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Abstract
Objective Kawasaki disease (KD) is characterized by systemic
vasculitis of an unknown cause. A previous study has indicated
that a polymorphism of the inositol 1,4,5-trisphosphate
3-kinase C (ITPKC) gene is involved in the susceptibility to
KD. ORAI (also known as CRACM1) is one of the
components of store-operated calcium channels involved in
regulating immune and inflammatory reactions. This study
was conducted to investigate if polymorphisms in ORAI1/
CRACM1, a gene downstream from ITPKC, are associated
with KD susceptibility and clinical outcomes.

Materials and Methods A total of 1,056 subjects (341 KD
patients and 715 controls) were investigated to identify five
tagging single nucleotide polymorphisms (tSNPs) in ORAI1/
CRACM1 (rs12313273, rs6486795, rs7135617, rs12320939,
and rs712853) by using the TaqMan Allelic Discrimination
assay.
Results No significant associations between genotype and
allele frequency of the five ORAI1/CRACM1 tSNPs were
observed in the KD patients and controls. In KD patients, no
significant associations between ORAI1/CRACM1 polymor-
phisms and coronary artery lesion (CAL) formation or
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intravenous immunoglobulin (IVIG) treatment response
were observed. The results from haplotype analysis were
insignificant.
Conclusions This study showed for the first time that
ORAI1/CRACM1 polymorphisms are not associated with
KD susceptibility, CAL formation, or IVIG treatment
response in the Taiwanese population.
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artery lesions . intravenous immunoglobulin

Abbreviations
KD Kawasaki disease
IVIG Intravenous immunoglobulin
CAL Coronary artery lesions
CRACM1 Calcium release-activated calcium (CRAC)

modulator 1
ITPKC Inositol 1,4,5-trisphosphate 3-kinase C

Introduction

Kawasaki disease (KD) is characterized by acute, febrile,
systemic vasculitis and was first described by Kawasaki
et al. in 1974 [1]. In developed countries, KD is the
leading cause of acquired heart diseases in children [2, 3].
KD occurs worldwide particularly in Japan, Korea, and
Taiwan, and mainly affects children less than 5 years of
age [4–6]. The most serious complication of KD is the
occurrence of coronary artery lesions (CAL) [7, 8]. The
prevalence of KD in children younger than 5 years is the
highest in Japan, followed by Korea and Taiwan, and
lowest in Europe. Previous studies have either failed to
identify the causative pathogen for KD or reported
discrepant results [9–11]. Therefore, it is possible that
genetic background plays an important role in KD
pathogenesis. Several lines of evidence support T-cell-
mediated cytokine release as a key regulator in the onset
of KD [7, 12–14]. Our previous studies have shown that
eosinophil and IL-5 levels are associated with intravenous
immunoglobulin (IVIG) responsiveness. Data on CAL
formation also indicated that T-cell-mediated immunity is
involved in KD pathogenesis [7, 15, 16].

Inositol 1,4,5-trisphosphate 3-kinase C (ITPKC), a
negative regulator of the nuclear factor of activated T cells
(NFAT) signaling pathway, functions in immune modula-
tion by phosphorylating inositol 1,4,5-trisphosphate (IP3)
[12, 13]. A functional ITPKC SNP (rs28493229) is
associated with susceptibility to KD and CAL formation
in this disease [13]; however, the controversial results from
independent groups revealed genetic association between
ITPKC (rs28493229) and the susceptibility to KD in the
Taiwanese population [17, 18]. Recently, another study

indicated that A allele of CASP3 (rs72689236) is a risk
allele in the development of aneurysm in patients with KD
in the Taiwanese population [19].

The calcium influx through IP3-mediated store-operated
calcium channel is significant to a variety of physiological
functions in non-excitable cells such as T cells and mast cells
[20, 21]. ORAI1/CRACM1 is an essential component of the
store-operated calcium channels [22]. A point mutation in
ORAI1/CRACM1 impairs store-operated calcium entry,
which leads to severe combined immunodeficiency (SCID)
in human infants [23]. However, no ORAI1/CRACM1 genetic
associations with KD have been reported yet. The aim of our
study was to determine if any ORAI1/CRACM1 SNPs are
associated with susceptibility to KD, CAL formation, or
IVIG treatment response in Taiwanese children.

Patients and Methods

Patients Studied

All study cases were children from Chang Gung Memorial
Hospital, Kaohsiung Medical Center, who fulfilled the
diagnostic criteria for KD between 2001 and 2009. All
patients were treated with IVIG (2 g/kg) and aspirin as in
our previous studies [7, 8, 24]. This study was approved by
the Institutional Review Board of Chang Gung Memorial
Hospital. Blood samples were collected after informed
consent was obtained from parents or guardians. We
excluded patients who did not meet KD diagnostic criteria.
CAL formation was defined as the internal diameter of the
coronary artery measuring at least 3 mm (4 mm if the
subject was over the age of 5 years) or the internal diameter
of a segment at least 1.5 times that of an adjacent segment,
as observed in the echocardiogram [8, 25]. IVIG respon-
siveness was defined as defervescence within 48 h after
IVIG treatment completion and no recurrence in fever
(temperature >38°C) for at least 7 days after IVIG with
marked improvement or normalization of inflammatory
signs [7, 8].

DNA Extraction and Genotyping

DNAwas extracted from blood cells by using Gentra extraction
kit, followed by 70% alcohol precipitation as described in our
previous report [26]. Five tSNPs of ORAI1/CRACM1
(rs12313273, rs6486795, rs7135617, rs12320939, and
rs712853) with minor allele frequency (MAF) >10% and
r2 >0.8 were selected from chromosomal region 120,545,838
to 120,561,329 in the Han Chinese in Beijing (CHB)
population from the HapMap database (http://www.hapmap.
org, HapMap Data Rel 27 PhaseII+III, Freb09, on NCBI B36
assembly, dbSNP b126). A graphical overview of physical
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and chromosomal location information of the five SNPs is
shown in Fig. 1. Two ORAI1/CRACM1 polymorphisms are
located in promoter area (rs12313273 and rs1232093), two in
the intron (rs6486795 and rs7135617), and one in the 3′
untranslated region (UTR) (rs712853).

Genotyping was conducted by using the TaqMan Allelic
Discrimination Assay (Applied Biosystems, Foster city,
CA, USA). Polymerase chain reaction (PCR) was per-
formed in a 96-well microplate and with the ABI 9700
Thermal Cycler. The thermal cycle conditions were as
follows: denaturation at 95°C for 10 min, 40 cycles of
denaturation at 92°C for 15 s, and annealing and extension
at 60°C for 1 min. After PCR, fluorescence was measured
and analyzed using the System SDS software version 1.2.3.

Statistical Analysis

SAS 9.1 for Windows was used for analysis. Statistical
differences between case and control in genotype and allele
frequency were assessed using the χ2 test or the Fisher’s
exact test. Statistical differences in genotype and allele
frequency of KD patients with/without CAL formation and
patients with IVIG resistance/responsiveness were assessed

using the χ2 test. The Bonferroni test was used to correct
for multiple tests.

Results

No Association between ORAI1/CRACM1 tSNPs
and Susceptibility to KD

A total of 341 KD patients and 715 controls were included
in this study. The distribution of ORAI1/CRACM1 geno-
types was in accordance with the Hardy–Weinberg equilib-
rium for both cases and controls (Table I). However, none
of the tSNPs were significantly associated with the
genotype or allele frequency of controls and KD patients
under three genetic models (Dominant, Recessive, or
Allelic models).

No Association in KD Patients between ORAI1/CRACM1
tSNPs and CAL Formation or IVIG Treatment Response

A total of 341 KD patients were included; 35 patients
(10.3%) showed CAL formation and 43 patients (12.6%)

Fig. 1 Graphical overview of
the genotyped human ORAI1/
CRACM1 gene polymorphisms
in relation to its exon/intron
structure. a Distance from the
transcriptional start site. b
Location of SNPs on
chromosome 12

Table I Genotype and allele frequencies of the ORAI1/CRACM1 gene in patients with Kawasaki disease and controls

Genotype Case (%)
(n=341)

Control (%)
(n=715)

Allele Case (%)
(n=341)

Control (%)
(n=715)

Genotype
P value

Dominant
P value

Recessive
P value

Allelic
P value

rs12320939 TT 72 (22.2) 165 (24.3) T 319 (49.2) 664 (48.9) 0.359 0.352 0.469 0.889
GT 175 (54.0) 334 (49.2) G 329 (50.8) 694 (51.1)

GG 77 (23.8) 180 (26.5)

rs12313273 CC 17 (5.2) 53 (7.7) C 163 (24.9) 377 (27.4) 0.323 0.465 0.141 0.238
CT 129 (39.5) 271 (39.4) T 491 (75.1) 999 (72.6)

TT 181 (55.3) 364 (52.9)

rs7135617 TT 53 (16.6) 113 (16.4) T 262 (41.1) 564 (41.0) 0.997 0.991 0.940 0.974
GT 156 (48.9) 338 (49.1) G 376 (58.9) 812 (59.0)

GG 110 (34.5) 237 (34.5)

rs6486795 CC 37 (11.3) 98 (14.3) C 229 (35.1) 511 (37.4) 0.429 0.653 0.194 0.331
CT 155 (47.6) 315 (46.1) T 423 (64.9) 857 (62.6)

TT 134 (41.1) 271 (39.6)

rs712853 CC 41 (12.9) 96 (13.9) C 217 (34.0) 490 (35.5) 0.816 0.566 0.648 0.513
CT 135 (42.3) 298 (43.2) T 421 (66.0) 890 (64.5)

TT 143 (44.8) 296 (42.9)
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showed resistance to the initial IVIG treatment. However,
no tSNPs were significantly associated with genotype or
allele frequency in KD patients with or without CAL
formation (Table II). Additionally, the ORAI1/CRACM1
polymorphisms tested in this study failed to show any
significant associations with genotype or allele frequency in
KD patients who showed IVIG treatment response
(Table III). We also calculated pairwise linkage disequilib-
rium (LD) of the SNPs and analyzed the relationship
between five common haplotypes of OARI1/CRACM1 and

clinical KD status. However, none was significantly
associated with the phenotype.

Discussion

Several genetic associations with susceptibility to KD and
CAL formation have been reported, but the results are
inconsistent [13, 14, 17, 18]. Previous genetic association
studies indicate that the intronic SNP (rs28493229) of

Table II Genotype and allele frequencies of ORAI1/CRACM1 gene in Kawasaki disease patients with or without lesion formation in the coronary
artery

Genotype CAL (%)
(n=35)

Without (%)
(n=306)

Allele CAL (%)
(n=35)

Without (%)
(n=306)

Genotype
P value

Dominant
P value

Recessive
P value

Allelic
P value

rs12320939 TT 6 (19.4) 66 (22.5) T 29 (46.8) 290 (49.5) 0.909 0.779 0.686 0.684
GT 17 (54.8) 158 (53.9) G 33 (53.2) 296 (50.5)

GG 8 (25.8) 69 (23.6)

rs12313273 CC 0 (0.0) 17 (5.8) C 17 (25.8) 146 (24.8) 0.167 0.403 0.156 0.869
CT 17 (51.5) 112 (38.1) T 49 (74.2) 442 (75.2)

TT 16 (48.5) 165 (56.1)

rs7135617 TT 8 (25.0) 45 (15.7) T 29 (45.3) 233 (40.6) 0.367 0.989 0.179 0.467
GT 13 (40.6) 143 (49.8) G 35 (54.7) 341 (59.4)

GG 11 (34.6) 99 (34.5)

rs6486795 CC 3 (9.1) 34 (11.6) C 24 (36.4) 205 (35.0) 0.689 0.559 0.666 0.824
CT 18 (54.5) 137 (46.8) T 42 (63.6) 381 (65.0)

TT 12 (36.4) 122 (41.6)

rs712853 CC 3 (9.1) 38 (13.3) C 20 (30.3) 197 (34.4) 0.773 0.656 0.495 0.502
CT 14 (42.4) 121 (42.3) T 46 (69.7) 375 (65.6)

TT 16 (48.5) 127 (44.4)

Table III Genotype and allele frequencies of the ORAI1/CRACM1 gene in Kawasaki disease patients who did or did not respond to intravenous
immunoglobulin treatment

Genotype Resistant
(%) (n=43)

Responsive
(%) (n=298)

Allele Resistant
(%) (n=43)

Responsive
(%) (n=298)

Genotype
P value

Dominant
P value

Recessive
P value

Allelic
P value

rs12320939 TT 8 (20.0) 64 (22.5) T 38 (47.5) 281 (49.5) 0.933 0.845 0.718 0.741
GT 22 (55.0) 153 (53.9) G 42 (52.5) 287 (50.5)

GG 10 (25.0) 67 (23.6)

rs12313273 CC 3 (7.1) 14 (4.9) C 19 (22.6) 144 (25.3) 0.448 0.360 0.543 0.601
CT 13 (31.0) 116 (40.7) T 65 (77.4) 426 (74.7)

TT 26 (61.9) 155 (54.4)

rs7135617 TT 7 (17.1) 46 (16.6) T 34 (41.5) 228 (41.0) 0.996 0.961 0.933 0.938
GT 20 (48.8) 136 (48.9) G 48 (58.5) 328 (59.0)

GG 14 (34.1) 96 (34.5)

rs6486795 CC 7 (16.3) 30 (10.6) C 29 (33.7) 200 (35.3) 0.178 0.269 0.274 0.770
CT 15 (34.9) 140 (49.5) T 57 (66.3) 366 (64.7)

TT 21 (48.8) 113 (39.9)

rs712853 CC 7 (16.7) 34 (12.3) C 33 (39.3) 184 (35.5) 0.567 0.347 0.428 0.274
CT 19 (45.2) 116 (41.9) T 51 (60.7) 890 (64.5)

TT 16 (38.1) 127 (45.8)
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ITPKC reduces gene expression by altering splicing
efficiency, and the C allele contributes to immune hyper-
reactivity in KD patients [13]. Although the functional
effects of ITPKC in regulating store-operated calcium
channels (SOC) are elusive, changes in ITPKC expression
levels may influence the phosphorylation of IP3, which in
turn controls SOC activation [13, 20, 21]. SOC is encoded
by the ORAI gene family, including ORAI1, ORAI2, and
ORAI3 (also known as CRACM1, CRACM2, and
CRACM3). Mutations of ORAI1 (E106D and E190Q) result
in changed calcium channel ion selectivity, which indicates
that ORAI1/CRACM1 is a pore subunit of store-operated
CRAC channels [27]. Two other non-synonymous SNPs
(rs3741596 and rs75603737) have been observed within the
ORAI1/CRACM1 locus in the NCBI SNP database; however,
the MAFs of the two SNPs are less than 1% in the
Taiwanese population. We found no significant associations
between genotype and phenotypes of KD susceptibility and
clinical outcomes (data not shown).

The stromal interaction molecule 1 (STIM1) is an intracel-
lular Ca2+ sensor that initiates SOC activation [28]. In
addition, STIM2 is an intracellular Ca2+ regulator that
maintains the Ca2+ balance between the cytosol and the
endoplasmic reticulum [29]. We also tested KD patients for
SNPs in STIM1 (rs35637264), STIM2 (rs4505809), and
calcium sensor receptor (CASR) (rs17251221). No significant
findings were observed (data not shown). We acknowledge
that the SNPs selected for this study were not adequate to
investigate the entire SOC pathway and that further studies on
additional genetic polymorphisms of this pathway are needed.

We systematically investigated five ORAI1/CRACM1
tSNPs (rs12313273, rs6486795, rs7135617, rs12320939,
and rs712853) in the Taiwanese children. None of these
SNPs reached statistical significance. Our moderate sample
size may not have provided sufficient power to detect minor
genetic effects. Therefore, we cannot exclude rare causal
genetic polymorphisms at ORAI1/CRACM1. Application of
direct ORAI1/CRACM1 sequencing in larger samples may
be useful to identify new SNPs in the ORAI1/CRACM1
gene and to clarify the effects of ORAI1/CRACM1 poly-
morphisms on KD susceptibility.
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