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Influence of Interleukin 18 Promoter Polymorphisms in
Susceptibility to Kawasaki Disease in Taiwan
KAI-CHUNG HSUEH, YING-JU LIN, JENG-SHENG CHANG, LEI WAN, YU-HSIN TSAI, CHANG-HAI TSAI, and
FUU-JEN TSAI

ABSTRACT. Objective. Proinflammatory cytokines such as interferon-γ (IFN-γ) play an important role in the
pathogenesis of Kawasaki disease (KD). Interleukin 18 (IL-18) plays a pivotal role in the T helper 1
(Th1)-type response, principally owing to its ability to induce IFN-γ production. We assessed poten-
tial associations between functional IL-18 gene promoter polymorphisms and susceptibility to KD,
in addition to clinical features of KD in individuals from Taiwan.
Methods. One hundred forty-six patients with KD and 136 ethnically matched controls from the
same geographic area were genotyped for IL-18 –656T/G, –607A/C, and –137C/G promoter poly-
morphisms.
Results. No significant differences in allele and genotype frequencies were found between KD
patients and controls for any of the IL-18 polymorphisms investigated. When we compared the over-
all distribution of haplotype frequencies between KD patients and controls, a significant difference
was observed (p < 0.0001). In addition, the frequency of the GCG haplotype was significantly high-
er (p = 0.00001, pc = 0.00004; OR 20.8, 95% CI 3.05–142.3), whereas the frequency of the TAG
haplotype was significantly lower in KD patients compared with controls (p = 0.0001, pc = 0.0004;
OR 0.35, 95% CI 0.19–0.61). No significant associations were found for comparisons of KD patients
to those with and without coronary artery lesions.
Conclusion. Our results suggest a potential implication of IL-18 promoter polymorphisms in sus-
ceptibility to KD in Taiwan. (First Release May 15 2008; J Rheumatol 2008;35:1408–13)
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Kawasaki disease (KD) is an acute systemic vasculitis that
predominantly affects infants and young children. Coronary
artery lesions (CAL) develop in 20%–25% of patients,
which makes KD the leading cause of acquired heart disease
in children. The cause of this disease is unknown but is gen-
erally believed to be an infectious agent1. Activation of the
immune system, including neutrophils, monocytes/
macrophages, and lymphocytes, has been observed in the
acute phase of KD2-4. Serum concentrations of various

cytokines, including T helper 1 (Th1) and Th2 cytokines,
have been shown to be elevated in patients with KD, such as
tumor necrosis factor-α (TNF-α), interferon-γ (IFN-γ), and
interleukin 1 (IL-1), IL-2, IL-4, IL-6, and IL-104-10. These
cytokines produce the systemic signs of inflammation that
characterize the disease and may mediate the endothelial
damage that leads to coronary artery disease11. It has been
proposed that KD is an immunologic reaction to some sort
of infection in genetically predisposed individuals, particu-
larly Asians1. Reports have shown that blood levels of IL-18
were normal in the acute phase of KD and were elevated
during the subacute phase12,13. Patients with CAL showed a
significantly higher incidence of elevated subacute IL-18
values than patients without CAL. A positive correlation
between IL-18 values in the subacute phase of KD and CAL
has also been reported13.

IL-18, a member of the IL-1 family, is a pleiotropic
proinflammatory cytokine that participates in both innate
and acquired immune responses. IL-18 in synergy with IL-
12 plays a pivotal role in the Th1-type response, principally
owing to its ability to induce IFN-γ production in T cells and
natural killer (NK) cells14-16. It has been noted that IL-18 is
expressed at chronic inflammatory sites of Th1-type autoim-
mune diseases in humans, such as rheumatoid arthritis
(RA)17 and Crohn’s disease18.
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The human IL-18 gene is located on chromosome
11q22.2-22.3, and is composed of 6 exons19. Expression is
regulated by 2 distinct promoters, promoter 1 upstream of
exon 1 and promoter 2 in intron 120. Three single-nucleotide
polymorphisms (SNP) at positions –656 (T/G), –607 (A/C),
and –137 (C/G) within the promoter 1 region and 2 SNP in
the 5’-nontranslated regions of the IL-18 gene have recently
been identified. Of these polymorphisms, the 2 SNP at posi-
tions –137 (C/G) and –607 (A/C) have been reported to
affect transcription factor binding and gene activity21 and to
be associated with various chronic inflammatory diseases,
such as type I diabetes22, sarcoidosis23, RA24,25, and inflam-
matory bowel disease26. However, no previous study has
evaluated the association between KD and polymorphisms
in the IL-18 promoter.

We investigated whether common polymorphisms in the
IL-18 gene, either individually or as part of a common hap-
lotype, are associated with KD or with the occurrence of
CAL in a case-controlled study of patients with KD in
Taiwan.

MATERIALS AND METHODS
Subjects.We enrolled patients with KD from the Department of Pediatrics
at the China Medical University Hospital. The study group included 146
patients, all of whom met the criteria proposed by the Japanese Kawasaki
Disease Research Committee27 (Table 1). All patients were treated with
intravenous immunoglobulin (IVIG; 2 g/kg infused over 8–12 h) and oral
aspirin (80–100 mg/kg/day). Echocardiographs were obtained by the pedi-
atric cardiologist before or within 2 weeks of IVIG administration. CAL
were diagnosed from the echocardiograms using the criteria proposed by
the Japanese Kawasaki Disease Research Committee27: coronary arteries
were classified as abnormal if the internal lumen diameter was > 3 mm in
children younger than 5 years or > 4 mm in children older than 5 years, if
the internal diameter of a segment measured ≥ 1.5 times that of an adjacent
segment, or if the coronary lumen was clearly irregular.We also studied 136
unrelated healthy children (87 boys, 49 girls, 0.4–7.0 yrs old, mean age 3.2
yrs) who served as the control group. All blood samples were drawn before
IVIG therapy in the KD patient group. Control samples were tested in par-
allel with patient samples. The ethics committee of the China Medical
University Hospital Institutional Review Board approved the study, and
written informed consent was obtained from parents of all subjects.

Genomic DNA extraction and genotyping of IL-18 promoter polymor-
phisms. Genomic DNA was extracted from peripheral blood leukocytes
according to standard protocols (Genomic DNA kit; Qiagen, Valencia, CA,
USA). Genotypes of the IL-18 promoter SNP at positions –656T/G,
–607A/C, –137 C/G were identified by the probe hybridization method
employing the LightCycler 480 instrument (Roche Diagnostics,

Indianapolis, IN, USA) with corresponding primers and probes (Table
2)28,29. Briefly, polymerase chain reaction (PCR) was performed in the
presence of 0.5 µM sense primer, 1 µM antisense primer, 2 nM MgCl2, 2
ml of ×10 Lightcycler DNA master hybridization probes (Roche) and 0.2
µM of each fluorescence probe (Table 2). After initial denaturation for 10
min at 95°C, 55 cycles were run, each consisting of denaturation (95°C for
0 s), annealing (57°C for 10 s), and extension (72°C for 20 s). The melting
curve analysis was performed as follows: one cycle, 95°C for 0 s, 45°C for
60 s, followed by the gradual increase of 0.1C°/s to the target temperature
of 80˚C.

Statistical analysis. All genotype frequencies were tested for Hardy-
Weinberg equilibrium by chi-square test with 1 degree of freedom. The
genotype frequency and allelic frequency distributions in the polymor-
phisms of both KD patients and controls were analyzed by chi-square test.
SPSS Version 10.0 software (SPSS Inc., Chicago, IL, USA) was used to
analyze the data. A p value < 0.05 was considered statistically significant.
P values were corrected by the number of comparisons (pc). Allelic fre-
quencies were expressed as percentage of the total number of alleles. Odds
ratios (OR) were calculated from genotype frequencies and allelic frequen-
cies with 95% confidence intervals (95% CI). Haplotypes were inferred
from unphased genotype data using the Bayesian statistical method includ-
ed in the Phase 2.1 software30,31.

RESULTS
Characteristics of the study patients. The characteristics of
the 146 patients with KD are shown in Table 1. The sex dis-
tribution of KD patients overall was a male/female ratio of
1.5:1, comparable to previous reports of ratios ranging from
1.5:1 to 1.7:1.

Forty-five patients (30%) were identified as having coro-
nary artery lesions. All KD patients were enrolled in the
study on a voluntary basis; therefore, the study population is
not representative of the true incidence of either KD or CAL
in Taiwan.

Allele and genotype frequencies of IL-18 promoter polymor-
phisms. The genotypes of the 3 promoter polymorphisms
including –656T/G, –607A/C, and –137C/G were identified
by the probe hybridization method in KD patients and con-
trols with corresponding primers and probes (Table 2).
However, that the total numbers for KD patients or controls
given in Table 3 do not agree with each other for the 3 poly-
morphisms may be due to the bad quality of the genomic
DNA of patients or controls; bad quality of genomic DNA
may lead to PCR failure. Therefore, the total numbers for
KD patients or controls were considered in order to have
enough successful PCR reactions for analysis.

The allele and genotype frequencies of the 3 IL-18 pro-
moter polymorphisms in the KD and control subjects are
shown in Table 3. Both populations were in Hardy–Weinberg
equilibrium for all polymorphisms tested. No differences in
allele and genotype frequencies between KD patients and
controls were found for any of the IL-18 polymorphisms.

Haplotype distribution of IL-18 promoter polymorphisms.
Pair-wise linkage disequilibrium analysis was performed for
3 SNP in the controls. The linkage disequilibrium coeffi-
cients (D′) were 0.969 between –656T/G and –607A/C,
0.895 between –137C/G and –607A/C, and 0.89 between

Table 1. Characteristics of the patients with Kawasaki disease in this study.

No. of patients 146
Age, yrs at time of diagnosis
Mean 3.1
Median (range) 1.82 (0.2–7.5)

Sex, n
Male 87
Female 59

Coronary artery lesions, n
Absent 101
Present 45
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–137C/G and –656T/G. Thus, the –607A/C was in strong
linkage disequilibrium with the –656T/G.

Haplotype frequencies were estimated using the 3 pro-
moter polymorphisms with an allele frequency > 5% (Table
4). Four main haplotypes of the IL-18 promoter were pre-
sent in the study population. The most common haplotype in
healthy controls was GCC. In the KD patients, TAC was the
most common haplotype. When we compared the overall
distribution of haplotype frequencies between KD patients
and healthy controls, a significant difference was observed
(p < 0.0001, by chi-square test from a 4 × 2 contingency
table). In addition, the GCG haplotype appeared to be a sig-
nificant “at-risk” haplotype (p = 0.00001, pc = 0.00004; OR

20.8, 95% CI 3.05–142.3). The TAG haplotype appeared to
be a significant “protective” haplotype (p = 0.0001, pc =
0.0004; OR 0.35, 95% CI 0.19–0.61). Although the fre-
quency of the GCC haplotype was slightly decreased in KD
patients compared with controls (p = 0.013, OR 0.65, 95%
CI 0.46–0.90), this difference was not significant when
Bonferroni adjustment was applied (pc = 0.052).

Influence of IL-18 promoter polymorphisms in the clinical
spectrum of KD. As a further step, we assessed whether
there were differences in genotype, allele, or haplotype fre-
quencies of the IL-18 promoter polymorphisms between KD
patients with and without coronary artery lesions. There was
no significant association between the CAL and any of the

Table 2. Primers and probes that were used in the genotyping of the IL-18 promoter polymorphism.

Polymorphisms Method Primers and Probes (5’–3’) SNP no.

–656Y/G Probe hybridization Primers rs1946518
CCC TAA ATA TAT gTA TCC TTA AAT Tgg ACT gTg ATA TTT ACA CTC TgC TC
Probes
TTA CCT gAA TTT Tgg TAT CCC TC-FL 705-CCC CAA gCT TAC TTT CTg TTG Cp

–607A/C Probe hybridization Primers rs1946519
gTT gAT ACA ggC CAT TAA gAT TTT CAT AAA ACT TCT TTA TCT gCT g
Probes
gAA AgT gTA AAA ATT ATT ACA TAA AAT TCT-FL 640-ATg ATg gTA TCC gTg Tgg CTT gp

–137C/G Probe hybridization Primers rs187238
CTA ggg CAA Tgg AAg TCA gTg gCA gAg gAT ACg Ag
Probes
TCA TgA AAT CTT TTC TTC CgT AAA AgT-FL 640-ggg gCT CTg TgC CTT CCA AAA p

Table 3. Allele and genotype frequencies of IL-18 promoter polymorphisms in Taiwanese patients with KD and
controls. Allele frequencies were compared between KD and controls by 2 × 2 chi-square tests, genotype fre-
quencies were compared between KD and controls by 2 × 3 chi-square tests.

IL-18 Promoter No. KD Patients (%) No. Controls (%) p OR (95% CI)

–656 T/G genotype
TT 43 (31.2) 37 (27.4) 0.17 1
TG 64 (46.4) 77 (57.0) 0.7 (0.4–1.2)
GG 31 (22.4) 21 (15.6) 1.2 (0.6–2.4)

Allele
T 150 (54.3) 151 (55.9) 0.71 1
G 126 (45.7) 119 (44.1) 1.1 (0.7–1.4)

–607A/C genotype
AA 46 (32.2) 41 (31.3) 0.19 1
AC 64 (44.7) 70 (53.4) 0.8 (0.4–1.4)
CC 33 (23.1) 20 (15.3) 1.1 (0.8–1.6)

Allele
A 156 (54.5) 152 (58.0) 0.41 1
C 130 (45.5) 110 (42.0) 1.1 (0.8–1.6)

–137C/G genotype
CC 96 (67.1) 96 (70.6) 0.24 1
CG 46 (32.2) 36 (26.5) 1.2 (0.7–2.1)
GG 1 (0.7) 4 (2.9) 0.2 (0.01–4.0)

Allele
C 238 (83.2) 228 (83.8) 0.84 1
G 48 (16.8) 44 (16.2) 1.0 (0.6–1.6)

IL-18: interleukin 18; KD: Kawasaki disease. p values < 0.05 were considered statistically significant.
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SNP we studied. In the haplotype analysis, none of the esti-
mated haplotype frequencies in KD patients with CAL dif-
fered from those without CAL (data not shown).

Comparison of allele and haplotype frequencies of IL-18
promoter polymorphisms between Taiwanese and
Caucasians. Frequency data on the 3 IL-18 promoter poly-
morphisms were compared with data from Dutch Caucasian
subjects32 (Table 5). The allele and haplotype frequencies
found in our Taiwanese controls were significantly different
from those reported in Caucasian populations21,32,33.

DISCUSSION
KD is currently thought to be an infectious disease with
immunologic manifestations that occur only in genetically
susceptible individuals1. Polymorphic gene sequences of
cytokines known to be involved in pathogenesis of KD are
potential markers of disease susceptibility. Many studies
have examined the relationship between cytokine gene poly-
morphisms and the incidence of KD, including TNF-α, IL-
1 RA, IL-10, and vascular endothelial growth factor
(VEGF)34-37. Our results provide evidence that polymor-
phisms of the IL-18 promoter are associated with suscepti-
bility to KD in the Taiwanese population.

It has been shown that IL-18 concentrations are marked-
ly elevated during the subacute phase of KD13, but that they

are not increased during the acute phase of the disease12,13.
Normal IL-18 values in the acute phase of KD might be due
to a negative feedback mechanism of the IL-18 pathway. In
the study by Nomura, et al13, IL-18 values in KD patients in
the subacute phase showed a significant positive correlation
with the presence of coronary artery abnormalities and also
with the duration of fever. This suggests that IL-18 levels in
the subacute phase may reflect the severity of KD.

Several studies have shown that the level of IL-18 pro-
duction is related to the IL-18 promoter gene21,38-40, and 2
SNP at positions –607 and –137 of the IL-18 promoter 1
region have been found to be associated with transcription
activity of the IL-18 gene promoter21. It has been shown that
a change from C to A at position –607 disrupts a potential
cAMP responsive element binding protein (CREB) site,
resulting in low IL-18 production41. Similarly, a change at
position –137 from G to C has been reported to affect the
H4TF-1 nuclear factor binding site21,42. These studies
showed low promoter activity for A and C alleles at position
–607 and –137, respectively, and higher promoter activity
for C and G alleles in those positions.

IL-18 promoter polymorphisms have been found to be
associated with many immune-mediated inflammatory dis-
eases including type I diabetes22, sarcoidosis23, RA24,25, and
inflammatory bowel disease26. In a Chinese population, the

Table 4. Distribution of IL-18 promoter haplotype frequencies in patients with KD and controls.

Haplotype* KD Patients, %† Controls, %† p (pc) OR (95% CI)

GCC 31.7 41.8 0.013 (0.052) 0.65 (0.46–0.90)
TAC 42.8 39.3 NS 1.15 (0.82–1.61)
TAG 6.4 16.5 0.0001 (0.0004) 0.35 (0.19–0.61)
GCG 7.8 0.4 0.00001 (0.00004) 20.8 (3.05–142.3)

* Order of single-nucleotide polymorphisms comprising the IL-18 haplotypes: –656T/G, –607A/C, –137C/G.
Haplotypes were identified by Bayesian computation from Phase 2.1. † Percentages may not sum to 100%
because of the presence of rare haplotypes (< 5%) not presented here. pc: p corrected for number of alleles com-
pared. NS: not significant.

Table 5. Frequencies of alleles and haplotypes of interleukin 18 promoter in Taiwanese and Caucasians32.

Allele/Haplotype Taiwanese, Caucasian, p
n = 136 n = 103

Allele
–656T 0.56 0.37 < 0.01
–656G 0.44 0.63
–607A 0.58 0.37 < 0.01
–607C 0.42 0.63
–137C 0.84 0.24
–137G 0.16 0.76 < 0.0001

Haplotype (–656/–607/–137)
GCC 0.42 0.00 < 0.0001
TAC 0.39 0.24
TAG 0.17 0.13
GCG 0.004 0.63

p values by chi-square test.
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AA genotype at position –607, but not at –137, is associat-
ed with a protective effect against development of RA24.
However, in Caucasian patients with RA, the conclusions
are inconsistent. In German and Scottish populations, both
SNP at position –607 and –137 contribute to the genetic
background of pathogenesis of RA25. In contrast, the 2 poly-
morphisms were found to play no major role in RA suscep-
tibility in a Spanish population43. Although these data of
various case–controlled studies are not absolutely conclu-
sive and require confirmation, the overall impression indi-
cates a functional importance for IL-18 promoter polymor-
phisms in the development of inflammatory diseases.

In our study, there were no differences in genetic fre-
quencies of the investigated IL-18 promoter polymorphisms
between KD patients and controls. However, the distribution
of various genotypes and haplotypes of the polymorphic
sites of the IL-18 promoter differed significantly between
our Taiwanese controls and some Caucasian populations,
suggesting that IL-18 promoter polymorphisms may be use-
ful anthropologic genetic markers21,32,33 (Table 5). Further
experiments are needed to confirm the actual frequencies of
IL-18 promoter genotypes and haplotypes in the Taiwanese
population.

In our study, the GCG haplotype, a major haplotype in
Caucasian populations, was estimated to be rare in our
healthy controls. However, it was estimated to be present in
about 7.8% of patients with KD. The GCG haplotype
seemed to be a susceptibility factor for developing KD in
our Taiwanese cohort. Giedraitis, et al21 and Zhou, et al44

reported that the GCG haplotype would lead to higher pro-
moter activity compared with other haplotypes. Further, it
was shown that differences in expression of IFN-γ in rela-
tionship with IL-18 exist between the IL-18 promoter hap-
lotypes21. The increased prevalence of the GCG haplotype
in KD patients may partially explain why these individuals
have higher serum IL-18 and IFN-γ levels than healthy indi-
viduals. In contrast, the frequency of the TAG haplotype was
lower in KD patients than in controls in our study. The TAG
haplotype seems to have a protective effect in preventing
KD development. The relationship between the TAG haplo-
type and the activity of the IL-18 promoter is more contro-
versial. Zhou, et al44 reported that the promoter activity of
the TAG haplotype was significantly lower than that of the
GCG haplotype; however, Giedraitis, et al21 found that the 2
haplotypes have similar activities. Further studies of IL-18
promoter activity are needed to characterize the haplotype
effect. In addition to transcriptional regulation, posttransla-
tional modifications also appear to be relevant for control-
ling IL-18 bioactivity. Our findings may indicate that IL-18
promoter haplotypes play a significant role in creating sus-
ceptibility to KD in Taiwan. However, our findings may
only reflect a linkage disequilibrium between these haplo-
types and another functional mutation elsewhere in the IL-
18 sequence, such as in promoter 2, in which 3 novel SNP

that may affect the production of IL-18 have been
revealed45.

A study by Nomura, et al suggested that subacute-phase
IL-18 values are related to CAL13. We were not able to
demonstrate a role for IL-18 promoter polymorphisms in the
predisposition of KD patients to the development of CAL.
There may be a number of reasons for this; first, the number
of patients with CAL in our study was too small to deter-
mine a significant association. Second, these polymor-
phisms may simply not be involved in the genetic suscepti-
bility to CAL. Third, it may well be that the effect of IL-18
on the formation of CAL per se is indirect. As the formation
of CAL may be associated with specific polymorphisms in
a number of genes and may represent the interaction of com-
plex genetic traits, the role of IL-18 promoter polymor-
phisms in the development of CAL may be apparent only
when it is examined in the context of the interaction of other
polymorphisms in or close to the IL-18 gene, or those locat-
ed in other genes that are related to angiogenic and inflam-
matory processes.

Our results suggest a potential implication of IL-18 pro-
moter polymorphisms in creating susceptibility to KD in
Taiwanese, but the contribution of these polymorphisms to
disease susceptibility or severity in other populations
remains unclear. Further studies in patients with KD from
different ethnic backgrounds are required to confirm a role
for this gene within the complex genetics of KD.
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