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Abstract
Background: Kawasaki disease (KD) is a systemic vasculitis, and the formation of coronary artery lesions(CAL) is its
most common sequela. Both genetic and environmental factors are considered to be important factors of in KD.
Integrin α2 (ITGA2) is a transmembrane receptor that is associated with susceptibility to several diseases, but its
relevance to KD with CAL is unclear.
Methods: We genotyped ITGA2 rs1126643 in 785 KD patients with the CAL and no-CAL(NCAL) (300 patients with
CAL, and 485 age- and sex-matched patients with NCAL). OR (95% CI) and adjusted OR (95% CI) were used to
evaluate the intensity of the association.
Results: We found a significantly increased risk of KD with CAL associated with ITGA2 rs1126643 genotypes (CT vs
CC: adjusted OR = 1.57, 95% CI = 1.16–2.12, P = 0.0032; CT/TT vs CC: adjusted OR = 1.49, 95% CI = 1.12–2.00, P =
0.0068; T vs C: adjusted OR = 1.66, 95% CI = 1.16–2.51, P = 0.0165). Moreover, we found that carriers of the CT/TT
genotype had a significant risk of KD with coronary artery lesion susceptibility for children ≤60 months of age, and
the CT/TT genotype was significantly associated with an increased risk of SCAL formation and MCAL formation
when compared with the CC genotype.
Conclusion: ITGA2 rs1126643 was associated with increased susceptibility and severity of CAL in KD.
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Background
Kawasaki disease (KD) is a systemic vasculitis first described by Dr. Kawasaki in 1974 in Japan [1]. It primality
affects children below 5 years old, especially in Asian
countries. The incidence of KD is highest in Japan,
Korea and Taiwan ranging from 66/100,000 to 234/100,
000 in children younger than 5 years old [2, 3]. The
exact etiology of KD is not known [4]. Both genetic and
environmental factors have been reported to play important role in KD [5]. The most common sequel of KD
is coronary artery lesions (CAL), which is known to predominantly occur in young children (84% ~ 86% of all
cases occur in children between 6 months and 5 years of
age) with a male predominance (approximately 1.5 ~ 1.8
times higher than females) [6, 7]. CAL included coronary
artery dilation, aneurysms, or fistula formation. All patients were identified only by echocardiography.
Antiplatelet therapy is routinely applied in KD treatment. Elevated platelet counts often develop in the acute
phase of KD. This causes hyperplatelet function in which
platelets become adherent, deformed, aggregates and release various cytokines and inflammatory factors. As a
consequence, blood hypercoagulates causing vascular
endothelial injury, collagen exposure, and triggers
chemotaxis of various cytokines, all of which results in
the formation of vascular inflammatory lesions [8]. Lowdose aspirin was recommended to prevent platelet activation and aggregation. All the patients received low
doses of aspirin(3–5 mg/kg/day).Integrin α2 (ITGA2),
which encodes the alpha subunit of the transmembrane
receptor for collagens and related proteins, is located on
chromosome 5q23–31 [9]. The encoded protein forms a
heterodimer with a beta subunit responsible for adhesion of platelets and other cell types to the extracellular
matrix. KD is defined as a vascular injury disease similar
to arterial thrombosis. Mutations of the ITGA2 gene
have been associated with vascular injury. It is therefore
likely that a correlation exists between ITGA2 and KD.
A meta-analysis suggested that ITGA2 rs1126643 affected susceptibility to aspirin insensitivity [10]. The
average frequency of the ITGA2 gene rs1126643-T allele
was 40.77% in Caucasian patients with aspirin insensitivity but was 58.58% in Chinese patients [10]. Here, we investigated
whether
ITGA2
SNP
(rs1126643)
polymorphism influences susceptibility to CAL in a cohort of 785 KD patients with or without CAL in the
Chinese population.
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Center, were enrolled. Additionally, 485 age- and sexmatched children patients with no-CAL(NCAL) were recruited in the same hospital, between February 2014 and
February 2017. About 2 mL blood was collected from
each participant for genomic DNA extraction (Qiagen,
Dusseldorf, Germany). Informed consent was obtained
from each participant’s guardian. This study was approved by the Institutional Committee of Guangzhou
Women and Children’s Medical Center (2014073009).
SNP selection and genotyping

Genomic DNA was extracted from peripheral blood
samples for genotypic analysis of the SNPs (rs 11,226,
643) of interest in the ITGA2 gene. Functional polymorphism was carried out based on a thorough evaluation of polymorphisms associated with vasculopathy
[10, 11]. This was performed following methods reported previously [12]. Genomic DNA was extracted
using the TIANamp Blood DNA Kit (Qiagen, Dusseldorf, Germany). The DNA samples were kept at − 80 °C
until batch genotyping. Genotyping of the DNA was
conducted via PCR using multiple gene-specific primer
pairs targeting ITGA2 (rs1126643: forward GTGTTTAA
CTTGAACACATAT/ reverse AACTTG CATATTTT
GCTT). The volume of the PCR mixture was 10 μl (2 ×
multiplex PCR mix + PCR primer pool and template
DNA). The PCR protocol consisted of the following:
95 °C for 3 min; 15 cycles of 95 °C for 20s, 58 °C for 90s,
and 72 °C for 30s; and 72 °C for 1 min using a GeneAmp
PCR System 9700 (Thermo Fisher Scientific). The PCR
products were subjected to massive parallel sequencing
using an Ion Proton system (Life Technologies, CA,
USA).
Statistical analysis

The frequency distribution of the polymorphism and the
demographic variables between KD with CAL and
NCAL were compared using the χ2 test. The association
of the ITGA2 rs1126643 C > T polymorphism with KD
susceptibility was evaluated by calculating the odds ratio
(OR) and 95% confidence interval (CI) using unconditional multivariate logistic regression analyses. Stratified
analysis was based on coronary artery outcomes, age and
sex, and P-values < 0.05 were considered statistically significant. Statistical analyses were performed using SAS
software (Version 9.3; SAS Institute, Cary, NC, USA).

Results
Materials and methods

Characteristics of the study population

Subjects

The demographic characteristics of the KD patients with
and without CAL are summarized in Table 1. The
average age of patients was 28.48 months (±29.01,
range = 1–166 months) for CAL and 31.23 months (±
23.20, range = 1–110 months) for NCAL. There was no

A total of 300 patients with KD coronary artery lesions,
diagnosed in line with the criteria of the American Heart
Association in 2004 [11] who were receiving treatment
in the Guangzhou Women and Children’s Medical
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Table 1 Characteristics of KD cases with the CAL and NCAL
group
P-valuea

Variables

CAL

NCAL

Age range, month

1–166

1–110

Mean ± SD

28.48 ± 29.01

31.23 ± 23.20

≤60

271 (90.33%)

425 (87.63%)

> 60

29 (9.67%)

60 (12.37%)

Male

220 (73.33%)

325 (67.01%)

Female

80 (26.67%)

160 (32.99%)

Stratified analysis for polymorphism and Kawasaki
disease susceptibility

0.2411

sex
0.0603

Severity of CAL
SCALb

188 (62.67%)

MCALc

63 (21.00%)

d

49 (16.33%)

GCAL

significant associations were detected. As a result, the
harmful genotype used for the calculation was ITGA2
rs1126643 CT/TT.

Two-sided χ2 test for distributions between Kawasaki disease patients with
the CAL and NCAL. b Kawasaki disease patients with coronary artery
dilatations/small aneurysms. c Kawasaki disease patients with coronary artery
medium aneurysms. d Kawasaki disease patients with coronary artery
giant aneurysms
a

significant difference in age (P = 0.2411) or sex (P =
0.0603) between CAL and NCAL groups. Twodimensional echocardiography revealed that 188
(62.67%) patients developed coronary artery dilatations/
small aneurysms (SCAL), 63 (21.00%) developed coronary artery medium aneurysms (MCAL), and 49 (16.33%)
developed giant coronary artery aneurysms (GCAL).
Association of ITGA2 gene polymorphism and KD with
CAL susceptibility

The frequency distribution of the SNP polymorphism in
the Kawasaki disease patients with and without CAL is
shown in Table 2. The rs1126643 genotype showed increased risk of KD patients with CAL after adjustment
for age and sex (CT vs CC: adjusted OR = 1.57, 95% CI =
1.16–2.12, P = 0.0032; CT/TT vs CC: adjusted OR =
1.49, 95% CI = 1.12–2.00, P = 0.0068; T vs C: adjusted
OR = 1.66, 95% CI = 1.16–2.51, P = 0.0165). No other

The association of ITGA2 gene (rs1126643) polymorphism with KD coronary artery lesion susceptibility was
further determined in stratified analysis by age, sex and
severity of CAL (Table 3). Results showed that carriers
of the CT/TT genotype had a significantly higher risk of
KD coronary artery lesion especially for children ≤60
months of age (adjusted OR = 1.44, 95% CI = 1.06–1.96,
P = 0.0199) and males (adjusted OR = 1.50, 95% CI =
1.06–2.11, P = 0.0218). The CT/TT genotype was significantly associated with an increased risk of SCAL (adjusted OR = 1.47, 95% CI = 1.04–2.08, P = 0.0277) and
MCAL (adjusted OR = 1.72, 95% CI = 1.01–2.93, P =
0.0451) compared with carriers of the CC genotype.

Discussion
Here, we reveal an association of the ITGA2 gene
(rs1126643) polymorphism with the risk of KD in 300
patients with CAL and 485 patients with NCAL. Specifically, the ITGA2 rs1126643 CT/TT was associated with
an increased risk of KD patients with CAL, especially in
children ≤60 months of age and males. Stratified analysis
demonstrated that the ITGA2 rs1126643 CT/TT variant
elevated the risk of KD progressing into SCAL and
MCAL. To our knowledge, this is the first study to show
that ITGA2 rs1126643 polymorphism is associated with
KD coronary artery lesion susceptibility.
Integrins are adhesion molecules that promote platelet
aggregation, hence the formation of blood clots [13].
ITGA2 is an important platelet receptor for collagen and
regulates platelet activation by facilitating platelet adhesion and aggregation to the exposed surface of the subendothelial collagen fiber [14]. The gene encoding
ITGA2 contains a number of polymorphisms, such as

Table 2 Genotype frequency distribution of the rs1126643 polymorphism in KD cases with the CAL and NCAL
Genotype

CAL (n = 300)

NCAL (n = 485)

P-valuea

P-value

OR (95% CI)

Adjusted OR (95% CI)

Adjusted P-valueb

ITGA2/rs1126643 C > T
CC

138 (46.00%)

273 (56.29%)

1.00

CT

146 (48.67%)

182 (37.53%)

1.59 (1.18–2.14)

0.0025

1.57 (1.16–2.12)

0.0032

TT

16 (5.33%)

30 (6.19%)

Additive

a

1.00

1.06 (0.56–2.00)

0.8697

1.03 (0.54–1.95)

0.9374

0.0089

1.29 (1.02–1.64)

0.0342

1.28 (1.01–1.62)

0.0443

Dominant

162 (54.00%)

212 (43.71%)

0.0050

1.51 (1.13–2.02)

0.0051

1.49 (1.12–2.00)

0.0068

Recessive

284 (94.67%)

455 (93.81%)

0.6193

0.85 (0.46–1.60)

0.6216

0.83 (0.45–1.56)

0.5675

C

422 (70.33%)

728 (75.05%)

0.0409

1.00

T

178 (29.67%)

242 (24.95%)

1.00

1.63 (1.08–2.47)

Two-sided χ2 test for distributions between Kawasaki disease patients with the CAL and NCAL.

0.0194
b

1.66 (1.10–2.51)

0.0165

Adjusted for age and sex status in logistic regress models
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Table 3 Stratification analysis of rs1126643 polymorphism in KD cases with the CAL and NCAL
Variables

rs1126643 (Cases/Controls)

P-valuea

OR (95% CI)

P-value

Adjusted OR
(95% CI)

Adjusted
P-valueb

CC

CT/TT

≤ 60

126/238

145/187

0.0143

1.47 (1.08–1.99)

0.0145

1.44 (1.06–1.96)

0.0199

> 60

12/35

17/25

0.1328

1.98 (0.81–4.88)

0.1358

2.02 (0.82–4.99)

0.1292

Male

97/176

123/149

0.0210

1.50 (1.06–2.11)

0.0214

1.50 (1.06–2.11)

0.0218

Female

41/97

39/63

0.1670

1.47 (0.85–2.52)

0.1669

1.52 (0.88–2.61)

0.1357

SCALc

86/273

102/212

0.0139

1.53 (1.09–2.14)

0.0142

1.47 (1.04–2.08)

0.0277

MCALd

27/273

36/212

0.0444

1.72 (1.01–2.92)

0.0457

1.72 (1.01–2.93)

0.0451

e

25/273

24/212

0.4803

1.24 (0.69–2.23)

0.4797

1.23 (0.68–2.22)

0.4992

Age, months

sex

Severity of CAL

GCAL

Two-sided χ2 test for distributions between Kawasaki disease patients with the CAL and NCAL. b Adjusted for sex/age status in logistic regress models. c
Kawasaki disease patients with coronary artery dilatations/small aneurysms. d Kawasaki disease patients with coronary artery medium aneurysms. e Kawasaki
disease patients with coronary artery giant aneurysms
a

ischemic stroke and idiopathic sudden sensorineural
hearing loss (iSSNHL) [15, 16]. ITGA2 has been implicated in thrombotic and arterial atherosclerotic disease.
As a key member of the integrin family of adhesion molecules, ITGA2 mediates cell-cell, cell-matrix, and cellmatrix-cell adhesions [17]. It therefore affects various
physiological and pathological processes such as inflammatory reactions, immune responses, atherosclerosis,
and thrombosis [18]. KD is characterized by multisystem
involvement and inflammation of all medium-sized arteries, including the coronary artery [19]. High infiltration of inflammatory cells in KD vascular tissues cause
vascular damage during the acute febrile phase of KD
[20]. In our study, we found that ITGA2 rs1126643 was
a harmful factor with KD coronary artery lesions. To our
knowledge, this is the first study to validate the association of ITGA2 rs1126643 with KD coronary artery
lesions risk in a Chinese population. It may play a significant role in the pathogenesis of KD coronary artery
lesions.
Although the etiology of KD is elusive, a genome-wide
association study (GWAS) showed that single-nucleotide
polymorphisms (SNPs) of AGT, NEBL, ITPKS, TGF-β,
and KCNN2 may be modify the occurrence of CAL in
KD [21–25]. To date, no study has explored the association of ITGA2 with KD coronary artery lesions. In the
present study, we found that ITGA2 rs1126643 was associated with increased KD with coronary artery lesion
susceptibility in the Chinese population. Stratified analysis showed that ITGA2 rs1126643 prevented the formation of SCAL and MCAL with KD.
Compared with the rs1126643 CC genotype, the harmful effect of the CT/TT variant genotype was more pronounced in children ≤60 months of age and in males.
This finding is consistent with results of other studies
[11, 26]. KD with CAL results in more apparent effects

in young children below 60 months of age. The peak age
of onset ranged from 9 to 11 months, and the male to female ratio was 1.5 to 1 [11, 26, 27]. Our results indicate
that ITGA2 gene polymorphism is among the important
factors affecting CAL in children with KD with CAL.
Therefore, children with KD CAL may be predisposed to
CAL and should be monitored to initiate early prevention and treatment. However, these results are based on
a small sample size. In addition, we only collected ethnicity, geographical factors, age and sex as cases and controls. However, other ITGA2 gene polymorphisms were
not involved in this study.
These results underscore the need to monitor the possibility of CAL in children with KD based on ITGA2
gene mutation. Early initiation of interventions will reduce the risk of mortality caused by CAL in children
with KD.

Conclusion
In summary, this study confirms that ITGA2 rs1126643
is associated with increased KD and coronary artery lesion susceptibility. However, future studies with larger
sample sizes and practical experiments should be conducted to explore the roles of the ITGA2 gene in KD
with coronary artery lesion susceptibility and severity.
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