and conjunc-
tival epithelial cells, respond to viral double-
stranded RNA mimic polyinosine-polycytidylic acid
(polyI:C) to produce pro-inflammatory cytokines
through TLR3, while they fail to respond func-
tionally to lipopolysaccharide, a TLR4 ligand.?~®

Furthermore, we have reported that while
human ocular surface epithelium harbours
messages for most TLRs, TLR3 is the one with the
highest expression level. The expression of TLR3
was higher, while that of the other TLRs was lower,
in human ocular surface epithelium than human
peripheral mononuclear cells.™* ©

TLR3 recognises double-stranded RNA (dsRNA),
a component exhibited in the life cycle of most
viruses, which is mimicked by polyl:C, a synthetic
dsRNA.” We have previously reported that human
ocular surface epithelium expressed TLR3 and that
polyl:C stimulation induced the secretion of
inflammatory cytokines such as IL-6, IL-8 and type
I IFN such as TEN-B.>~* Inflammatory cytokines
such as IL-6 are under TLR3/TRIF/NF-kB signal-
ling, and type I IFN are under the control of TLR3/
TRIF/IRE-3 signalling. TLR3 is implicated in trig-
gering antiviral immune responses by producing
type 1 IFN and inflammatory cytokines.

Although the TLR family detects PAMPs either
on the cell surface or on the lumen of intracellular
vesicles such as endosomes or lysosomes, recent
studies have shown the existence of a cytosolic
detection system for intracellular PAMPs. These
cytosolic PRRs include retinoic acid-inducible
gene-I (RIG-I)-like receptors (RLRs) and nucleotide-
binding oligomerisation domain (NOD)-like recep-
tors (NLRs). RLRs belong to the RNA helicases
family that specifically detects RNA species derived
from viruses in the cytoplasm and coordinate
antiviral programmes via type I IEN induction.
RIG-T and MDAS are RLRs.”

Moreover, we found that TLR3 positively regu-
lated the late-phase reaction of experimental
allergic conjunctivitis in a mice model; eosinophilic
conjunctival inflammation was reduced in TLR3
knock-out (KO) mice and was aggravated in TLR3
Transgenic (Tg) mice’ These findings might
suggest that TLR3 could induce not only antiviral
innate immune responses but also other functions
such as regulations of allergic reactions.

In this study, to examine the comprehensive
effects of polyl:C, TLR3 ligand, we performed gene-
expression analysis of polyl:C-stimulated primary
human conjunctival epithelial cells (PHCJECs)
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using oligonucleotide microarrays, GeneChip (Affymetrix, Santa
Clara, California). Moreover, we confirmed the upregulation of
the transcripts of interest by quantitative real-time PCR (RT-
PCR) and ELISA or immunoblot analysis.

MATERIALS AND METHODS

PHCIECs

This study was approved by the institutional review board at
Kyoto Prefectural University of Medicine, Kyoto, Japan, and all
experimental procedures were conducted in accordance with
the tenets of the Declaration of Helsinki. Written informed
consent was obtained from all patients after they were given
a detailed explanation of the purpose of the research and the
experimental protocols.

For GeneChip analysis, quantitative RT-PCR and ELISA,
PHCJECs were harvested from conjunctival tissue obtained at
the time of conjunctivochalasis surgery and then cultured using
a previously described method.® Briefly, conjunctival tissues
were washed and immersed for 1h at 37°C in 1.2 U/ml of
purified dispase (Roche Diagnostic, Basel, Switzerland), and
epithelial cells were detached, collected and cultured in low-
calcium defined keratinocyte-SFM  medium with defined
growth-promoting additives (Invitrogen, Carlsbad, California)
including insulin, epidermal growth factor, fibroblast growth
factor and 1% antibiotic—antimycotic solution. By using this
method, the cell colonies usually became visible within 3 to
4 days. After reaching 80% confluence in 7 to 10 days, the
cultured PHCJECs were used in subsequent procedures.

Gene-expression analysis

We previously found that stimulation with polyl:C elicited
elevated mRNA expression of IL-6, IL-8 and IFN-B in PHCJECs®
as well as in primary human corneal epithelial cells.* We
performed a time-course study of mRNA expression of IL-6, IL-8
and IFN-B, and found that 3 h is the optimal culture time for the
polyl:C-treated PHCJECs to induce IL-6-, IL-8- and IEN-B-
specific mRNA expression. Thus, to examine the comprehensive
effects of polyl:C stimulation of PHCJECs, we performed a gene-
expression analysis of PHCJECs from two individuals who were,
or were not, cultured with 25 pg/ml polyl:C for 3 h.

Gene-expression profiles were investigated using a high-
density oligonucleotide probe array, GeneChip, of Human
Genome U183 Plus 2.0 (Affymetrix), which offers a compre-
hensive analysis of genome-wide expression on a single array and
analyses the expression level of over 47000 transcripts and
variants, including 38 500 well-characterised human genes,
which comprise more than 54 000 probe sets.

Total RNA was extracted using the Qiagen RNeasy kit
(Qiagen, Valencia, California). cRNA preparation and target
hybridisation were carried out in accordance with the Affyme-
trix GeneChip technical protocol. The DNA chips were scanned
with a specially designed confocal scanner (GeneChip Scanner
3000; Affymetrix). Array data analysis was performed using
Affymetrix GeneChip operating software (GCOS) version 1.0
(Affymetrix); this software analyses image data and computes
an intensity value for each probe cell. To quantify RNA abun-
dance, the average-difference values (ie, gene-expression levels)
representing the perfect match—mismatch for each gene-specific
probe family were calculated, and the fold-changes in the
average-difference values were determined in accordance with
Affymetrix algorithms and procedures.

Quantitative RT-PCR
Total RNA was isolated from PHCJECs using RNeasy Mini kit
(Qiagen) according to the manufacturer’s instructions. For the
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RT reaction, we used the SuperScript Preamplification kit
(Invitrogen). Quantitative RT-PCR was performed using an
ABl-prism 7700 (Applied Biosystems, Foster City, California)
according to a previously described protocol* and the
manufacturer’s instructions. The initial amount of RNA used
for reverse transcribing to cDNA was 2 fig in a total volume of
20 ul, and the cDNA was used at twofold dilution for quanti-
tative RT-PCR. The primers and probes were purchased from
Applied Biosystems; Assay ID: CXCL11 (Hs00171138 m1),
RIG-T (Hs00204833_m1), IL28A (Hs00820125_g1), CXCL10
(Hs00171042_m1), CCL5 (Hs00174575_m1), CCL4 (Hs99999148 m1),
MDAS5 (Hs00223420_m1), IL7R (Hs00233682_m1), TSLP
(Hs00263639_m1), CCL20 (Hs00355476_m1) and ICAM-1
(Hs00277001_m1). To amplify cDNA, PCR was performed in
a 25l total volume that contained a 1 pl of cDNA template
in 2XTagMan universal PCR master mix (Applied Biosystems)
at 50°C for 2 min and 95°C for 10 min, followed by 40 cycles
at 95°C for 15 s and 60°C for 1 min. The results were analysed
with sequence detection software (Applied Biosystems). The
quantification data were normalised to the expression of the
housekeeping gene GAPDH. We confirmed the upregulation of
transcripts by quantitative RT-PCR three times using
PHCJECs derived from different individual, respectively.

ELISA

We performed ELISA to confirm the protein productions. The
amounts of CXCL11, CXCL10, CCL5, CCL20 and TSLP released
into the culture supernatant were determined by ELISA using the
Human CXCL11, CXCL10, CCL5, CCL20 and TSLP DuoSet
(R&D Systems, Minneapolis, Minnesota) in accordance with the
manufacturer’s instructions. Briefly, first, microplates were
precoated with capture antibody. Samples and standards were
added, and any analyte present was bound by the immobilised
antibody. Unbound materials were washed away. Second, bioti-
nylated antibodies were added and bound to the captured analyte.
Unbound detection antibodies were then washed away. Third,
streptavidin-HRP was used to bind to the detection antibody.
Unbound streptavidin-HRP was then washed away. Fourth,
tetramethylbenzidine (TMB) substrate solution was added to the
wells and a blue colour developed in proportion to the amount of
analyte present in the sample. Colour development was stopped
with sulfuric acid turning the colour in the wells to yellow. The
absorbance of the colour at 450 nm was measured.

Immunoblot analysis of RIG-1 and MDA5 protein expression
The RIG-I and MDAS protein expression in the PHCJECs was
examined by immunoblot analysis. PHCJECs were incubated
with 10 pg/ml of polyl:C for 12 h, then washed twice and lysed
by scrapping in 0.2 ml of an ice-cold CelLytic M Cell Lysis
Reagent (Sigma-Aldrich Corp., St Louis, Missouri, USA). SDS-
polyacrylamide gel electrophoresis was performed using the
NuPAGE electrophoresis system (Invitrogen) according to the
manufacturer’s instructions. The separated proteins were
transferred to a polyvinylidene difluoride membrane using the
iBlot Gel Transfer Device (Invitrogen) according to the manu-
facturer’s instructions. The membrane was incubated in 5%
skim milk with 0.1% Tween 20/TBS buffer for 1h at room
temperature for blocking, then subjected to immunoblot anal-
ysis with rabbit anti-RIG-I or rabbit anti-MDAS antibodies (Cell
Signalling Technology, Danvers, Massachusetts, USA) for first
antibodies and HRP-conjugated donkey antirabbit IgG anti-
bodies (GE Healthcare, Little Chalfont, UK) for second anti-
bodies. For the detection of the proteins, the ECL Plus Western
Blotting Detection System (GE Healthcare) was used.
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Table 1 Transcripts upregulated more than 10-fold upon polyi:C
stimulation of primary human conjunctival epithelial cells

Ratio (polyl:

Table 1 Continued

Ratig (polyl:
C+/polyl:C—)

C+/polyl:C—~) Gene symbol (gene title) Probe set ID Case 1 Case 2
Gene symbol (gene title) Probe set ID Case 1 Case 2 CCL20 (chemokine (C-C motif) 205476 at 2 39
CXCL11 {chemokine {C-X-C motif) 210163_at 1663 512 ligand 20)
ligand 11) 211122 s at 512 1261 ZC3HAV1 (zinc finger CCCH-type, 220104 at 24 23
IFNB1 (interferon, beta 1, fibroblast) 208173_at 1552 588 antiviral 1)
DDX58 (=RIG-1) (DEAD 218943 s at 416 52 ngzé!\cny;‘d"?e m°2"°p‘.‘°5';]hat§. | 226702_at 2 3
{Asp-Gh-Ale-Asp) box polypeptide 58] - 222793 a 69 30 (swns—(s h') osine : Toch(;:ena) 231741_at 20 12
- ingosine-1-phos
IL28A (interleukin 28A) 1552915 _at 338 448 recaptor 3] -
1552609 s_at 9 84 MAP3K8 (mitogen-activated 205027 s _at 16 14
(.:XCLTO {chemokine (C-X-C motif) 204533 _at 338 338 protein kinase kinase kinase 8)
ligand 10) ICAM1 (intercellular adhesion 202637 s at 15 1
IRF1 (interferon regulatory factor 1) 238725 _at 338 23 molecule 1)
202531 _at 28 15 CFB (complement factor B) 211920_at 14 13
IFIT2 (interferpn-induced protein with 217502_at 315 676 PPP1R15A (protein phosphatase 1, 202014 _at 13 14
tetratricopeptide repeats 2) 226757 _at 274 194 regulatory subunit 15A)
CCL5 (chemokine (C-C motif) ligand 5) 1405 i at 239 1M MX1 {myxovirus (flu virus) 202086 _at 12 21
1555759 a_at 104 23 Lens)itsét;nggal), interferon-inducible
204655_at 42 91 o o
IFIT1 (interferon-induced protein with 203153 _at 208 223 gggr(;)c tivating transcription 202672 s _at 1 5
tetratricopeptide repeats 1) . .
IFIT3 (interferon-induced protein with 229450 at 156 84 e gen actiator 210845 _s _at " 18
tetratricopeptide repeats 3) 204747 P 211924 s at 1 2
i m 8 MARCKSL1 (MARCKS-like 1} 200644 _at 1 1
CCL4 (chemokine (C-C motif) ligand 4) 204103 _at 128 388 e -
S0D2 (superoxide dismutase 2, 215078 _at 119 338
mitochondrial) Data analysis
TNF frumour neciosis factor) 20713 s at a o Data were expressed as the mean=SE and evaluated using the
1L8 (interleukin 8) 211506_s_at 74 49 . .
202859 x at 25 20 Student t test using the Microsoft Excel software program
CH25H (cholesterol 25-hydroxylase) 206932_at 69 274 (Microsoft, Seattle, Washington).
IL6 {interleukin 6) 205207 _at 64 37
OASL (2'-5 -oligoadenylate 205660 _at 60 158 RESULTS
synthetase-like) 210797_s_at 56 74 Transcripts upregulated more than 10-fold upon polyi:C
GBP4 (guanylate binding protein 4) 235574 at 80 32 stimulation of PHCJECs
RHEBL1 (Ras homologue enriched 1570253 _a_at 56 34 The GeneChip analysis showed that 150 transcripts were
in brain like 1) upregulated more than threefold (Supplemental Data 1) and 47
IFi44 {interferon-induced protein 44) 214453 s _at 56 17 transcripts were upregulated more than 10-fold upon polyl:C
' ' ' 214059 at " 42 stimulation of PHCJECs from two individuals (table 1): 90 and
&Lﬁbgfg’)”e”k'“ 1 family, 420322 st 4 B 89 transcripts were upregulated more than 10-fold in each
CX3CL1 (chemokine (CX3-C motif) 823 at a8 12 PHCJECs from case 1 and case 2., respectlyely (data not shown.).
ligand 1) 203687 at 9 1% Moreover, even though GeneChip analysis removed the effect of
IFIH1 (=MDAS) (interferon induced 216020,at a5 1 the en’dogenous prostaglandins using indomethacin, the 47
with helicase C domain 1) 1555464 at 20 16 transcripts were upregulated (Supplemental Data 2). The 47
219209 at 18 16 upregulated transcripts incl.uded IL-6{ 1L-8 and JFN-B, which we
IL7R (interleukin 7 receptor) 205798 at 42 20 previously reported as having been induced by polyl:C stimu-
226218 at 14 16 lation of PHCJECs.
RSAD2 (radical S-adenosyl 213797 _at 39 294 " . ! . .
methionine domain containing 2) 242625 at 26 84 Confirmation of the upregulation of transcripts in PHCJECs by
1L29 (interleukin 29) 1552917 at 31 169 quantitative RT-PCR .
PMAIP1 {phorbol-12-myristate-13- 204286_s_at 37 2 Furthermore, we performed a time-course study for 11 upregu-
acetate-induced protein 1) 204285 s at 37 15 lated transcripts of interest (CXCL11, RIG-I, IL28A, CXCL10,
_S_ P ) )
CCL3 (chemokine (C-C motif) 205114_s_at 34 169 CCL5, CCL4, MDAS5, IL7R, TSLP, CCL20 and ICAM-1) and
ligand 3) found that 6 h was a better culture time for them than 3 h.
TSLP (thymic stromal lymphopoietin) 235737 _at 34 52 Because the common results from two individuals could not
TIN';A'_P‘; (turcrllourtm_ecrg)sm factor, 206026_s_at H 20 sufficiently cancel the effects derived from individual difference,
atphia-inducec protein using PHCJECs derived from other three individuals we
NIACR2 (niacin receptor 2) 205220 _at 32 16 : K . L
) confirmed the upregulation of transcripts by quantitative RT-
RND1 {Rho family GTPase 1) 210056_at 30 45 PCR. Th lati £ ab 11 . £ X
HERCS (HECT domain and RLD 5) 219863 _at 30 28 PHCEC € uplregu da“fon O6ha ove t;?nscgpf of interest in
ISG15 (ISG15 ubiguitin-ike modifier) 205483 s_at 28 28 JELs cultured  for was coniirmed by quantitative
TNFAIP3 {tumour necrosis factor, 202643_s_at 28 26 RT-PCR (figure 1).
alpha-induced protein 3) : . . .
P 202644 s at 2 2 Confirmation of the protein productions by ELISA
Continued ~ Next, we examined that production of five proteins from these
11 transcripts by ELISA, and the levels of CXCL11, CXCL10
pts by ) )
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Figure 1 mRNA expression of the 11 CXCL11 RIG-1 IL28A CXCL10 CCL5
transcripts in primary human __ 10000 120 4000 =
conjunctival epithelial cells exposed to e < 8000 300 100 3000 300

25 pg/ml of polyl:C for 6 h. The g% 6000 400 80 400
quantification data were normalised to £ = 4000 300 60 2000 300

the expression of the housekeeping 2 2 2000 200 40 1000 200

gene GAPDH. The y axis shows the -3 100 20 100

increase in specific mRNA over
unstimulated samples. Data are

0 0 0 0 0
medium polyl:C medium polyl:C medium polyl:C medium polyl:C medium polyl:C

representative of three separate CCL4 MDAS IL7R TSLP CCL20 ICAM-1
: . 200 60 250 160 ——== 50
experiments and are given as the ) - st 40 ok
mean==SEM from one experiment SZi60) |7 50 200 120 40
carried out in four wells per group £ 120 ‘3‘8 150 30 © 30
(*p<0.05, **p<0.005, ***p<0.0005). ;g %0 . 100 20 20
5 w0 10 50 10 40 10
0 ol=

CCL5, CCL20 and TSLP were found to be increased in PHCJECs
cultured with 25 pg/ml of polyl:C for 24 h (figure 2).

Increased expression of TLR3, MDA5 and RIG-I in polyl:C treated
PHCjECs

Our results showed that RIG-I and MDAS, which are reportedly
implicated in viral dsRNA recognition, are also remarkably
upregulated by polyl:C stimulation of PHCJECs. The highest
expression of RIG-1 and MDAS were found at 6 h (figure 3).

Increased protein expression of RIG-l and MDAS

The RIG-I and MDADS protein expression in the PHCJECs was
examined by immunoblot analysis. RIG-I and MDAS protein
expression were detected in PHCJECs incubated with 10 pg/ml
of polyl:C for 12h, but not in PHCJECs without polyl:C
(figure 4). These findings show that RIG-I and MDAS protein
expression are upregulated by polyl:C stimulation in PHCJECs.

DISCUSSION

To the best of our knowledge, this is the first report of a study
involving gene-expression analysis of polyl:C-stimulated
PHCJECs using the oligonucleotide microarrays GeneChip.
Polyl:C, a synthetic dsRNA, was reported to be recognised by
TLR3, one of the TLRs that recognises molecular patterns
associated with microbial pathogens and induces antimicrobial
immune responses.” Our results showed that 47 transcripts were
upregulated more than 10-fold upon polyl:C stimulation of the
PHCJECs from two individuals, and the upregulation of 11
transcripts of them (CXCL11, RIG-I, IL28A, CXCL10, CCL5,
CCL4, MDAS, IL7R, TSLE, CCL20 and ICAM-1) was confirmed
by quantitative RT-PCR.

CXCL11 and CXCL10 have been reported to be expressed
principally in response to a wide range of DNA and RNA viruses
such as adenovirus,'® HSV-1,** CMV?? and RSV.*® Their roles in
leucocyte recruitment during inflammation have also been
reported.™ In addition, the levels of CXCL11 and CXCL10 were

0 0
medium polyl:C medium polyl:C medium polyl:C  medium polyl:C  medium polyl:C medium polyl:C

found to increase in allergic diseases; they increased in the
epidermis of AD patients' and in the bronchoalveolar lavage
fluid of patients with severe asthma.'®

The three CCL chemokines, CCL4, CCL5 and CCL20, have
also been reported to be upregulated during viral infection
similarly to CXCL11 and CXCL10." It was also reported that
many CCL chemokines including CCL4, CCL5 and CCL20 were
upregulated in chronic atopic dermatitis skin lesions.*®

IL28A and IL29 are two of the IEN-A proteins that activate
IFN-stimulated response elements and induce antiviral
activity.’” The levels of TL28A and 1L29 have also been reported
to increase in the sputum of patients with asthma.?’

ICAM-1 is a member of the immunoglobulin superfamily of
adhesion molecules and is the ligand of leucocyte functional
antigen LFA-1, which is widely expressed on leucocytes. It has
been reported that conjunctival epithelial cells were capable of
expressing ICAM-1 and that this expression was markedly
increased in ocular allergic diseases such as vernal keratoconjunc-
tivitis and allergic atopic keratoconjunctivitis, whereas ICAM-1
was not observed on normal conjunctival epithelial cells.?!

Thymic stromal lymphopoietin (TSLP) is expressed mainly by
barrier epithelial cells and is a potent activator of several cell
types, particularly myeloid dendritic cells.** TSLP is highly
expressed by airway epithelial cells of asthma patients®® and
keratinocytes in skin lesions of patients with atopic derma-
titis.?* TL7R consists of a TSLP receptor complex with a TSLP-
binding chain (TSLPR 2

Thus, although CXCL11, IL28A, CXCL10, CCL5, CCL4 and
CCL20 are innate-immune-response-related genes, they have
also been reported to be upregulated in allergic diseases.'® 16 18 20
IL7R, TSLP and ICAM-1 are allergy-related genes. At least nine
of the 47 transcripts that were found to be upregulated more
than 10-fold upon polyl:C stimulation of the PHCJECs from
two individuals might be associated with allergy.

The significant upregulation of these genes, which increases in
allergic diseases via polyl:C, might be consistent with our

Figure 2 Production of five proteins. CXCL11 CXCL10 CCLs CCL20 TSLP
Primary human conjunctival epithelial (ng/ml) (ng/ml) (ng/ml) (ng/ml) (pg/ml)
cells were either left untreated or 1.4 7 . 1.6 16
stimulated with 25 pg/ml polyl:C for 12 ¥ 6| — ol I s 1.4 * Ml
24 h. The data are representative of three 1.0 5 3 12 12 ‘
independent experiments and given as 0.8 4 1.0 ‘(;
the mean=SEM of four samples 0.6 3 2 8'2 .
(*p<0.05; **p<0.005; ***p<0.0005). 0.4 2 | 04 4

02 ! 02 2

0 = 0 0 0 L= 0

medium polyl:C medium polyl:C medium polyl:C medium polyI:C medium polyl:C
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Figure 3 Increased TLR3, RIG-I and MDA5 mRNA expression in polyl:
C-stimulated primary human conjunctival epithelial cells. The y axis
shows the ratio of mRNA to GAPDH. The time is that poststimulation;
the data are given as the mean+=SEM of three samples.

polyl:C

RIG-I (102kDa)

MDAS5 (135kDa)

Figure 4 Upregulation of RIG-I and MDAbS protein expression by polyl:
C stimulation in primary human conjunctival epithelial cells. Data are
representative of three independent experiments.

previous finding that TLR3 positively regulates the late-phase
reaction of experimental allergic conjunctivitis in a mice model.?
Our results might show that TLR3 of conjunctival epithelium
could not only induce antiviral innate immune responses, but
also regulate the allergic reactions.

Elsewhere we have shown that EP3 is expressed in the ocular
surface and that the PGE2-EP3 pathway in conjunctival epithelium
works as a negative regulator for allergic conjunctivitis.®® It is
evident that ocular surface epithelial cells regulate the inflammation
of allergic conjunctivitis. The actual role of conjunctival epithelium
in conjunctival inflammation must be investigated further.

On the other hand, our results showed that RIG-I and MDAS,
which are reportedly implicated in viral dsRNA recognition,
are also remarkably upregulated by polyl:C stimulation of
PHCJECs. We previously reported that TLR3 was the most
intensely expressed among TLR1-10 in ocular surface epithelial
cells>™ % and speculated that TLR3 mainly contributes to polyl:C
inducible responses in ocular surface epithelial cells. However, in
this study we found that new receptors that recognise dsSRNA and
polyl:C, RIG-I and MDADS, are also expressed in PHCJECs and are
upregulated by polyl:C stimulation. Of the 10 TLRs identified in
humans, TLR3 has been identified to respond to dsRNA. On the
other hand, it is notable that the cytoplasmic helicase proteins
RIG-I (retinoic-acid-inducible protein I; also known as Ddx58) and
MDADS (melanoma-differentiation-associated gene 5; also known
as Ifih1) have been implicated in viral dsRNA recognition; RIG-I
and MDAS were found to detect RNA viruses and polyl:C, as well
as TLR3.? Further investigation is required to resolve how these
receptors contribute to polyl:C-inducible responses.

Studies are also under way in our laboratory to investigate
other genes except above 11 transcripts of the 47 transcripts.

In summary, we demonstrated that human conjunctival
epithelial cells might be induced to express many transcripts,
including not only antiviral innate immune response-related
genes but also allergy-related genes, by polyl:C stimulation.
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