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ABSTRACT

Objective. There is strong evidence
that Thl-type cytokines play an impor -
tant role in the pathogenesis of Beh -
cet's disease (BD). Interleukin (IL)-18
is a proinflammatory cytokine that me -
diates Thl-polarized immune respons -
es, and elevated levels of IL-18 have
been observed in the sera and broncho -
alveolar lavage fluid of patients with
active BD. Therefore, the aim of this
study was to investigate the potential
associations of two single nucleotide
polymorphisms (SNPs) at positions
—-137 (G/C) and —607 (C/A) in the pro -
moter region of the IL-18 gene with a
susceptibility to BD in the Korean pop -
ulation.

Methods. Ninety-eight patients with
BD and 105 healthy controls were stu -
died. All of the subjects were genotyped
using sequence specific PCR. The
genotypes and alleles between patients
with BD and controls were compared
using the x? test, together with Yate's
correction where appropriate. Haplo -
type analysis was assessed using the
EH program.

Results. The genotype and alleledistri -
butions of the two SNPs did not differ
significantly between patients with BD
and controls. The haplotype frequen -
cies of the I1L-18 promoter polymorph -
ismswere also similar between patients
with BD and controls. However, thefre -
guency of the GG genotype at position
—137 was significantly higher in BD
patients with ocular lesions than in
those without ocular lesions (p =
0.026, p, = 0.048, OR = 4.1).
Conclusion. Although the IL-18 gene
polymor phisms were not associated with
a susceptibility to BD in the Korean
population, the patients carrying the GG
genotype at position —137 had a higher
risk of developing the ocular lesions.
Further studies in other populations
arerequired to confirm these results.
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Introduction

Behcet's disease (BD) is a chronic in-
flammatory disorder, involving several
organs. Although the exact pathogene-
sis for BD is not completely under-
stood, it has been suggested that the di-
seaseistriggered in genetically suscep-
tible individuals by environmental fac-
tors, such as infectious agents (1). Al-
though the HLA-B51 is known to be
the candidate gene showing the strong-
est association with BD (1-4), the con-
tribution of the HLA-B locus to the
overall genetic susceptibility to BD has
been estimated as being less than 20%
in a multi-case familial study (5). This
finding suggests that genetic factors
other than HLA-B51 are involved in
the pathogenesis of BD. In addition,
evidence has emerged that polymorph-
ismsin the cytokine genes are involved
in modifying immune responses. Re-
cently, we have reported that 1L-6 gene
polymorphism is an additional suscep-
tibility factor to BD in the Korean pop-
ulation (6).

Interleukin (IL)-18, which is a member
of the IL-1 family, is a pleotropic and
proinflammatory cytokine that is pro-
duced mainly by activated macropha-
ges, and which participates in both in-
nate and acquired immune responses.
IL-18 plays a pivotal rolein the T hel-
per 1 (Thl)-type response, principally
owing to its ability to induce interfer-
on-g (IFN-g production in T cellsand
natural killer (NK) cells (7, 8). The pro-
motion of Thl and NK cell responsesis
mediated primarily in synergy with IL-
12 (9). It has been noted that 1L-18 is
expressed at chronic inflammatory sites
of Thl-type autoimmune diseases in
humans, such as rheumatoid arthritis
(20), Crohn’ sdisease (11), and multiple
sclerosis (12).

Three single nucleotide polymorph-
isms (SNPs) in the promoter and two
SNPsin the 5’ -nontranslated regions of
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the 1L-18 gene, which is located on
chromosome 11¢22.2-g22.3, have re-
cently been identified. Of these poly-
morphisms, the two SNPs at positions
—137 (GIC) and —607 (C/A) in the pro-
moter have been reported to affect tran-
scription factor binding and gene activ-
ity (13) and to be associated with vari-
ous chronic inflammatory and infec-
tious diseases, such as type | diabetes
(14, 15), sarcoidosis (16), and necrotiz-
ing enterocoalitis (17).

Elevated levels of IL-18 have been
observed in the sera and bronchoal veo-
lar lavage (BAL) fluid of patients with
active BD (18, 19). Moreover, it has
been noted that recombinant 1L-18 in-
duces IFN-g production from the BAL
fluid cells isolated from patients with
BD (18). In addition, it is well known
that abnormalities of both innate and
acquired immune responses are involv-
ed in the pathogenesis of BD, and that
Thl type cytokines play an important
role in the development of inflamma
tionin BD (1). These findings have led
to the hypothesis that the altered IL-18
activity caused by IL-18 gene polymor-
phisms may play a specific role in a
susceptibility to BD. Therefore, theaim
of this study was to investigate the po-
tential associations of the two SNPs at
positions —137 and —607 in the promot-
er region of the IL-18 gene with a sus-
ceptibility to or clinical manifestations
of, BD in the Korean population.

Patients and methods

Subjects

The study population included 98 pa-
tients with BD (41 males and 57 fe-
males) who fulfilled the International
Study Group (ISG) criteria (20), and
105 healthy controls (40 males and 65
females). All of the subjects were eth-
nically homogenous Korean, and unre-
lated to each other. The mean ages of
the BD group and controls were 38.5
years (x 9.0) and 40.0 years (+ 5.5),
respectively. The presence of one or
more of the following clinical features
during the course of the disease was
regarded as a severe manifestation (21,
22): posterior uveitis or retina vasculi-
tis, gastrointestinal ulcerations with
bleeding or perforation, major vessel
involvement, and major organ involve-

ment, such as central nervous system,
heart, or kidney. The mean age at onset,
which was defined as the time when the
patient fulfilled the 1SG criteria, was
32.7 years (+8.8) in the BD group. The
mean disease duration in the BD group
was 5.8 years (+ 5.7). Informed consent
was obtained from each subject.

DNA extraction

Genomic DNA was isolated from peri-
pheral blood leukocytes using the Che-
lex extraction method (23).

Sequence specific PCR

The genotyping was performed using
sequence specific PCR, as described
previously (13). Briefly, for position -
607, the common reverse primer (5'-T-
AACCTCATTCAGGACTTCC-3")
and two sequence-specific forward pri-
mers (5'-GTTGCAGAAAGTGTAA-
AAATTATTAC-3 and 5'-GTTGCAG-
AAAGTGTAAAAATTATTAA-3)
were used to amplify the 196-bp prod-
uct. The control forward primer (5'-
CTTTGCTATCATTCCAGGAA-3)
was used to amplify the 301-bp frag-
ment covering the polymorphic site as
an internal positive amplification con-
trol. For position -137, the common
reverse primer (5 -AGGAGGGCAAA-
ATGC ACTGG-3') and two sequence-
specific forward primers (5'-CCCCA-
ACTTTTACGGAAGAAAAG-3 and
5'-CCCCAACTTTTACGGAAGAA-
AAC-3') were used to amplify the 261-
bp product. The control forward primer
(5'-CCAATAGGACTGATTATTCCG-
CA-3") was used to amplify the 446-bp
fragment covering the polymorphic site
as an internal positive amplification
control. All of the PCR products were
separated in 2% agarose gels that were
strained with ethidium bromide.

Analysis of HLA-B51 antigen
HLA-B51 typing was performed in the
BD group and controls by a two-step
PCR with sequence-specific primers,
as described in our previous study (4).

Satistical analysis

The datawere analyzed using the SPSS
statistical package program version
11.5 for Windows (SPSS Inc., Chicago,
IL, USA). The genotype, alee, and
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hapl otype frequencies between patients
with BD and controls were compared
by the two-tailed c? test and, when in-
dicated, the Yate's correction was per-
formed (p). The same tests were used
to examine the potential associations
between the genotypes and the parame-
ters of sex, clinica features, severe
manifestations, or HLA-B51 positivity.
The results obtained were re-evaluated
by multiple logistic regression analysis
when necessary. Comparisons with re-
spect to disease duration and mean age
at onset were performed by the t-test.
Statistical significance was defined as
p£0.05. Haplotype and linkage dise-
quilibrium (LD) analyses were assess-
ed using the EH program (24-26). The
risk for the disease susceptibility owing
to the presence of the individual geno-
type or alele was calculated as the
odds ratio (OR), which is presented
along with the 95% confidence interval
(CI) when indicated.

Results

Table | presents the clinical features of
patients with BD. The genotype and
alele frequencies of the two SNPs at
positions —137 (G/C) and —607 (C/A)
in the promoter region of the IL-18
gene are shown inTableIl. The distrib-
utions of genotypes and all€eles of these
two polymorphisms did not differ sig-
nificantly between patients with BD
and control subjects (all p > 0.05). As
for the SNP at position —137, although
the frequencies of the GG genotype and
G dlele were somewhat higher in
patients with BD than in controls, they
did not reach statistical significance (p

Table I. Clinical features of 98 patients
with Behcet’ s disease.

Clinical features No. of
patients (%)
Oral ulcerations 98 (100)
Skin lesions 91 (92.9)
Genital ulcerations 78 (79.6)
Positive pathergy test 35 (35.7)
Ocular lesions 29 (29.6)
Intestinal lesions 18 (18.4)
Peripheral arthritis 20 (20.4)
Vascular lesions 14 (14.3)
Central nervous system lesions 7 (71
Positive HLA-B51 52 (53.1)




Tablell. The genotype and alele frequen-
cies of 1L-18 promoter polymorphisms in
the Behcet’ s group and control subjects.

Controls Behcet' s group
No (%) No (%)
Position 137
Genotype
GG 68 64.8) 73 (74.5)
GC 37 (35.2) 25 (25.5)*
Allele
G 173 (82.4) 171 (87.2)
C 37 (17.6) 25 (12.8)**
Position —-607
Genotype
CcC 14 (13.3) 22 (22.4)
AC 91 (86.7) 76 (77.6)T
Allele
C 119 (56.7) 120 (61.2)
A 91 (43.3) 76 (38.6)%

*p=0.133 and **p = 0.173 for comparison of
polymorphism at position -137 between Behget's
group and controls; p = 0.089 and p = 0.351 for
comparisons of polymorphism at position -607
between Behcet' s group and contrals.

> 0.05). In the cases of the SNPat posi-
tion —607, although the frequencies of
the CC genotype and C alele were
higher in patients with BD than in con-
trols, the results were not statistically
different (p>0.05). Interestingly, the
mutant homozygous genotypes, -137
CC and —607 AA, were absent from the
Korean populationsin our study.

We next studied the relationships be-
tween the clinical variables of BD and
the two SNPs in the IL-18 gene pro-
moter. No significant associations were
found between the genotypes of the
two SNPs and the clinical variables of
the BD patients, i.e., disease duration,
mean age at onset, and the other clini-
cal variables presented in Table | (with
the exception of ocular lesions), aswell
as HLA-B51 positivity (p > 0.05in all
cases; data not shown). However, the
distribution of genotypes at position
—137 differed significantly between
BD patients with ocular lesions and
those without ocular lesions. In particu-
lar, the frequency of the GG genotype
was much higher in BD patients with
ocular lesions than in patients without
ocular lesions (GG: 89.7% vs. 68.1%;
GC: 10.3% vs. 31.9%, respectively; p =
0.026, p, = 0.048). The OR value for
the development of the ocular lesions
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Tablel11.Association between study groups and the genotype frequencies at position —607 after strat-
ification of the subjects based on the results of HLA-B51 testing.

HLA-B51 negativity

HLA-B51 positivity

Control No. (%) BD No. (%) Control No. (%) BD No. (%)
Genotype
cc 12 (13.2) 12 (26.1) 2(14.3) 10 (19.2)
AC 79 (86.8) 34 (73.9)* 12 (85.7) 42 (80.8)**

*p: 0.061 (p, = 0.101) between Behget's group and controlsin the HLA-B51-negative subjects; **p:
0.670 for comparison between Behget' s group and controlsin the HLA-B51-positive subjects.

in BD patients carrying the GG geno-
type was 4.1 (95% ClI, 1.1 to 14.9). In
addition, when multiple logistic regres-
sion analysis using the Enter method
was performed to evaluate the effect of
the patients’ characteristics, including
age, sex, the disease duration, and clin-
ical variables presented in Table I, the
association between the distribution of
the genotypes at position —137 and the
ocular lesions in BD remained statisti-
cally significant (b coefficient = 2.323,
p= 0.028) (data not shown). On the oth-
er hand, severe manifestations were ob-
served for 36 patients with BD, and
there were no significant differences
between BD patients with severe mani-
festations and those without severe
manifestations in terms of the distribu-
tion of the genotypes of the two SNPs
in the IL-18 gene promoter (data not
shown).

When the studied subjects were strati-
fied according to the results of HLA-
B51 testing, the distribution of geno-
types at position —137 did not differ
significantly between patients with BD
and controls, in either the HLA-B51-
positive or HLA-B51-negative sub-
groups (data not shown). In the case of
polymorphism at position —607, al-
though patients with BD tended to ex-
hibit a higher frequency of the CC gen-
otype as compared to control subjects

in the HLA-B51-negative subgroup,
this difference did not reach statistical
significance (p=0.061; p,= 0.101; OR
= 2.3; 95% Cl, 0.9 to 5.7) (Table Il1).
On the other hand, when the haplotype
frequencies of the IL-18 gene promoter
were analyzed using the EH program,
no significant differences were found
between patients with BD and control
subjects. Although the haplotype fre-
guency consisting of —137 G and —607
C was somewhat higher in Behget's
group compared to controls, a signifi-
cant difference was not observed (p >
0.05) (Table 1V). In addition, the EH
program revealed a D value of 0.9,
which suggests the presence of a strong
LD between the two SNPs at positions
—137 and —607.

Discussion

BD is a chronic inflammatory disorder
that is characterized by recurrent oral
and genital ulcerations, as well as ocu-
lar and skin lesions. Although the pre-
cise nature of pathogenesis remains un-
clear, it is believed that diverse genetic
and environmental factors contribute to
the development of an inflammatory
response in BD (1). In particular, the
finding of a Turkish study that the sib-
ling recurrence risk ratio (I s) was 11.4
—52.5 (27) strongly implicates a genet-
ic factor in the pathogenesis of BD. In

TablelV. Haplotype analysis between the two single nucleotide polymorphisms of the IL-

18 gene promoter.
control Behget's Pvalue
subjects group
-137 G/ -607 C 0.55753 0.61223 0.264
—137 G/ -607 A 0.26628 0.26022 0.891
—137 C/ -607 C 0.00913 0.00001 0.183
—137 C/ -607 A 0.16706 0.12754 0.262
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addition to HLA-B51, which is consid-
ered the most relevant genetic factor,
other major histocompatibility com-
plex (MHC) genes, which include TNF
gene polymorphisms (28) and the MHC
class | chain-related gene A (1, 2), and
non-MHC genes have been described
as contributing to the pathogenesis of
the disease. Recently, we reported that
IL-6 gene polymorphisms (6) and en-
dothelial nitric oxide synthase gene
polymorphisms (22), both of which are
non-MHC genes, are implicated in a
susceptibility to BD in the Korean pop-
ulation. In the current study, the two
SNPs at positions—137 (G/C) and —607
(C/A) in the promoter of the IL-18 gene,
which is a non-MHC gene, were not
associated with a susceptibility to BD
in the Korean population. However,
BD patients carrying the GG genotype
at position —137 had a higher risk of
developing the ocular lesions (OR =
4.1). Asfar aswe are aware, thisisthe
first investigation that addresses an as-
sociation between IL-18 gene polymor-
phisms and a susceptibility to BD.
Thereis strong evidence that Thl cyto-
kine-producing cells play an important
role in the pathogenesis of inflamma
tion in BD. The frequency of Thl type
cytokines (IL-2 and IFN-g)-producing
T cells is increased in patients with
active BD, as seen in flow cytometry
studies for the intracytoplasmic cyto-
kine expression levelsinindividual cell
(1, 29, 30). Furthermore, the serum lev-
es of IL-12, which is a critical cyto-
kinefor differentiation into a Th-1 type
cell, is aso elevated in parallel with
increases of peripheral Th-1 lympho-
cytes and disease progression in BD
(29). On the other hand, IL-18 isapro-
inflammatory cytokine that plays a key
role in the Thl response, primarily by
inducing IFN-g production in T cells
and NK cells by virtue of synergy with
IL-12 (7, 8). This synergism is based
on the ability of IL-12 to upregulate IL-
18 receptor expression on target cells
(9). We therefore considered that the
IL-18 gene polymorphisms might be an
attractive candidate gene for BD.
Recently, it has been demonstrated that
IL-18 gene expression is regulated by
the IL-18 gene promoter and that two
SNPs at positions—137 and —607 in this

gene promoter affect the HATF-1 nu-
clear factor binding site and CAMP-re-
sponsive element-binding protein bind-
ing site, respectively (13, 31). In addi-
tion, IL-18 promoter transcription as-
say showed high promoter activity for
the G dlele at position —137 and the C
alele at position —607 (13). The sub-
jects with these alleles associated with
high promoter activity may have an
increased expression of IL-18, induc-
ing up-regulation of the IFN-r produc-
ing T-cells. Therefore, it seems plausi-
ble that patients with BD would have
higher frequencies of the G dlele at
position —137 and/or the C allele at
position —607.

In the current study, although the re-
sults did not reach statistical signifi-
cance, patients with BD had somewhat
higher frequencies of the G dlele at
position —137 and the C dllele at posi-
tion —607, as well as the haplotype con-
sisting of these two aleles. Likewise,
although the frequency of the CC geno-
type at position -607 was marginally
increased for patients with BD than for
controls in the HLA-B51-negative sub-
group, statistically significant differ-
ence was hot observed (p = 0.061; pc =
0.101; OR = 2.3). More investigations
in a greater number of subjects are re-
quired to confirm these results. On the
other hand, considerable inter-ethnic
variability has been reported for the
distributions of genotypes of the IL-18
promoter polymorphisms (13-16, 32).
Asin our population, the mutant homo-
Zygous genotypes, -137 CC and —607
AA, have not been observed in other
ethnic groups (32).

In the present study, although we failed
to detect significant associations be-
tween the IL-18 promoter polymor-
phisms and a susceptibility to BD, our
findings suggest that the GG genotype
at position —137 may be a risk factor
for the ocular lesions associated with
BD. This is consistent with the previ-
ous finding showing that subjects hom-
ozygous for G at position —137 had
higher levels of IL-18 mRNA when
compared with other genotypes (13).
Therefore, we speculate that overex-
pression of |L-18 associated with the
GG genotype at position =137 may
cause IFN-g production in T cells and
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NK cellsin local cellular environment
like eye, resulting in the development
of the ocular lesionsin BD. In addition,
our study shows a strong LD between
the two SNPs at positions —137 and
—607, which raises some uncertainty as
to whether the association between IL-
18 polymorphism and the ocular le-
sionsin BD isowing to primary associ-
ation or to anearby causative polymor-
phism.

In summary, although there was no evi-
dence for a genetic association confer-
red by the two SNPs at positions —137
and —607 in the promoter region of the
IL-18 gene with respect to a suscepti-
bility to BD, BD patients carrying the
GG genotype at position —137 had a
higher risk of developing the ocular le-
sions. Further investigations in other
ethnic groups and larger studies are re-
quired to provide more conclusive evi-
dence regarding the role of the IL-18
gene polymorphismsin BD.
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