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Kawasaki disease (KD) is a pediatric systemic vasculitis of unknown etiology for which a
genetic influence is supposed. Our preliminary results suggested that (1) a significant association
between the HLA-E gene polymorphism and the occurrence of CAA in KD patients has been
observed; and (2) 173 gene polymorphisms have been initially identified using the genomewide
study (which involved 100 Taiwanese KD patients and 675 controls). We cannot exclude additional
genes other than HLA-E that may be also involved in KD pathogenesis. In this proposal, we
hypothesize that KD has a complex mode of inheritance and some unknown genetic loci may be
associated with an increased risk of KD as well as the development of CAA. To test this hypothesis,
we will use a genomewide association study, replication of candidate gene haplotype tag SNPs in an
independent set and fine mapping of candidate genes to investigate the possible molecular
mechanism of candidate genes involved in KD susceptibility and pathogenesis. We aim at
searching for inherited components that may influence Taiwanese KD susceptibility using a
genomewide approach. This information could be useful for the contribution of Taiwanese KD

diagnostic and therapeutic development.
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KD is an acute, self-limited and systemic vasculitis that is one of the leading causes of acquired
heart disease in infants and young children (3, 4, 14). This disease is characterized by prolonged
fever unresponsive to antibiotics, polymorphous skin rash, erythema of the oral mucosa, lips and
tongue, erythema of the palms and soles, bilateral conjunctival injection and cervical
lymphadenopathy. The vascular inflammation may cause the development of aneurysms and
cardiac complications. Patients with these cardiovascular complications are at increased risk of
developing ischemic heart disease, which may lead to myocardial infarction and sudden death (13).
Although KD is a mysterious disease of unknown etiology and pathogenesis, it is believed to be
caused by infectious agents, host immune dysregulation and genetic susceptibility (12, 16, 17, 28).
Several lines of evidence suggest the importance of genetic factors in disease susceptibility and
outcome. First, KD is overrepresented in Asian children (2, 3, 8, 10, 24, 27). The annual
incidence of KD in Taiwan is estimated to be 66/100,000 in children, the 3rd highest in the world
after Japan and Korea (4, 20). Second, the risk of KD in siblings of affected children is 10 times
higher than that in the general population (7, 29). In addition, the incidence of KD in children
born to parents with a history of KD is twice as high as that in the general population. Although
association studies have identified candidate genes that may influence KD susceptibility (19), a
systemic genetic approach has not been completely applied to study this disease in Taiwanese
population.

Recent high-density genotyping array platforms in human genetic variation studies have made it
possible to identify candidate genes across the whole genome for the risk of the disease (5, 22). In
addition, statistical methodology based on allele frequencies in case-control studies (association
analyses) have more power to identify common alleles that confer a modest risk than do tests based

on chromosomal segregation in families (linage analyses) (23). With a large collection of DNA



samples obtained from a population whose clinical characteristics are well defined, cost-effective
genotyping and sophisticated statistical analysis, genome-wide association studies are contributing to
complex diseases including age-related macular degeneration, myocardial infarction, rheumatoid
arthritis and type 2 diabetes (9, 21, 25, 30). Nevertheless, it remains to identify true positive signals
in a sea of false positives using a replication study or another genotyping method. In addition, the
interactions between genetic factors and environmental factors may contribute to disease
predisposition and processes. It is needed to coupling the genotype data and phenotype data to
identify genes that predispose to both normal trait variation and disease processes.

In this proposal, genotyping of 250 Taiwanese KD patients will be performed with the use of
GeneChip Human Mapping 500K Array Set (Affymetrix), which simultaneously types
approximately 500,000 genetic variants. We will also collaborate with National Genotyping Center
(NGC) at Academia Sinica. The NGC will provide the information of the control data of Taiwanese
population. By statistical analysis and validation of the genomewide association study, the genetic
loci with the risk of Taiwanese KD will be identified. The information generated from this study

will help to the understanding of the mechanism of Taiwanese KD.

Our long-term goal is to investigate possible molecular pathogenesis of identified candidate
genes associated with an increased risk of Taiwanese Kawasaki disease (KD) as well as the
development of CAA. In this research project, we focus on the identification of candidate genes
using a genomewide association study. Based on preliminary data described above, we
hypothesized that the genetic contributions may play an important role in a susceptibility to KD.

In this proposal, the following aims are designed to test the hypothesis.



Specific Aim 1: Genomewide association analysis of KD using a case-control study.

Specific Aim 2: Replication of candidate gene haplotype tag SNPs in an independent set.

Specific Aim 3: Fine mapping of candidate genes.

)l M

Study population

From 1998 to 2008, individuals fulfilling the diagnostic criteria of KD were identified and will
be enrolled into this study from the Department of Pediatrics at China Medical University Hospital
in Taichung, Taiwan (6, 15, 18, 31, 32). Every patient would have regular echocardiography
examinations at the acute stage, two months after onset, 6 months after onset and once a year
thereafter. CAA is identified when either the right coronary artery or the left coronary artery
showed a dilated diameter =3 mm in children younger than 5 years of age, or =4 mm in children
older (1). The NGC will provide the information of the control data of Taiwanese population. The control group
consisted of 680 healthy subjects randomly selected from the Han Chinese Cell and Genome Bank,
in which 3,312 unrelated Han Chinese descendants were recruited based on their geographic
distribution across Taiwan (11). The estimated prevalence of KD was less than 1/1000, so it
should be assumed no KD cases in the control group. This study will be approved by the Human
Studies Committee of China Medical University Hospital. Informed consent will be obtained
from patients or their parents. In addition, questionnaires of each patient will be obtained for

phenotypic data.

Genotyping and quality-control filtering




The genomic DNA was extracted from peripheral blood leukocytes according to standard
protocols (Genomic DNA Kkit; Qiagen). All analyses were performed with the use of the
GeneChip Human Mapping 500K Array Set, (Affymetrix), which simultaneously types
approximately 500,000 genetic variants. Details on genotype-calling algorithms, quality criteria
(at the level of both the individual and the SNP) and validation steps are performed according to
the standard protocols available from Affymetrix. The data sets of case and control will be
filtered individually on the basis of SNP genotype call rates (>95% completeness), minor allele
frequency (>0.01), and the Hardy-Weinberg equilibrium (P<1x10). Subjects whose percentage
of missing genotypes was more than 5%, who had non-Chinese ancestry, who had evidence of

relatedness and who had evidence of possible DNA contamination will be omitted.

Statistical analysis

The case-control association study will be analyzed using the Chi-square analysis. Allelic

association screen was carried out by the Cochran-Armitage Trend test for each SNP (26).
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Genome-Wide Association Study|
The final GWA analysis therefore consisted of 156 KD subjects and 376 controls. Of the

500,568 SNPs on the Affymetrix 500 K SNP chip, 149,319 had been excluded from total call rate of
<95%, total MAF<0.05% and deviated significantly from HWE in the control group (HWEP < 0.05)
(Figure 1). 351,249 SNPs were therefore available for analysis. A total of 78,765 SNPs were
significantly associated (p<0.05). The quantile-quantile plot between observed and expected allele
frequencies showed deviation from expected with p<10®, suggesting the presence of true

associations (Figure 2).



Our next step is to try do a follow-up replication study in independent cohorts. Since our initial
genomewide association study may identify false positives, a replication study is required to verify
these results. In this specific aim 2, another independent Taiwanese KD cohort will be included in
this study. Furthermore, the second genotyping of identified candidate gene SNPs will be

performed using the probe hybridization method.

Figure 1.
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