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Fig. 5. Cell proliferative response and cytokine production of lymphocytes from regional lymph nodes of hiRBP-immunized and OPN-siRNA-treated mice. A. [®H]-thymidine
incorporation by primed lymphocytes. Lymphocytes were obtained from B6 mice immunized with hiRBP and treated with OPN-siRNA (@) or control-siRNA {O). Lymphocytes were
incubated with indicated dose of hIRBP peptide and with [>H]-thymidine for the last 16 h B. IFN-y and TNF-a produced in the culture supernatant. C, IL-17, IL-2 and GM-CSF
produced in the culture supernatant. The results are presented as mean = standard deviation. Statistical significance is determined using two-tailed Student’s t-test (**, P < 0.01,

*, P < 0.05). Data are representative of two separate experiments with the similar result.

We also examined whether OPN-siRNA treatment could reverse
ongoing EAU. Mice were immunized by IRBP peptide at day
0 and treated with two injections of OPN-siRNA at day 7 and day 8
after EAU induction. At the 7-day time point, uveitogenic effector
cells had already been primed and could induce EAU (Agarwal et al,,
2000). As anticipated with this report, the reversal regimen was not
effective for amelioration of the ongoing disease (Fig. 4A and B).
These results suggested that the effects of OPN-siRNA were induced
by the blockade of upsurge of OPN following immunization and
thus preventing generation of primed T cells more than by inhib-
iting the effector function of induced T cells. However, the inef-
fectiveness of OPN blockade with siRNA after disease onset may not
ruin its application for ongoing diseases. This is because the
consecutive priming and generation of autoreactive T cells may take
place even in chronic diseases. Moreover, co-administration of anti-
OPN Ab may also compensate the effect of siRNA administration
after onset, which should be pursued in further investigation.

We then examined the antigen-specific proliferative responses
of lymphocytes upon ex vivo hIRBP peptide restimulation in the
preventive regimen. Proliferation of hIRBP peptide-primed cells

was slightly reduced by administration of OPN-siRNA in vivo. This
finding is partially compatible with the result with the anti-OPN
antibody (Kitamura et al., 2007). Notably, the production of IFN-y
and TNF-o. was significantly reduced in the culture supernatants of
the OPN-siRNA-treated group compared to that of the control
group. The suppressed production of IFN-y and TNF-a appeared to
be interpreted by the blockade of Thl cells, which led to the
amelioration of EAU, a Thl-mediated autoimmune model (Caspi
et al., 1988; Caspi, 2002; Schiffelers et al., 2005). IFN-y induces
macrophage activation and nitric oxide production, which leads to
destruction of retina in EAU (Hoey et al., 1997). TNF-a. provokes
inflammatory responses (Green and Flavell, 1999) and TNF p55
receptor deficient mice are resistant to EAU (Calder et al., 2005).
OPN has been recognized as a key player in the Th1-responses
for several reasons. First, the expression of OPN is mediated by
T-bet, which is indispensable for the polarization of Th1 immune
response (Shinohara et al.,, 2005). The secreted OPN further affects
the expression of IL-12 {(enhancement) and [L-10 (inhibition) that
favors Th1-deviation (Ashkar et al., 2000). Second, the specific form
of OPN, intracellular OPN, could induce IFN-o secretion from
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plasmacytoid dendritic cells (pDC) in the presence of CpG in TLR9-
MyD88- and IRF7-dependent manner (Shinohara et al., 2006). [FN-a
also favors Th1-deviation. Third, OPN, especially the NH,-terminal
fragment of OPN cleaved by thrombin, promotes adhesion and
migration of leukocytes and neutrophils and directly binds to agfs,
which interacts with vascular cell adhesion molecule-1 (VCAM-1)
in extravasation of neutrophils at sites of acute inflammation
(Taooka et al, 1999). Thus, the migration of inflammatory cells
might be blocked by the reduction of OPN content in the tissue.

It has been reported that OPN enhances survival of activated
T cells by inhibiting transcription factor Foxo3a, activating NF-«B,
and altering pro-apoptotic proteins (Hur et al, 2007). Thus, OPN
function seems to be superfluous and not only supports Thi-
deviation but also plays complex roles in immunological responses.
This finding may explain the various influences on the manifesta-
tion of autoimmune diseases observed in different disease models.

On the other hand, there were conflicting results that EAU
development was aggravated in IFN-y KO and IFN-y receptor KO
mice (Fukushima et al,, 2005; Hikita et al., 2006), which implied
that IFN-y might inhibit generation of pathogenic Th17 cells in EAU.

Recently, a new insight with Th17 cells has emerged for the
pathogenesis of EAU (Amadi-Obi et al., 2007). In the present study,
OPN-siRNA treatment suppressed not only Th1 cytokines but also
IL-17 production, which could also account for the amelioration of
EAU. These results suggest that OPN represents a good therapeutic
target to ameliorate uveoretinitis as shown in our previous (Kita-
mura et al., 2007) and present studies. From a clinical viewpoint,
OPN blockade seems to be not only potent but also beneficial for the
treatment of human uveoretinitis without serious side effect, an
obstacle of anti-TNF antibody therapy (Ohno et al,, 2004). Thus far,
no reports have demonstrated that OPN deficiency deteriorates
host defense in mice (Rittling et al., 1998; Sato et al., 2005).

To date, OPN blockade has been shown to ameliorate various
disease models in mice (Chabas et al., 2001; Jansson et al., 2002;
Yumoto et al, 2002; Yamamoto et al., 2003; Hikita et al.,, 2006;
Kitamura et al., 2007). Concordantly, OPN was elevated in human
counterparts, including pulmonary sarcoidosis (Maeda et al,, 2001),
rheumatoid arthritis (Ohshima et al,, 2002), and multiple sclerosis
(Comabella et al,, 2005). We thus presume that OPN blockade is also
effective in these diseases. It is important to develop a safe and
feasible technique for siRNA delivery to render the RNAI treatment
applicable to human patients, as the hydrodynamic method is rather
intense. Several novel techniques are being developed for the effi-
cient introduction and interference for siRNA especially for in vivo-
use (Liu et al, 1999; Howard and Kjems, 2007). The mechanistic
elucidation and technical excellence will drive the RNAi for the
treatment of immunological diseases with equal or better chance of
use than monoclonal antibodies targeted to various molecules
involved in disease development.
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Objectives. HLA-B51 is strongly associated with Behget's disease (BD) in any ethnic background. We recently reported that another gene,
Toll-like receptor-4 (TLA4) is also implicated in BD in a Japanese population. To confirm these results, we investigated polymorphisms in the
TLR4 gene in Korean patients with BD.

Methods. In this study, 119 patients with BD and 141 healthy controls were enrolled; every participant was a Korean. Nine single nucleotide
polymorphisms previously detected in TLR4 by direct sequencing were analysed for an association with BD.

Results. The most frequent haplotype, TAGCGGTAA, was significantly increased in HLA-B*51-positive BD patients (49.5%), compared with
healthy control participants [32.3%; P=0.029; odds ratio (OR) =2.01; 95% CI 1.25-3.23]. This haplotype was also significantly increased in
BD patients with arthritis (48.2%; P=0.003; OR =1.96; 95% CI 1.26-3.26). There were no significant differences in the allele and genotype
frequencies of patients and controls for each single nucleotide polymorphism.

Conclusions. The haplotype of TLR4 may increase the risk for developing BD and the complication of arthritis in the Korean population.

Key worps: Behget's disease, Toll-like receptor 4, Korea, Polymorphism.

Introduction

Behget’s disease (BD) is a refractory, multisystemic inflammatory
disorder characterized by oral aphthous ulcers, ocular lesions,
skin lesions and genital ulcers [1]. This disease is occasionally
associated with inflammation throughout the body including the
vascular system and joints [2]. In patients with BD, serum TNF
and IFN-y are significantly elevated [3, 4]. The strong association
of HLA-BS51 with BD was first described in 1973 and has
been confirmed in patients from many ethnic groups [5, 6].
Epidemiologically, BD is scattered throughout the world but a
higher prevalence has been found among Asian populations
along the Silk Route, stretching into the countries of the
Mediterranean region [6]. BD appears to be influenced by many
susceptible genes, including endogenous and exogenous elements,
because most HLA-B51-positive individuals do not suffer from
BD throughout their lives, and ~50% of the BD patients are
negative for HLA-B51 [6, 7]. These observations suggest that
there are other susceptible genes in addition to those that have
been reported, which include TNF-w, IFN-y, IL-1a, -18, -2, -8, -10
and -12 and CD28 [5, 8, 9].

The Toll-like receptor (TLR)4 gene on chromosome 9q32-33
spans ~13kb and contains three exons encoding a protein
consisting of 222-amino acid protein. The TLR proteins are a
family of phylogenetically conserved receptors that recognize
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both self and non-self molecular patterns and play an important
role in both the innate and adaptive immune systems [10-12].
Among TLR family members, TLR4 has been the most exhaus-
tively investigated; it has been shown to be a principal receptor
for lipopolysaccharide (LPS)-recognition. Single nucleotide
polymorphisms (SNPs) in TLR4 have been reported to be asso-
ciated with endotoxin hyporesponsiveness and Gram-negative
infections, and they affect the risk for various inflammatory
diseases, such as atherosclerosis, Crohn’s disease, ulcerative
colitis, RA and prostate cancer [13-20].

Recently, we reported that 7L R4 is significantly associated with
BD in Japanese patients [21]. To confirm the reproducibility
of this result, and to extend the investigation into the Korean
population, we explored the association of TLR4 with BD in
Korean patients using the same nine SNPs examined in the
Japanese study. The information on linkage disequilibrium (LD)
and haplotype structure defined by SNPs in a population is essen-
tial for the design of disease association studies. Genetic structure
constructed by LD patterns and haplotype structure may be
different among populations. Although differences in genetic
structure between Korean and Japanese populations remain
unclear, recent reports have presented strong genetic affinities
[22, 23]. In the context of genetic similarity between Koreans
and Japanese, we attempted to analyse disease susceptibility of
the TLR4 gene for BD in Korean patients and differences in the
haplotype structure in those SNPs examined.

Materials and methods
Participants

We recruited 119 Korean patients with BD from Seoul National
University Hospital, Seoul, Korea. All the patients fulfilled the
diagnostic criteria of the International Study Group for BD
(ISGBD) [24], and the definition of the clinical manifestations
followed the criteria by ISGBD [24]. Arthritis was defined as
any episode of joint pain not related to direct trauma that was
confirmed by a physician as the presence of either swelling or
tenderness or pain on motion of the involved joints. The healthy
blood donors were randomly recruited as healthy controls.
Informed consents were obtained from all of the individuals.
This study was approved by the ethical committee of Seoul
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University Hospital. The procedures used conformed to the tenets
of the Declaration of Helskinki.

Genotyping

DNA was prepared from peripheral blood specimens using the
QIAamp DNA Blood Mini Kit (Qiagen, Tokyo, Japan). Nine
previously described SNPs (rs10759930, 151927914, 151927911,
rs12377632, 152149356, rs11536889, rs1554973, 157037117 and
rs7045953) from the TLR4 region were examined [21]. Each
PCR product for the nine SNPs was amplified by standard PCR
reactions (Table 1).

After purification using ExoSAP-IT (USB Corporation,
Cleveland, OH, USA), the PCR products were sequenced with
Big Dye terminator v3.1 (Applied Biosystems, Foster City, CA,
USA) using either sense or anti-sense primers (Table 1). The
BigDye XTerminator Purification Kit was used to purify the
DNA from the sequencing reactions. The sequencing reactions
were analysed using an ABI3130 sequencer (Applied Biosystems).

Statistical analysis

Differences in genotype frequency differences between case and
control genotypes were assessed by using the x*-test and Fisher’s
exact test. The strength of LD between SNPs was quantified by
the standardized disequilibrium (D’) [25]. The maximum likeli-
hood estimates of haplotype frequencies were estimated by pairs
of unphased genotypes using the expectation-maximization (EM)
algorithms and P-values were corrected by using the 1000 permu-
tations test in Haploview software [26]. All P-values were derived
from a two-sided test, and those that were <0.05 were considered
to be statistically significant.

Taste 1. PCR primers, product sizes and sequence primers for TLR4
polymorphisms

Forward primer Product Sequence
SNP ID Reverse primer size (bp) primer
rs10759930 1 ATGGCACTATGTAGGCTGAT 295 Forward
ACCCTCTTTTATCCTTGGAC
rs1827914 2 GCTTTTAGGACAGTGTCTGG 251 Reverse
CTTTGACATGGAGGTTGTTT
rs1927911 3 GATGACACACAAATCCATGA 400 Forward
GGGAAAGTAGGCTAGAAAGC
rs12377632 4 AATCGATACCATCACTCAGG 473 Forward
GCCCTAATTCAGAATCTCCT
1$2149356 5 AAGCATGTAATAGCCTTGGA 419 Forward
TGTTCACTTCACCTCCTTTIT
rs11536889 6 CTCACTGCCAGGAGAACTAC 341 Reverse
GAAGAAGGGTTCCAATTICT
rs1554973 7 GGAGCTTCAAACAAAGGATA 330 Reverse
ACTCACCCATAAGGACAGTG
rs7037117 8 TGCAAATGCAGTTTTGTTAC 470 Forward
ATTCTTAAGCCAAGCATTTG
37045953 9 CCCCATTGAGTTATAGGTGA 196 Forward
TATTGGAGGCTCTGTCTCAT
SNP D 1 2 3
1
2
3
4
5
6
7
8
9

Results

The patient group included 61 males (51.3%) and 58 females
(48.7%). Oral aphthous ulcers were observed in all patients.
Genital ulcers, skin lesions, ocular lesions, deep vein thrombosis
and arthritis were observed in 77.3, 80.7, 37.8, 16.8 and 47.9% of
the patients, respectively. We found 39.5% of the patients to be
HLA-B*51 positive (Table 2).

The magnitude of LD between any two of the nine SNPs
showed an extremely high value among all SNPs, with pair-wise
LD valued at D’ >0.68 in controls and > 0.74 in cases (Fig. 1).
There was no significant difference between the allele or genotype
frequencies of the cases and controls. In our clinically stratified
analysis, we investigated the presence of some of the clinical
features, such as oral aphthous ulcers, genital ulcers, skin lesions,
ocular lesions, deep vein thrombosis and arthritis. None of these
clinical findings was significantly associated with the nine SNPs
(data not shown).

Table 3 shows haplotype frequencies of the patients with BD
and healthy controls. Only possible haplotypes were estimated
to have a frequency > 0.05 in both case and control groups
using an EM algorithm. The patients with BD were divided into
two groups, those with or those without HLA-B*51 and arthritis.
The healthy controls were also divided into with or without
HLA-B*51.

Table 4 summarizes the analysis of the haplotypes, com-
paring BD patients with controls. The most frequent haplotype,
TAGCGGTAA, was significantly increased in HLA-B*51-
positive patients compared with healthy controls [odds ratio
(OR)=2.01; 95% CI 1.25, 3.23; P=0.029]. This haplotype was
also increased in patients with BD complicated by arthritis when
compared with healthy controls (OR =1.96; 95% CI 1.26, 3.05;
P=10.0030) or BD patients without arthritis (OR=2.01; 95%
CI 1.19, 3.40; P=0.037) (Table 4).

Discussion

The TLR4 protein is expressed in a wide variety of human cells,
and acts as a receptor in the activation of the innate/adaptive
immune system in response to both endogenous and exogenous
ligands. This transmembrane signalling receptor is the primary

Taste 2. Clinica! features of the Korean patients with BD

Cases, n (%)

Sex
Maie 61
Female 58
Oral aphthous ulcers 119 (100)
Genital ulcers 92 (77.3)
Skin lesions 96 (80.7)
Ocular lesions 45 (37.8)
Deep vein thrombosis 20 (16.8)
Arthritis 57 (47.9)
HLA-B*51 47 (39.5)
Patients
5 6 7 8 9

Controls

Fia. 1. D'score for the nine SNPs studied across the TLA4 haplotype. Upper triangle, patient population; lower triangle, control population. A black cell means D’>0.8.
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TasLe 3. Haplotype frequencies for TLR4 in BD patients and healthy controls

Yukihiro Horie et al.

Controls
B*51(+) B*51(-) Arthritis(+) Arthritis(—) B*51(+) B*51(-)
Haplotype (%; n=119) (%; n=47) (%; n=72) (%; n=57) (%; n=62) (%; n=141) (%; n=28) (%; n=113)
Hap 1 TAGCGGTAA 39.7 48.5 35.4 48.2 322 32.3 30.4 335
Hap 2 TAGCGCTAA 22.4 13.3 26.4 20.2 241 26.1 2341 25.0
Hap 3 CGATTGTAA 1.7 58 13.2 9.6 13.7 13.8 12.56 15.0
Hap 4 CGATTGTGA 8.1 9.6 7.6 7.0 8.9 1.4 16.1 11.2
Hap 5 CGATTGCGG 8.0 9.5 6.9 7.9 8.0 7.8 8.9 7.2
B*51: HLA-B51.
TasLe 4. Analysis of the haplotypes in TLR4
Hap 1 Hap 2 Hap 3 Hap 4 Hap 5
OR (95% Cl); OR (95% Cl); OR (95% Cl); OR (95% Cl); OR (95% Cl);
P-value P-value P-value P-value P-value

BD vs Control

B*51(+) BD vs Control

B*51(—) BD vs Control

B*51(+) BD vs B*51(—) BD
B8*51(+) Contro! vs B*51(—) Control
B*51(+) BD vs B*51(+) Control
B*51(-) BD vs B*51(—) Control
Arthritis(+) BD vs Control

Arthritis(+) BD vs Arthritis(~) BD

1.35 (0.95, 1.94);
0.173

2.01 (1.25, 3.23);
0.029

1.08 {0.71, 1.67);
1

1.84 (1.08, 3.13);
0.228

0.87 (0.46, 1.64);
1

2.25 (1.12, 4.52);
0.071

1.06 (0.68, 1.65);
1

1.96 (1.26, 3.05);
0.003
2.01 (1.19, 3.40);

0.84 (0.56, 1.26),
1

0.46 (0.24, 0.88);
0.17

1.12 (0.71, 1.76);
1

0.41 (0.20, 0.83);
0.202

0.89 (0.45, 1.77);
1

0.51 (0.21, 1.20);
0.887

1.09 (0.68, 1.75);
1

0.73 (0.43, 1.25);
0.843

0.77 (0.41, 1.42);

0.75 (0.45, 1.25);
1

0.60 (0.28, 1.29);
0.744

0.86 (0.48, 1.55);
1

0.70 (0.30, 1.61);
1
1.04 (0.47, 2.30);
1

0.55 (0.21, 1.49);
0.945

0.82 (0.45, 1.50);
1

0.61 (0.30, 1.23);
0.764

0.67 (0.30, 1.51);

0.63 (0.35, 1.15);
0.763

0.77 (0.36, 1.68);
0.845

0.61 (0.30, 1.23);
0.817

1.28 (0.51, 3.21);
0.76

1.16 (0.47, 2.84);
0.76

0.74 (0.26, 2.11);
0.869

0.67 (0.32, 1.41);
1

0.55 (0.25, 1.23);
0.787

0.77 (0.30, 1.99);

1.13 (0.59, 2.18);
2).81 (0.31, 2.16);
8.98 (0.45, 2.16);
(1).83 (0.28, 2.43);
}‘39 (0.48, 4.01);
2).63 (0.18, 2.22);
3!.06 (0.46, 2.43);

1.13 (0.50, 2.57);
1

0.037 1

0.98 (0.38, 2.52);
1 1 1

P-values were corrected by 1000 permutation test. Significant P-values are in bold.

recognition molecule for LPS and HSP, both of which are
reported to trigger BD. HSPs, widely distributed in nature, are
highly immunogenic molecules. Human HSPs are expressed on
cell membranes in response to physiological stress and microbial
challenge. Recent reports have indicated that HSPs of micro-
organisms were frequently found in the oral flora and serum of
BD patients and they were considered to be implicated in
the development of BD through cross-reactive immunopatho-
logical responses [27-30]. Notably, the expression of HSPs is
up-regulated at lesions of BD and the serum level of HSPs is
significantly higher in BD patients than in controls [31-33].
Furthermore, HSPs stimulated y8T-cell responses from BD
patients but not in controls in vitro [31, 34]. TLR4 reportedly
recognizes and interacts with HSP and LPS, regarded as antigens
in BD. Recent studies have reported TLR4 polymorphisms and
the risk of various diseases including inflammatory diseases
[16, 18, 35]. It has been reported that two non-synonymous
TLR4 SNP sites, Asp299Gly (rs4986790) and Thr3991le
(rs4986791), are associated with an elevation of serum cytokines
in the Caucasian population [18]. However, no other studies have
detected these non-synonymous mutations in Asian populations,
including Koreans [36]. Thus, we investigated nine intronic
SNPs, the same SNPs described in our earlier work focused on
a Japanese population [21].

In the present study, we examined TLR4 because it was impli-
cated in that previous study as a candidate gene in Japanese
patients with BD [21]. It is widely accepted that HLA-B*51 affects
the development of BD, and the frequency of HLA-B*51 is much
higher in male patients, patients with ocular lesions and complete-
type BD patients [6]. The association of the nine SNPs with BD

could not be explained by any single SNP, but the data in this
study show that the frequency of the TAGCGGTAA haplotype is
significantly increased in HLA-B*5I-positive BD. TLR4 is located
on the long arm of chromosome 9, whereas HLA is on the short
arm of chromosome 6; thus, to elucidate the genetic influence of
HLA-B*51 on TLR4, we divided HLA-B*51-positive participants
from controls. Among healthy controls, there were no significant
differences between healthy participants with and without HLA-
B*51. In addition, there were no significant differences between
HLA-B*51-positive patients and controls. These results suggest
that the most frequently occurring haplotype, TAGCGGTAA,
may be influenced by HLA-B*5] and dependently associated
with HLA-B*51-positive BD patients.

The TLR4 gene has been well investigated in the context of RA
[18, 35, 37], and arthritis classified as one of the minor symptoms
of BD. In fact, 40% of the BD patients have the complication of
arthritis, and it is the most common minor symptom [38)]. In the
present study, we successfully examined 57 BD patients (47.9%)
with arthritis,. When we examined the haplotype frequencies for
BD patients with and without arthritis, the most frequently occur-
ring haplotype, TAGCGGTAA, which is associated with a higher
risk of BD, was significantly increased in patients with arthritis.
Although the pathogenesis of BD and RA is still unknown,
the arthritis in RA is chronic inflammation accompanied by con-
stitutional symptoms such as fever, fatigue, malaise, myalgia,
decreased appetite and weight loss. In most cases, RA is a chronic
progressive disease that can cause extensive joint damage and
deformity [39]. On the other hand, the arthritis in BD is usually
self-limiting and non-erosive [40]. Nevertheless, these two diseases
may share some genetic or immunological mechanisms.
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It has been reported that intronic SNPs play important roles in
disease development [41]. Other studies analysing complex traits
have indicated that haplotypes within the gene interact and have
a large effect on the observed phenotype, which could be
explained by SNPs [42, 43]. Our present results support the
hypothesis that the TLR4 haplotype, TAGCGGTAA, increases
the risk for BD, as well as the complication of arthritis.
Although there have been many reports of a negative association
of non-synonymous SNPs [Asp299Gly (rs4986790) and Thr3991le
(rs4986791)] with BD, a positive association has also been demon-
strated in an analysis of intronic SNPs similar to that undertaken
in the present study [35, 44, 45]. Our results are consistent with the
previous results showing that genetic contributions to inflamma-
tory diseases can be successfully detected by an analysis of intronic
SNPs among Asian populations. A recent report has suggested
that the TLR4 polymorphisms may only be maintained by evolu-
tionary pressure from infectious disease [46]. It is intriguing to
consider whether or not the function and the polymorphisms of
TLR4 can be changed alternatively against exogenous elements.
Analysis of TLR4 may be helpful in elucidating the aetiology of
BD along the historic Silk Road.

Previously, we reported a significant association at a single SNP
(rs70377117), especially in incomplete BD patients, but did not
show a significant haplotype link among Japanese patients [21].
However, we successfully found a significant difference of haplo-
type frequencies among Korean BD patients in the current work.
Thus, there is a small variation between the results of these two
studies, although our findings are, in general, in close agreement
with those for the Japanese population [21]. There are three
possible sources of bias that could distort these comparisons
between results. First, the Japanese investigation involved 200
patients and 102 controls, and there were 119 patients and 141
controls in the current work. Having an insufficient number of
samples may have resulted in the small variation between the two
studies. A larger sample size for each population would be needed
in follow-up studies. Secondly, in the present work, we used the
ISGBD criteria; however, the other study selected patients based
on the Japanese Committee’s Criteria. This use of different criteria
may have led to some minor differences in comparisons of the
haplotype frequencies. Finally, the nature of the populations
was different between the two reports: ocular features were seen
in only 37.8% of the particitants in this work, but 89.5% in
the Japanese paper. Also, the arthritis rate was 47.9% in the
present study, but only 35.5% in the other investigation {21]. All
samples in the current work were collected at the rheumatology
clinic, but patients were recruited in the ophthalmology clinic in
the Japanese population study. Different patient characteristics
may also have been a source of bias.

In conclusion, we have identified TLR4 as a susceptible gene for
HLA-B*51-positive BD and the complication of arthritis in
Koreans using a case—control study of SNPs. The present findings
are consistent with the interpretation that the immune response
against various exogenous and/or endogenous TLR4 ligands
plays an important role in the development of BD.

Rheumatology key message

e TLR4is a susceptible gene for HLA-B*51-positive BD and for the
complication of arthritis in Koreans.
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Purpose: Vogt-Koyanagi-Harada (VKH) disease is an autoimmune disorder against melanocytes. Polymorphisms of the
protein tyrosine phosphatase non-receptor 22 gene (PTPN22) have recently been reported to-be associated with
susceptibility to several autoimmune diseases. In this study, genetic susceptibility to VKH disease was investigated by
screening for single nucleotide polymorphisms (SNPs) of PTPN22.

Methods: A total of 167 Japanese patients with VKH disease and 188 healthy Japanese controls were genotyped by direct
sequencing methods for six SNPs (153811021, 151217413, rs1237682, rs3761935, 153789608, and rs224347 1) of PTPN22

including the uncoding exons.

Results: The six SNPs in PTPN22 showed no significant association with susceptibility to VKH disease or its ocular,

neurologic, or dermatological manifestation.

Conclusions: Further studies are needed to clarify the genetic mechanisms underlying VKH disease.

Vogt-Koyanagi-Harada (VKH) disease is one of the most
frequent forms of uveitis in Japan [1]. It is characterized as
bilateral panuveitis accompanied by neurologic and skin
lesions [2,3]. This disease is considered to be an autoimmune
disease against melanocytes [4,5]. Though the etiology of
VKH disease still remains unknown, genetic factors may play
an important role in susceptibility as indicated by an
established association between VKH disease and specific
human leukocyte antigen (HLA)-DRBI alleles [6,7].

The protein tyrosine phosphatase non-receptor 22 gene
(PTPN22) is located on chromosome 1p13.3-p13.1, and it
encodes the lymphoid-specific phosphatase (Lyp) that is
important in the negative control of T-cell activation and
development [8-10]. Recently, it was reported the single
nucleotide polymorphism (SNP), R620W (1s2476601), in
PTPN22 increased susceptibility to several autoimmune
diseases including rheumatoid arthritis (RA), systemic lupus
erythematosus (SLE), and insulin dependent diabetes mellitus
(IDDM) [11-15]. In the PTPN22 risk variant (rs2476601), this
substitution disrupts an interaction between Lyp and the
protein tyrosine kinase, Csk, and may translate biologically to
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a potential for ‘hyperreactive’ pathogenic T-cell responses
(8]

This R620W mutation was not observed in the Japanese
population [16,17]. Therefore, in this study, we analyzed six
SNPs, which belong to the same haplotype block as R620W
(rs2476601) in PTPN22. For the efficacy of the linkage
analysis, we chose six SNPs of which minor allele frequencies
were more than 15% from the database of Japanese Single
Nucleotide Polymorphisms [18,19].

METHODS

We recruited 167 VKH (72 males and 95 females) patients
and 188 healthy controls for this study. All patients and
contro! subjects were Japanese. Patients were diagnosed
according to the “Revised Diagnostic Criteria for VKH
Disease” [3] at the Uveitis Survey Clinic of the Hokkaido
University Hospital (Sapporo, Japan) and Yokohama City
University Hospital (Yokohama, Japan). All patients and
control subjects were informed of the study’s purpose, and
their consent obtained. The study was approved by the ethics
committee from each institute participating in this study.

DNA was prepared from peripheral blood specimens
using the QlAamp DNA Blood Mini Kit (Qiagen, Tokyo,
Japan). Six SNPs (153811021, rs1217413, 1s1237682,
rs3761935, rs3789608, and rs2243471) from the PTPN22
region were examined (Figure 1). Each of the six SNPs was
amplified by standard polymerase chain reactions (PCRs;
Table 1). After purification using ExoSAP-IT (USB
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Figure 1. PTPN22 structure with two transcript isoforms and six SNP. Six SNP variants with minor allele frequencies 15% from the database of
Japanese Single Nucleotide Polymorphisms. The black and white areas in the exons indicate the UTR and coding region, respectively.

TabLE 1. PCR PRIMERS FOR PTPN22 SNPs.

SNP position Primers Product size (bp) sequence primer

1$3811021 (SNP1) 114158186 F: TGGGTTGCAATACAAACTGCTC 600 Forward
R: TCAATTTGCCCTATTGGACTTC

rs1217413 (SNP2) 114159273 F: TTGCAGGTGTACTTGCAGCC 552 Forward
R: TTGAAGGATTTCTGGACCGAC

1$1237682 (SNP3) 114165627 F: AAGGAGGCACAGATTCCACAC 589 Forward
R: TGACCATGCCAATATACCAACTG

133761935 (SNP4) 114174051 F: AAAGTTTCCGGCATGTTTCC 595 Reverse
R: TGGTGATTGTCGGCTAAGATTG

153789608 (SNP5) 114199311 F: CATCATGGTCTGGCCAATTC 589 Forward
R: TGAGGTGGAGTTCTAACCACAAG

152243471 (SNP6) 114207525 F: GACAAGACTGAATTGTACGAGCG 577 Forward

R: CACCATCTCCAGCCTCTCAC

The position of the SNPs is cited from the NCBI database.

Corporation, Cleveland, OH), the PCR products were
sequenced with Big Dye Terminator v3.1 (Applied
Biosystems, Foster City, CA) using either sense or antisense
primers (Table 1). The BigDye XTerminator Purification Kit
(Applied Biosystems) was used to purify the DNA from
sequencing reactions. The sequencing reactions were
analyzed using an ABI3130 sequencer (Applied Biosystems).

Statistical analysis: For statistical analyses, the Hardy—
Weinberg equilibrium was tested for each SNP among the
control subjects. Genotype frequency differences between the
case and control genotypes were assessed by the y? test. The
calculation of linkage disequilibrium (LD) and pair-wise LD
(D’ value) between SNPs of the PTPN22 region and the
haplotypes was performed with Haploview software, version
3.32. The maximum likelihood estimates of haplotype
frequencies were estimated by pairs of unphased genotypes
using the expectation-maximization (EM) algorithms in the R
package ‘haplo.stats’ [20].

RESULTS

Allele frequencies for the six SNPs covering the gene were in
Hardy—Weinberg equilibrium in both the patients and
controls. The allelic frequency of each SNP in both groups
was nearly equal, and no association was detected when
compared independently (odds ratio, OR 1.14-1.35; Table 2).
Stratifying the patients by the presence of diffuse choroiditis,
sunset glow fundus, nummular chorioretinal depigmented
spots, neurologic auditory involvement, meningismus,

tinnitus, cerebrospinal fluid pleocytosis, or integumentary
findings also revealed no evidence of association in VKH
disease (data not shown). We calculated pairwise D’ values
for all SNP pairs in PTPN22 (Figure 2). The pairwise D’
values in the gene were nearly 1 among almost all SNP pairs,
indicating the SNPs were highly associated with each other
and the entire PTPN22 was contained within a single LD
block. Haplotype analysis predicted and revealed that
PTPN22 was not associated with VKH disease in this
Japanese cohort (data not shown).

DISCUSSION

In the present study, we analyzed polymorphisms of the new
candidate gene, PTPN22, in Japanese patients with VKH

Patients
SNP ID 1 2 3 4 5 6
‘

Controls

Figure 2. D' score for the six SNPs studied across the PTPN22
haplotype. Black cells indicate that D' is greater than 0.9. Upper:
patient population, lower: control population. The figure indicates
that the six SNPs were in all the same haplotype block.
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TABLE 2. GENOTYPE FREQUENCIES IN VKH PATIENTS AND CONTROLS,
SNP Allele VKH (n=168) Percentage Control (n=187) Percentage Odds ratio (95% CI) P

rs3811021 C/iC 2 12 9 4.8 0.24 (0.05-17.47) 0.05
T/C 56 335 67 358 0.90 (0.58-7.38) 0.65

T/T 109 65.3 111 59.4 1.29 (0.84-7.53) 0.25

C 60 85 0.75 (0.51-7.41) 0.12

rs1217413 AJA 26 16 36 19.4 0.79 (0.45-7.63) 0.41
A/G 71 4712 91 48.9 0.93 (0.61-7.43) 0.75

G/G 60 36.8 59 31.7 1.25 (0.80-7.56) 0.32

A 129 163 0.84 (0.62-7.25) 0.26

51237682 c/IC 26 15.5 33 18.4 0.83 (0.47-7.63) 0.53
T/C 79 47 89 49.7 0.94 (0.62-7.34) 0.77

/T 59 35.1 57 31.8 1.20 (0.77-7.53) 0.42

C 131 155 0.87 (0.64-7.24) 0.37

183761935 G/G 3 1.8 10 53 0.33 (0.09-12.76) 0.08
T/G 55 333 67 35.8 0.90 (0.58-7.39) 0.62

T/T 107 64.8 110 58.8 1.29 (0.84-7.54) 0.25

G 61 87 0.75 (0.52-7.41) 0.12

rs3789608 T 2 12 9 4.8 0.24 (0.05-17.57) 0.05
C/T 57 34.1 68 36.4 0.91 (0.59-7.38) 0.66

C/C 108 64.7 110 58.8 1.26 (0.82-7.50) 0.29

T 61 86 0.74 (0.51-7.41) 0.11

1$2243471 AJA 27 16.7 37 20.2 0.79 (0.46-7.62) 0.4
A/G 79 48.8 88 48.1 1.03 (0.67-7.36) 0.9

G/IG 56 34.6 58 317 1.14 (0.73-7.48) 0.57

A 133 162 0.88 (0.65-7.24) 0.39

The above table is the genotype and allele frequencies of the VKH patients and healthy controls. There are no differences between

patients and controls.

disease. The gene encodes an important negative regulator of
T cell activation [9]. An SNP of PTPN22, R620W
(rs2476601) was reported to be associated with several
autoimmune diseases such as RA, SLE, and IDDM [11,12,
14,15]. However, this SNP, which disrupts an interaction
between Lyp and the protein tyrosine kinase, Csk, does not
exist as a polymorphism in the Japanese population [9,10,
12]. Therefore, in this study, we examined six other SNPs to
evaluate the susceptibility locus of PTPN22. HLA-DRBI is a
common genetic factor in autoimmune diseases (RA and
IDDM). Therefore, there may be other common genetic
factors in VKH disease [21].

VKH disease is considered to be an autoimmune disease
against melanocytes [2-5]. In early studies, activated T
lymphocytes were elevated and attacked melanocytes of
ocular choroidal tissue in patients in the active phase of VKH
disease [22]. Antigen-specific T-cell assay revealed that
peptide fragments of the tyrosinase family proteins
(tyrosinase, tyrosinase related protein 1 and 2) proliferated in
T lymphocytes collected from VKH patients [4,5]. These
proteins are found in human melanocytes. These antigen-
specific T cell responses were detected in cells collected from
HLA-DRB1*04 positive VKH patients only but not from
HLA-DRBI*04 negative patients or HLA-DRBI*04 positive
healthy people [7,23]. In the Japanese population, 40% of
healthy people have HLA-DRBI1*04 {7]. However, people
having VKH disease represent only 0.01% of the Japanese
population [1,7,24,25]. In addition, some patients with VKH
disease are HLA-DRBI*04 negative [7]. Thus, it is believed

HLA-DRB1*04 is a major susceptible gene in VKH disease.
However, other minor genetic factors still remain unclear. To
find other susceptible genes, we studied the tyrosinase gene
(TYR), tyrosinase related protein 1 gene (TYRPI), tyrosinase
related protein 2 gene (TYRP2), and interferon (/FN-y), but
we could not find any association with these genes and VKH
disease [7,26]. Genetic influences of VKH were also
investigated in other countries, but the etiology of the disease
seems to be unresolved [27-29].

In this study, we found no association between PTPN22
and VKH disease in the individuals studied. Our results
suggest that further molecular genetic studies are needed to
detect novel genetic loci and predisposing genes and to
elucidate the true genetic mechanisms underlying VKH
disease.

ACKNOWLEDGMENTS
This work was supported by Grant-in-Aid for Scientific
Research (Category B, No. 19406028) from the Ministry of
Education, Culture, Science, Sports and Technology
(MEXT), Japan.

REFERENCES

1.  Goto H, Mochizuki M, Yamaki K, Kotake S, Usui M, Ohno S.
Epidemiological survey of intraocular inflammation in Japan.
Jpn J Ophthalmol 2007; 51:41-4. [PMID: 17295139]

2. Kitamura M, Takami K, Kitaichi N, Namba K, Kitamei H,
Kotake S, Ohno S. Comparative study of two sets of criteria
for the diagnosis of Vogt-Koyanagi-Harada's disease. Am J
Ophthalmol 2005; 139:1080-5. [PMID: 15953440]

1117

—124—



Molecular Vision 2009; 15:1115-1119 <http:/Avww.molvis.org/imolvis/v15/al 18>

3.

10.

11.

12.

13.

Read RW, Holland GN, Rao NA, Tabbara KF, Ohno S,
Arellanes-Garcia L, Pivetti-Pezzi P, Tessler HH, Usui M.
Revised diagnostic criteria for Vogt-Koyanagi-Harada
disease: report of an international committee on
nomenclature. Am J Ophthalmol 2001; 131:647-52. [PMID:
11336942}

Yamaki K, Gocho K, Hayakawa K, Kondo I, Sakuragi S.
Tyrosinase family proteins are antigens specific to Vogt-
Koyanagi-Harada disease. J Immunol 2000; 165:7323-9.
[PMID: 11120868}

Yamaki K, Takiyama N, Itho N, Mizuki N, Seiya M, Sinsuke
W, Hayakawa K, Kotani T. Experimentally induced Vogt-
Koyanagi-Harada disease in two Akita dogs. Exp Eye Res
2005; 80:273-80. [PMID: 15670805]

Islam SM, Numaga J, Fujino Y, Hirata R, Matsuki K, Maeda
H, Masuda K. HLA class II genes in Vogt-Koyanagi-Harada
disease. Invest Ophthalmol Vis Sci 1994; 35:3890-6. [PMID:
7928186]

Horie Y, Takemoto Y, Miyazaki A, Namba K, Kase S, Yoshida
K, Ota M, Hasumi Y, Inoko H, Mizuki N, Ohno S. Tyrosinase
gene family and Vogt-Koyanagi-Harada disease in Japanese
patients. Mol Vis 2006; 12:1601-5. [PMID: 17200659]

Bottini N, Musumeci L, Alonso A, Rahmouni S, Nika K,
Rostamkhani M, MacMurray J, Meloni GF, Lucarelli P,
Pellecchia M, Eisenbarth GS, Comings D, Mustelin T. A
functional variant of lymphoid tyrosine phosphatase is
associated with type I diabetes. Nat Genet 2004; 36:337-8.
[PMID: 15004560]

Siminovitch KA. PTPN22 and autoimmune disease. Nat Genet
2004; 36:1248-9. [PMID: 15565104]

Gregersen PK. Gaining insight into PTPN22 and autoimmunity.
Nat Genet 2005; 37:1300-2. [PMID: 16314859}

Begovich AB, Carlton VE, Honigberg LA, Schrodi SJ,
Chokkalingam AP, Alexander HC, Ardlie KG, Huang Q,
Smith AM, Spoerke JM, Conn MT, Chang M, Chang SY,
Saiki RK, Catanese JJ, Leong DU, Garcia VE, McAllister LB,
Jeffery DA, Lee AT, Batliwalla F, Remmers E, Criswell LA,
Seldin MF, Kastner DL, Amos CI, Sninsky JJ, Gregersen PK.
A missense single-nucleotide polymorphism in a gene
encoding a protein tyrosine phosphatase (PTPN22) is
associated with rheumatoid arthritis. Am J Hum Genet 2004;
75:330-7. [PMID: 15208781}

Kyogoku C, Langefeld CD, Ortmann WA, Lee A, Selby S,
Carlton VE, Chang M, Ramos P, Baechler EC, Batliwalla FM,
Novitzke J, Williams AH, Gillett C, Rodine P, Graham RR,
Ardlie KG, Gaffney PM, Moser KL, Petri M, Begovich AB,
Gregersen PK, Behrens TW. Genetic association of the
R620W polymorphism of protein tyrosine phosphatase
PTPN22 with human SLE. Am J Hum Genet 2004;
75:504-7. [PMID: 15273934]

Michou L, Lasbleiz S, Rat AC, Migliorini P, Balsa A,
Westhovens R, Barrera P, Alves H, Pierlot C, Glikmans E,
Garnier S, Dausset J, Vaz C, Fernandes M, Petit-Teixeira E,
Lemaire 1, Pascual-Salcedo D, Bombardieri S, Dequeker J,
Radstake TR, Van Riel P, van de Putte L, Lopes-Vaz A, Prum
B, Bardin T, Dieude P, Cornelis F. Linkage proof for PTPN22,
a rheumatoid arthritis susceptibility gene and a human
autoimmunity gene. Proc Natl Acad Sci USA 2007
104:1649-54. [PMID: 17237219]

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

1118

—125—

© 2009 Molecular Vision

Criswell LA, Pfeiffer KA, Lum RF, Gonzales B, Novitzke J,
Kern M, Moser KL, Begovich AB, Carlton VE, Li W, Lee
AT, Ortmann W, Behrens TW, Gregersen PK. Analysis of
families in the multiple autoimmune disease genetics
consortium (MADGC) collection: the PTPN22 620W allele
associates with multiple autoimmune phenotypes. Am J Hum
Genet 2005; 76:561-71. [PMID: 15719322]

Wu H, Cantor RM, Graham DS, Lingren CM, Farwell L, Jager
PL, Bottini N, Grossman JM, Wallace DJ, Hahn BH, Julkunen
H, Hebert LA, Rovin BH, Birmingham DJ, Rioux JD, Yu CY,
Kere J, Vyse TJ, Tsao BP. Association analysis of the R620W
polymorphism of protein tyrosine phosphatase PTPN22 in
systemic lupus erythematosus families: increased T allele
frequency in systemic lupus erythematosus patients with
autoimmune thyroid disease. Arthritis Rheum 2005;
52:2396-402. [PMID: 16052563}

Ichimura M, Kaku H, Fukutani T, Koga H, Mukai T, Miyake I,
Yamada K, Koda Y, Hiromatsu Y. Associations of protein
tyrosine phosphatase nonreceptor 22 (PTPN22) gene
polymorphisms with susceptibility to Graves' disease in a
Japanese population. Thyroid 2008; 18:625-30. [PMID:
18578611]

Ikari K, Momohara S, Inoue E, Tomatsu T, Hara M, Yamanaka
H, Kamatani N. Haplotype analysis revealed no association
between the PTPN22 gene and RA in a Japanese population.
Rheumatology (Oxford) 2006; 45:1345-8. [PMID:
16690758]

Hirakawa M, Tanaka T, Hashimoto Y, Kuroda M, Takagi T,
Nakamura Y. JSNP: a database of common gene variations
in the Japanese population. Nucleic Acids Res 2002;
30:158-62. [PMID: 11752280]

Haga H, Yamada R, Ohnishi Y, Nakamura Y, Tanaka T. Gene-
based SNP discovery as part of the Japanese Millennium
Genome Project: identification of 190,562 genetic variations
in the human genome. Single-nucleotide polymorphism. J
Hum Genet 2002; 47:605-10. [PMID: 12436197]

Schaid DJ, Rowland CM, Tines DE, Jacobson RM, Poland GA.
Score tests for association between traits and haplotypes when
linkage phase is ambiguous. Am J Hum Genet 2002;
70:425-34. [PMID: 11791212}

Stastny P. Association of the B-cell alloantigen DRw4 with
rheumatoid arthritis. N EnglJ Med 1978;298:869-71. [PMID:
147420]

Moorthy RS, Inomata H, Rao NA. Vogt-Koyanagi-Harada
syndrome. Surv Ophthalmol 1995; 39:265-92. [PMID:
7725227)

Shindo Y, Inoko H, Yamamoto T, Ohno S. HLA-DRB1 typing
of Vogt-Koyanagi-Harada's disease by PCR-RFLP and the
strong association with DRB1*0405 and DRB1*0410. Br J
Ophthalmol 1994; 78:223-6. [PMID: 7908535]

Ohno S, Nakamura S, Hori S, Shimakawa M, Kawashima H,
Mochizuki M, Sugita S, Ueno S, Yoshizaki K, Inaba G.
Efficacy, safety, and pharmacokinetics of multiple
administration of infliximab in Behcet's disease with
refractory uveoretinitis. J Rheumatol 2004; 31:1362-8.
[PMID: 15229958]

Saito S, Ota S, Yamada E, Inoko H, Ota M. Allele frequencies
and haplotypic associations defined by allelic DNA typing at
HLA class I and class II loci in the Japanese population.
Tissue Antigens 2000; 56:522-9. [PMID: 11169242]



Molecular Vision 2009; 15:1115-1119 <http:/www.molvis.org/molvis/v15/al 18>

26. HorieY, Kitaichi N, Takemoto Y, Namba K, Yoshida K, Hirose
S, Hasumi Y, Ota M, Inoko H, Mizuki N, Ohno S.
Polymorphism of IFN-gamma gene and Vogt-Koyanagi-
Harada disease. Mol Vis 2007; 13:2334-8. [PMID:
18199975]

27. Du L, Yang P, Hou S, Lin X, Zhou H, Huang X, Wang L,
Kijlstra A. Association of the CTLA-4 gene with Vogt-
Koyanagi-Harada syndrome. Clin Immunol 2008; 127:43-8.
[PMID: 18282809]

© 2009 Molecular Vision

28. Hou§, Yang P, Du L, Zhou H, Lin X, Liu X, Kijlstra A. Small
ubiquitin-like modifier 4 (SUMO4) polymorphisms and
Vogt-Koyanagi-Harada (VKH) syndrome in the Chinese Han
population. Mol Vis 2008; 14:2597-603. [PMID: 19122825}

29. Meng Q, Liu X, Yang P, Hou S, Du L, Zhou H, Kijlstra A.
PDCD1 genes may protect against extraocular manifestations
in Chinese Han patients with Vogt-Koyanagi-Harada
syndrome. Mol Vis 2009; 15:386-92. [PMID: 19234630]

The print version of this article was created on 29 May 2009. This reflects all typographical corrections and errata to the article
through that date. Details of any changes may be found in the online version of the article.

1119

—126—



—  AcTa OprHTHALMOLOGICA 2009

Clinical features of intraocular
inflammation in Hokkaido,
Japan

Hirokuni Kitamei, Nobuyoshi Kitaichi, Kenichi Namba, Satoshi
Kotake, Chiho Goda, Mizuki Kitamura, Akiko Miyazaki and
Shigeaki Ohno

Department of Ophthalmology and Visual Sciences, Hokkaido University Graduate
School of Medicine, Sapporo, Japan

ABSTRACT.

Purpose: We aimed to investigate the clinical features of intraocular inflam-
mation/uveitis in Hokkaido, Japan.

Methods: We retrospectively reviewed the medical records of 1240 uveitis
patients (511 men, 729 women) who visited Hokkaido University Hospital,
Sapporo, Japan between 1994 and 2003.

Results: Mean age at disease onset was 41.7 + 17.8 years in men and
45.7 + 18.3 years in women. Anterior, posterior and combined anterior and
posterior segment intraocular inflammation accounted for 45.1%, 4.7%
and 50.2% of cases, respectively. Sarcoidosis was the most frequent aetiology
(14.9%), followed by Vogt-Koyanagi-Harada (VKH) disease (9.7%) and
Behget’s disease (6.7%). Aetiologies in 49.8% patients were unknown. In sar-
coidosis, women represented 72.4% of patients, and disease onset occurred at
35.1 £ 19.0 years of age in men and 50.3 = 16.5 years in women. In VKH
disease, 54.2% of patients were women, and disease onset took place at
45.9 £ 15.8 years in men and 46.4 + 14.1 years in women. In Behget’s dis-
ease, men accounted for 56.6% of patients, and disease onset occurred at
35.5 + 8.5 years in men and 44.5 + 11.5 years in women.

Conclusions: Women were more prone to developing sarcoidosis compared
with men. By contrast, men were more prone to developing Behget’s disease.
The mean age at disease onset in both sarcoidosis and Behget’s disease was
significantly lower in men than in women,

Key words: Behget’s disease — intraocular inflammation — sarcoidosis — uveitis — Vogt-Koyanagi-
Harada disease
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responses play key roles. Intraocular
inflammation often leads to visual fail-
ure or visual loss. The main cause of
visual loss in intraocular inflammation

Introduction

Upveitis, or intraocular inflammation,
includes several clinical entities in

— 424

which innate and acquired immune

is generally cystoid macular oedema,

although blindness resulting from
intraocular inflammation can be
caused by several processes, including
macular oedema, macular degenera-
tion, retinal detachment, choroidal
atrophy and optic atrophy (Rothova
et al. 1996). In developed countries,
intraocular inflammation surveys of
patient populations have shown that
patterns of prevalence change over
time. The prevalence of intraocular
inflammation from all causes is
around 40/100 000, with an incidence
of around 15/100 000 population
(Baarsma 1992). Intraocular inflamma-
tion affects all age groups, but occurs
with greater frequency in the 20—40-
year-old age group, which means the
disease can have considerable socio-
economic impact (Suttorp-Schulten &
Rothova 1996). The aetiological char-
acteristics of intraocular inflammation
vary with age and sex and, further-
more, frequencies differ around the
world. Genetic and racial factors
may play a significant part in the
distribution of specific entities, such
as Vogt—Koyanagi-Harada disease
(VKH disease), Behget’s disease,
HLA (human leucocyte antigen)-B27-
associated uveitis, HTLV-1 (human
T-cell leukaemia/lymphoma virus)-
associated uveitis (HAU) and bird-
shot retinochoroidopathy.

In the current study, we conducted
a retrospective analysis of patients
with intraocular inflammation who
initially visited our clinic. We analysed
the characteristics of the intraocular
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inflammation observed over a 10-year
period.

Materials and Methods

Patients

Between January 1994 and December
2003, 1240 new patients (511 men, 729
women) with uveitis visited the Uveitis
Survey Clinic at Hokkaido University
Hospital, Sapporo, Japan. We
reviewed all medical records of the
patients and obtained information on
each patient’s age at disease onset,
gender, primary site of inflammation
and clinical diagnosis. According to
the International Ocular Inflammation
Society (IOIS) proposal, we catego-
rized uveitis/intraocular inflammation
as anterior segment intraocular
inflammation (ASII), posterior seg-
ment intraocular inflammation (PSII)
or combined anterior and posterior
segment intraocular  inflammation
(CAPSII). Patients with postoperative
or traumatic endophthalmitis were not
included. The study was conducted in
accordance with the tenets of the Dec-
laration of Helsinki.

In the present study, the aetiological
diagnosis was only accepted if it met
well defined criteria and fulfilled I0IS
classification requirements (BenEzra
2001). To diagnose sarcoidosis, we
adopted the criteria established by the
Diffuse Pulmonary Disease Research
Committee of Japan (Yamaguchi
et al. 2004). We diagnosed VKH dis-
ease using criteria defined by Sugiura
(1978), one of the most frequently
used sets of criteria in the world. For
diagnosis of Behget’s disease, we used
criteria established by the Behget’s
Disease Research Committee of Japan
(1986) and the International Study
Group for Behget’s Discase (1990).
Diagnoses of other aetiologies were
made by careful observations of ocu-
lar involvement, clinical course and
accompanying systemic disease, com-
bined with laboratory analyses.
Unknown or suspicious aetiologies
were all categorized as ‘unclassified
aetiologies’.

Statistical analysis

Average ages of patient groups were
compared using the Mann-Whitney
U-test and statistical significance was
set at p < 0.01.

Results

Characteristics of uveitis patients

The distribution of intraocular inflam-
mation was examined according to
gender and age brackets (Fig. 1A).
During the study period, we examined
data for 1240 new patients. All
patients were ethnically Japanese.
Men and women accounted for 41.2%
(n = 511) and 58.8% (n = 729) of
subjects, respectively. The average age
at disease onset was 41.7 + 17.8 years
in men and 457 + 183 years in
women, with an overall average age
of 44.1 £ 18.2 years. The peak age
range at which subjects visited our
clinic was 50-60 years in women and
20-30 years in men. The distribution
of the anatomical location of the pri-
mary site of inflammation was exam-
ined (Fig. 1A). Numbers of patients
with ASII, PSII and CAPSII were 559
(45.1%), 58 (4.7%) and 623 (50.2%),
respectively. Distribution of CAPSII
differed in men and women: frequen-
cies of CAPSII peaked at 20-30 years
of age in men and at 50-60 years of
age in women,

We then examined the aetiologies of
intraocular inflammation (Table 1).
Idiopathic, suspicious or unknown
aetiologies were all categorized as

half of all uveitis patients (49.8%).
Among confirmed aetiologies, sarcoid-
osis (n = 185, 14.9%) was the most
frequent aetiology, followed by VKH
disease (n = 120, 9.7%), Behget’s dis-
ease (n = 83, 6.7%) and HLA-B27-
associated uveitis (n = 50, 4.0%).

Frequent causes of uveitis

We detailed the characteristics of
three major causes of uveitis in our
clinic; sarcoidosis, VKH disease and
Behget’s disease. Sarcoidosis was the
most frequent disease among the aeti-
ologies (n = 185, 14.9%). Women
accounted for 134 patients (72.4%)
and men for 51 (27.6%). Average age
at discase onset was lower in men
(35.1 + 19.0 years) than in women
(50.3 + 16.5 years) (p < 0.0001). Fur-
thermore, women had two peaks
of disease onset, with the first occur-
ring at 20-30 years of age and the sec-
ond at 50-70 years. Although the
peak at 20-30 years was observed in
men, the combined sarcoidosis patient
group showed a bimodal distribution
(Fig. 2A).

The second most frequent aetiology
was VKH disease (n = 120, 9.7%).
Women were more prone to develop
this disease (n = 65, 54.2%) com-
pared with men (n = 55, 45.8%).
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Fig. 1. (A) Distribution of uveitis patients presenting during 1994-2003 according to sex and
age. (B) Distribution of uveitis patients according to sex and anatomical location of the primary
site of inflammation. ASII = anterior segment intraocular inflammation; PSII = posterior seg-
ment intraocular inflammation; CASII = combined anterior and posterior segment intraocular

inflammation.
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Table 1. Aetiologies of uveitis patients at Hokkaido University Hospital between 1994 and 2003.

Aetiology 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 Total %
Sarcoidosis 13 17 17 16 18 12 21 28 16 27 185 14.9
VKH disease 13 11 12 12 7 10 12 19 11 13 120 9.7
Behget’s disease 13 14 9 6 6 3 7 13 9 3 83 6.7
HLA-B27-associated uveitis 5 3 9 2 2 6 4 9 4 6 50 4.0
Fuchs’ heterochromic iridocyclitis 4 4 3 5 3 2 3 2 4 1 31 2.5
Posner—Schlossman’s syndrome 4 1 1 4 1 2 2 2 2 1 20 1.6
Acute retinal necrosis 2 1 1 3 4 2 3 3 19 1.5
Endophthalmitis 3 2 2 1 6 4 18 1.5
VZV iridocyclitis 2 2 2 2 2 1 2 13 1.0
HTLV-1-associated uveitis 1 1 1 2 3 2 2 12 1.0
HSYV keratouveitis 2 3 2 2 2 11 0.9
Toxoplasmosis 1 2 1 I 1 1 1 8 0.7
Chronic iridocyclitis in young girls 1 1 1 4 1 8 0.7
TINU 1 1 1 1 2 1 7 0.6
MEWDS 1 1 2 1 5 0.4
Intermediate uveitis 2 i 1 1 5 0.4
Posterior scleritis 1 2 2 5 0.4
Others (n < 5) 3 2 1 1 5 2 4 3 23 1.9
Unclassified 64 51 49 44 40 52 58 88 89 82 617 49.8
Total number of patients 130 111 112 98 91 107 123 177 149 142 1240 100

VKH = Vogt-Koyanagi-Harada; HLA-B27 = human leucocyte antigen-B27; VZV = varicella zoster virus; HTLV = human T-cell lymphotro-
phic virus; HSV = herpes simplex virus; TINU = tubular interstitial nephritis and uveitis; MEWDS = multiple evanescent white dot syndrome.
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Fig. 2. Distribution according to sex and age of patients with (A) sarcoidosis, (B) Vogt—Koyan-

agi-Harada disease and (C) Behget’s disease.

459 + 158 years in men and
46.4 + 14.1 years in women. This dif-
ference was not statistically significant.
Those most susceptible to this disease
were  people aged  40-50 years
(Fig. 2B).

The third most common aetiology
was Behget’s disease (n = 83, 6.7%),
for which we found a statistically sig-
nificant greater number of male

(n = 47, 56.6%) than female (n = 36,
43.4%) patients. The average age at
disease onset was found to be signifi-
cantly lower in men (35.5 + 8.5 years)
than in women (44.5 £+ 11.5 years)
(p < 0.0001). The peak age for disease
onset was 30-40 years (Fig. 20C).
Young and middle-aged Japanese
males may represent a Behget’s disease-
prone population.

Next, we calculated the age and sex
distribution of the unclassified aetiolo-
gies of uveitis. Of all patients, 236
(38.2%) were men and 381 (61.8%)
were women (Fig. 3A). The most
common site of inflammation was
ASII (352 subjects, 57.0%), followed
by CAPSII (n = 235, 38.1%) and
PSII (n = 30, 4.9%) (Fig. 3B).

Discussion

In the present study, we reviewed the
medical records for 1240 patients
newly diagnosed with intraocular
inflammation. Hokkaido, in which
our clinic is located, is Japan’s north-
ernmost island and has a population
of 5.6 million. Our clinic is one of the
biggest uveitis centres in the world,
and is also the only one of its kind on
Hokkaido Island. As our clinic is the
second/third referral eye centre for
the region, most uveitis patients in the
region except those with very mild
symptoms should be referred to it. We
expect that our present results reflect,
with a reasonable degree of precision,
the epidemiology of intraocular
inflammation in the Japanese popula-
tion.

Sarcoidosis, VKH disease and Beh-
get’s disease were the most frequent
aetiologies seen in our clinic, although
the frequencies differed for each year.
These results were consistent with
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inflammation.

those of a recent report (Goto et al.
2007). It is also known that frequen-
cies vary to some extent even within
Japan. People in Kyushu, the south-
ernmost part of Japan, have a much
higher prevalence of HAU than in
other areas because the frequency of
virus carriers is quite high in Kyushu
compared with that in other regions
of Japan (Nakao etal. 1989; Goto
et al. 1995). In the present study, fre-
quencies of two of the diseases, sar-
coidosis and Behget’s disease, changed
during the decade under study. The
number of new patients with sarcoido-
sis increased and the number of
Behget’s disease patients decreased.
Our statistical results exhibited the
same tendencies reported at other cen-
tres in Japan (Wakabayashi et al.
2003; Akiyama et al. 2006). However,
these results were appreciably different
from those of American and Euro-
pean studies. A relatively high per-
centage of Japanese patients had
CAPSII (50.2%) and ASII (45.1%),
but a low percentage had PSII
(4.7%). By contrast, the most com-
mon types of uveitis were PSII in the
USA and ASII in Europe (Wakefield
& Chang 2005). In addition, the fre-
quency of HLA-B27-associated uveitis
was lower in Japanese subjects, but

frequencies of Behget’s disease and
VKH disease were much higher in
Japanese than in European patients
(Pdivonsalo-Hietanen et al. 1994). The
low prevalence rate of HLA-B27-asso-
ciated uveitis was not unexpected,
given that only 0.5% of the Japanese
population is  HLA-B27-positive,
reflecting an incidence that is only
10% of that of other ethnic groups
(Yamaguchi et al. 1995). Further, we
had no patients with birdshot reti-
nochoroiditis because few people in
the Japanese population carry the
HLA-A29 gene. Moreover, only a few
patients with intermediate uveitis were
observed. These results showed geo-
graphical and racial differences in the
aetiologies of endogenous uveitis.

We can further describe the charac-
teristics of the three major aetiologies:
sarcoidosis, VKH  disease, and
Behget’s disease. Sarcoidosis is a mul-
tisystem granulomatous disease of
unknown aetiology (Liu et al. 2006;
Khanna et al. 2007). Diagnosis is
almost entirely based on histologically
proven granuloma in any tissue,
including lung or skin, or by clinical
criteria. Our results showed that
72.4% of sarcoidosis patients were
women and many patients were aged
in either their 20s or 50s, which is in

agreement with a previous report
(Bonfioli & Orefice 2005). As new
diagnostic techniques, transbronchial
lung biopsy (TBLB) and analysis of
bronchoalveolar lavage fluid (BALF)
have facilitated confirmation of this
diagnosis in patients with sarcoidosis.
We should note that our records
included many young patients (< 20
years old). However, ocular symptoms
sometimes appear earlier than a defini-
tive histological diagnosis and TBLB
and/or BALF were rarely performed
in very young patients. Thus, it is pos-
sible that some undiagnosed sarcoido-
sis patients were included in the group
of ‘unclassified’ subjects. The true
incidence of sarcoidosis may be higher
than that reported here.
Vogt-Koyanagi-Harada disease is a
multisystem autoimmune disorder in
which the T cell-mediated autoim-
mune response plays a key role. The
diagnostic system established by Sugi-
ura (1978) has long been used to
make accurate diagnoses of VKH dis-
ease. As new diagnostic criteria were
proposed in 2001 (Read et al. 2001),
we diagnosed VKH disease using
both sets of criteria in this study. For-
tunately, we encountered few issues
with these diagnoses because the
concordance rate between the two
sets is very high, as has been previ-
ously reported (Kitamura et al. 2005).
Patients are typically 20-50 years of
age and have no history of either
surgical or accidental ocular trauma.
Behget’s disease is a chronic, relaps-
ing vasculitis that can affect most
organ systems. A heritable risk factor
for Behget’s disease was first identified
as an association with HL-AS, now
called HLA-BS1 (Ohno et al. 1973).
Prevalences vary geographically, and
the disease is more common in coun-
tries in the Mediterranean basin, the
Middle East and East Asia. The geo-
graphical distribution of HLA-BSI
among healthy subjects also roughly
corresponds with global disease distri-
bution (Verity etal. 1999). In the
present study, 56.6% of Behget’s dis-
ease patients were men and many of
them were in their 30s and 40s. These
results were comparable with those of
our recent large-scale, international,
collaborative study (Kitaichi et al.
2007). According to a nationwide
survey of Behget’s disease patients in
Japan, the incidence of this disease
has recently decreased (Yoshida et al.
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2004). The prevalence of this disease
was 7.5/1 000 000 in 1990, compared
with 8.9/1 000 000 in 1984. Reflecting
this trend, the number of patients we
observed in Hokkaido with Behget’s
disease had also decreased. In fact, we
found 152 new Behget’s disease
patients (88 men, 64 women) during
1984-93 (data not shown), but only
83 new patients during 1994-2003.
However, Behget’s disease is still a
principal cause of visual failure as a
result of recurrent ocular attacks.

Because some systemic diseases,
such as sarcoidosis and Behget’s dis-
ease, are sometimes confined to the
eye for some years, longer follow-up
periods might increase the numbers of
sarcoidosis and/or Behget’s disease
patients identified in the future. In
conclusion, we report on a large-scale,
single-centre study of uveitis in Japan.
We hope that this study can serve as
a basis for future comparisons of the
differences in incidences between
countries and races.

Acknowledgements

This study was supported in part by a
Grant for Research on Sensory and
Communicative Disorders from the
Ministry of Health, Labour and Wel-
fare, Japan, by Grants-in-Aid for Sci-
entific Research on Priority Areas
from the Ministry of Education, Cul-
ture, Sports, Science and Technology,
Japan and by a Grant-in-Aid for Sci-
entific Research from the Japan Soci-
ety for the Promotion of Science.

References

Akiyama K, Numaga J, Yoshida A, Kawa-
shima H, Kaburaki T & Fujino Y (2006):
Statistical analysis of endogenous uveitis at
Tokyo University Hospital (1998-2000).
Jpn J Ophthalmol 50: 69-71.

Baarsma GS (1992): The epidemiology and
genetics of endogenous uveitis: a review.
Curr Eye Res 11(Suppl.): 1-9.

Behget’s Disease Research Committee of
Japan (1986): Criteria for diagnosis of
Behget’s disease. In: Mizushima Y (ed.).
Annual Report of Behget's Disease
Research Committee of Japan. Tokyo:

Ministry of Health and Welfare of Japan.
22-29.

BenEzra D (2001): Overview of anterior
segment intraocular inflammation. In:
BenEzra D (ed.). Anterior Segment Intra-
ocular Inflammation Guidelines. London:
Martin Dunitz 22-29.

Bonfioli AA & Orefice F (2005): Sarcoidosis.
Semin Ophthalmol 20: 177-182.

Goto K, Saeki K, Kurita M & Ohno S
(1995): HTLV-I associated uveitis in cen-
tral Japan. Br J Ophthalmol 79: 1018-
1020.

Goto H, Mochizuki M, Yamaki K, Kotake
S, Usui M & Ohno S (2007): Epidemiologi-
cal survey of intraocular inflammation in
Japan. Jpn J Ophthalmol 51: 41-44.

International Study Group for Behget’s Dis-
ease (1990): Criteria for diagnosis of
Behget’s disease. Lancet 335: 1078-1080.

Khanna A, Sidhu U, Bajwa G & Malhotra V
(2007): Pattern of ocular manifestations in
patients with sarcoidosis in developing
countries. Acta Ophthalmol Scand 85: 609—
612.

Kitaichi N, Miyazaki A, Iwata D, Ohno S,
Stanford MR & Chams H (2007): Ocular
features of Behget’s disease: an interna-
tional collaborative study. Br J Ophthalmol
91: 1579-1582.

Kitamura M, Takami K, Kitaichi N, Namba
K, Kitamei H, Kotake S & Ohno S (2005):
Comparative study of two sets of criteria
for the diagnosis of Vogt-Koyanagi—-Hara-
da’s disease. Am J Ophthalmol 139: 1080
1085.

Liu DT, Li CL & Lee VY (2006): The presence
of Propionibacterium spp. in the vitreous
fluid of uveitis patients with sarcoidosis.
Acta Ophthalmol Scand 84: 152-153.

Nakao K, Ohba N & Matsumoto M
(1989): Non-infectious anterior uveitis in
patients infected with human T-lympho-
tropic virus type 1. Jpn J Ophthalmol 33:
472-481.

Ohno S, Aoki K, Sugiura S, Nakayama E,
Itakura K & Aizawa M (1973): HL-A §
and Behget's disease. Lancet 2: 1383-
1384.

Piivonsalo-Hietanen T, Vaahtoranta-Lehto-
nen H, Tuominen J & Saari KM (1994):
Uveitis survey at the University Eye Clinic
in Turku. Acta Ophthalmol (Copenh) 72:
505-512.

Read RW, Holland GN, Rao NA, Tabbara
KF, Ohno S, Arellanes-Garcia L, Pivetti P,
Tessler HH & Usui M (2001): Revised
diagnostic criteria for Vogt-Koyanagi-
Harada disease: report of an international
committee on nomenclature. Am J
Ophthalmol 131: 647-652.

Rothova A, Suttorp-van Schulten MS, Frits
Treffers W & Kijlstra A (1996): Causes
and frequency of blindness in patients with
intraocular inflammatory disease. Br J
Ophthalmol 80: 332-336.

Sugiura S (1978): Vogt-Koyanagi-Harada
disease. Jpn J Ophthalmol 22: 9-35.

Suttorp-Schulten MS & Rothova A (1996):
The possible impact of uveitis in blindness:
a literature survey. Br J Ophthalmol 80:
844-848.

Verity DH, Wallace GR, Vaughan RW
et al. (1999): HLA and tumour necrosis
factor (TNF) polymorphisms in ocular
Behget’s disease. Tissue Antigens 54: 264—
272.

Wakabayashi T, Morimura Y, Miyamoto Y
& Okada AA (2003): Changing patterns
of intraocular inflammatory disease in
Japan. Ocul Immunol Inflamm 11: 277-
286.

Wakefield D & Chang JH (2005): Epidemiol-
ogy of uveitis. Int Ophthalmol Clin 45: 1-
13.

Yamaguchi A, Tsuchiya N, Mitsui H ef al.
(1995): Association of HLA-B39 with
HLA-B27-negative ankylosing spondylitis
and pauciarticular juvenile rheumatoid
arthritis in Japanese patients. Evidence for
a role of the peptide-anchoring B pocket.
Arthritis Rheum 38: 1672-1677.

Yamaguchi K, Nakajima H, Azuma H,
Takahashi T, Azuma A, Kudo S & Ohara
K (2004): Diagnosis of ocular sarcoidosis
by diagnostic criteria for systemic sarcoido-
sis. Nippon Ganka Gakkai Zasshi 108: 98—
102.

Yoshida A, Kawashima H, Motoyama Y
et al. (2004): Comparison of patients with
Behget’s disease in the 1980s and 1990s.
Ophthalmology 111: 810-815.

Received on January 15th, 2008.
Accepted on March 9th, 2008.

Correspondence:

Hirokuni Kitamei

Department of Ophthalmology
and Visual Sciences

Hokkaido University Graduate
School of Medicine

N-15, W-7

Kita-ku

Sapporo 060-8638

Japan

Tel: + 81 11 706 5944

Fax: + 81 11 706 5948

Email: hiromekita@yahoo.co.jp

—131—






