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Abstract Mothers against decapentaplegic homolog
(SMAD) proteins are intracellular mediators of members of
the transforming growth factor-8 (TGF-) superfamily, which
are activated by bone morphogenetic proteins (BMPs). On
activation, SMADS forms heterometric SMAD complexes,
which are translated to the nucleus where they regulate gene
transcription. TGF-f induces T cell activation and cardio-
vascular disease, two important features of Kawasaki disease
(KD), whereas BMP is associated with coronary artery dis-
ease. In this study, we hypothesized that single nucleotide
polymorphisms (SNPs) of SMADS may be associated with
KD and coronary arterial lesions (CALSs). Genotyping for 15
SNPs of the SMADS5 gene (1s3764941, rs10085013,
156596284, 157356756, rs13179769, rs13166063, rs1109158,
154585442, 1s4146185, rs12719481, rs6865297, rs3206634,
rs6871224, rs1057898, and rs7031) was performed by direct
sequencing of 105 KD patients and 303 healthy adult controls.
We also compared the allele frequencies between a CAL
group (n = 31) and a normal coronary group (n = 74).
Results showed that among the 15 SNPs, rs3206634 was
significantly associated with KD in a recessive model (odds
ratio = 2.31, p = 0.019), whereas there was no association
between any of the 15 SNPs and CALs. These findings may be

J. H. Cho - K. L. Yoon (IX)

Department of Pediatrics, Kyung Hee University Hospital at
Gangdong, 892 Dongnam-ro, Gandong-gu,

Seoul 137-727, Korea

e-mail: ykr3215@hanmail.net

M. Y. Han - S. H. Cha
Department of Pediatrics, Kyung Hee University Medical
Center, Seoul, Korea

J. H. Jung
Department of Clinical Pharmacology, Kyung Hee University
School of Medicine, Seoul, Korea

used as a risk factors development of KD or for future gen-
erations of therapeutic treatments for KD.
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Introduction

Kawasaki disease (KD) is a common cause of acquired
heart disease in children of developed nations and may be
associated with serious cardiovascular sequelae in adult-
hood [33]. The cardiovascular complications of KD are
coronary artery lesions (CALs), such as myocardial
infarction, coronary artery dilatation, coronary fistula, or
coronary artery aneurysm (CAA).

It is known that transforming growth factor- (TGF-f)
plays a crucial role in the pathogenesis of multiple cardio-
vascular diseases. For example, it has been shown that TGF-
B can induce neoangiogenesis, cardiomyocyte hypertrophy,
calcification, and fibrosis [11, 27]. In addition, alteration of
TGF-p signaling has been implicated in the pathophysiology
of several vascular disorders, including Marfan [24] and
Loeys-Dietz syndromes [18] due to their association with
CAA and aortic root dilatation, which result from apoptosis
caused by the dysregulation of TGF-f activation and sig-
naling. Evidence of this type of cardiovascular remodeling,
as well as the role of TGF-f in T-cell activation, suggests the
possibility that the TGF-3 gene may be related to the path-
ogenesis of KD and CALs.

Our previous study showed that a TGFBR2 gene poly-
morphism (rs6550004) was associated with the develop-
ment of KD [9]. It is possible that gene polymorphisms
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may act as important candidate genes for the identification
of KD susceptibility due to their role in the alteration of the
transcription and translation of modulatory molecules that
they may encode. Mothers against decapentaplegic homo-
log (SMAD) proteins are intracellular mediators of mem-
bers of the TGF-B superfamily [12]. One such protein,
SMADS, is activated by bone morphogenetic proteins in
the TGF-P pathway and is involved in vasculogenesis and
angiogenesis [4]. As such, under the premise that the TGF-
B pathway influences KD susceptibility and severity, we
hypothesized that single nucleotide polymorphisms (SNPs)
of SMADS5 may be associated with KD and CALs.

Materials and Methods
Subjects

Study subjects included 105 patients diagnosed with KD
and 303 controls (Table 1). KD patients enrolled in this
study were patients from the Department of Pediatrics at
Kyung Hee University Medical Center from 2003 to 2005.
Diagnosis of KD was made according to the guidelines of
the Japanese Kawasaki Disease Research Committee [21].
Clinical characteristics of the KD group are listed in
Table 2. Mean age of the patients was 32 months (34 girls
and 71 boys), and 26.6 % of them had a CAL, which was
defined as a diameter of >3 mm of either the left or right
coronary artery in patients <5 years of age, a diameter of
or >4 mm in patients >5 years of age, or a diameter that
was >1.5 times that of an adjacent vessel [3]. The control
group was composed of healthy adults without any history
of KD (Table 1). Mean age of the control group was
41 years (median 39.4).

Informed consent was obtained from the parent or legal
guardian of each patient according to Declaration of Hel-
sinki guidelines. The study and study protocol were
approved by the Ethics Review Committee of Medical
Research Institute and Institutional Review Boards of the
Medical Research Institute at Kyung Hee University
Medical Center.

Table 1 Demographic data of KD and control groups

Demographic data KD (n = 105) Control (n = 303)
Sex (%)
Male 71 67.7 132 43.6
Female 34 343 171 56.4
Mean £ SD age (mo) 31.6 £ 242 41.0 £ 13.3

KD Kawasaki disease
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SNP Selection and Genotyping

The SMADS gene is located on chromosome 5q31, and SNP
locations of the gene range from nucleotide positions
135466657-135518898 according to the National Center for
Biotechnology Information dbSNP database (http://www.ncbi.
nlm.nih.gov/snp). A total of 15 SNPs of the SMADS gene
(1s6871224, 156871224, 157356756, 1513166063, 157031,
156865297, 1512719481, rs1057898, 1513179769, rs1109158,
1s4146185, 156596284, rs4585442,133764941, and rs10085013)
were selected based on heterozygosity (>0.1), and genotyping
was performed using an Illumina Sentrix Array Matrix chip.
Patient genomic DNAs was extracted from the leuko-
cytes from whole blood samples using a Qiagen DNA
Extraction kit (Qiagen, Tokyo, Japan). SNP genotyping
was performed using the Golden-Gate SNP Genotyping
Assay and an Illumina BeadStation 500 GX (Illumina, San
Diego, CA) according to the manufacturer’s instructions.
Briefly, DNA samples were reacted with biotin, and oli-
gonucleotides of the assay (oligos) were subsequently
hybridized to the biotin-activated DNA. After polymerase
chain reaction, products with biotin-activated fluorescence
were decoded by the Illumina BeadArray Reader (Illu-
mina, San Diego, CA). SNPs with low Illumina Array
quality design scores were excluded from analysis.

Statistical Analysis

SNPStats (http://bioinfo.iconcologia.net/SNPstats) and Helix
Tree programs (Golden Helix, Bozeman, MT, USA) were
used for statistical analysis. Fisher’s exact test values were
calculated as needed. Multiple logistic regression models for
each SNP were performed to calculate the odds ratio (OR),
95 % confidence interval (CI), and corresponding p values.
Statistical significance was regarded as p < 0.05.

Results
The genetic association between 15 SNPs of the SMADS

gene and susceptibility to KD was investigated. The

Table 2 Clinical characteristics of the KD group

Characteristics (n = 105)

Coronary artery (%)

Normal 73 (69.5)

CAL 32 (30.5)
No. of IVIG treatments (%)

More than twice 9 (8.6)

KD Kawasaki disease, CAL coronary artery lesion, IVIG intravenous
gamma globulin


http://www.ncbi.nlm.nih.gov/snp
http://www.ncbi.nlm.nih.gov/snp
http://bioinfo.iconcologia.net/SNPstats
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Table 3 Genotype frequencies of polymorphisms of the SMADS5 gene in KD patients and control subjects
SNP Genotype Control KD Model OR (95 % CI) p
n (%) n (%)
1s6871224 A/A 95 (35.7) 38 (36.2) Log-additive 1.17 (0.83-1.64) 0.37
A/G 127 (47.7) 55 (52.4) Dominant 1.06 (0.66-1.72) 0.8
G/G 44 (16.5) 12 (11.4) Recessive 1.62 (0.81-3.25) 0.16
1rs3206634 T/T 51 (34.5) 38 (36.2) Log-additive 1.35 (0.94-1.95) 0.1
T/C 64 (43.2) 55 (52.4) Dominant 1.16 (0.68-1.98) 0.59
C/IC 33 (22.3) 12 (11.4) Recessive 2.31 (1.12-4.76) 0.019
157356756 T/T 107 (35.8) 38 (36.5) Log-additive 1.14 (0.82-1.60) 0.44
T/C 143 (47.8) 53 (51) Dominant 1.08 (0.67-1.74) 0.74
C/IC 49 (16.4) 13 (12.5) Recessive 1.42 (0.73-2.77) 0.3
rs13166063 T/T 107 (35.7) 38 (36.5) Log-additive 1.17 (0.83-1.64) 0.37
T/C 144 (48) 54 (51.9) Dominant 1.09 (0.68-1.75) 0.72
C/IC 49 (16.3) 12 (11.5) Recessive 1.54 (0.77-3.05) 0.21
rs7031 G/G 105 (37.1) 38 (36.2) Log-additive 1.14 (0.82-1.60) 0.43
T/G 130 (45.9) 55 (52.4) Dominant 1.01 (0.63-1.63) 0.96
T/T 48 (17) 12 (11.4) Recessive 1.64 (0.82-3.27) 0.15
156865297 A/A 95 (35.7) 38 (36.5) Log-additive 1.18 (0.83-1.66) 0.35
A/G 127 (47.7) 54 (51.9) Dominant 1.08 (0.67-1.76) 0.74
G/G 44 (16.5) 12 (11.5) Recessive 1.60 (0.80-3.22) 0.17
rs12719481 A/A 107 (36) 38 (36.5) Log-additive 1.16 (0.83-1.63) 0.38
AIG 141 (47.5) 54 (51.9) Dominant 1.54 (0.73-3.24) 0.76
G/G 49 (16.5) 12 (11.5) Recessive 1.08 (0.67-1.74) 0.2
rs1057898 T/T 107 (35.8) 38 (36.9) Log-additive 1.21 (0.86-1.70) 0.27
T/C 143 (47.8) 54 (52.4) Dominant 1.12 (0.69-1.80) 0.65
C/IC 49 (16.4) 11 (10.7) Recessive 1.70 (0.84-3.46) 0.13
rs13179769 A/C 107 (35.3) 38 (36.9) Log-additive 1.18 (0.84-1.65) 0.34
A/A 147 (48.5) 53 (51.5) Dominant 1.12 (0.70-1.80) 0.65
C/IC 49 (16.2) 12 (11.7) Recessive 1.51 (0.76-3.00) 0.23
rs1109158 A/A 107 (36) 38 (36.5) Log-additive 1.16 (0.83-1.63) 0.38
T/A 141 (47.5) 54 (51.9) Dominant 1.08 (0.67-1.73) 0.77
T/T 49 (16.5) 12 (11.5) Recessive 1.55 (0.78-3.09) 0.2
rs4146185 A/A 105 (36.8) 38 (36.2) Log-additive 1.15 (0.82-1.61) 0.42
T/A 132 (46.3) 55 (52.4) Dominant 1.02 (0.64-1.65) 0.92
T/T 48 (16.8) 12 (11.4) Recessive 1.63 (0.82-3.24) 0.15
1s6596284 T/T 105 (36.1) 38 (36.5) Log-additive 1.14 (0.81-1.59) 0.44
T/C 138 (47.4) 53 (51) Dominant 1.07 (0.66-1.72) 0.78
C/IC 48 (16.5) 13 (12.5) Recessive 1.44 (0.74-2.83) 0.27
rs4585442 A/A 107 (36.1) 38 (37.2) log-additive 1.21 (0.86-1.70) 0.28
A/G 140 (47.3) 53 (52) dominant 1.11 (0.69-1.80) 0.66
G/G 49 (16.6) 11 (10.8) recessive 1.70 (0.84-3.46) 0.13
1s3764941 A/A 107 (35.7) 38 (36.5) log-additive 1.17 (0.83-1.64) 0.37
A/C 144 (48) 54 (51.9) Dominant 1.09 (0.68-1.75) 0.73
C/IC 49 (16.3) 12 (11.5) Recessive 1.54 (0.77-3.07) 0.2
rs10085013 T/T 107 (35.7) 38 (36.5) Log-additive 1.17 (0.83-1.64) 0.37
T/A 144 (48) 54 (51.9) Dominant 1.09 (0.68-1.75) 0.73
A/A 49 (16.3) 12 (11.5) Recessive 1.54 (0.77-3.07) 0.2

Bold value is statistically significant

KD Kawasaki disease, SNP single nucleotide polymorphism, OR odds ratio, CI confidence interval
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Table 4 Genotype frequencies of polymorphisms of the SMADS5 gene in a normal coronary-artery group and a CAL group with KD

SNP Genotype Normal CA CAL Model OR (95 % CI) )4
n (%) n (%)
rs6871224 A/A 31 (41.9) 7 (22.6) Log-additive 1.68 (0.87-3.24) 0.12
A/G 35 (47.3) 20 (64.5) Dominant 2.47 (0.95-6.46) 0.054
G/G 8 (10.8) 4 (12.9) Recessive 1.22 (0.34-4.40) 0.76
1rs3206634 T/T 31 (41.9) 7 (22.6) Log-additive 1.68 (0.87-3.24) 0.12
T/C 35 (47.3) 20 (64.5) Dominant 2.47 (0.95-6.46) 0.054
C/IC 8 (10.8) 4 (12.9) Recessive 1.22 (0.34-4.40) 0.76
rs7356756 T/T 31 (42.5) 7 (22.6) Log-additive 1.60 (0.84-3.05) 0.15
T/C 33 (45.2) 20 (64.5) Dominant 2.53 (0.97-6.62) 0.049
C/IC 9 (12.3) 4 (12.9) Recessive 1.05 (0.30-3.72) 0.94
rs13166063 T/T 31 (42.5) 7 (22.6) Log-additive 1.69 (0.87-3.26) 0.12
T/C 34 (46.6) 20 (64.5) Dominant 2.53 (0.97-6.62) 0.049
C/C 8 (11) 4 (12.9) Recessive 1.20 (0.33-4.34) 0.78
rs7031 G/G 31 (41.9) 7 (22.6) Log-additive 1.68 (0.87-3.24) 0.12
T/G 35 (47.3) 20 (64.5) Dominant 2.47 (0.95-6.46) 0.054
T/T 35 (47.3) 4 (12.9) Recessive 1.22 (0.34-4.40) 0.76
rs6865297 A/A 31 (42.5) 7 (22.6) Log-additive 1.69 (0.87-3.26) 0.12
A/G 34 (46.6) 20 (64.5) Dominant 2.53 (0.97-6.62) 0.049
G/G 8 (11) 4 (12.9) Recessive 1.20 (0.33-4.34) 0.78
rs12719481 A/A 31 (42.5) 7 (22.6) Log-additive 1.69 (0.87-3.26) 0.12
A/G 34 (46.6) 20 (64.5) Dominant 2.53 (0.97-6.62) 0.049
G/G 8 (11) 4 (12.9) Recessive 1.20 (0.33-4.34) 0.78
rs1057898 T/T 31 (42.5) 7 (23.3) Log-additive 1.56 (0.80-3.05) 0.19
T/C 34 (46.6) 20 (66.7) Dominant 2.43 (0.92-6.37) 0.062
C/IC 8 (11) 3 (10) Recessive 0.90 (0.22-3.66) 0.89
rs13179769 A/IC 31 (42.5) 7 (23.3) Log-additive 1.66 (0.86-3.23) 0.13
A/A 34 (46.6) 19 (63.3) Dominant 2.43 (0.92-6.37) 0.062
C/IC 8 (11) 4 (13.3) Recessive 1.25 (0.35-4.51) 0.74
rs1109158 A/A 31 (42.5) 7 (22.6) Log-additive 1.69 (0.87-3.26) 0.12
T/A 34 (46.6) 20 (64.5) Dominant 2.53 (0.97-6.62) 0.049
T/T 8 (11) 4 (12.9) Recessive 1.20 (0.33-4.34) 0.78
rs4146185 A/A 31 (41.9) 7 (22.6) Log-additive 1.68 (0.87-3.24) 0.12
T/A 35 (47.3) 20 (64.5) Dominant 2.47 (0.95-6.46) 0.054
T/T 8 (10.8) 4 (12.9) Recessive 1.22 (0.34-4.40) 0.76
1s6596284 T/T 31 (42.5) 7 (22.6) Log-additive 1.60 (0.84-3.05) 0.15
T/C 33 (45.2) 20 (64.5) Dominant 2.53 (0.97-6.62) 0.049
C/IC 9 (12.3) 4 (12.9) Recessive 1.05 (0.30-3.72) 0.94
rs4585442 A/A 31 (43.1) 7 (23.3) Log-additive 1.57 (0.81-3.07) 0.18
A/G 33 (45.8) 20 (66.7) Dominant 2.48 (0.95-6.53) 0.055
G/G 8 (11.1) 3 (10) Recessive 0.89 (0.22-3.61) 0.87
rs3764941 A/A 31 (42.5) 7 (22.6) Log-additive 1.69 (0.87-3.26) 0.12
A/C 34 (46.6) 20 (64.5) Dominant 2.53 (0.97-6.62) 0.049
C/IC 8 (11) 4 (12.9) Recessive 1.20 (0.33-4.34) 0.78
rs10085013 T/T 31 (42.5) 7 (22.6) Log-additive 1.69 (0.87-3.26) 0.12
T/A 34 (46.6) 20 (64.5) Dominant 2.53 (0.97-6.62) 0.049
A/A 8 (11) 4 (12.9) Recessive 1.20 (0.33-4.34) 0.78

SNP single nucleotide polymorphism, CA coronary artery, CAL coronary artery lesion, OR odds ratio, CI confidence interval
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genotype frequencies of the 15 SNPs in the KD and the
control groups are listed in Table 3. One SNP, rs3206634
(T>C), was found to be associated with KD in a recessive
model (OR = 2.31, 95 % CI = 1.12-4.76, p = 0.019). In
KD patients, genotype frequencies of the SNPs were
compared between those with normal coronary arteries and
those with a CAL (Table 4). Interestingly, no significant
association between the selected SNPs and CAL presence
in KD patients was observed. It was found that all 15 SNPs
under study were in Hardy—Weinberg equilibrium
(p < 0.05, data not shown).

Discussion

KD is an acute vasculitic syndrome occurring worldwide
that mainly affects children <5 of age [7, 15, 36]. Although
the etiology of KD remains unknown, an infectious trigger
affecting genetically susceptible hosts is suspected. Genetic
and immunologic studies suggest that T-cell activation and
regulation play important roles in the pathogenesis of KD
[6]. The reason for the development of CALs in patients
with KD also remains yet to be determined.

The annual incidence of KD in Asian countries is
>tenfold higher than in other countries [22]. The incidence
rate of KD in Japan, Korea, and Taiwan alone was 222.9,
113.1, and 69.0/100,000 children, respectively [15, 20, 25].
Epidemiologic findings of KD suggest that genetic pre-
disposition might play a role in the etiology of the disease
[28]. Indeed, the higher incidence of KD in Asian
descendants compared with other ethnic populations sug-
gests that a genetic predisposition might play an important
role in susceptibility to the disease [13]. In addition, there
is evidence that the incidence of KD is greater among
siblings than in the general population [36].

Shimizu et al. [28] reported that genetic polymorphisms
of TGFB2, TGFBR2, and SMAD3 may play an important
role in the susceptibility to KD and the development of
CALs. Recently, numerous candidate genes have been pro-
posed as markers of susceptibility and as indicators for the
formation of CALs in several populations. Genes with can-
didate SNPs for the development of KD include the fol-
lowing: the genes for C—C chemokine receptor 5 [8],
angiotensin-II type-1 receptor [37], vascular endothelial
growth factor receptor 2 [16, 38], interleukin-4 [10], tumor
necrosis factor-o [2], macrophage migration inhibitory fac-
tor [30], CD40 ligand [14], inositol 1,4,5-trisphosphate 3
kinase [23], and E-selectin [29]. Such SNPs may strongly
influence the biological activity of the corresponding trans-
lated proteins, thus leading to potential clinical implications.

A genome wide scan recently showed a genetic associ-
ation of KD with SMAD [28]. The polymorphism of
SMAD located on chromosome 5q31 resulted in different

transcriptional levels of mature mRNA caused by inter-
fering RNA splicing efficiency. The SMAD family com-
prises transcription factors that function as signal
transducers of TGF-f superfamily members. Studies
investigating the expression, activation, or involvement of
both SMAD and TGF-f family members in cardiovascular
diseases are constantly being performed [12].

Active TGF-P peptides bind to TGFBR2, which recruits
and activates TGFBR1 or activin A receptor type II-like 1
(ACVRLI). The activated type-I receptor phosphorylates
receptor-specific SMAD molecules: TGFBR1 phosphory-
lates SMAD2 and 3, and ACVRL1 phosphorylates
SMADI, 5, and 8 through BMP signaling. The activated
SMADs form a larger complex with SMAD4 and enter the
nucleus to regulate gene transcription [28]. Recently, cross-
use of ligand and receptors between TGF-f and the BMP
subfamilies was reported. As with the TGF-f peptides,
ligands of the BMP subfamily can signal through type I and
IT receptors, from which transduction occurs by way of
SMADs 1, 5, and 8 [19]. In addition, Bharathy et al. [5]
reported that mutation of TGFBR2 can inhibit SMAD 2,3
activation and increase SMAD 1,5 activation. This type of
mutation can thus cause alteration of TGF-f signaling and
may be associated with the pathogenesis of KD. Genetic
variation in the TGF-B pathway may influence KD sus-
ceptibility, disease outcome, and response to therapy [17,
28].

Alterations in TGF- signaling can generate genetic
conditions that predispose affected patients to thoracic
aortic aneurysm and dissections. TGF-f signaling through
the TGFBR2 receptor in endothelial cells plays an impor-
tant role in cardiac development. It promotes myocardial
fibrosis and remodeling in coronary artery disease [26].

SMAD complexes have also been suggested to be
associated with cardiovascular disease by several studies.
For example, it has been shown that mutation of SMAD3
can cause aneurysm-—osteoarthritis syndrome [35]. SMAD3
has also been observed to be related to KD susceptibility
and CAA formation [28]. SMAD4 plays a role in the
SMAD cascade for TGF-B and BMP signaling, and the
mutation of SMAD4 is involved in aortopathy, mitral valve
dysfunction, and juvenile polyposis syndrome [1].

There has been no previous report regarding the rela-
tionship between SMADS gene polymorphism and KD. In
fact, only a few reports are available investigating the
function of SMADS. It is known that SMADS is involved
in vasculogenesis and angiogenesis [4]. In a mouse model,
it was shown that SMADS gene is required for the survival
of embryonic stem cell differentiated myocytes in vitro and
mouse cardiomyocytes in vivo [32]. In another SMADS-
null phenotype animal study, SMADS5-mediated signaling
was observed to be essential in blood vessel development
[34].
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Our previous study showed that a TGFBR2 gene poly-
morphism, 16550004, was associated with the development
of KD. Under the assumption that TGF-J signaling pathways
play a critical role in the cardiovascular system, as well as in
KD, we selected SMADS as the TGF-p-related effector gene.
Frequencies of 15 SNPs in SMADS were compared between a
KD-diagnosed group and control group. The SNPs selected
were usually located on the 3’-untranslated region (UTR) or
intron. Six of the SNPs (rs1057898, rs12719481, rs3206634,
156865297, rs6871224, and rs7031) were variants of the 3’-
UTR, whereas the remaining nine SNPs (rs10085013,
rs1109158, rs13166063, rs13179769, 1s3764941, rs4146185,
rs4585442,rs6596284, and rs7356756) were variants of intron
[31]. One SNP, rs3206634 (T>C), was found to be signifi-
cantly associated with KD in a recessive model (OR = 2.31,
p = 0.019), suggesting that the minor allele C may increase
the risk of development of KD approximately 2.3-fold com-
pared with the control group in the Korean population. A
comparison of SNP frequencies between a group with normal
coronary arteries and a group with CALs was also performed.
No difference in SNP frequencies was observed between the
groups, and thus it was concluded that none of the 15 SNPs are
associated with the development of CALs in KD patients. Due
to the fact that the correlations of SMAD1-SMAD4 and KD
were not analyzed in this study, future studies involving other
SMAD complexes in KD patients may greater elucidate the
relationship of TGF-f effectors and KD.

One major limitation of this study was relatively small
population size. Recently a genome-wide association was
used to identify novel susceptibility loci, including SMAD,
as important factors for KD. Although the SMAD gene has
several known functions, its mechanism and role in the
susceptibility to specific diseases are still unclear. There-
fore, future analysis of a larger KD patient group is needed
to verify the results of this study.

In conclusion, we found that the SNP, rs3206634, of the
SMADS gene may be associated with susceptibility to KD,
although this SNP is not associated with the formation of
CALs. After verification by larger-scale studies, the asso-
ciation between rs3206634 and KD may be used as a
candidate gene of KD or as a basis for the development of
therapeutic treatments.
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