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Abstract. - OBJECTIVE: Kawasaki dis-
ease (KD) is an acute vasculitis in young chil-
dren, with ambiguous etiology. Early diagnosis
will decrease the risk of coronary artery aneu-
rysms and contributes to the favourable progno-
sis. This work aimed to identify disease modules
that accurately predict clinical outcome using a
systemic module tracking method.

PATIENTS AND METHODS: Based on the
transcriptional data and protein-protein interac-
tion (PPI) data, we constructed the differential
co-expression network for KD. Then, a system-
ic module tracking method was performed to ex-
tract KD-related modules that accurately predict
clinical outcome from the differential co-expres-
sion network, according to two steps: key genes
identification and module inference by key gene
expansion.

RESULTS: 16 key genes were identified based
on their importance in differential co-expres-
sion network and most of them were ribosom-
al protein-related genes. With each key gene as
initial gene, we identified 10 disease modules
with high predictive accuracy. Function analysis
found that these disease modules were related
to one common pathway-ribosome pathway.

CONCLUSIONS: Our study for the first time in-
dicated that disturbed ribosome-related disease
modules might contribute to the development of
KD. These modules could be considered as nov-
el contributors to the progression of KD, and po-
tential diagnostic biomarkers for predicting the
clinical outcome.
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Introduction

Kawasaki disease (KD), an acute vasculitis mo-
stly affecting young children, is recognized as a
serious and potentially life-threatening condition.
Approximately 25.0% cases untreated with intra-

venous immunoglobulin would develop coronary
artery aneurysmsl. In the developed world, KD is
the predominant cause of pediatric acquired heart
disease®. In North America, Australia and Europe,
present incidence is about 4-25 per 100,000 chil-
dren younger than 5 years old, and presents a stable
incidence from 2000 to 2012**. In China, the inci-
dence is high and increasing during the last 10-20
years based on studies conducted in different pro-
vinces; however, there is still no accurate national
epidemiology*. Despite advances on epidemiology,
genetic susceptibility and pathogenesis of KD, the
etiology of this enigmatic disease remains ambi-
guous™®. Because of the absence of specific and
sensitive diagnostic test, the symptomatic diagno-
sis and treatment may be not completely reliable
and be delayed. A comparison study has indicated
that delayed diagnosis of KD increases the risk of
coronary artery aneurysms’. Current documents
believe that KD is a complex interplay of genetic
factors, infections, and immunity®°. Hence, a bet-
ter understanding of the underlying genetic factors
may contribute to early diagnosis and efficient the-
rapeutic interventions for KD.

The development of high-throughput technolo-
gy and bioinformatics has driven the investigators
to shift the way of recognizing complex diseases.
Previous transcriptome analyses have yielded
many genes influencing the likelihood of develo-
ping and treating KD'*!". While disease develop-
ment always refers to the dysregulation of a set of
genes, interpreting that the consequences by gene
sets may facilitate a better understanding of how
gene perturbations are responsible for disease'?. It
is well known that genes with related functions are
often co-expressed and interact with each other to
form a biological network'. Network analysis has
been widely used to predict pathogenic genes and
gene sets involved in complex diseases'. Moreo-
ver, several computational algorithms have been
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Figure 1. A schematic diagram for the systemic module tracking method.

developed to excavate significant sub-networks
for predicting clinical phenotypes'>'¢. While exi-
sting algorithms are usually heuristic, the derived
sub-networks are ambiguous without a formal to-
pological feature. It is necessary to develop a sub-
network prediction method that not only embo-
dy disease-related genes but also predict clinical
outcome accurately.

Here, we proposed a systemic module tracking
method to extract KD-related modules that could
accurately predict clinical outcome from the dif-
ferential co-expression network. A schematic dia-
gram was described in Figure 1. This study might
give a better understanding of the underlying mo-
lecular mechanism of KD and contribute to early
diagnosis and therapy for KD.

Materials and Methods
Transcriptome Data

In this work, the whole blood transcriptional
data of KD were recruited from GEO database

(http://www.ncbi.nlm.nih.gov/geo/), under the
accessing number of GSE68004. The microarray
data were presented on Illumina HumanHT-12
V4.0 expression beadchip. In dataset GSE68004,
whole blood RNA samples were obtained from
76 pediatric patients with complete KD, 13 with
incomplete KD, 19 patients with adenovirus in-
fection, 17 patients with Group A streptococcal
disease, 18 patients with fever of undetermined
origin, and 37 age- and sex-matched healthy con-
trols. To extract KD-related modules that could
accurately predict clinical outcome, only 76 pe-
diatric patients with complete KD and 37 age-
and sex-matched healthy controls were included
in this study. The whole blood transcriptional
data and annotation files of KD subjects and he-
althy controls were downloaded and preprocessed
via standard procedure'’!®. After mapping gene
expression data onto probe level into gene sym-
bol level, a total of 21,043 genes and their expres-
sion data were obtained. This study was approved
by the ethics committee of Jinan Maternity and
Child Care Hospital.
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General Network

The general protein-protein interaction (PPI)
network was constructed on basis of the PPI
data from the Search Tool for the Retrieval of
Interacting Genes/Proteins (STRING) databa-
se (http://string-db.org/). In STRING database,
there are a total of 1,048,576 human interactions.
The self-loops and duplicated PPIs were removed
from this study, and 787,896 interactions were re-
mained for subsequent analysis.

Differential Co-Expression Network

This work attempted to identify KD-rela-
ted modules from a differential co-expres-
sion network view. Thus, we combined genes
in transcriptional data with the general PPI
network, and obtained a KD-related network,
including 8387 genes and 52,425 PPIs. To
obtain the differential co-expression network
for KD, the gene co-expression values were
firstly calculated using Pearson correlation co-
efficients (PCC)" based on the transcriptional
data, and only the highly co-expressed PPIs
(JPCC| > 0.8) under KD condition were remai-
ned for the differential co-expression network.
Then, the gene differential expression analysis
was performed to determine the differential
levels between KD and healthy control condi-
tions using one-side z-test, and the p-value was
adjusted using Benjamini-Hochberg fault de-
tection rate (FDR). Based on the co-expression
and differential values, each interaction was
given a weight value to reflect the degrees of
co-expression and differential expression. Gi-
ven an interaction between genes i and j, the
weight value was calculate as follows:

[logp; + logp;
W.. — .
Y 2 xmax,, [logp,| »if IPCC| > 0.8

where p, and P, represented p-values of diffe-
rential expression for genes i and j. V stood for
the gene set of the co-expression network. In this
case, we constructed the KD-related differential
co-expression network with each interaction assi-
gned a weight value.

Disease Modules

Here a systemic module tracking method was
presented to extract KD-related modules that
could accurately predict clinical outcome from
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the differential co-expression network, according
two steps: key genes identification, and module
inference by key gene expansion.

Key Genes Identification

In this study, the key genes were determined
based on the topological parameter of the genes in
the differential co-expression network. The diffe-
rential co-expression network was visualized as
an adjacency matrix A = (a,) . and the impor-
tance of gene i in the differential co-expression
network was defined as,

g = ZjeN(i) A'80)

where N(i) was the neighbor set of gene i in
the differential co-expression network, A’ repre-
sented the degree normalized adjacency matrix,
and A’g stood for the information propagation on
network through the interactions, reflecting that
the importance of a gene was determined by the
neighbor numbers, co-expression values and the
importance of its neighbors. Then, we calcula-
ted the z-scores® according to the importance of
genes in the differential co-expression network.
Based on the z-scores, all genes in the differential
co-expression network were ranked in descen-
ding order, and the genes with top 5% z-scores
were defined as key genes for KD.

Module Inference

In this study, module inference was performed
using a snowball sampling strategy?'. Specifically,
with each key gene as initial gene, genes were in-
volved in the level-one network based on how well
the collection of genes predicted the clinical outco-
me. Then, it progressively spread outward from the
initial gene to scan more genes in the predictive
model. Through the iterative procedure, module
inference by key gene expansion stopped until the
prediction accuracy dropped. Here, support vector
machines (SVM)?, a machine-learning method,
was implemented to assess the power of the disease
module to predict clinical outcome. For prediction
accuracy, the area under the receiver operating
characteristic curve (AUC) was used as the metric
to evaluate the performance. Modules with AUC >
0.95 and gene number > 5 were considered as can-
didate modules for KD. Finally, module significan-
ce was determined by permutation test. Modules
with Benjamini-Hochberg adjusted p-value < 0.05
were defined as disease modules for KD.
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Function Inference

Generally, co-expressed genes are inclined to
involve in similar functions. Thus, after identi-
fying disease modules, we performed the function
inference for each disease module. Here, Kyoto
Encyclopedia of Genes and Genomes (KEGG)
pathway database was utilized to reveal biological
functions related to KD. In this study, the statisti-
cal significance was determined by Fisher’s exact
test, and pathways with Benjamini-Hochberg
adjusted p-values < 0.05 were regarded as signifi-
cant pathways. The most significant pathway was
defined as the optimal function for each disease
module.

Statistical Analysis

The gene differential expression analysis betwe-
en two groups was performed using one-side #-test.
Module significance and function inference signi-
ficance were determined by permutation test and
Fisher’s exact test, respectively. p-value < 0.05
were regarded to be statistically significant.

Results

Differential Co-Expression Network

From transcriptional data of KD, we obtained
the expression data of 21,043 genes under KD and
healthy conditions. From STRING, we screened
a total of 787,896 human interactions (covering
16,730 genes). Integrating genes in transcriptio-
nal data with the general PPI network, a KD-re-
lated network, including 8387 genes and 52,425
PPIs, was obtained. Via PCC-based co-expres-
sion analysis, only interactions with [PCC| > 0.8
were remained for the co-expression network.
Then gene differential expression analysis betwe-
en KD and healthy control conditions was per-
formed using one-side #test. The differential
co-expression network was constructed based
on the co-expression and differential expression
analyses, in which each interaction was allotted a
weight value to reflect the degrees of co-expres-
sion and differential expression.

Key Genes

From the differential co-expression network,
key genes were identified based on the importan-
ce of genes in the network. Based on the z-scores,
all genes were ranked in descending order, and
the top 5% genes were defined as key genes for
KD. In this study, a total of 16 key genes were

Table I. Key genes with top 5% z-scores for Kawasaki
disease.

Key gene z-score Key gene z-score
RPSI13 433.8 EEF1B2 289.5
RPL6 411.8 RPL19 283.3
RPLISA 408.6 RPL4 277.6
RPS5 387.6 RPS6 272.8
RPL36 363. 1 RPL22 271.3
RPL35 338.7 RPS8 269.2
RPL18 3237 RPL27 262.5
RPS16 316.3 RPL7A 261.3

determined, as shown in Table . Among them,
RPS13 showed the highest z-score (z = 433.8), in-
dicating its most important role in the differential
co-expression network.

Disease Modules

To uncover the hidden genes with no signifi-
cance by themselves, we performed a module
inference procedure to find genes as a collection
that could accurately predict the clinical outcome.
With each key gene as initial gene, the module
inference was performed by a snowball sampling
strategy. Starting from 16 key genes, we identi-
fied 16 candidate disease modules. Among them,
there were a total of 11 modules with AUC > 0.95
and gene number > 5. Permutation test identified
10 modules with p-value < 0.05, that were defined
as disease modules for KD, named as module 1-
module 10. The details of disease modules was
shown in Table II. Among them, module 1 and
module 2 showed a predictive accuracy of 1, indi-
cating that they could accurately predict the clini-
cal outcome. The graph of module 1 and module
2 was shown in Figure 2.

Pathway Inference

After obtaining disease modules, each disease
module was given a related pathway by function
inference. Based on KEGG pathway database,
the most significant pathway of each disease mo-
dule was defined as the optimal function. Our
result showed that ten disease modules were
related to one common pathway-ribosome pa-
thway (Table III), including RPL30, RPSI6,
RPLI18, RPL18A and so forth, indicating its im-
portant role in the development of KD. Especial-
ly, RPL30 and RPS16 were involved in module
1 and module 2, implying they might be signifi-
cant to KD progression.
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Figure 2. The Kawasaki disease-related modules with a predictive accuracy of 1. Yellow node represented key gene.

Discussion

It has been largely accepted that KD is a conse-
quence of combined action of genetics, infections,
and immune dysregulation, where genetic factors
play a crucial role in the pathogenesis of KD. KD
presents aracial predilection to Asian populations,
also implying a genetic predisposition to this di-
sease. In addition, a Japanese nationwide survey
documented that parents with a history of KD had
increased offspring and sibling risk in KD?*. Se-
veral studies®*?® have investigated this theory in
different populations and found several genes as-
sociated with susceptibility to KD. Unfortunately,
KD is still a difficult medical challenge. Current
diagnosis is mainly based on clinical signs and
symptoms, and there are no specific diagnostic te-
sts for KD. It is imperative to identify diagnostic

Table Il. The details of disease modules for Kawasaki disease.

biomarkers to help clinicians correctly classify
clinical phenotype or predict clinical outcomes.
Thus, we attempted to identify KD-related modu-
les that could accurately predict clinical outcome
using a systemic module tracking method.

In this investigation, a total of 16 key genes
were identified from the differential co-expres-
sion network, and almost all of them had di-
rect correlations with ribosomal protein except
for EEFIB2. EEF1B2 encodes a translation
elongation factor, which is a guanine nucleo-
tide exchange factor mediating the transfer of
aminoacylated tRNAs to the ribosome. Thus,
all key genes were related to ribosome. Star-
ting from these key genes, we identified ten
KD-related disease modules, which could ac-
curately distinguish KD subjects from healthy
controls. Functional inference indicated that

Module Initial gene Gene number Accuracy p-value
1 RPLISA 13 1 0

2 RPS16 12 1 0

3 RPL35 9 0.98 0.007
4 RPS5 11 0.98 0.038
5 RPS13 10 0.98 0.012
6 RPL36 8 0.98 0.013
7 RPL4 14 0.98 0.013
8 RPL22 10 0.98 0.02
9 RPL18 8 0.98 0.02
10 RPL7A 8 0.98 0.032
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these disease modules were related to one com-
mon pathway, i.e., ribosome pathway, implying
that these disease modules might promote the
progression of KD by regulating ribosome pa-
thway.

The ribosome, as a cellular organelle respon-
sible for protein synthesis, is essential for all
organisms. Evolutionary and genetic conside-
rations prompt investigators to predict the roles
of ribosomal protein-related genes in human
disease?”. It seems probable that defective ribo-
somal proteins will lead to the dysfunction of
ribosome, resulting in pathological conditions.
Dysregulated ribosomal function is involved in
the decreased expression of ribosomal proteins,
decreased protein synthesis, and increased RNA
oxidation?’. It is indicated that the decrease of
protein synthesis in KD subjects is driven by
decreased expression of ribosomal proteins, wi-
thout increased expression of genes identified to
inhibit protein synthesis®. It would be of great
interest to uncover the specific ribosomal pro-
teins whose aberrance disturbs normal cell fun-
ction and lead to the development of KD.

KD is an acute systemic vasculitis syndrome
primarily affecting infants and young children.
It has been documented that suppression of ri-
bosomal function leads to initiation of inflam-
matory activation by interleukin (IL)-1f and
inflammation®. Gan et al* also indicated that
ribosome-related genes and ribosome pathway
were involved in systemic vasculitis. Hoang et
al' illustrated that ribosomal protein-related ge-
nes were prominently downregulated in acute
KD subjects relative to convalescent KD sam-
ples. Fukazawa et al’' showed that RPL6 was
differentially expressed in KD-induced coro-
nary artery aneurysm. A genome-wide associa-
tion study of Han Chinese population has iden-
tified that a mitochondrial ribosomal gene S22
showed the strongest association with KD*. In
our study, all KD-related disease modules that
could accurately predict clinical outcome were
associated with ribosomal protein-related genes
and ribosome pathway. The findings led to a spe-
culation that dysregualtion of ribosome function
might promote inflammation activation, thus re-
sulting in the progression of KD.

Conclusions

We found for the first time that impairments
in ribosomal proteins may be important genetic

factor in the development of KD. These riboso-
me-related disease modules could be considered
as novel contributors to the progression of KD,
and potential diagnostic biomarkers for predi-
cting the clinical outcome.

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

1) Karo H, Sucimura T, Akaai T, Sato N, HasHino K, Ma-
eNo Y, Kazue T, ETo G, Yamakawa R. Long-term con-
sequences of Kawasaki disease. A 10- to 21-year
follow-up study of 594 patients. Circulation 1996;
94: 1379-1385.

2) McCrinpLE BW, Rowtey AH, NEwBURGER JW/, BURNS
JC, BoLger AF, Gewitz M, BAker AL, JacksoN MA,
TAKAHASHI M, SHAH PB, Koavashi T, Wu MH, Sauil
TT, PaHL E. Diagnosis, treatment, and long-term
management of Kawasaki disease: a scientific
statement for health professionals from the Ame-
rican Heart Association. Circulation 2017; 135:
€927-e999.

3) UeHAra R, BeLay ED. Epidemiology of Kawasaki di-
sease in Asia, Europe, and the United States. J
Epidemiol 2012; 22: 79-85.

4) SINGH S, ViGNesH P, Burcner D. The epidemiology
of Kawasaki disease: a global update. Arch Dis
Child 2015; 100: 1084-1088.

5) AcaArwAL S, AcrawaL DK. Kawasaki disease: etiopa-
thogenesis and novel treatment strategies. Expert
Rev Clin Immunol 2017; 13: 247-258.

6) Rowiey AH. Kawasaki disease: novel insights into
etiology and genetic susceptibility. Annu Rev Med
2011; 62: 69-77.

7) Wiper MS, Pauinkas LA, Kao AS, BasTian JF, TURNER
CL, Burns JC. Delayed diagnosis by physicians
contributes to the development of coronary artery
aneurysms in children with Kawasaki syndrome.
Pediatr Infect Dis J 2007; 26: 256-260.

8) Qi XL, CHen LL, Sun XG, Li XM, ZHao LH, Kong
DJ. 1,25-Dihydroxyvitamin D3 regulates T lym-
phocyte proliferation through activation of P53
and of ERK1/2 signaling pathway in children with
Kawasaki disease. Eur Rev Med Pharmacol Sci
2017; 21: 3714-3722.

9) Znou Y, WANG S, ZHao J, Fang P. Correlations of
complication with coronary arterial lesion with
VEGF, PLT, D-dimer and inflammatory factor in
child patients with Kawasaki diesase. Eur Rev
Med Pharmacol Sci 2018; 22: 5121-5126.

10) OaiHArRA Y, Ocata S, Nomoro K, Esato T, Sato K,
Kokuso K, KosavasHi H, IsHi M. Transcriptional regu-
lation by infliximab therapy in Kawasaki disease
patients with immunoglobulin resistance. Pediatr
Res 2014; 76: 287-293.

6401



X.-J. Zhang, X. Li, Y. Sun, M. Xu

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

HoanG LT, SHimizu C, LinGg L, NAm AN, KHor CC, Tre-
MOULET AH, WRIGHT V, LEvin M, HiBBerp ML, BURNS
JC. Global gene expression profiling identifies
new therapeutic targets in acute Kawasaki dise-
ase. Genome Med 2014; 6: 541.

X1 WD, Liu YJ, SuN XB, SHAN J, Yi L, ZHANG TT. Bioin-
formatics analysis of RNA-seq data revealed criti-
cal genes in colon adenocarcinoma. Eur Rev Med
Pharmacol Sci 2017; 21: 3012-3020.

RAvasz E, Somera AL, MonGru DA, Ortval ZN, Ba-
rABAsI AL. Hierarchical organization of modularity
in metabolic networks. Science 2002; 297: 1551-
1555.

WanG JY, WanG CL, WanG XM, Liu FJ. Comprehen-
sive analysis of microRNA/mRNA signature in co-
lon adenocarcinoma. Eur Rev Med Pharmacol Sci
2017; 21: 2114-2129.

Durtkowski J, Ipexer T. Protein networks as logic fun-
ctions in development and cancer. PLoS Comput
Biol 2011; 7: €1002180.

ZHu 'Y, SHEN X, Pan W. Network-based support vec-
tor machine for classification of microarray sam-
ples. BMC Bioinformatics 2009; 10 Suppl 1: S21.

MAa L, Rosinson LN, Towite HC. ChREBP: Mix is
the principal mediator of glucose-induced gene
expression in the liver. J Biol Chem 2006; 281:
28721-28730.

Peprer SD, SAUNDERS EK, EDwARDs LE, WiLson CL, M-
Ler CJ. The utility of MAS5 expression summary
and detection call algorithms. BMC Bioinformati-
cs 2007; 8: 273.

BenesTy J, CHEN J, Huana Y, Conen |. Pearson cor-
relation coefficient. In, Noise reduction in speech
processing: Springer, 2009; pp. 1-4.

CHEN L, XuanN J, RigGINs RB, WaNG Y, CLARKE R. lden-
tifying protein interaction subnetworks by a bag-
ging Markov random field-based method. Nucleic
acids research 2013; 41: e42-e42.

GoobmaN LA. Snowball sampling. Annals Mathe-
matical Statistics 1961: 148-170.

GiLLANI Z, AkAsH MS, RaHAMAN MD, CHen M. Com-
pareSVM: supervised, Support Vector Machine
(SVM) inference of gene regularity networks.
BMC Bioinformatics 2014; 15: 395.

UEHARA R, YasHIRo M, NAKAMURA Y, YANAGAWA H. Pa-
rents with a history of Kawasaki disease whose
child also had the same disease. Pediatr Int 2011;
53: 511-514.

KHor CC, DaviLA S, Breunis WB, Lee YC, SHimizu C,
WRIGHT VJ, YEUNG RS, TaN DE, Sim KS, WanNG JJ, WonG

TY, PanG J, MitcHeLL P, CimAz R, DAHDAH N, CHEUNG
YF, HuanG GY, YanG W, Park IS, Lee JK, Wu JY, Le-

6402

25)

26)

27)

28)

29)

30)

31)

32)

viN M, Burns JC, BurGNER D, Kuupers TW, HIBBERD
ML. Genome-wide association study identifies
FCGR2A as a susceptibility locus for Kawasaki
disease. Nat Genet 2011; 43: 1241-1246.

KHor CC, DaviLA S, SHiMmizu C, SHENG S, MATsUBARA T,
Suzuki Y, NewBURGER JW/, BAKER A, BURGNER D, BREUNIS
W, Kuupers T, WRIGHT VJ, LEvIN M, HiBBerD ML, BURNS
JC. Genome-wide linkage and association map-
ping identify susceptibility alleles in ABCC4 for
Kawasaki disease. J Med Genet 2011; 48: 467-472.

OnoucHl Y, Ozaki K, Burns JC, SHimizu C, Teral M,
HamADA H, HonDA T, Suzuki H, SUENAGA T, TAKEUCHI
T, YosHikawA N, Suzuki Y, YAsukAwA K, EBATA R, HIGA-
sHI K, SAn T, Kemmortsu Y, Takatsuki S, OucHl K, KisHi
F, YosHikawa T, NaGgal T, Hamamoto K, Sato Y, HONDA
A, KoBavasHl H, SATo J, SHIBUTA S, MivawAki M, OisHi
K, YamMAGA H, Aovaal N, IwaAHASHI S, MiYAsHITA R, Mu-
RATA Y, SAsAGO K, TAkaHASHI A, KAMATANI N, Kuso M,
Tsunoba T, HATA A, NAKAMURA Y, Tanaka T. A geno-
me-wide association study identifies three new
risk loci for Kawasaki disease. Nat Genet 2012;
44: 517-521.

YosHIHAMA M, UecHI T, AsakawA S, Kawasaki K, Kato S,
Hica S, MAebA N, MiNosHIMA S, TANAKA T, SHimizu N,
KenmocHi N. The human ribosomal protein genes:
sequencing and comparative analysis of 73 ge-
nes. Genome Res 2002; 12: 379-390.

HergerGg JA, KaForou M, GoORMLEY S, SUMNER ER, Pa-
TeL S, Jones KD, PauLus S, Fink C, MARTINON-TORRES
F, MonTANA G, WRIGHT VJ, LEvin M. Transcriptomic
profiling in childhood H1N1/09 influenza reveals
reduced expression of protein synthesis genes. J
Infect Dis 2013; 208: 1664-1668.

VyLeTA ML, WonG J, Magun BE. Suppression of ri-
bosomal function triggers innate immune signa-
ling through activation of the NLRP3 inflammaso-
me. PLoS One 2012; 7: e36044.

GAN SJ, YE B, QiaN SX, ZHanG C, Mao JQ, Li K, TANG
JD. Immune- and ribosome-related genes were
associated with systemic vasculitis. Scand J Im-
munol 2015; 81: 96-101.

FukazAawA R, IkeEGam E, WATANABE M, Hasikano M, KA-
misaGo M, Katsuse Y, YamaucH H, OcHi M, OGawA S.
Coronary artery aneurysm induced by Kawasaki
disease in children show features typical sene-
scence. Circ J 2007; 71: 709-715.

Tsal FJ, Lee YC, CHANG JS, Huang LM, HuaNG FY,
CHiu NC, CHEN MR, Chi H, Lee YJ, CHANG LC, Liu
YM, WaNnG HH, CHen CH, CHen YT, Wu JY. ldenti-
fication of novel susceptibility Loci for Kawasaki
disease in a Han chinese population by a geno-
me-wide association study. PLoS One 2011; 6:
€16858.



