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Abstract

Background: In our earlier genome-wide association study on Stevens-Johnson Syndrome (SJS) and its severe variant, toxic
epidermal necrolysis (TEN), we found that in Japanese patients with these severe ocular surface complications there was an
association with prostaglandin E receptor 3 (EP3) gene (PTGER3) polymorphlsms We also reported that EP3 is dominantly
expressed in the ocular surface-; especially the conjunctival epithelium, and suggested that EP3 in the con;unctlval
epithelium may down-regulate ocular surface inflammation. In the current study we investigated the expression of EP3
protein in the conjunctiva of patients with various ocular surface diseases such as SJS/TEN, chemlcal eye burns, Mooren’s
ulcers, and ocular cicatricial pemphigoid (OCP). e ,

- Methodology/Principal Findings: Conjunctival tissues were obtained from patients undergoing surgical reconstruction of
the ocular surface due to SJS/TEN, chemical eye burns, and OCP, and from patients with Mooren’s ulcers treated by
resection of the inflammatory conjunctiva. The controls were nearly normal human conjunctival tissues acquired at surgery
for conjunctivochalasis. We performed immunohistological analysis of the EP3 protein and evaluated the immunohisto-

- logical staining of EP3 protein in the conjunctival epithelium of patients with ocular surface diseases. EP3 was expressed in

- the conjunctival epithelium of patients with chemical eye burns and Mooren’s ulcer and in normal human conjunctival
: epnthel:um However |t was markedly down regulated in the conjunctxval eplthehum of SJS/T EN and OCP patlents

Canclus:ans. We pOSIt an assoc:atlon between the down regulatlon of EP3 in con;unctlval eplthehum and the pathogenesss
and pathology of SIS/TEN and OCP; and suggest a common mechanism(s) in the pathology of these diseases. The
examination of EP3 protein expresston in conjunc’caval epithelium may aid in the differential diagnosis of various ocular
surface dlseases
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Introduction

Prostanoids are comprised of prostaglandins (PGs) and throm-
boxanes (IXs). They are lipid mediators that form in response to
various stimuli and include PGDsy, PGEg, PGFo,, PGIy, and TXA,.
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. There are 8 types of
prostanoid receptors that are conserved in mammals from mouse to
human: the PGD receptor (DP), 4 subtypes of the PGE receptor
(EP1, EP2, EP3, and EP4), the PGF receptor (FP), the PGI receptor
(IP), and the TXA receptor (TP) [1].

Stevens-Johnson syndrome (SJS) and its severe variant, toxic
epidermal necrolysis (TEN) are acute inflammatory vesiculobul-
lous reactions of the skin and mucosa including the ocular surface
[2]. In our earlier genome-wide association study in Japanese SJS/
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TEN patients with severe ocular surface complications we found
associations with 6 single nucleotide polymorphisms (SNPs) in the
prostaglandin E receptor 3 (EP3) gene (PTGER3) and we
documented that compared with the controls, EP3 expression
was markedly reduced in the conjunctival epithelium of SJS/TEN
patients with severe ocular complications [3]. Others reported that
the PGEo-EP3 signaling pathway negatively regulates allergic
reactions in a murine allergic asthma model [4] and that it inhibits
keratinocyte activation and exerts anti-inflammatory actions in
mouse contact hypersensitivity [5]. We also showed that EP3 is
dominantly expressed in the ocular surface-, especially the
conjunctival epithelium, and that PGE, acts as a ligand for EP3
in the conjunctival epithelium and down-regulates the progression
of murine experimental allergic conjunctivitis [6]. In addition, we
reported that an EP3 agonist suppressed the production of CCL5,
CXCL10, CXCL11, and IL-6 in response to polyl:C stimulation
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Figure 1. Immunohistological analysis of prostaglandin E receptor subtype EP3 in the conjunctival epithelium of the controls and
SJS/TEN patients. A. Nearly normal conjunctival tissues from patients with conjunctivochalasis. B. Normal conjunctival tissue. C. Keratinized
conjunctival tissues of SJS/TEN patients in the chronic stage. D. Non-keratinized conjunctival tissues of SIS/TEN patients in the sub-acute stage. E.
Non-keratinized conjunctival tissues of SIS/TEN patients in the chronic stage. F. Visibly normal conjunctival tissue of an SJS/TEN patient with minor
ocular sequelae (dry eye). C-F. The 3™ lane shows the ocular surface of SJS/TEN patients. Each scale bar represents a length of 100 pm.

doi:10.1371/journal.pone.0025209.g001

of human conjunctival epithelial cells, suggesting that EP3 in the
conjunctival epithelium may down-regulate ocular surface inflam-
mation [7]. '

In the current study we investigated the expression of EP3
protein in the conjunctiva of patients with various ocular surface
diseases such as SJS/TEN, chemical eye burns, Mooren’s ulcers,
and ocular cicatricial pemphigoid (OCP).

@ PLoS ONE | www.plosone.org

Materials and Methods

Human conjunctival tissues

This study was approved by the Institutional Review Board of
Kyoto Prefectural University of Medicine, Kyoto, Japan. All
experiments were conducted in accordance with the principles set
forth in the Helsinki Declaration.
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Our immunohistochemistry controls were 3 nearly normal
human conjunctival tissues acquired at surgery for conjunctivo-
chalasis and one sample of normal conjunctival tissue acquired at
limbal dermoid resection. Conjunctival tissues were also obtained
from patients undergoing surgical reconstruction of the ocular
surface due to SJS/TEN (n=7), chemical eye burns (n = 3), OCP
(n=3), severe graft versus host disease (GVHD) (n=1), pseudo-
OCP (n=1) and pterygium (PTG) (n=1), from patients with
Mooren’s ulcers treated by resection of the inflammatory
conjunctiva (n=4), and from a patient with a giant papilla due
to allergic vernal conjunctivitis. One conjunctival tissue sample
was obtained from an SJS/TEN patient who did not require
ocular surface reconstruction because ocular sequelae were minor
(dry eye); this sample derived from additional unnecessary
conjunctiva harvested just after cataract surgery.

Immunohistochemistry

For EP3 staining we used rabbit polyclonal antibody to EP3
(Cayman Chemical Co., Ann Arbor, MI) [3,6]. We previously checked
and confirmed the EP3 specificity of this antibody using conjunctiva
from EP3KO mice [6]. Further confirmation was by immunoblot
analysis (Fig. S1). The secondary antibody (Biotin-SP-conjugated
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AffiniPure F(ab’), fragment donkey anti-rabbit IgG (H+L), 1:500
dilution; Jackson Immuno Research, Baltimore, MD) was applied for
30 min, then VECTASTAIN ABC reagent (Vector Laboratories, Inc.,
Burlingame, CA) was added for increased sensitivity with peroxidase
substrate solution (DAB substrate kit; Vector) as a chromogenic
substrate.

Evaluation of staining intensity using ImageJ software
and down-regulation score

We converted the multi-color pictures into black and white
pictures, and measured the gray value in the vertical line of the
conjunctival epithelium. Then we recorded the average gray value
on an intensity score from 5 to 16 (e.g. an average gray value of
100 was scored as 10). We also recorded the degree of down-

regulation where "-" = intensity score 12-16, "+" = intensity
score 811, and "++" = intensity score 5-7.
Results

As reported elsewhere [3], EP3 protein was detected in the
nearly normal conjunctival epithelium from patients with
conjunctivochalasis (Fig. 1A) and in the normal conjunctival

Figure 2. Immunohistological analysis of prostaglandin E receptor subtype EP3 in the conjunctival epithelium of patients with
chemical eye burn and active Mooren’s ulcer. A. Conjunctival tissues of patients with chemical eye burn requiring ocular surface reconstruction.
B. Inflammatory conjunctival tissues of patients with active Mooren'’s ulcer requiring resection of the inflammatory conjunctiva. The 3" lane shows
the ocular surface of patients. Each scale bar represents a length of 100 um.

doi:10.1371/journal.pone.0025209.9002
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epithelium sample (Fig. 1B), but not in keratinized conjunctival
epithelium from SJS/TEN patients in the chronic stage (Fig. 1C).
When we examined non-keratinized conjunctival epithelium from
SJS/TEN patients in the sub-acute- or chronic stage (Figs. 1D, 1E)
we found that EP3 was markedly down-regulated. Interestingly,
even in the conjunctival epithelium from the SJS/TEN patient
manifesting only dry eye, EP3 was greatly down-regulated (Fig. 1T).

Comparison with conjunctival tissues from patients with
chemical eye burn showed that although ocular surface findings
were similar, EP3 protein was detected in the conjunctival
epithelium of 3 patients with chemical eye burn as well as in
control conjunctival epithelium from conjunctivochalasis patients
(Fig. 2A). We also detected EP3 protein in conjunctival epithelium
from 4 patients with Mooren’s ulcer, however, it appeared to be
somewhat down-regulated (Fig. 2B).

Next we examined conjunctival tissues from 3 patients with
OCP; their ocular surface findings were very similar to those of
SJS/TEN patients. No EP3 protein was detected in conjunctival
epithelium from any of these patients (Fig. 3A), nor in conjunctival
epithelium from a GVHD patient with severe conjunctival
invasion to the cornea (Fig. 3B). When we assessed tissues from
patients with pterygium (Fig. 3C), or pseudo-OCP (Fig. 3D), we
detected EP3 protein in the conjunctival epithelium of pterygium
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patients as we did in the control conjunctival epithelium from a
patient with conjunctivochalasis. EP3 protein was also present in
conjunctival epithelium from patients with pseudo-OCP although
it appeared to be slightly down-regulated. We also found EP3
protein in the conjunctival epithelium of a patient with giant
papillae due to chronic allergic keratoconjunctivitis (Fig. 3E). In
Table 1 we show the scores obtained by our evaluation of the
staining intensity and degree of down-regulation for all samples.

We document that EP3 was expressed in conjunctival
epithelium of patients with chemical eye burns and Mooren’s
ulcer and in normal human conjunctival epithelium. It was
markedly down-regulated in the conjunctival epithelium of SJS/
TEN- and OCP patients. Although we had only one patient each
with severe GVHD, pterygium, pseudo-OCP, and chronic allergic
keratoconjunctivitis, study of these samples suggested that EP3 is
expressed in the conjunctival epithelium of patients with
pterygium, pseudo-OCP, and chronic allergic keratoconjunctivitis,
and that EP3 might be greatly down-regulated in the conjunctival
epithelium of patients with severe GVHD.

Regarding in conjunctival epithelium, the expression of EP3
protein in the SJS/TEN and OCP patients was markedly
decreased compared with normal conjunctiva. However, its
expression in sub-conjunctival tissues may be up-regulated in

EP3

Figure 3. Immunohistological analysis of prostaglandin E receptor subtype EP3 in the conjunctival epithelium of patients with OCP
(A), severe GVHD (B), pterygium (C), pseudo-OCP (D), and a giant papilla due to allergic vernal conjunctivitis (E). The 3™ lane shows
the ocular surface of patients. Each scale bar represents a length of 100 um.

doi:10.1371/journal.pone.0025209.g003
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Table 1. Staining-intensity score of conjunctival epithelium.

EP3 Expression and Ocular Surface Disorders

Picture Figure No Intensity score Down-regulation score

Disease

Figure 1 Al 14
A2 14
A3 14
B1 12
1 7 S+
2 7 ++
a3 6 +
ca 7 +
D1 5 +
'DZ 5 ++
E 5 ++
F 5 ++
Figure 2 Al 9 +
A2 16
A3 13
B1 12
B2 12
B3 14
B4 10 +
Figure 3 A1 6 ++
: A2 6 e
A3 6 ++
B 6 o
» C 13
D 10 + ‘
E 16

Nearly normal conjunctival tissues from conjunctival chalasis

Normal conjunctival tissues

Keratinized conjunétivai epithelium from SJS/TEN patients in the chronic stage

Non-keratinized conjunctival epithelium from SIS/TEN patients in the sub-acute stage

Non-keratinized conjunctival epithelium from SJS/TEN patients in the chronic stage
Conjunctival epithelium from an SJS/TEN patient manifesting only dry eye

Chemical eye burn

Mooren'’s ulcer

Ocular cicatricial pemphigoid (OCP)

GVHD with severe conjunctival invasion to the cornea

Pterygium

' Pseudo-OCP

Chronic allergic keratoconjunctivitis

doi:10.1371/journal.pone.0025209.t001

some instances because vascular endothelia expressing the EP3
protein could be increased due to the presence of inflammatory
infiltrating cells in sub-conjunctival tissues (Fig. S2).

Discussion

We previously reported that in Japanese SJS/TEN patients
there was a significant association between severe ocular surface
complications and prostaglandin E receptor 3 gene (PTGERS)
polymorphisms and that compared to the controls, EP3 expression
was greatly reduced in their conjunctival epithelium [3]. Here we
studied keratinized and non-keratinized conjunctival epithelia of
SJS/TEN patients and the conjunctival epithelium of an SJS/
TEN patient whose ocular sequelae were minor (dry eye). We
found that EP3 was markedly down-regulated not only in
keratinized- but also in non-keratinized conjunctival epithelia
and even in the normal conjunctiva of a patient in the chronic
stage of SJS whose only ocular sequela was dry eye. Our results
suggest that the strong down-regulation of EP3 in conjunctival
cpithelium of SJS/TEN patients is associated with the pathogen-
esis and pathology of the disease because PTGER3 (EP3)
polymorphisms are significantly associated with SJS/TEN.

Severe chemical eye burn results in conjunctival invasion into
the cornea due to a deficiency in corneal epithelial stem cells; this
leads to devastating ocular surface disorders similar to SJS/TEN.
However, EP3 was not down-regulated in the conjunctival

@ PLoS ONE | www.plosone.org

epithelium of patients with severe chemical eye burns, suggesting
that the pathology of the ocular surface changes was not associated
with EP3 expression.

In patients with Mooren’s ulcer the peripheral stroma is
destroyed first circumferentially then centrally, resulting in the
characteristic overhanging inner edge. This is an inflammatory
disease of the ocular surface that may require resection of the
inflammatory conjunctiva adjacent to the ulcer. We found that the
conjunctival epithelium of the inflammatory conjunctival tissues
adjacent to the ulcer clearly expressed EP3 protein, indicating that
other factors besides inflammation are required for a marked
down-regulation of EP3 expression.

OCP is a subset of mucous membrane pemphigoid. It is
characterized by the abnormal production of circulating autoan-
tibodies directed against various components of the basement
membrane zone and the generation of proinflammatory and
fibrogenic cytokines [8]. We found that, as in SJS/TEN patients,
EP3 was markedly down-regulated in the conjunctival epithelium
of OCP patients with conjunctival invasion to the cornea. As in
OCP patients, we failed to detect EP3 protein in the conjunctival
epithelium of a patient with severe GVHD with conjunctival
invasion to the cornea. This suggests that in a common
mechanism(s) may underlie the pathology of SJS/TEN and
OCP, especially in ocular surface epithelium such as the
conjunctival epithelium. EP3 expression has been reported in skin
and PGE; was produced abundantly during skin allergic
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inflammation [5], suggesting that there is no association between
decreased EP3 expression and the increased production of
cornified proteins in §JS/TEN and OCP.

We found that EP3 was clearly expressed in the conjunctival
cpithelium of our patients with pterygium, pseudo-OCP, and a
giant papilla of allergic vernal conjunctivitis. Interestingly, the
expression of EP3 in conjunctival epithelium from patients with
OCP and pseudo-OCP was different: EP3 was clearly present in
the patient with pseudo-OCP but not the patient with OCP. The
patient with pseudo-OCP had received long-term treatment with
eye drops for glaucoma; this resulted in a deficiency of corneal
epithelial stem cells and led to conjunctival invasion into the
cornea. This suggests that different mechanisms are involved in the
expression of EP3. We also detected EP3 in the conjunctival
epithelium of the patient with allergic vernal conjunctivitis.
Elsewhere we documented that PGE; acts as a ligand for EP3 in
the conjunctival epithelium and down-regulates the progression of
murine experimental allergic conjunctivitis [6]. Although EP3 may
down-regulate allergic reactions in patients with allergic conjunc-
tivitis, its loss may not be a causative factor.

In summary, EP3 is expressed not only in normal human
conjunctival epithelium but also in the conjunctival epithelium of
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patients with chemical eye burns and Mooren’s ulcer. On the
other hand, it is markedly down-regulated in the conjunctival
epithelium of SJS/TEN- and OCP patients.
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used is checked and confirmed the EP3 specificity of this
antibody using immunoblot analysis.
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Figure S2 EP3 expression in sub-conjunctival tissues in
a SJS/TEN patient in the chronic stage. In some instances
of SJS/TEN patients, vascular endothelia expressing the EP3
protein are found.
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Prostaglandin E, suppresses
polyinosine—polycytidylic acid (polyl:C)-stimulated
cytokine production via prostaglandin E, receptor (EP)
2 and 3 in human conjunctival epithelial cells

Mayumi Ueta,"? Toshiyuki Matsuoka,® Norihiko Yokoi,' Shigeru Kinoshita'

ABSTRACT

Background Prostaglandin (PG) E; is produced during
inflammatory responses and suppresses the production
of cytokines induced by lipopolysaccharide stimulation in
macrophages and dendritic cells. In this study, we
examined the expression of PGE; receptors in human
conjunctival epithelial cells and investigated whether
PGE, downregulates polyinosine—polycytidylic acid
(polyl:C)-induced cytokine production.

Methods ELISA and quantitative reverse transcription
(RT)-PCR were used to examine the effects of PGE, on
the polyl:C-induced cytokine expressions by primary
human conjunctival epithelial cells (PHCJEC). Reverse
transcription-PCR was performed to examine the mRNA
expression of the PGE, receptors EP1, -2, -3 and -4.
Results PGE; significantly attenuated the expressions of
chemokine (C-C) motif ligand {CCL) 5, chemokine (C-X-C
motif) ligand (CXCL) 10, CXCL11 and interleukin {IL) 6 in
PHCJECs. Human conjunctival epithelial cells exhibited
expression of EP2, -3 and -4, but not of EP1. EP2 agonist
significantly suppressed the polyl:C-induced the
expressions of CCLS, CXCL10 and CXCL11 but not of
IL-6. EP3 agonist significantly suppressed the
expressions of CCL5, CXCL10, CXCL11 and IL-6. On the
other hand, EP4 agonist failed to suppress the cytokine
production induced by polyl:C stimulation.

Conclusion Our results show that PGE, attenuated the
expression of CCL5, CXCL10 and CXCL11 via both EP2
and EP3, and that the expression of IL-6 was attenuated
only by EP3.

INTRODUCTION

Prostanoids are a group of lipid mediators that form
in response to various stimuli. They include pros-
taglandin (PG) D,, PGE,;, PGF,,, PGI; and throm-
boxane (TX) Ay. 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. There are
eight types of prostanoid receptors: the PGD
receptor (DP), four subtypes of the PGE receptor
(EP1, -2, -3 and -4), PGF recelptor (EP), PGI receptor
(IP) and TXA receptor (TP).

It have been reported that PGE, is produced
during inflammatory responses and suppresses the
production of cytokines and chemokines induced
by lipopolysaccharide (LPS) stimulation in macro-
phages” ® and dendritic cells. Regarding epithelial
cells, we have reported that human corneal
and conjunctival epithelial cells produce cytokines
such as interleukin (IL) 6, IL-8 and interferon

Br J Ophthalmol 2011;95:859—863. doi:10.1136/bjo.2010.199679
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(IEN)-B° © in response to stimulation by poly-
inosine—polycytidylic acid (polyl:C) but not LPS.

Polyl:C, a synthetic double-stranded (ds) RNA
that is mimicked with viral dsRNA, is the well-
known ligand of toll-like receptor (TLR) 3.” It has
been reported that polyl:C stimulation induces the
secretion of inflammatory cytokines such as IL-6,
IL-8, type I IEN such as IEN-f, interferon-inducible
proteins such as chemokine (C-X-C) motif ligand
(CXCL) 10 and 11, and allergy-related proteins such
as chemokine (C-C muotif) ligand (CCL) 5 and
thymic stromal lymphopoietin (TSLP) in human
ocular surface epithelium, both corneal and
conjunctival.® & ¥ Moreover, we previously
reported that not only TLR3, but also the cyto-
plasmic helicase proteins retinoic-acid-inducible
protein I (RIG-I) and melanoma-differentiation-
associated gene 5 (MDASJ) contribute to polyl:C-
inducible responses in conjunctival epithelium.'?

In this study, we examined the expression of
PGE; receptors, EP1, -2, -3 and -4, in human
conjunctival epithelial cells and investigated
whether PGE, downregulates polyl:C-induced
cytokine production.

MATERIALS AND METHODS

Human conjunctival epithelial cells

For stimulation assays by polyl:C using ELISA
and quantitative reverse transcription (RT)-PCR,
primary human conjunctival epithelial cells
(PHCGJEC) 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 purified dispase (Roche Diagnostic Ltd.,
Basel, Switzerland), and epithelial cells were
detached, collected, and cultured in low-calcium
defined keratinocyte-serum-free medium with
defined growth-promoting additives (Invitrogen,
Carlsbad, California, USA) 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. When we confirmed the
purity of the cells by immunohistochemical staining
of vimentin, which is a marker of fibroblasts,
vimentin-positive cells were scarcely found in the
cultured PHCJEC."® Each experiment was performed
using PHCJEC derived from a different donor.
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Table 1

Primer sets for EP1-4 and GAPDH

Gene

Primer
Sense, antisense, (accession no.)

Size (bp)

Annealing

EP1 (PTGERT)

EP2 (PTGERZ)

EP3 (PTGER3)

EP4 (PTGER4)

GAPDH

5'-GCGCGCTGGTGCTGCGTCTGTACACTGCGG-3'

5 -AGTGGCCGCTGCAGGGAGGTAGAGCTCCAG-3'

(NM_000955)
5'-CTTCAGCCTGGCCACGATGCTCATGCTCTT-3'
5 .CAGGAAGTTTGTGTTGCATCTTGTGTTCTT-3’
(NM_000956)

5 -CGTGTACCTGTCCAAGCAGCGTTGGGAGCA-3'
5 .CCGTGTGTGTCTTGCAGTGCTCAACTGATG-3'
(NM_198714)

5 -TCAACCATGCCTATTTCTACAGCCACTACG-3'
5'-AGGTCTCTGATATTCGCAAAGTCCTCAGTG-3'
(NM_000958)

5 -CCATCACCATCTTCCAGGAG-3'
5'-CCTGCTTCACCACCTICTTG-3'

723

683

622

956

575

60

60

58

66

60

(NM_002046)

For the examination of the expression in vivo human
conjunctival epithelium using RT-PCR, we obtained human
conjunctival epithelial cells from healthy volunteers by brush
cytology. A tiny brush (Cytobrush S; Medscand AM, Malmo,
Sweden) was used to scrape epithelial cells from the bulbar
conjunctiva.*

Reverse transcription-PCR

RT-PCR assay was carried out as previously described.” *® Briefly,
total RNA was isolated from human conjunctival epithelial cells
using the Qiagen RNeasy kit (Qiagen, Valencia, California, USA)
according to the manufacturer’s instructions. For the RT reac-
tion we used the SuperScript Preamplification kit (Invitrogen).
Amplification was with DNA polymerase (Takara, Shiga, Japan)
for 38 cycles at 94°C for 1 min, annealing for 1 min, and 72°C for
1 min on a commercial PCR machine (GeneAmp; PE Applied
Biosystems, Foster City, California, USA). The primers are listed
in table 1. RNA integrity was assessed by electrophoresis in

ELISA

We performed ELISA to confirm the protein productions. The
amounts of IL-6, CCL5, CXCL11 and CXCL10 released into the
culture supernatant fractions were determined by ELISA using
the Human CCL5, CXCL11, CXCL10 DuoSet (R&D Systems,
Inc., Minneapolis, Minnesota, USA) or the OptEIA IL-6 set (BD
Pharmingen, San Diego, California, USA) in accordance with the
manufacturer’s instructions.’® The minimum level of detection
of each in the ELISA was 16 pg/ml for CCL5, 8 pg/ml for
CXCL11, 31 pg/ml for CXCL10 and 5 pg/ml for IL-6.

Quantitative RT-PCR

Total RNA was isolated from PHCJECs using RNeasy Mini kit
(Qiagen, Valencia, California, USA) according to the manufac-
turer’s instructions. For the RT reaction, we used the Super-
Script Preamplification kit (Invitrogen). Quantitative RT-PCR
was performed using an ABI-prism 7700 (Applied Biosystems)
according to a previously described protocol’ ' and the
manufacturer’s instructions. The primers and probes were

ethidium bromide-stained 1.5% agarose gels. purchased from Applied Biosystems; assay ID: CCL5
Figure 1 (A) Suppression of the A (ngiml) CeLs (mgml) cxcr Ggml)  oxcLn (ng/ml) TL6
production of chemokine (C-C) motif 4 120 14 25

ligand (CCL) 5, chemokine (C-X-C motif) 100 promen 12 prems
ligand (CXCL) 10, CXCL11 and 3 1 0 10 w |20

interleukin (IL) 6 by prostaglandin (PG) 2 60 % 15

E,. Primary human conjunctival 40 a 1.0

epithelial cells (PHCJEC) were exposed 1 H 20 5 0.5 ﬂ
to 10 pg/ml polyinosine—polycytidylic 0 L I mi BN N

acid (polyl:C) and 100 ng/ml PGE; for © ¢ & oo & o & & o &
24 h. The production of CCL5, CXCL1O, ST Faldh FTFa &FFS
CXCL11 and IL-6 were measured using L L e L
ELISA. Data are representative of three B <eL

separate experiments and are given as ~ CCLS CXCL10o C 11 L6

the mean=+SEM from one experiment § 250 3000 2500 gg po
carried out in six wells per group. (B) "é 200 * l 5000 * I 2000 T‘i 50

Suppression of the mRNA expression of @ 150 1500 25

CCL5, CXCL10, CXCL11 and IL-6 by g 100 1000 1000 15

PGE,. PHCIEC were exposed to 10 = 50 500 10

pg/ml polyl:C and 100 pg/ml PGE, for et 0 0 0 g

6 h. The mRNA expressions of CCL5, 8 S - O o & O of = "
CXCL10, CXCL11 and IL-6 were g SM& ¢ & & & S & S ¢ ¢
examined by quantitative reverse ~ &) ng > o] T AR A & & Qf{@;'

transcription (RT)-PCR. The

quantification data were normalised to the expression of the housekeeping gene GAPDH. The y-axis shows the increase in specific mRNA over
unstimulated samples. Data are representative of three separate experiments and are given as the mean=SEM from one experiment carried out in four

wells per group. *p<0.05; ***p<0.0005.
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Figure 2 The mRNA expression of the prostaglandin (PG) E, receptors
EP2, -3 and -4. Reverse-transcription (RT)-PCR analyses of the
expression EP2-, ER3 and ER4-specific mRNA in in vivo human
conjunctival epithelium obtained by brush cytology. RT— indicates that
data were obtained without reverse transcription (controls).

(Hs00174575), CXCL10 (Hs00171042), CXCL11 (Hs00171138),
IL-6 (Hs00174181) and human GAPDH (Hs 4826317E). To
amplify cDNA, PCR was performed in a 25 ul total volume that
contained a 1 ul cDNA template in 2 X TagMan 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 15s and 60°C for
1 min. The results were analysed with sequence detection soft-
ware (Applied Biosystems). The quantification data were
normalised to the expression of the housekeeping gene GAPDH.

Selective agonists for EP2, -3 and -4

ONO-AE-259, a selective EP2 agonist, ONO-AE-248, a selective
EP3 agonist, and ONO-AE-329, a selective EP4 agonist, were
supplied by ONO Pharmaceutical Co., Ltd. (Osaka, Japan); the
ligand-binding specificities of the compounds for each PGE
receptor subtype have previously been described.®

Data analysis
Data were expressed as mean*SEM and evaluated by Student t
test using the Microsoft Excel software program.

RESULTS

PGE, downregulated the production of cytokines induced by
polyl:C stimulation

First we examined whether PGE; downregulated the production
of cytokines induced by polyl:C stimulation. Elsewhere we
reported that in PHCJEC many transcripts were significantly
upregulated upon polyl:C stimulation,” and in this study we
chose to examine cytokines that can be measured using ELISA.
Here we used ELISA to examine the effects of PGE; on the polyl:
C-induced production of IL-6, IL-8, CCL5, CXCL10 and CXCL11
by PHCJEC. PHCJEC were exposed to 10 pg/ml polyl:C and
100 pg/ml PGE; for 24 h (ELISA) or 6 h (quantitative RT-PCR).
We decided on the dose of PGE; according to our dose analysis
(supplemental figure 1). We found that it significantly attenu-
ated the production of CCL5, CXCL10, CXCL11 and IL-6
(figure 1A) but not of IL-8 (data not shown). Quantitative
RT-PCR assay confirmed that the mRNA expression of CCL5,
CXCL10, CXCL11 and IL-6 were significantly downregulated by
PGE, (figure 1B).

Figure 3 Effect of the prostaglandin (ng/ml) cCLs (ng/ml) ¢CXCL10 (ng/ml) ¢cxcL1  (g/ml) L6
(PG) E, receptors EP2, -3 and -4 on 1.0 10 1.0 1.0
polyl:C-induced cytokine production. * 1 *
Primary human conjunctival epithelial * l
cells (PHCJEC) were exposed to 0.5 5 0.5 0.5
10 pg/ml polyinosine—polycytidylic
acid (polyl:C) and 10 pg/ml EP2 agonist ﬂ m
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or 10 pg/ml EP4 agonist (AE329) for SN eS & L& S ¢ ¢ SR
24 h. The productions of chemokine & QQ\* Q&‘;’\ & & & Qc@,@ & & R & 9 Qo‘:'g?‘@
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(C-X-C motif) ligand (CXCL) 10, CXCL11 CCLs CXCL10 CXCL1 -6
and interleukin (IL)-6 were measured 4 160 .
using ELISA. Data are representative of 140 T’}“‘ i 2.0 ;1*
three separate experiments and are 3 -ﬁ» 12 10 7 15
given as the mean=SEM from one 2 80 10
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SO S & & S & & S & &
F L $ F & Ve Ty F I Mo e N e e
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Human conjunctival epithelial cells expressed EP2-, EP3- and
EP4-specific mRNA

We then performed RT-PCR to assay the mRNA expression of the
PGE; receptors EP1, -2, -8 and -4 in human conjunctival epithelial
cells. PCR products of expected lengths were obtained for EP2
(683 bp), EP3 (622 bp) and EP4 (956 bp) (figure 2), but not for EP1
(723 bp) (data not shown) from PHCJEC and in vivo human
conjunctival epithelial cells, suggesting that the human conjunc-
tival epithelium expresses EP2, -3 and -4 mRNA. To confirm the
specificity for the detection of EP2, -3 and -4 mRNA we isolated
and sequenced the PCR products. The obtained sequences were
identical to the human EP2, -3 and -4 cDNA sequences.

The agonists of EP2 and EP3, but not EP4, downregulated the
production of cytokines induced by polyl:C stimulation

Using the EP2 agonist ONO-AE259, the EP3 agonist ONO-
AE248 and the EP4 agonist ONO-AE329 we also examined
which PGE,; receptor(s) contributed to their polyl:C-induced
downregulation. PHCJEC were exposed to 10 pg/ml polyl:C and
10 pg/ml EP2 agonist, EP3 agonist or EP4 agonist for 24 h
(ELISA) or 6 h (quantitative RT-PCR). ELISA showed that the
EP2 agonist significantly suppressed the polyl:C-induced
production of CCL5, CXCL10 and CXCL11 but not of IL-6, and
that the EP3 agonist significantly suppressed the production of
CCL5, CXCL10, CXCL11 and IL-6. On the other hand, the EP4
agonist failed to suppress the cytokine production induced by
polyl:C stimulation (figure 3). Quantitative RT-PCR confirmed
that the EP2 agonist significantly downregulated the mRNA
expression of CCL5, CXCL10, and CXCL11 but not of IL-6, and
that the EP3 agonist significantly downregulated the mRNA
expression of all examined cytokines (supplemental figure 2).
Thus, our results show that PGE, attenuated the mRNA
expression and production of CCL5, CXCL10 and CXCL11 via
both EP2 and EP3, and that the IL-6 mRNA expression and
production of IL-6 was attenuated only by EP3.

DISCUSSION

Lipid mediators such as PGE; regulate immune and inflamma-
tory responses by modulating the production of cytokines and
chemokines.? In macrophages, PGE; suppresses the pro-inflam-
matory gene expression induced by LPS, including macrophage
inflammatory protein (MIP)-1a, MIP-18, CCL5, CXCL10 and
IL8.> We document here that in human conjunctival epithelial
cells PGE, modulates the expression of polyl:C-induced pro-
inflammatory genes. It exhibited a inhibitory effect on polyl.C-
induced CCL5-, CXCL10, CXCL11 and IL-6 mRNA and on
protein production in PHCJEC. PGE; exerts its biological actions
by binding to EP located primarily on the plasma membrane.
We confirmed the presence of the PGE; receptor subtypes EP2,
-3 and -4 in human conjunctival epithelial cells. Stimulation
with either EP2- or EP3-specific agonists had a suppressive effect
on polyl:C-induced CCL5, CXCL10 and CXCL11 production,
but only the EP3-specific agonists exerted a suppressive effect on
the production of IL-6.

Stimulation with PGE; exhibits immunosuppressive effects in
various cell types including macrophages and dendritic cells via
EP2 and/or EP427* This phenomenon is explicable by the
increased production of intracellular cAMP via the activation of
adenylcyclase.? ® While PGE; acts on EP2 and EP4 and activates
adenylcyclase, resulting in an increased in intracellular cAME, its
action on EP3 suppresses adenylcyclase, resulting in a decrease in
intracellular cAMP. In human conjunctival epithelial cells, both
EP2 and EP3 contribute to the immunosuppressive effect against
polyl:C stimulation; therefore, the suppressive effect cannot be
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explained by the increase in intracellular cAME, and the precise
molecular mechanisms underlying the immunosuppressive
effects of PGE; in epithelial cells remain to be elucidated.

Elsewhere we have reported that PGE; acts as a ligand for EP3
in conjunctival epithelial cells and that it downregulates the
progression of murine experimental allergic conjunctivitis.'”
We also reported that PGE, and an EP3 agonist suppress the
polyl:C-induced production of TSLP in human conjunctival
epithelial cells, suggesting that a PGE,—EP3 pathway is involved
in suppressing the development of allergic conjunctivitis via
the suppression of TSLP production'® and that the levels of
EP3 and EP4 are downregulated in the conjunctival epithelium
in the presence of ocular surface inflammatory diseases such
as Stevens—Johnson syndrome and ocular cicatricial pemphi-
goid."® ¥ Our current study showed that PGE; acts on EP2 or
EP3 and suppresses the expression and production of cytokines
induced by polyl:C.

In summary, our results suggest that PGE, and its receptors in
conjunctival epithelium contribute to the regulation of ocular
surface inflammation.

Acknowledgements We thank Chikako Endo for technical assistance.

Funding This work was supported in part by grants-in-aid for scientific research from
the Japanese Ministry of Health, Labour and Welfare and the Japanese Ministry of
Education, Culture, Sports, Science and Technology. and research grants from the
Kyoto Foundation for the Promotion of Medical Science, the Intramural Research Fund
of Kyoto Prefectural University of Medicine and the Shimizu Foundation.

Competing interests None to declare.
Patient consent Obtained.

Ethics approval This study was approved by the institutional review board at Kyoto
Prefectural University of Medicine, Kyoto, Japan. All experimental procedures were
conducted in accordance with the tenets of the Declaration of Helsinki.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES

1. Matsuoka T, Narumiya S. Prostaglandin receptor signaling in disease. Scientific
World Journal 2007;7:1328—47.

2. Takayama K, Garcia-Cardena G, Sukhova GK, et al. Prostaglandin E2 suppresses
chemokine production in human macrophages through the EP4 receptor. J Bio/ Chem
2002;277:44147—-54.

3. Xu XJ, Reichner JS, Mastrofrancesco B, et al. Prostaglandin EZ suppresses
lipopolysaccharide-stimulated {FN-beta production. J Immunol
2008;180:2125—31.

4.  Shiraishi H, Yoshida H, Saeki K, et al. Prostaglandin E2 is a major soluble factor
produced by stromal cells for preventing inflammatory cytokine production from
dendritic cells. /nt Immunol 2008;20:1219—29.

5. Ueta M, Hamuro J, Kiyono H, et al. Triggering of TLR3 by polyl: C in human corneal
epithelial cells to induce inflammatory cytokines. Biochem Biophys Res Commun
2005;331:285—94.

6. Ueta M, Kinoshita S. Innate immunity of the ocular surface. Brain Res Bull
2010;81:219—28.

7. Alexopoulou L, Holt AC, Medzhitov R, et al. Recognition of double-stranded
RNA and activation of NF-kappaB by Toll-like receptor 3. Nature
2001;413:732—8.

8. Ueta M, Kinoshita S. Ocular surface inflammation mediated by innate immunity. £ye
Contact Lens 2010,36:269—81.

9. Ueta M, Mizushima K, Yokoi N, et a/. Gene-expression analysis of polyl: C-stimulated
primary human conjunctival epithelial cells. Br J Ophthalmol 2010;94:1528—32.

10.  Kumar A, Zhang J, Yu FS. Toll-like receptor 3 agonist poly(l: C)-induced antiviral
response in human corneal epithelial cells. /mmunology 2006;117:11—21.

11, Li J, Shen J, Beuerman RW. Expression of toll-like receptors in human limbal and
conjunctival epithelial cells. Mo/ Vis 2007;13:813—22.

12.  Ueta M, Kawai T, Yokoi N, et al. Contribution of IPS-1 to polyl: C-induced cytokine
production in conjunctival epithelial cells. Biochem Biophys Res Commun
2011;404:418—23.

13.  Ueta M, Mizushima K, Yokoi N, et a/. Expression of the interleukin-4 receptor alpha
in human conjunctival epithelial cells. Br J Ophthalmol 2010;84:1239—43.

14.  Kojima K, Ueta M, Hamuro J, et a/. Human conjunctival epithelial cells express
functional Toll-like receptor 5. Br J Ophthalmol 2008;92:411—16.

15.  Ueta M, Sotozono C, Nakano M, et al. Association between prostaglandin E receptor
3 polymorphisms and Stevens—Johnson syndrome identified by means of a genome-
wide association study. J Allergy Clin Immunol 2010;126:1218—25.¢10.

Br J Ophthalmal 2011,95:859—863. doi:10.1136/bjo.2010.199679

..43_



Downloaded from bjo.bmj.com on November 17, 2011 - Published by group.bmj.com

16. Suzawa T, Miyaura C, Inada M, et al. The role of prostaglandin E receptor subtypes 18.  Ueta M, Matsuoka T, Yokoi N, et al. Prostaglandin E receptor subtype EP3

(EP1, EP2, EP3, and EP4) in bone resorption: an analysis using specific agonists for downregulates TSLP expression in human conjunctival epithelium. Br J Ophthalmol.
the respective EPs. Endocrinology 2000;141:1554—9. Published Online First: 29 September 2010. dei:10.1136/bjo.2010.188748.

17.  Ueta M, Matsuoka T, Narumiva S, et al. Prostaglandin E receptor subtype EP3 in 19.  Ueta M, Sotozono C, Yokoi N, et al. Prostaglandin E receptor 4 expression in human
conjunctival epithelium regulates late-phase reaction of experimental allergic conjunctival epithelium and its downregulation in devastating ocular surface
conjunctivitis. J Allergy Clin Immunol 2009;123:466—71. inflammatory disorders. Arch Ophthalmol 2010;128:1369—71.

Have confidence in your decision making.

§ nose may result in fibrosis and thinophyma.

et The best clinical decision support tool is
now available as an app for your iPhone.
Visit bestpractice.bmj.com/app

JestPractice

© e 0 60 0QO0CEEE
FROM THE BMJ EVIDENCE CENTRE

clinicians « medical students « nurses ¢ healthcare practitioners

Br J Ophthalmol 2011,95:859—883. doi:10.1136/bj0.2010.199679 863

_44_



RESEARCH LETTERS

Downregulation of Monocyte
Chemoattractant Protein 1 Expression
by Prostaglandin E. in Human Ocular

Svurface Epitheliom

Isewhere, we reported that in the tears and se-
E rum of patients with acute-stage Stevens-

Johnson syndrome or toxic epidermal necroly-
sis, the levels of interleukin 6 (IL-6), IL-8, and monocyte
chemoattractant protein 1 (MCP-1) were dramatically in-
creased.! We also reported that Stevens-Johnson syn-
drome or toxic epidermal necrolysis with severe ocular
complications was associated with polymorphism of the
prostaglandin E receptor 3 (EP;) gene (PTGER3).2

Prostanoids are a group of lipid mediators that form
in response to various stimuli. They include prostaglan-
din D, (PGD,), PGE,, PGF,,, PGI,, and thromboxane A,.
There are 4 subtypes of the PGE receptor: EPy, EP,, EP;,
and EP,. We previously reported that PGE, suppresses
polyinosine—polycytidylic acid {polyl:C)—stimulated cyto-
kine production via EP, and/or EP; in human ocular sur-
face epithelial cells.>* Polyl:C is a ligand of Toll-like re-
ceptor 3, which is strongly expressed in ocular surface
epithelium.” We found that PGE, suppresses the pro-
duction of IL-6, chemokine (C-X-C motif) ligand 10,
chemokine (C-X-C motif) ligand 11, and chemokine (C-C
motif) ligand 5 but not IL-8 by epithelial cells on the hu-
man ocular surface®; it remains to be determined whether
it also suppresses MCP-1 production. Monocyte che-
moattractant protein 1 plays a significant role in the re-
cruitment of monocytes and lymphocytes to the site of
cellular immune reactions. In this study, we investi-
gated whether PGE, downregulates polyl:C-induced
MCP-1 production.

All experiments were conducted in accordance with the
principles set forth in the Declaration of Helsinki. Enzyme-
linked immunosorbent assay and quantitative real-time poly-
merase chain reaction were performed with primary human
conjunctival epithelial cellsand immortalized human corneal-
limbal epithelial cells using previously described methods
(eAppendix, http://www.archophthalmol.com).?

First, we examined whether PGE, downregulated the
production and messenger RNA (mRNA) expression of
MCP-1 induced by polyl:C stimulation in human con-
junctival and corneal epithelial cells. We found that it
significantly attenuated the production of MCP-1 (Figure,
A). Quantitative real-time polymerase chain reaction con-
firmed that the mRNA expression of MCP-1 was signifi-
cantly downregulated by PGE, (Figure, A).

LETTERS

Next, we examined which PGE, receptor(s) contrib-
uted to the downregulation of polyl:C-induced MCP-1.
We used the EP; agonist ONO-AE-259, the EP; agonist
ONO-AE-248, and the EP, agonist ONO-AE-329. En-
zyme-linked immunosorbent assay showed that the EP,
and EP; agonists significantly suppressed the polyl:C-
induced production of MCP-1, while the EP, agonist did
not exert suppression (Figure, B). Quantitative real-
time polymerase chain reaction confirmed that the EP,
and EP; agonists significantly downregulated the mRNA
expression of MCP-1 (Figure, C). Thus, our results docu-
ment that PGE, attenuated the mRNA expression and pro-
duction of MCP-1 via both EP, and EP5.

In human macrophages, PGE, attenuated the
lipopolysaccharide-induced mRNA and protein
expression of chemokines including MCP-1 through
EP,.° On the other hand, we demonstrated that in
human ocular surface epithelial cells, PGE, attenuated
the polyl:C-induced mRNA and protein expression of
MCP-1 through EP, and EP; but not EP,. Our findings
suggest that EP, and EP; play important roles in the
regulation of inflammation in epithelial cells, while
EP, and EP, have important roles in immune cells
such as macrophages.

In the tears and serum of patients with acute-stage Ste-
vens-Johnson syndrome or toxic epidermal necrolysis,
the levels of IL-6, IL-8, and MCP-1 were dramatically in-
creased.’ Although IL-8 was not regulated by PGE,, IL-6
was regulated by PGE; via EP; in human ocular surface
epithelial cells.’ Herein, we demonstrated that MCP-1
could be regulated by PGE, via EP, and EP;. The regu-
lation of cytokine production by PGE, may be associ-
ated with the pathogenesis of Stevens-Johnson syn-
drome or toxic epidermal necrolysis with severe ocular
complications because it was associated with polymor-
phism of the EP; gene (PTGER3), one of the PGE recep-
tors (EPI, EPz, EP3, EP4>.2

In summary, our results show that MCP-1 produced
by human ocular surface epithelial cells could be down-
regulated by PGE; via EP, and EPs.
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Figure. Prostaglandin E, (PGE,) attenuated the messenger RNA (mRNA) expression and production of monocyte chemoattractant protein 1 via both prostaglandin

E receptor 2 (EP,) and EP5. A, Primary human conjunctival epithelial cells (PHCJE) a

nd human corneal-limbal epithelial cells (HCLE) were exposed to 10 pg/mL of

polyinosine—polycytidylic acid (polyl:C) and 100 pg/mL of PGE; for 24 hours (enzyme-linked immunosorbent assay) or 6 hours (quantitative real-time polymerase
chain reaction). GAPDH indicates glyceraldehyde-3-phosphate dehydrogenase. B and C, The PHCJE and HCLE were exposed to 10 pg/mL of polyl:C and 10 yg/mL

of the EP,, EP;, or EP, agonist for 24 hours (enzyme-linked immunosorbent assay)

(B) or 6 hours (guantitative real-time polymerase chain reaction) (C). Data are

representative of 3 separate experiments and are given as the mean (SEM) from 1 experiment carried out in 6 to 8 wells (enzyme-linked immunosorbent assay)

(B) or 4 to 6 wells (quantitative real-time polymerase chain reaction) (C) per group.
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Depth Profile Study of Abnormal Collagen
Orientation in Keratoconus Corneas

n a previous study,' we used femtosecond laser tech-

nology to cut ex vivo human corneas into anterior,

mid, and posterior sections, after which x-ray scatter
patterns were obtained at fine intervals over each speci-
men. Data analysis revealed the predominant orientation
of collagen at each sampling site, which was assembled to
show the variation in collagen orientation between cen-
tral and peripheral regions of the cornea and as a function
of tissue depth. We hypothesized that the predominantly
orthogonal arrangement of collagen (directed toward op-
posing sets of rectus muscles) in the mid and posterior
stroma may help to distribute strain in the cornea by al-
lowing it to withstand the pull of the extraocular muscles.
It was also suggested that the more isotropic arrangement
in the anterior stroma may play a role in tissue biomechan-
ics by resisting intraocular pressure while at the same time
maintaining corneal curvature. This article, in conjunc-
tion with our findings of abnormal collagen orientation in
full-thickness keratoconus corneas,* received a great deal
of interest from the scientific community and prompted
the following question: how does collagen orientation
change as a function of tissue depth when the anterior cur-
vature of the corneais abnormal, as in keratoconus? Herein,
we report findings from our investigation aimed at answer-
ing this question.

Methods. The Baron chamber used in our previous study’
was adapted to enable corneal buttons to be clamped in
place and inflated (by pumping physiological saline into
the posterior compartment) to restore their natural cur-
vature, A button diameter of 8 mm or larger was deemed
necessary to ensure tissue stability during this process.

The next step, obtaining fresh, full-thickness, kera-
toconus buttons of sufficient diameter, proved to be prob-
lematic owing to the increasing popularity of deep an-
terior lamellar keratoplasty. Recently, however, the

opportunity arose to examine an 8-mm full-thickness
(300-340 pm minus epithelium) keratoconus corneal but-
ton with some central scarring and a mean power greater
than 51.8 diopters (Figure 1). The tissue was obtained
in accordance with the tenets of the Declaration of Hel-
sinki and with full informed consent from a 31-year-old
patient at the time of penetrating keratoplasty. Using tech-
niques detailed previously,' the corneal button was
clamped in the chamber and inflated. The central 6.3-mm
region of the button was then flattened by the applana-
tion cone and a single cut was made at a depth of 150
pm from the surface using an Intralase 60-kHz femto-
second laser (Abbott Medical Optics Inc),! thus split-
ting the cornea into anterior and posterior sections of
roughly equal thickness. Wide-angle x-ray scattering pat-
terns were collected at 0.25-mm intervals over each cor-

sigydoiqg

Figure 1. Corneal topography of the keratoconus cornea (recorded 12 years
previously).® The broken lines show the 6.3-mm region of the cornea cut
with the femtosecond laser (circle) and the region of greatest corneal
steepening depicted in Figure 2 (rectangle).

Normal Keratoconus

Posterior
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Posterior
400-600 ym
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Figure 2. Collagen orientation in the normal (A) and keratoconus (B)
posterior stroma (central 6.3 mm). The highlighted regions of the posterior
(C and D) and anterior (E and F) stroma are expanded. Large vector plots
showing high collagen alignment are downsized (key).
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Prostaglandin E2 Suppresses Poly I:C-Stimulated Cytokine
Production Via EP2 and EP3 in Immortalized Human
Corneal Epithelial Cells

Mayumi Ueta, MD, PhD,*1 Toshiyuki Matsuoka, MD, PhD,} Chie Sotozono, MD, PhD,*
and Shigeru Kinoshita, MD, PhD*

Purpose: We previously reported that prostaglandin (PG) E, acts
as a ligand for prostaglandin E receptor 3 (EP3) in conjunctival
epithelial cells, that it downregulates the progression of experimen-
tal murine allergic conjunctivitis, and that in human conjunctival
epithelial cells it modulates the expression of polyl:C-induced
proinflammatory genes via prostaglandin E receptor 2 (EP2) and
EP3, suggesting that PGE, might have important roles in ocular
surface inflammation such as allergic conjunctivitis. Here, we
investigated whether PGE, also downregulates polyl:C-induced
cytokine production in human corneal epithelial cells.

Methods: We used enzyme-linked immunosorbent assay and
quantitative reverse transcription—polymerase chain reaction to exam-
ine the effects of PGE, on polyl:C-induced cytokine expression by
immortalized human corneal-limbal epithelial cells (HCLE). Using
reverse transcription—polymerase chain reaction, we examined the
messenger RNA (mRNA) expression of the PGE, receptor, EP1-4.

Results: PGE, significantly attenuated the expression of CC
chemokine ligand (CCL)5 (P < 0.0005), CCL20 (P < 0.0005),
C-X-C chemokine (CXCL)10 (P < 0.0005), CXCL11 (P < 0.05),
and interleukin (IL)-6 (P < 0.005) in human corneal-limbal epi-
thelial cells. Human corneal epithelial cells manifested the mRNA
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expression of EP2, EP3, and EP4, but not EP1. The EP2 agonist
significantly suppressed the polyl:C-induced expression of CCL5
(P <0.005), CXCL10 (P < 0.0005), and CXCL11 (P < 0.05) but
not of CCL20 and IL-6. The EP3 agonist significantly suppressed
the expression of CCL5 (P < 0.05), CCL20 (P < 0.005),
CXCL10 (P < 0.0005), CXCL11 (P < 0.0005), and IL-6 (P <
0.005). The EP4 agonist failed to suppress cytokine production
induced by polyl:C stimulation.

Conclusions: Our results show that in human corneal epithelial
cells, PGE, attenuated the mRNA expression and production of
CCL5, CXCL10, and CXCL11 via both EP2 and EP3, and that
the mRNA expression and production of CCL20 and IL-6 was
attenuated only by EP3.

Key Words: prostaglandin E, (PGE;), human comeal epithelial
cells, prostaglandin E receptor 3, prostaglandin E receptor 2

(Cornea 2012;31:1294-1298)

Prostanoids are a group of lipid mediators that form in
response to various stimuli. They include prostaglandin
(PG)D,, PGE,, PGF,,, PGL,, and thromboxane (TX)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. There are 8 types of
prostanoid receptors: the PGD receptor (DP), 4 subtypes of the
PGE receptor (EP1, EP2, EP3, and EP4), the PGF receptor
(FP), the PGI receptor (IP), and the TXA receptor (TP).!

PolyI:C, a synthetic double-stranded (ds)RNA, which
mimics viral dsRNA, is the well-known ligand of Toll-like
receptor 3.> We have reported that polyl:C stimulation indu-
ces the secretion of inflammatory cytokines such as interleu-
kin (IL)-6, IL-8, type I interferon (IFN) such as IFN-3, IFN-
inducible proteins such as C-X-C chemokine (CXCL)10 and
CXCL11, and allergy-related proteins such as CC chemokine
ligand (CCL)5 and thymic stromal lymphopoietin in human
ocular surface epithelium, both corneal and conjunctival.*>
Moreover, we also reported that not only Toll-like receptor 3,
but also cytoplasmic helicase proteins, RIG-I (retinoic acid—
inducible protein I) and MDAS5 (melanoma differentiation—
associated gene 5) contribute to polyl:C-inducible responses
in conjunctival epithelium.®

We previously reported that PGE, acts as a ligand for
EP3 in conjunctival epithelial cells, that it downregulates the

Cornea * Volume 31, Number 11, November 2012
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progression of experimental murine allergic conjunctivitis,’
and that in human conjunctival epithelial cells it modulates
the expression of polyl:C-induced proinflammatory genes via
not only EP3 but also EP2,® suggesting that PGE, might have
important roles in the ocular surface inflammation such as
allergic conjunctivitis.

PGE, was reported to be produced during inflammatory
responses and to suppress the production of cytokines and
chemokines induced by lipopolysaccharide (LPS) stimulation
in macrophages®'® and dendritic cells.! Elsewhere, we docu-
mented that human corneal and conjunctival epithelial cells
produce cytokines such as IL-6, IL-8, and IFN-B in response
to stimulation with polyl:C but not LPS.*'*'* In this study,
we examined the expression of the PGE, receptors, EP1, EP2,
EP3, and EP4, in human corneal epithelial cells and investi-
gated whether polyl:C-induced cytokine production is down-
regulated by PGE; in these cells.

MATERIALS AND METHODS

Human Corneal Epithelial Cells

This study was approved by the Institutional Review
Board of Kyoto Prefectural University of Medicine, Kyoto,
Japan. All experimental procedures were conducted in
accordance with the tenets set forth in the Declaration of
Helsinki.

For reverse transcription—polymerase chain reaction
(RT-PCR) assay, we obtained human comeal epithelial cells
from comeal grafts of patients who had undergone comeal trans-
plantation for bullous keratopathy. Immortalized human corneal-
limbal epithelial cells (HCLE), a gift from Dr Irene K. Gipson,
were cultured in low calcium—defined keratinocyte serum-free
medium (Invitrogen, Carlsbad, CA) with defined growth-
promoting additives that included insulin, epidermal and fibro-
blast growth factors, and 1% antibiotic—antimycotic solution.
The cells were used after reaching 80% confluence.’

Reverse Transcription-Polymerase
Chain Reaction

RT-PCR assay was as previously described.” Briefly,
total RNA was isolated from HCLE and human corneal
epithelium using the Qiagen RNeasy kit (Qiagen, Valencia,
CA) according to the manufacturer’s instructions. For the
RT reaction, we used the SuperScript Preamplification kit
(Invitrogen). Amplification was with DNA polymerase
(Takara, Shiga, Japan) for 38 cycles at 94°C for 1 minute,
annealing for 1 minute, and 72°C for 1 minute on a commer-
cial PCR machine (GeneAmp; PE Applied Biosystems). The
primers were as previously reported.” RNA integrity was
assessed by electrophoresis in ethidium bromide—stained
1.5% agarose gels. We performed 2 separate experiments.

Enzyme-Linked Immunosorbent Assay
Protein production was confirmed by enzyme-linked
immunosorbent assay (ELISA). The amount of IL-6, CCL5,

CCL20, CXCL11, and CXCLI10 released into the culture

© 2012 Lippincott Williams & Wilkins

supernatant was determined by ELISA using the human
CCL5, CCL20, CXCL11, CXCL10 DuoSet (R&D Systems
Inc, Minneapolis, MN) or the OptEIA IL-6 set (BD Pharmin-
gen, San Diego, CA).*"!*

We performed 3 separate experiments, each being
carried out in 6 wells per group.

Quantitative RT-PCR

Total RNA was isolated from HCLE using the RNeasy
Mini kit (Qiagen) according to the manufacturer’s instructions.
The RT reaction was with the SuperScript Preamplification kit
(Invitrogen). Quantitative RT-PCR was on an ABI-prism 7700
instrument (Applied Biosystems, Foster City, CA) using a pre-
viously described protocol.*”'* The primers and probes were
from Applied Biosystems [assay ID: CCL5 (Hs00174575),
CCL20 (Hs01011368), CXCL10 (Hs00171042), CXCL11
(Hs00171138), IL-6 (Hs00174131), and human GAPDH
(Hs 4326317E)]. For complementary DNA (cDNA) amplifica-
tion, we performed PCR in a 25 pl total volume that contained
a 1-ul cDNA template in 2x TaqMan universal PCR master
mix (Applied Biosystems) at 50°C for 2 minutes and 95°C for
10 minutes, followed by 40 cycles at 95°C for 15 seconds and
60°C for 1 minute. The results were analyzed with sequence
detection software (Applied Biosystems). The quantification
data were normalized to the expression of the housekeeping
gene GAPDH. We performed 3 separate experiments, each
being carried out in 6 wells per group.

Data Analysis

Data are expressed as the mean + SEM and were eval-
uated by Student ¢ test using the Microsoft Excel software
program.

RESULTS

PGE2 Downregulated the Production of
Cytokines Induced by Poly I:C Stimulation

Using HCLE and ELISA, we examined whether PGE,
downregulated the production of IL-6, IL-8, CCL5, CCL20,
CXCL10, and CXCLI11 induced by polyl:C stimulation
in human comeal epithelial cells. HCLE were exposed to
10 pg/mL polyl:C and 100 pg/mL PGE, for 24 hours
(ELISA) or 6 hours (quantitative RT-PCR). We found that
PGE, significantly attenuated the production of CCLS,
CCL20, CXCL10, CXCL11, and IL-6 (all, P < 0.0005)
(Fig. 1A). Quantitative RT-PCR assay confirmed that the
messenger RNA (mRNA) expression of CCLS5, CCL20,
CXCL10, CXCL11, and IL-6 (respectively, P < 0.0005,
P < 0.0005, P < 0.0005, P < 0.05 and P < 0.005) was
significantly downregulated by PGE, (Fig. 1B).

Human Corneal Epithelial Cells Expressed
EP2-, EP3-, and EP4-Specific mRNA

We then performed RT-PCR to assay the mRNA
expression of the PGE,; receptors, EP1, EP2, EP3, and EP4,
in human corneal epithelial cells. PCR products of expected
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lengths were obtained for EP2 (683 bp), EP3 (622 bp), and
EP4 (956 bp) (Fig. 2), but not for EP1 (723 bp) (data not
shown), from HCLE and in vivo human corneal epithelial
cells, suggesting that the human corneal epithelium expresses
EP2, EP3, and EP4 mRNAs. To confirm the specificity for the
detection of EP2-, EP3-, and EP4 mRNA, we isolated and
sequenced the PCR products. The obtained sequences were
identical to the human EP2-, EP3-, and EP4 cDNA sequen-
ces. Moreover, we could detect EP2, EP3 and EP4 proteins
using immunoblotting (see Figure, Supplemental Digital
Content 1, http://links.lww.com/ICO/A42).

Human corneal
HCLE

epithelium
RT + - + -
GAPDH
hEP2
hEP3
hEP4

FIGURE 2. mRNA expression of the PGE, receptors EP2, EP3,
and EP4. RT-PCR assay of the expression of PGE, receptor EP2,
EP3, and EP4-specific mRNA in HLCE and human corneal
epithelium. RT identifies data that were obtained without re-
verse transcription (controls).
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EP2 and EP3, but not EP4 Agonists
Downregulated the Production of Cytokines
Induced by Poly I:C Stimulation

Using the EP2, EP3, and EP4 agonists, ONO-AE-259,
ONO-AE-248, and ONO-AE-329, respectively, we also
examined which PGE, receptor(s) contributed to their polyl:C-
induced downregulation. HCLE were exposed to 10 wg/mL
polyl:C and 10 pg/mL of the EP2, EP3, or EP4 agonist for
24 hours (ELISA) or 6 hours (quantitative RT-PCR). ELISA
showed that the EP2 agonist significantly suppressed the polyl:
C-induced production of CCL5, CXCL10, and CXCL11 (all,
P < 0.0005) butnot of CCL20 and IL-6, and that the EP3 agonist
significantly suppressed the production of CCLS, CCL20,
CXCL10, CXCL11, and IL-6 (all, P < 0.0005). However, the
EP4 agonist failed to suppress the cytokine production induced
by polyl:C stimulation (Fig. 3). Quantitative RT-PCR confirmed
that the EP2 agonist significantly downregulated the mRNA
expression of CCLS, CXCL10, and CXCL11 (respectively, P
< 0.005, P < 0.0005 and P < 0.05), but not of CCL20 and IL-6,
and that the EP3 agonist significantly downregulated the mRNA
expression of all examined cytokines (CCLS5, P < 0.05; CCL20,
P < 0.005; CXCL10, P < 0.0005; CXCL11, P < 0.0005; and
IL-6, P < 0,005) (Fig. 4). Thus, our results show that PGE,
attenuated the mRNA expression and production of CCLS5,
CXCL10, and CXCLI11 via both EP2 and EP3, and that the
CCL20 and IL-6 mRNA expression and production were atten-
uated only by EP3 in human corneal epithelial cells.

DISCUSSION
Lipid mediators like PGE, regulate immune and infla-
mmatory responses by modulating the production of cyto-
kines and chemokines.!! In macrophages, PGE, suppressed
the proinflammatory gene expression induced by LPS,
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tors EP2, EP3, and EP4 on poly I
C-induced  cytokine  production.
HCLE were exposed to 10 pg/mL
poly I:C and 10 wg/mL EP2, EP3, or
EP4 agonist for 24 hours. Data are

44 bbbdibib

representative of 3 separate experi- 0 ﬂ

ments and are given as the mean * S
SEM from one experiment carried out & é“@*,@;ﬁ:;;&
in 6 wells per group (***P < 0.0005). <y

including macrophage inflammatory protein (MIP)-la,
MIP-1B3, CCL5, CXCL10, and IL-8.° Here we document
that PGE, modulates the expression and production of
polyl:C-induced proinflammatory genes in not only human
conjunctival epithelial cells but also corneal epithelial cells.
It exerted an inhibitory effect on polyl:C-induced CCLS,

CCL20, CXCL10, CXCL11, and IL-6 mRNAs (respec-
tively, P < 0.0005, P < 0.0005, P < 0.0005, P < 0.05
and P < 0.005) and on protein production in HCLE (all,
P < 0.0005). PGE, exerts its biological actions by binding
to EP located primarily on the plasma membrane. We con-
firmed the presence of the PGE, receptor subtypes, EP2,
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EP3, and EP4, in human corneal epithelial cells. Stimulation
with either EP2- or EP3-specific agonists had a suppressive
effect on polyl:C-induced CCLS, CXCL10, and CXCL11
production (both EP2- and EP3-specific agonists: all,
P < 0.0005) , but only the EP3-specific agonist had a sup-
pressive effect on the production of CCL20 and IL-6 (both,
P < 0.0005).

Stimulation with PGE, exhibits immunosuppressive
effects in various cell types including macrophages and
dendritic cells via EP2 and/or EP4.°~"! This phenomenon
is explicable by the elevation of intracellular cyclic aden-
osine monophosphate (cAMP) via the activation of
adenylcyclase.”'® Although PGE, acts on EP2 and EP4
and activates adenylcyclase, resulting in the elevation of
intracellular cAMP, its action on EP3 suppresses adenylcyclase,
resulting in a decrease in intracellular cAMP. In human con-
junctival and corneal epithelial cells, both EP2 and EP3 con-
tribute to the immunosuppressive effect against polyl:C
stimulation; therefore, the suppressive effect cannot be
explained by the elevation of intracellular cAMP. The precise
molecular mechanisms underlying the immunosuppressive
effects of PGE, in epithelial cells remain to be elucidated.

Release of PGE, is associated with ocular inflamma-
tion, but the exact role in inflammation has not been
identified, rather PGE, might have been considered as
inflammation-related molecules in the cornea. In this
study, it is evident that PGE; could contribute to suppress-
ing the production of various cytokines and chemokines in
the ocular surface. Elsewhere we reported that PGE, acts
as a ligand for EP3 in conjunctival epithelial cells and that
it downregulates the progression of murine experimental
allergic conjunctivitis,” suggesting the possibility of the
PGE, and EP3 selective agonists as antiinflammatory
drugs.

In summary, our results suggest that PGE, and its
receptors in ocular surface (conjunctival and corneal)
epithelium contribute to the regulation of ocular surface
inflammation.
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CASE REPORT

Atypical Continuous Keratitis in a Case of Rheumatoid
Arthritis Accompanying Severe Scleritis

Masayuki Hata, MD,*1 Takahiro Nakamura, MD, PhD,*t} Chie Sotozono, MD, PhD,*1}

-+

Kyoko Kumagai, MD,*} Shigeru Kinoshita, MD, PhD,} and Yasuo Kurimoto, MD, PhD*}

Purpose: Rheumatoid arthritis (RA) often presents with ocular
complications: typically dry eye, peripheral corneal ulcer, and
scleritis. We report for the first time a case of severe scleritis with
RA, accompanying atypical continuous keratitis, which apparently
differs from typical peripheral ulcerative keratitis (PUK).

Methods: Observational case report.

Results: A 68-year-old woman with RA presented at our hospital
complaining of worsening arthritis accompanying ocular injection
and discharge. On examination, nodular scleritis and peripheral
comneal infiltration were noted. In addition to administering topical
steroid and antibiotics, cyclosporine and an oral steroid were added
because of the patient’s worsening scleritis. Despite gradual
improvement of the scleritis, the efficacy of the additional treatments
was limited. Four months after initial treatment, the patient presented
with uveitis, thought to be caused by a herpetic virus. Antivirus
treatment was effective for the uveitis, but atypical continuous ker-
atitis suddenly appeared. The keratitis was located from 4-0’clock to
10-0’clock positions continuously in the midperipheral cornea and
apparently differed from herpetic keratitis or PUK as typically seen
in RA cases. Immune reaction was suspected, and the keratitis im-
proved within 2 weeks. After that, the introduction of an anti—tumor
necrosis factor « drug (infliximab) completely resolved the severe
scleritis and there was no recurrence of ocular inflammation.

Conclusion: As is shown in this case, RA can present with atypical
continuous keratitis, thought to be a manifestation of an immuno-
logic reaction other than PUK. In addition, although immunosup-
pressants are often used for the treatment of RA with scleritis,
the efficacy is limited. Infliximab may be a useful treatment for
treatment-resistant scleritis.

Key Words: rheumatoid arthritis, scleritis, peripheral ulcerative
keratitis, uvetis, infliximab
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heumatoid arthritis (RA) is a chronic progressive autoim-

mune disease characterized by a polyarticular synovitis.
RA often presents with ocular complications caused by
immunocomplex deposits: typically dry eye, peripheral ulcer-
ative keratitis (PUK), and scleritis. Moreover, RA causes
a wide variety of ocular lesions, including uveitis and corneal
impairment in the clinical course.’

Scleritis is one of the severe ocular manifestations of
RA and is associated with systemic inflammation.”* As com-
pared to patients with idiopathic scleritis, RA-associated
scleritis is sometimes resistant to treatments.* In addition,
RA presents with various corneal lesions associated with
the occurrence of scleritis.>® PUK is a severe inflammatory
disease that characteristically involves the peripheral cornea.
The clinical presentation of PUK is characteristically a non-
infiltrating ulcer at the periphery of the cornea that is often
contiguous with adjacent scleritis.”

Conventional treatment of RA consists of the adminis-
tration of systemic corticosteroids and immunosuppressants.
Methotrexate is widely used as the first-line treatment;
however, methotrexate monotherapy often fails to reduce or
eradicate the inflammation. A combination with other immu-
nosuppressants, such as cyclophosphamide, cyclosporine A,
and azathioprine, is often used to lower the disease activity.*®
In addition, surgical intervention by keratoepithelioplasty is
commonly chosen for treating the severe peripheral corneal
ulcer.” However, very little published data exist regarding
treatments for RA-related ocular inflammation resistant to
conventional treatments. Tumor necrosis factor o (TNF-a)
is an inflammatory cytokine, and agents blocking its action
have proven to be effective in treating RA. Reports are few,
but some case studies have reported the effective treatment of
severe scleritis.'%!!

In this present study, we report for the first time a case of
severe scleritis with RA accompanying atypical continuous
keratitis that apparently differs from typical PUK, which
ultimately was effectively treated by the use of an anti-TNF drug.

CASE REPORT

A 68-year-old woman was referred to our hospital presenting with
conjunctival injection and ocular discharge in her OD and worsening of
arthralgia. She had been diagnosed with RA over the previous 15 years
and had been treated with prednisolone (5 mg/d) and methotrexate
(6 mg/wk). Her best-corrected visual acuity was 20/32 OD and 20/20
OS. In her OD, nodular scleritis at the upper and lower sclera and
peripheral corneal infiltration at the 3-o’clock and 9-o’clock positions
were noted (Fig. 1). There were no inflammatory cells in the anterior
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