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ARTICLE INFO ABSTRACT

We previously demonstrated that ocular surface epithelium expressed TLR3 and that its ligand, polyl:C,
stimulation induced the secretion of inflammatory cytokines and type I IFN. It was recently reported that
RIG-I and MDAS also recognize viral dsRNA mimicking polyl:C. In this study, we investigated whether
RIG-1 and/or MDAS5 contribute to polyl:C-inducible responses in conjunctival epithelium. The expression
Keywords: of RIG-I, MDAS5, and TLR3 in human conjunctival epithelium was examined by RT-PCR and their up-
RIG-1 regulation after polyl:C stimulation by quantitative RT-PCR and immunoblot analysis. Human conjuncti-
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?1/3[2?5 val epithelial cells also expressed RIG-1, MDA5 and TLR3 mRNA and protein. The expression of RIG-I and
Conjunctival epithelium MDAS5, but not of TLR3, was markedly up-regulated upon polyl:C stimulation. We also examined the
TLR3 function of IPS-1 (an adaptor molecule common to RIG-I and/or MDAS5) and TLR3 in conjunctival epithe-
Polyl:C lium using [PS-1 KO and TLR3 KO mice. To analyze in vivo murine conjunctival epithelial cells, 10 pl of a

100 pg/ml polyl:C solution were delivered subconjunctivally and as eye drops, then conjunctival epithe-
lial cells were subjected to gene expression analysis. We focused on 10 transcripts up-regulated in
murine conjunctival epithelium upon polyl:C stimulation. Cxcl10, Mx1, Ifi44, Ifi203, ligp2 and Rtp4 were
dominantly regulated by IPS-1, Ccl5 by TLR3, and Rsad2, Mx2 and Cmpk2 were regulated by TLR3 and
[PS-1. Our results showed that conjunctival epithelial cells express RIG-I and MDA5, and IPS-1, an adaptor
molecule common to RIG-1 and MDAS5, contributes to polyl:C-inducible cytokine production in conjunc-
tival epithelial cells.

© 2010 Elsevier Inc. All rights reserved.

molecular patterns (PAMPs) depends on the expression of a family
of Toll-like receptors (TLRs), retinoic acid-inducible gene-I (RIG-I)-
like receptors (RLRs), and nucleotide-binding oligomerization
domain (NOD)-like receptors (NLRs) [1]. Although TLRs detect
PAMPs either on the cell surface or the lumen of intracellular
vesicles such as endosomes or lysosomes, RLRs and NLRs are cyto-
solic detection systems for intracellular PAMPs. RLRs belong to the

1. Introduction

Innate immunity, the early host defense against microbes, is
primarily studied in host immune-competent cells such as macro-
phages. The ability of cells to recognize pathogen-associated

Abbreviations: IFN, interferon; IPS-1, IFN-B promoter stimulator-1; PAMPs,
pathogen-associated molecular patterns; TLRs, Toll-like receptors; RIG-I, retinoic
acid-inducible gene-I; RLRs, retinoic acid-inducible gene-I-like receptors; NOD,
nucleotide-binding oligomerization domain; NLRs, nucleotide-binding oligomeri-
zation domain-like receptors; polyl:C, polyinosinic:polycytidylic acid; PHCJECs,
primary human conjunctival epithelial cells; CXCL, chemokine (C-X-C motif)
ligand; CCL, chemokine (C-C motif) ligand; MDAS, melanoma-differentiation-
associated gene 5; TSLP, thymic stromal lymphopoietin; ICAM-1, intercellular
adhesion molecule-1; Rsad2, radical S-adenosyl methionine domain containing 2;
Cmpk2, cytidine monophosphate (UMP-CMP) kinase 2, mitochondrial; Mx,
myxovirus (influenza virus) resistance; Ifi44, interferon-induced protein 44;
Ifi203, interferon-activated gene 203; ligp2, interferon-inducible GTPase 2; Rtp4,
receptor transporter protein.
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RNA helicase family that specifically detects RNA species derived
from viruses in the cytoplasm; they coordinate anti-viral programs
via the induction of type I interferon (IFN) [1].

Elsewhere we reported that human ocular surface epithelium
expresses TLR3, which recognizes double-stranded (ds) RNA mim-
icking polyinosine—polycytidylic acid (polyl:C) (a synthetic
dsRNA), and that polyl:C stimulation induces the secretion of
inflammatory cytokines such as IL (interleukin)-6, IL-8, and type I
IFN such as IFN-B [2,3]. Moreover, our gene expression analysis
of primary human conjunctival epithelial cells (PHGJECs) using oli-
gonucleotide microarrays to examine the comprehensive effects of
stimulation by polyl:C determined that transcripts includingXCL11,
RIG-1, IL28A, CXCL10, CCL5, CCL4, MDAS5, IL7R, TSLP, CCL20, and ICAM-
1, were up-regulated more than 10-fold by polyl:C stimulation.
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This finding suggests that polyl:C stimulation could not only in-
duce anti-viral innate immune responses, but that it could also reg-
ulate allergic reactions in PHGECs [4,5].

The cytoplasmic helicase proteins, RIG-I (retinoic-acid-inducible
protein I; also known as Ddx58) and MDA5 (melanoma-differenti-
ation-associated gene 5; also known as Ifih1) have been reported
to be implicated in the recognition of viral dsRNA. Our results show
that new receptors that recognize dsRNA and polyl:C, RIG-], and
MDAD5, are also expressed in PHGECs [4,5].

Because, not only TLR3, but also RIG-I and MDAS5 detect viral
dsRNA, we examined the expression of RIG-I and MDA5 in human
conjunctival epithelium, and investigated the function of IPS-1, an
adaptor molecule common to RIG-1 and/or MDAS, using IPS-1 KO
mice to examine whether RIG-I and/or MDA5 contribute to pol-
yl:C-inducible responses in conjunctival epithelium.

2. Materials and methods
2.1. Human conjunctival epithelial cells and PHGECs

Our study was approved by the institutional review board of
Kyoto Prefectural University of Medicine, Kyoto, Japan; all experi-
ments were conducted in accordance with the tenets of the Decla-
ration of Helsinki. Written informed consent was obtained from all
patients after they were given a detailed explanation of the pur-
pose of the research and the experimental protocols.

For RT-PCR we obtained conjunctival epithelial cells from
healthy volunteers by brush cytology using previously described
methods [6]. For immunoblot analysis and quantitative RT-PCR,
PHCJECs harvested from conjunctival tissue obtained at conjunc-
tivochalasis surgery were cultured as described elsewhere [7].
Briefly, conjunctival tissues were washed and immersed for 1h
at 37 °Cin 1.2 U ml~! purified dispase (Roche Diagnostic Ltd., Basel,
Switzerland), and epithelial cells were detached, collected, and cul-
tured in low-calcium defined keratinocyte-SFM medium contain-
ing defined growth-promoting additives (Invitrogen, Carlsbad,
CA) including insulin, epidermal growth factor, fibroblast growth
factor, and 1% antibiotic-antimycotic solution. Using this method,
cell colonies usually became visible within 3-4 days. After they
reached 80% confluence in 7-10 days, the cultured PHCECs were
used in subsequent procedures.

2.2. RT-PCR assay

Total RNA was isolated from human conjunctival epithelial cells
with TRIzol (Invitrogen) according to the manufacturer’s instruc-~
tions. For RT-PCR we employed the SuperScript™ preamplification
system (Invitrogen). Amplification was with DNA polymerase
(Takara, Shiga, Japan) for 35 cycles at 94 °C for 1 min, 64 °C for
1 min, and 72°C for 1 min for human RIG-I, MDA5, and TLR3
(GeneAmp®; PE Applied Biosystems, Foster City, CA, USA). The
primers were: (forward) 5'-CCTATGCAGCTCCGCCTCGC-3’ and (re-
verse) 5'-GCCACGGAACCAGCCTTCCT-3' for human RIG-I; (forward)
5'-GCAAGAGCATCCCCGGAGCC-3' and (reverse) 5'-TCGTGGCCCC
TCCAACACCA-3’' for human MDAS5; (forward) 5-CGCCAACTTCA-
CAAGGTA-3 and (reverse) 5-GGAAGCCAAGCAAAGGAA-3' for
human TLR3; and (forward) 5-CCATCACCATCTTCCAGGAG-3' and
(reverse) 5-CCTGCTTCACCACCTTCTTG-3 for human GAPDH. The
integrity of RNA was electrophoretically confirmed on ethidium
bromide-stained 1.5% agarose gels.

2.3. Immunoblot analysis of the protein expression of RIG-I, MDA5, and
TLR3

Protein expression in PHCJECs was examined by immunoblot
analysis using a previously described method [8]. The cells were

incubated for various periods with 25 pg/ml polyl:C, washed twice,
and then lysed by immersion in 0.2 ml ice-cold CelLytic M Cell Lysis
reagent (Sigma-Aldrich Corp., St. Louis, MO). SDS-PAGE was on a
NuPAGE electrophoresis system (Invitrogen) according to the man-
ufacturer’s instructions. Separated proteins were transferred to a
polyvinylidene difluoride membrane using the iBlot Gel Transfer
device (Invitrogen) according to the manufacturer's instructions.
The membrane was incubated in 5% skim milk with 0.1% Tween
20/TBS buffer for 1 h at room temperature for blocking. Immunoblot
analysis was with rabbit anti-RIG-I or rabbit anti-MDA5 (Cell Signal-
ing Technology, Inc., Danvers, MA) or rabbit anti-TLR3 antibodies
(Abcam, Cambridge, MA) for first antibodies and with HRP-conju-
gated donkey anti-rabbit IgG antibodies (GE Healthcare, Little
Chalfont, Buckinghamshire, UK) for secondary antibodies. Protein
detection was with the ECL Plus Western blotting Detection System
(GE Healthcare).

2.4. Mice and reagents

C57BL/6 and Balb/c mice were purchased from CLEA (Tokyo,
Japan); C57BL/6 background IPS-1~/~ mice [9] and Balb/c back-
ground TLR3~/~ mice [10] were a gift from Professor Akira. Wild-
type C57BL/6 and Balb/c mice were the respective controls. All
mice were used at 8-12 weeks of age; they were maintained on
a 12-h light/dark cycle under specific pathogen-free conditions.
All experimental procedures were approved by the Committee on
Animal Research of Kyoto Prefectural University of Medicine,
Kyoto, Japan and all studies were in accordance with the ARVO State-
ment for the Use of Animals in Ophthalmic and Vision Research.

Polyl:C was purchased from Invivogen (San Diego, CA). For the
in vivo analysis of murine conjunctival epithelial cells we prepared
a 100 pg/ml polyl:C solution in 50% VISCOAT® (Alcon Laboratories
Ltd., Fort Worth, TX)/PBS to assure the in vivo stimulation by polyl:C
of murine conjunctival epithelium. VISCOAT® is an ophthalmic
viscosurgical product used in cataract surgery; it is a sterile,
non-pyrogenic, viscoelastic solution of highly purified, non-
inflammatory medium molecular-weight sodium chondroitin
sulfate and sodium hyaluronate. Polyl:C solution (10 pl) was
injected subcon junctivally and dropped into the eyes, respectively.

2.5. Quantitative reverse transcription polymerase chain reaction
(RT-PCR) assay

Total RNA was isolated from murine conjunctival epithelium
and PHCJECs using the RNeasy Mini kit (QIAGEN, Valencia, CA)

Table 1

The primers for quantitative RT-PCR assay of murine samples.
Gene Primer for quantitative RT-PCR: forward and reverse
Cxcl10 5'-TGAATCCGGAATCTAAGACCATCAA-3

5'-AGGACTAGCCATCCACTGGGTAAAG-3/
Mx1 5'-CTGAGATGACCCAGCACCTGAA-3'
5'-CTCCAGGAACCAGCTGCACTTAC-3’

Rsad2 5'-TGGGGATGCTGGTGCCCACT-3’
5'-ACCCCGGACCTGTGGCTGTT-3

Ifi44 5'-TCGGTGCCAGCCTCGGTACA-3'
5'-TGCAGGCACTTTTCTTGCTGCCA-3'

ligp2 5'-TTCCCCACAGGACCCTGCCC-3'
5'-AGCAACGGGGCAACCTGCTC-3'

Cmpk2 5'-CCTTGCGACCACCCGGACAC-3’
5'-ATGCGCAGTCCACCTGCACC-3/

Ccl5 5'-CACCACTCCCTGCTGCTT-3’
5'-ACACTTGGCGGTTCCTTC-3'

Rtp4 5'-GGGATGGAGGCAGCACCAGC-3'
5’-CGTGCCTGGCCCTGCGATTT-3

1fi203 5'-TGTGAGAGAATTAAGGCACCAAGGAGA-3'
5'-ACTTTCAACACCATCACTTGTTTGGGA-3'

Mx2 5'-GTGCGGCCCTGCATTGACCT-3"

5'-GGCCACTCCAGACAGTGCTTCTAGT-3'
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Fig. 1. Up-regulation of RIG-I, MDAS5, and TLR3 expression in human conjunctival
epithelial cells stimulated with polyl:C. (A) We examined the expression of RIG-I,
MDAS, and TLR3 in human conjunctival epithelial cells by RT-PCR assay. The
positive control was mRNA isolated from human mononuclear cells. The expected
length of PCR products for RIG-I (360 bp), MDA5 (601 bp), and TLR3 (689 bp) was
obtained from the positive control and the human conjunctival epithelial cells. (B)
We used quantitative RT-PCR assay to examine changes in the mRNA expression of
the RIG-1, MDA5, and TLR3 genes after the stimulation of PHCJECs with polyl:C. The
quantification data were normalized to the expression of the housekeeping gene
GAPDH. The Y axis shows the increase in specific mRNA over unstimulated samples.
Data are representative of 3 separate experiments and show the mean + SEM from
one experiment carried out in 3 wells per group. (C) Up-regulation by polyl:C
stimulation of the protein expression of RIG-I and MDA5 in PHCJECs. Data are
representative of 3 independent experiments.

according to the manufacturer’s instructions. For the RT reaction
we used the SuperScript™ Preamplification kit (Invitrogen). Quan-
titative RT-PCR was on an ABI-prism 7700 instrument (Applied
Biosystems, Foster City, CA) according to the manufacturer’s
instructions. The primers for the murine samples are shown in Ta-
ble 1. The primers and probes for human RIG-I, MDAS5, and TLR3
were purchased from Applied Biosystems. The results were ana-
lyzed with sequence detection software (Applied Biosystems).
Quantification data were normalized to the expression of the
housekeeping gene GAPDH.

421
3. Results

3.1. RT-PCR assay of the expression of RIG-I, MDAS, and TLR3 in
human conjunctival epithelial cells

The expected length of the PCR products for RIG-I (360 bp),
MDAS5 (601 bp), and TLR3 (689 bp) was obtained from the positive
controls (mRNA isolated from human mononuclear cells) and from
conjunctival epithelial cells, suggesting that human conjunctival
epithelial cells express RIG-1, MDA5, and TLR3 mRNA (Fig. 1A). To
confirm the specificity for the detection of RIG-I, MDAS5, and
TLR3 mRNA we isolated and sequenced the PCR products. The ob-
tained sequences were identical to the human RIG-I, MDAS, and
TLR3 mRNA sequence.

3.2. Up-regulation of the expression of RIG-I, MDA5 and TLR3 in
polyl:C-stimulated human conjunctival epithelial cells

The expression of mRNA inRIG-I, MDA5, and TLR3 genes was up-
regulated by polyl:C stimulation (Fig. 1B). Up-regulation was par-
ticularly pronounced in RIG-I and MDAS. Immunoblot analysis of
polyl:C-stimulated PHCJECs to examine changes in the protein
expression of RIG-I, MDAS5, and TLR3 showed marked up-regulation
in RIG-I and MDAS5 but not TLR3 (Fig. 1C).

3.3. Up-regulated transcripts in polyl:C-stimulated murine
conjunctival epithelium

For gene expression analysis of polyl:C-stimulated murine con-
junctival epithelium, polyl:C was delivered by eye drops and sub-
conjunctival injection.

We selected the top 15 genes of the ratio of polyl:C-adminis-
tered sample signal: vehicle-administered sample signal (data
not shown) and focused on the 10 genes whose expression was
confirmed to be up-regulated more than 5-fold in polyl:C-stimu-
lated samples compared to unstimulated samples using quantita-
tive RT-PCR (Fig. 2). They were Rsad2 (radical S-adenosyl
methionine domain containing 2), Cxcl10 (chemokine (C-X~C mo-
tif) ligand 10), Cmpk2 (cytidine monophosphate (UMP-CMP) kinase
2, mitochondrial), Mx1 (myxovirus (influenza virus) resistance 1),
Ifi44 (interferon-induced protein 44), Mx2 (myxovirus (influenza
virus) resistance 2), Ifi203 (interferon-activated gene 203), ligp2
(interferon-inducible GTPase 2), Rtp4 (receptor transporter protein
4), and Ccl5 (chemokine (C-C motif) ligand 5).

3.4. Change in the expression of transcripts in murine polyl:C-
stimulated conjunctival epithelium

Quantitative RT-PCR to compare the gene expression of the
above 10 transcripts upon polyl:C stimulation showed that all
but Ccl5 were significantly down-regulated in the conjunctival epi-
thelium of IPS-1 KO compared with wild-type mice (Fig. 3A).

~  Cxdlo Mxl Rsad2 Ifid4 Tigp2 Cmpk? CeS  Repd Ifi203 M2
% 60001205 30 30 25 25 10— 10 2 s

5 5000/ [F 100 ® bt 20| rz1| 20 8 8= sl Fhl sl[*
G 4000 80 20 20 15 15| [*]| 6 6

g 3000| | |10 10 10 10 4 4 4 4

g 3000 |||l ]| LA T T
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Fig. 2. Transcripts up-regulated in murine polyl:C-stimulated conjunctival epithelium. In murine conjunctival epithelium, the expression of mRNA in 10 transcripts up-
regulated by 6-h stimulation with polyl:C was 5-fold higher than in unstimulated samples. The quantification data were normalized to the expression of the housekeeping
gene GAPDH. The Y axis shows the increase in specific mRNA over unstimulated samples. Data are representative of 3 separate experiments and show the mean + SEM from

one experiment carried out in 3 mice per group (*p <0.05, **p < 0.005).
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Fig. 3. Comparison of changes in the expression of transcripts induced by the
stimulation of conjunctival epithelium with polyl:C in wild-type (C57BL/6)- and
IPS-1 KO mice and in wild-type (Balb/c)- and TLR3 KO mice. Expression of mRNA in
10 transcripts up-regulated by 6-h stimulation of conjunctival epithelium with
polyl:C in wild-type (C57BL/6)- and IPS-1 KO mice (A), and in wild-type (Balb/c)-
and TLR3 KO mice (B). The quantification data were normalized to the expression of
the housekeeping gene GAPDH. The Y axis shows the increase in specific mRNA over
unstimulated samples. Data are representative of 3 separate experiments and show
the mean + SEM from one experiment carried out in 6 mice per group (*p < 0.05,
**p < 0.005).

Polyl:C could be recognized not only by RIG-I and MDAS5, whose
common adaptor molecule is IPS-1, but also by TLR3 whose adap-
tor molecule is TRIF. To compare the gene expression of the above
10 polyl:C-induced transcripts in wild-(Balb/c) and TLR3 KO mice,
we performed quantitative RT-PCR. We found that Rsad2, Mx2,
Cmpk2, and Ccl5, but not Cxcl10, Mx1, Ifi44, Ifi203, ligp2, and Rtp4
were significantly down-regulated in the conjunctival epithelium
of TLR3 KO compared to wild-type mice (Fig. 3B).

Our results suggest that Cxcl10, Mx1, Ifi44, Ifi203,ligp2, and Rtp4
were dominantly regulated by RIG-I or/fand MDAS5, that Ccl5 were
dominantly regulated by TLR3, and that Rsad2, Mx2, and Cmpk2
were regulated by both TLR3 and RIG-I or/and MDAS5.

4. Discussion

Our results demonstrate that conjunctival epithelial cells ex-
press TLR3, RIG-I and MDAS5, and that not only TLR3 but also
RIG-I and/or MDAS5 contribute to polyl:C-inducible immune re-
sponses because Rsad2, Mx2, Cmpk2, Cxcl10, Mx1, Ifi44, Ifi203, ligp2,
and Rtp4 were significantly down-regulated in conjunctival epithe-
lial cells of IPS-1 knock-out compared to control mice. Moreover,
Rsad2, Mx2, Cmpk2, and Ccl5, but notCxcl10, Mx1, Ifi44, Ifi203, ligp2,
and Rtp4 were also significantly down-regulated in the conjuncti-
val epithelium of TLR3 KO compared to wild-type mice.

We posit that Cxcl10, Mx1, Ifi44, Ifi203, ligp2, and Rtp4 are dom-
inantly regulated by IPS-1 (RIG-I or/and MDA5), Ccl5 by TLR3, and
that Rsad2, Mx2, and Cmpk2 are regulated by both TLR3 and IPS-1
(RIG-1 orfand MDAS5). Our studies indicate that IPS-1 signaling
plays an important role in eliciting innate immune responses in
conjunctival epithelial cells.

Although the TLR family detects PAMPs either on the cell sur-
face or in the lumen of intracellular vesicles such as endosomes
or lysosomes, recent studies have shown the existence of a cyto-
solic detection system for intracellular PAMPs [1]. These cytosolic
PRRs include RLRs and NLRs. RLRs, which include RIG-I and
MDAD5, belong to the RNA helicase family that specifically detects
RNA species derived from viruses in the cytoplasm; they coordi-
nate anti-viral programs via the induction of type I I[FN [1].

According to Lai et al. [11] following injury, TLR3 is required for
part of the normal inflammatory response in the skin epithelium;
TLR3-deficient mice produced significantly less IL-6 and TNF-o at
the wound edge than wild-type controls. Torres et al. [12] reported
that TLR3/TRIF-dependent pathway activation was required for the
development of the dsRNA-induced exacerbation of allergic reac-
tions; they were reduced in TRIF (—/—) mice. They also found that
in vivo and in vitro treatment with dsRNA amplified airway epithe-
lial cytokine production. Our findings document that Ccl5 were
dominantly regulated by TLR3, and that Rsad2, Mx2, and Cmpk2
were regulated by TLR3 and IPS-1 (RIG-I or/and MDAS5); Rsad2,
Mx2, Cmpk2, and Ccl5 were significantly down-regulated in con-
junctival epithelium of TLR3 KO compared with wild-type mice.
These observations document that TLR3 contributes to the produc-
tion of cytokine and to inflammation.

Inintestinal epithelial cells, the production and expression of pol-
yl:C-inducible type I IFN were dependent on the activation of RIG-I
and IPS-1 [13]. We found that Cxcl10, Mx1, Ifi44, Ifi203, ligp2, and
Rtp4 were dominantly regulated by IPS-1 (RIG-I or/fand MDA5),
and that Rsad2, Mx2, and Cmpk2 were regulated by both TLR3 and
IPS-1 (RIG-I or/fand MDAD5); Rsad2, Cxcl10, Mx1, Ifi44, Mx2, Cmpk2,
Ifi203, lign2, and Rtp4 were significantly down-regulated in conjunc-
tival epithelium of IPS-1 KO compared to wild-type mice.

Moreover, polyl:C incorporated by dendritic cells is accessible
to both TLR3 and MDAS; they activate respective signaling pathways
for the robust induction of cytokines [14]. Similarly, in conjunctival
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epithelial cells, polyl:C-inducible cytokine production requires
signaling through both TLR3 and IPS-1 (RIG-I or/and MDAS).

Rsad2 is an interferon-inducible protein that inhibits many DNA
and RNA viruses [15]. Mx2 is also an interferon-regulated gene that
selectively inhibits hanta virus replication [16]. Cmpk2, a pyrimi-
dine nucleoside monophosphate kinase, is thought to be involved
in macrophage activation and inflammatory responses [17].

In our study, Rsad2, and Mx2, which exert anti-viral actions, and
Cmpk2 involving in inflammatory responses, were regulated by
TLR3 and IPS-1 (RIG-I or/fand MDAS5).

ligp2 plays a cell-autonomous role in IFN-y-mediated chlamydia
inhibition [18] and Ifi44 is associated with hepatitis C virus infection
although its function is unknown [19]. Cxcl10 is expressed primarily
in response to a wide range of DNA and RNA viruses; it plays arole in
the recruitment of leukocytes during inflammation [20]. Its expres-
sion is also increased in allergic diseases; it was elevated in the epi-
dermis of patients with atopic dermatitis [21] and in the
bronchoalveolar lavage fluid of patients with severe asthma [22].
Mx1 is an interferon-regulated gene that selectively interferes with
the multiplication of influenza viruses [23]. Ifi203, a member of the
Ifi-200 gene family, is induced by type I and type II interferons; it
has been reported as a regulator of cell proliferation and differentia-
tion, and plays a role in apoptotic and inflammatory processes [24].
Rtp4 is a member of the receptor transport protein (RTP) family; it
participates in the export of odorant and taste receptors [25]. We
document that these 6 transcripts ( Cxcl10, Mx1, Ifi44, Ifi203, ligp2,
and Rtp4) are dominantly regulated by IPS-1 (RIG-I or/and MDAS5).

Like Cxcl10, Ccl5 is up-regulated in the presence of viral infection
[26]; it is also up-regulated in the skin lesions of chronic atopic der-
matitis [27]. Our study shows that Ccl5, which play a role in inflam-
mation and allergy, were dominantly regulated by TLR3. Elsewhere
we reported that TLR3 regulated the late-phase reaction of experi-
mental allergic conjunctivitis in a mouse model; eosinophilic con-
junctival inflammation was reduced in TLR3 KO mice and
exacerbated in TLR3 transgenic mice [10]. These findings suggest
that TLR3 can induce anti-viral innate immune responses and that
it exerts other functions such as the regulation of allergic reactions.
Others [28] reported that in the absence of viral infection TLR3
amplified immune responses during acute inflammatory processes,
a phenomenon that may involve TLR3 stimulation by endogenous
RNA from necrotic cells. Innate immunity can respond to endoge-
nous molecules released by host cells as a result of necrosis, patho-
gen infection, damage, injury, and certain pathological conditions
that are directly or indirectly recognized by TLRs, NLRs, RLRs, and
by yet to be identified sensors [1]. It is possible that endogenous
RNA from tissues or cells may stimulate not only TLR3 but also
RIG-I or/fand MDA5.

In summary, our results showed that conjunctival epithelial
cells express RIG-I1 and MDAS5, and IPS-1, an adaptor molecule com-
mon to RIG-I and MDAS5, contributes to polyl:C-inducible cytokine
production in conjunctival epithelial cells.
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A Review

Research and Development for Treating Devastating Corneal Diseases

Shigeru Kinoshita
Department of Ophthalmology, Kyoto Prefectural Universtty of Medicine

Abstract

In order to develop new therapeutic modalities for
corneal diseases, it is essential to combine cutting-
edge translational research based upon liberal
original ideas obtained from clinical experience with
state-of-the-art basic science and technology. Here, I
describe seven important research projects on which
our group has been working.

1. Elucidation of the pathogenesis in gelatinous
drop-like corneal dystrophy (GDLD). Due to loss
of function of the tumor-associated calcium
signal transducer 2 (TACSTD2), a responsible
gene for this dystrophy, tight-junction-related
proteins cease to function, resulting in severe
corneal epithelial barrier impairment. As a
result, varjous proteins contained in tear fluid
continuously penetrate into the corneal stroma,
promoting the development of massive amyloid
deposits.

2. The development of cultivated mucosal epithelial
transplantation : A landmark surgery, involving
the transplantation of cultivated mucosal epithe-
lial cells from in vitro to in vivo, now recognized
as the next generation of ocular surface recon-
struction. We began performing cultivated allo-
corneal epithelial transplantations in 1999, and
cultivated auto-corneal and auto-oral mucosal
epithelial transplantations in 2002. These proved
to be very effective in the reconstruction of both
the corneal surface and the conjunctival fornix.

3. Elucidation of the pathogenesis of Stevens-

Johnson syndrome : Studies have shown that
there is a close relationship between corneal
epithelial stem cell loss and the associated degree
of visual impairment. We discovered that a
steroid pulse therapy at the acute phase aimed at
minimizing stem cell loss is very effective in
restoring visual acuity. This implies that inhibi-
tion of the cytokine storm is essential for the
treatment of acute-phase Stevens-Johnson syn-
drome. The innate immunity abnormality seems
to be heavily involved at the onset of this
devastating disease.

4. Elucidation of the involvement of EP3 and toll
like receptor 3 (TLR3) in inflammatory ocular
surface reactions : We discovered that EP3, one
of the prostanoid receptors expressed by ocular
surface epithelium, has a dramatic inhibitory
effect on ocular surface inflammation in a mouse
model. Since EP3 is also expressed in human
ocular surface epithelium, and since abnormality
of its single nucleotide polymorphisms (SNPs) is
involved in some ocular surface inflammatory
diseases, we theorized that an allergic reaction
may be negatively regulated by EP3 which is
predominantly expressed by the ocular surface
epithelium. Our findings show that this is
similarly true for TLR3, which, conversely, up-
regulates ocular surface inflammation.

5. Functional regulation of the ocular surface
epithelium : OQur findings show that intracellular
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glutathione (GSH) content in the ocular surface
epithelium regulates its intracellular redox state.
For instance, the GSH content of the conjunctival
epithelium decreases in dry eye diseases, yet
recovers after the surgical insertion of a punctal
plug. Since various amino acids are also heavily
involved in the regulation of cellular functions,
we investigated the profile of amino acids
contained in tear fluids. Qur resulits indicate that
there is a marked difference in amino acid
profiles between tear fluids and plasma. Further-
more, we found that several amino acids are up-
regulated in inflamed eyes, probably due to an
oxidative redox response.

6. The development of new therapeutic modalities
for corneal edema : We are developing a new
therapeutic modality of cultivated corneal endo-
thelial transplantation using methods based on
regenerative medicine. For instance, our findings
show that cultivated corneal endothelial sheet
transplantation in monkeys maintains corneal
transparency for at least four years after
transplantation. The supplementation of a Rho
kinase (ROCK) inhibitor in the culture media
produces an excellent result in culturing human
corneal endothelium, maintaining a normal-
looking endothelial cell morphology. The use of a
ROCK inhibitor, both for cultivated endothelial

ABERBORRER - KT 163

cell injection into the anterior chamber and for
use as a topical application, may prove to be a
potential tool for the treatment of corneal
endothelial dysfunction.

7. The development of a new type of tear function
test : The results of our investigations show that
the time-dependent changes of tear film lipid
layer (TFLL) spread are compatible with the
Voigt model of viscoelasticity, and that the initial
velocity of the TFLL spread after a blink
decreases in proportion to the decrease in tear
volume. Thus, a lipid-layer analysis will become
an important tear analysis tool.

The above are projects representing the way we
believe new treatments for severe corneal diseases
are heading’.f .

Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol Soc

114 : 161—201, 2010)
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OBATIE, —BETBEN Dbl Ro ZOR
FLE, ERAEFEBHEICET RSB X UEKRIR
PRREICHEDOICTPRAIEERY, ThET, £
ORERFEE T, EEEEHHOEREYD, BRELE
IN-BEBECRERY, EARIEEFFOT 1T
VB FREHEYBVRWERFEL L CREREMSERE
B2 ACEFEIREPBRESATWS, 0%
in vitro 16 in vivo ~NOFE LIL, EHROBEEE
BHFENBOTBLIENTEL, ThoE—#RRZGT
CECHALEBHEOBAIERNL LTEREBHETH S
A, EBRLZESIC, TRERERLSENEBIIIFE
BHLTDOIDE., ZOBREIIE, 5% 5TNCBHICH
T3 Lodb b LRENFGRENSUEE 25, Mk
5, AEAREELEBHITBEOREBHEIIRLYRE
BATESZEY, LEBHELCLERCESICERESR
EhoTHBY.
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1) BFEMEZEoLSE

Brit, REFAVWLSTETLBWERLL, in
vitro 5 in vivo ~NDBHEICH 2 5 2EEARLE S —
I OVEREH % FEMICIRET L7, €40, £4I0E
A IR R 2 8 A 700243, BRE IS X AR
BHRICHZ ) A RTOEHEOEEEL L, FEE
MBEBT—EONMRELRomER L L - EERRE %
BB UENHLZPLTHD, i, BHERINCFYY
TOBGLERERY — FOEEFLETHS, hi
T, IBBXUNBaS -4 rI— bRABERYER
ELRERAKEERS — FOERIFRA LR, B
HICEFTAEREEY — FOEBUIEE TS - 7222,
BREOKR, ¥BEFH2ERL2V 252, HEL
LTOFXBIZEDTA L W EBELRABEKBRELTH
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MRE DR EITH) 2 L, BEPMEBECEREEFY -
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DI NIy a VBEBEHBIELT L, PRA
DOMRTERABEF S — P 2ERTALM4E LTHRE
THHIENGho70 R -ERAE FE®R
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RERMRICHRNICER L T 2RERELHETS
B55FY3BLUTrIF 12 0RBE R REle CH
BLAWWS 2 BIEABMEIC L AR OBERE
BOPICMRMBEEOERERE L., F0&E, ¥
OETERELAL MAEEEMARIE, RBTIZ4~5F
KERBELTrZ 9F v 3BLUTFrSF V12 %RBLT
BY, nvivo BELFARLEBEHOSEERT LS
Hopbkhol, AR ELEMBMICIETAE) —A
T, BEEBOELFMBL EEEROMIIIANIFTRAE
SAERERLTBY, S5, BREBMABIEZS A
TrerrvarERRLTNY T -BESHEBLTVWA

BR&E 14% 3%

ENHERENY, ERLUEEEREEAB LR —
FABLRRICEBEBHELAER, BRAECESFL, H
BERBLTERTAIZLEHRLAY. Tho0ERE
LRV TORET— 725 82, THFLERAFES
BREESOERZNL L, 199 £4 HMEHBRERE
AT ARBET URRAE EEBHEEDT, 2024E05
B4 — MERAE LB S LY.

2) BRBHEOERRER
FIBRMEOMEHREERERICH LTI, BEFCOE
(2x3mm, AESBI) AR EEBRHEESEINIAE
BHEBT RN LEELTERELL 2002E7 B~
2007 £ 1 BOMM CERERAR EEBEM L ETL,
Wk 2D LB L2 6 516 B (1LESME 3B, 5%
AREBEEFESE) a5 : LEERSERTLL £
EFTERILL-EREEARLEREY — P OERICE
o, FLTBHEREHQH~1BE) SRR AR
REICEF L TWEH I L EAREEICE DERLL.
REBRRBEBEOBENICBVTIL 6 R 5 BT 2 BrRLL
LoORAOEEEZZD, BAALLENIRP2%, 7
EEPBRAIGFRBEATCHAELRARICOT»IBAT
BREBEERLIIBERICKI SN ARERAR LEER EF
DEMEEVBETE, WHEBESESRLEXRE, B
ELA, BREERZEOEGHEIRD o7 DD
ZEih, BERZENFEIAV-BRERAR LS
Mifes — MBHEE, RETHEYLNBNERETHLL
EZibhin,

3) FIREBHOEEREE

TUERAR ERBRAERY - FBHEOERIIH 0T
1%, BERONMMEERETCRERCE 2VWEREORRE
HRFEESR, T74bb Stevens-Johnson FEBREE, HiE
2o {LEER, BERARZNRE L FHERR,
O IV IERHOSNNETE UABERELE
BERBOLEBEBNLET, QBHMPORMBIEERKEE
W2E Lz EMCBWT, +9RA4Y7+—AF -
IVEV IO ECXERETREL, HHEMIERA
ZEHEERORBIIE T TEBNE, LR —
MEREZITY, BHEFHEMIT LA 1991 25
200646 BE T T uRAREERERY — M B
To7ERIL 36 FI30ETHY, BiEHOLEBHEE
B CER T LEMN 1261 15 R, B o1aisaE
BEBRNTCERRETob DB 2424 B THo/-, £
PICHBHE S EHHBZICBHE LR EESABEEmICIE
IPERIEF L TVAEI L&A REBEICI VERL
7o, BEMESOSFSHHICECH RBRREO LFEIL
BT, RPICBWTORKRERTEL W, 48
BERELENE LEAOHIRDIEEEU L
0.01 R TH o 72, Mk 1EIZT9% BV THRIK
T AN
INODBREPBEAT, 20044E 2 5~20064E7 A
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WEBAS, REERKZEOMHERT, EREGESE
B&OXZND L CERSHBRAY 1 2 BEALL. H
BEIERKET 106, BREREERAERKRECS
WT8H, SEF18H 1ISERICH LT7uRARELE
V- BHETok EEV—MOBREICERTAEH
Er&LT, FHREACHRBICLIIZEREED Do
7o, 18FIF UPITHRIUBLHTEY, SREIELY
BEERBOBRRRBRIC L D BRFMETIREICHS L
Zi6N5,
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1) 7adbd— b~ BEOESRESE S — B

haresh

BEREOBEEBREERESICT L CIIERAE FRHE
fay— FBHL EONBBREIER S MR Bt
DT E, L L oRERREERBEOKRS
HERKETHH, hoOERENSZ(RFEE(TO)D
LEBHE A0, FHREOELRS L BREE TR
BT ENPETHoT. FITHLAIL, AELREORE
) AR ERFHER L, MREEDENSEHB L
UHEERROBS SR 2 ERBL, ARy SF V%%
DOMBEREARIC O OBEMBKEERICHR L, FEL
ERICHACEROBEMELE Y — POERERIL
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2) EFECMEREE ER Y — MEREORE
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OERERE Y — M ARERCERBEL, TOFH
BWICDWTIRET L2290, ERE % CIREE g 0%
Be L THERL, ¥EFCREFELADOERSEFF@R
i3, EEEEECHEARICHEEL, 1AMy 7T
YRRy, H2HAMTABRERICENLZ5~6BIC
ERLLALEBZEAL:. EROESEEESY —
DHBERRFHE LT, FEMEOBELRELTO
HHRERFEL 220, MEEFERONE»S TAROKE
F—RETALE Y- N CHEI NG ol KEE
OBEREEE Y — O in vivo TOBETFETLEYN
T, FRBEEFHOBEEF VAR LERBHELT-
7o. BHI0 BBICBWTH, BIShAMELEY—
MIBEREICER LT, SHEHBRLMPER L 28%0
FEMBE LY — Mg, ERB(LLEABELE TS
h, BELEREUOMBERENERERL, EOEL
V) EDLDTHELBERICBVLTHEF LAY,

3) BRSOV bOARY 71 THEIT

2002 FEHCHREEOBHELE S — M EAVTA
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1 & L7258, #Witke 2B, BREERTH 05/ET
HY, ABBEESEOREHMIIFRHICHELCVELER
L7z (K 5),
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