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ABSTRACT OF THE THESIS

Urotensin 2 in Kawasaki disease pathogenesis
by
Cassidy YunJing Huang
Master of Science in Biology
University of California, San Diego, 2016

Professor Jane C. Burns, Chair
Professor Li-Fan Lu, Co-Chair

Background

Genetic variation in calcium signaling pathways is associated with Kawasaki
disease (KD) susceptibility and coronary artery aneurysms (CAA). Expression
quantitative trait locus analysis for KD-associated variants in calcium/sodium channel
gene solute carrier family 8 member 1 (SLC8AL) revealed an effect on expression of
urotensin 2 (UTS2). We investigated the role of UTS2 in KD pathogenesis by measuring
levels of UTS2 and its receptor in blood and tissues.
Results

UTS2 transcript levels determined by reverse transcription polymerase chain
reaction were higher in whole blood of KD subjects homozygous for three risk alleles in

SLCB8A1 (p=0.002-0.006). Increased levels of plasma UTS2 varied as a function of

Xi



SLCB8AL genotype (p=0.008-0.04). UTS2 transcript levels in a microarray dataset for 131
subjects remained higher in the convalescent phase of KD in subjects with aneurysms.
Immunohistochemical staining identified UTS2 and UTS2R expression in mononuclear
inflammatory cells and spindle-shaped cells in the coronary arterial wall of a KD patient
with CAA and in a femoral endarterectomy specimen from an adult patient with
peripheral aneurysms following KD in childhood.
Discussion

Host genetics influences UTS2 levels, which may contribute to inflammation and

cardiovascular damage in KD.
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INTRODUCTION

Kawasaki disease

Kawasaki disease (KD) is an acute inflammation of the systemic, medium-sized
arteries 1. KD is currently the most common cause of acquired heart disease in children in
developed countries 2. 85% of KD patients are under five years old ¥. A child is
diagnosed with KD according to the following criteria: fever of more than four days and
at least four of the following clinical signs: bilateral conjunctival injection (red eyes),
mucous membrane changes (cracked lips, strawberry tongue), rash, changes of the
extremities (red palms/soles, swollen hands/feet), and unilateral cervical
lymphadenopathy (swollen lymph nodes) (Table 1 and Figure 1) 3. KD is self-limited,
which means the systemic symptoms spontaneously resolve even without treatment *.
However, coronary artery aneurysms (CAA), or the enlargement in diameter of the
coronary artery, can be a life-long complication for a subset of KD patients. Intravenous
immunoglobulin (IVIG) is now the standard treatment for KD patients *. Compared to no
treatment, treatment with 1VIG within the first 10 days of illness shows faster resolution
of inflammation and reduces the frequency of coronary artery abnormalities 4. The
etiology of KD remains unknown after 40 years of research, but one hypothesis is that
KD in Japan is triggered by inhalation of a windborne antigen that originates from
northeastern China ®.
Pathology of coronary artery aneurysms in KD

CAA can be developed in 20-25% of untreated patients and 5% of patients treated
with IVIG, and may progress to myocardial infarction (heart attack) or sudden death °.

During coronary arteritis, the unknown inflammatory stimulus causes an infiltration of



inflammatory cells such as neutrophils, T cells, monocytes, and macrophages in the
coronary arterial wall from both luminal and adventitial sides to all layers of the coronary
artery, followed by coronary artery dilation, and CAA formation in a subset of KD
subjects’. CAA formed during the acute phase of the disease can either remain the same,
remodel, or thrombose (clot)®. CAA formation can lead to vascular fibrosis (excess
collagen deposition in the vascular wall). A separate inflammatory complication of KD is
myocarditis (inflammation of the heart muscle), and late myocardial fibrosis (excess
collagen deposition in the myocardium), which can cause impaired heart function®1%,
Evidence of genetic influence in KD

Although the etiology of KD is unknown, previous epidemiologic studies suggest
that host genetics influences KD susceptibility'#!3, The annual incidence of KD is 10-25
times higher in Japan (~300 per 100,000 children < 5 years) than in the US (20.8 per
100,000 children < 5 years) and UK (8.39 per 100,000 children < 5 years)**®, In Hawaii
in 1996-2006, the annual incidence of KD among Japanese children <5 years was 201.5
per 100,000 children, while the annual incidence among white children was 13.7 per
100,000 children®’. In Rady Children’s Hospital in 2004-2014, the incidence of KD for
every year is higher among Asian children than among African-American, Caucasian,
and Hispanic children (Figure 2). Furthermore, siblings of KD children are 10-40 times
more likely to develop KD compared to children with no family history of KD 8, Parents
of KD children are twice as likely to have had KD compared to parents of children with
no history of KD °. Children whose parents had KD are more likely to have recurrent
KD %, These data suggest that KD is a genetic disease.

Genetic studies



To understand the pathogenesis and genetic background of KD, several genetic
studies were performed. Linkage analysis, which analyzes the chromosomal locations of
genes involved in a disease, identified a single nucleotide polymorphism (SNP, a
variation of one single nucleotide in a gene) within the inositol 1,4,5-trisphosphate
kinase-C (ITPKC) gene associated with KD susceptibility and coronary artery aneurysm
formation, and a SNP within the caspase-3 (CASP3) gene associated with KD
susceptibility 22?2, Genome-wide association studies (GWAS), which scan genomes to
find genetic variations associated with a trait or disease, identified SNPs within the Fc
fragment of IgG, low affinity Ila, receptor (FCGR2A), B lymphoid kinase (BLK), CD40,
and human leukocyte antigen (HLA) genes to be associated with KD susceptibility 23-2°,
Since KD is a complex genetic disease, and GWAS identify only SNPs with large effects,
we performed pathway analysis and gene stability selection to identify genetic variants
with smaller effects?®. Pathway analysis maps associated genes to known pathways. Gene
stability analysis determines the genes that drive the pathway associations by knocking
out certain genes in a pathway and checking if the pathway association is still present.
Pathway analysis was performed using a European GWAS dataset, and identified the 100
pathways significantly associated with KD susceptibility with p<5x10+ 2. Gene stability
analysis identified 26 genes with 116 SNPs. There were seven significant genes in the top
three pathways, among which five were involved in calcium signaling pathways. Three
SNPs in the gene solute carrier family 8 member 1 (SLC8A1) were validated in a
Japanese GWAS data: rs10490051, rs13017968, and rs12989852. KD patients

homozygous for the risk alleles had an increased risk of CAA formation. Expression



guantitative trait loci (eQTL) analysis determined that one of the three SLC8AL variants
(rs13017968) influenced the expression of urotensin 2 (UTS2).

Urotensin 2

UTS2 is an 11 amino acid cyclic peptide expressed in monocytes, endothelial cells,
vascular smooth muscle cells, and fibroblasts has diverse effects upon binding to the
urotensin 2 receptor (UTS2R) including potent vasoconstriction mediated by vascular
smooth muscle cells (VSMCs), proliferation of VSMCs and fibroblasts, and chemotaxis
of inflammatory cells 228, UTS2 increases expression of monocyte-chemoattractant
protein-1 (MCP-1), a chemoattractant for monocytes that was previously reported to be
elevated in KD patients 22, UTS2 itself is a chemoattractant for monocytes that express
the UTS2R *. UTS2 has also been associated with myocardial and vascular fibrosis 343°,
However, the role of UTS2 in KD has not been previously investigated. In the present
study, we tested the hypothesis that KD subjects homozygous for SLC8AL risk alleles
have increased UTS2 expression by studying UTS2 transcript levels in blood, and UTS2

and UTS2R protein concentrations in blood and tissues.



MATERIALS AND METHODS

Subjects
The demographic and clinical characteristics of the 30 KD subjects for whom DNA,
RNA, and plasma samples were available, are presented in Table 2. Subjects were
grouped by SLC8AL genotype for the three risk alleles and the data are presented in
Supplemental Table 1 (rs10490051), Table 2 (rs13017968), and Table 3 (rs12989852).
Allele frequencies for the three SLC8AL risk loci SNPs (rs10490051, rs13017968, and
rs12989852) are presented in Supplemental Table 4 for both the independent cohort of
KD subjects and for control subjects from the 1000 Genomes database. All subjects met
the American Heart Association (AHA) criteria for KD 3. The variable z-worst is the
maximal standard deviation units from the mean (z-score) measurement of the internal
diameters of the proximal right coronary arteries and left anterior descending coronary
arteries normalized for body surface area. Dilatation of the coronary arteries were defined
as a z-score of > 2.5, CAA were defined as a z-score of > 4.0, and giant CAA were
defined as as a z-score of > 10.0. Laboratory data were obtained during the acute phase
prior to intravenous-immunoglobulin (IVIG) administration. Parental informed consent
and patient assent were obtained from all subjects. The study protocol was reviewed and
approved by the University of California, San Diego Institutional Review Board.
Sample collection and RNA extraction

EDTA plasma was collected during the acute phase prior to IVIG administration,
and processed within 48 hour of sample collection. Plasma samples were stored at -80°C
until use. Whole blood was collected in PAXgene tubes (PreAnalytiX, Homebrechtikon,

Switzerland) during the acute phase prior to IVIG administration. PAXgene tubes were



frozen at -20°C until RNA extraction. RNA extraction was performed according to
manufacturer’s instructions (Qiagen PAXgene blood mRNA kit).
Tissue samples and histology

Formalin fixed, paraffin-embedded tissues were obtained from two subjects with
a history of KD, and one control patient. Tissues for Case 1 were obtained at the time of
autopsy and tissues for Case 2 were obtained at the time of surgery. The demographic and
clinical characteristics of Case 1, Case 2, and the control are presented in Table 3. The
complete clinical course of Cases 1 and Case 2 was previously published'®!13¢, Informed
consent was obtained from the subjects or their parents. Histochemical staining with
Masson trichrome stains was performed using standard techniques.
Microarray analysis

UTS2 transcript levels in whole blood of 131 paired acute and convalescent KD
subjects were analyzed using a published microarray dataset *’. Microarray probe
location was indicated in Supplemental Figure 1. The demographic and acute clinical
characteristics of the subjects used for the microarray analysis are presented in Table 4.
Supplemental Table 1 (rs10490051), Table 2 (rs13017968), and Table 3 (rs12989852)
show the characteristics grouped by SLC8AL risk loci.
Genotyping

Genomic DNA was extracted from whole blood using Wizard genomic DNA
purification kit (Promega, Madison, W1, A1125). KD subjects were genotyped by PCR
for SLC8AL rs10490051, rs13017968, and rs12989852 (Life Technologies,

26251262 _10, 2669599 10, and 30967076_10, respectively).



Quantitative reverse transcription-polymerase chain reaction validation of
microarray results

To validate published microarray results showing differential UTS2 expression by
SLCB8AI genotype, UTS2 transcript levels for an independent cohort of 30 KD subjects
were measured by quantitative reverse transcription-polymerase chain reaction (QRT-
PCR). cDNA was made from whole blood RNA collected in PAXgene tubes
(SuperScript 111 reverse transcriptase, ThermoFischer, 18080-051). gRT-PCR was
performed according to the manufacturer’s instructions using commercially available
UTS2 Tagman primers (ThermoFischer, Hs00922170_m1). The Tagman PCR product
location is shown in Supplemental Fig. 1. The relative abundance of UTS2 transcripts
was normalized to the expression levels of TATA box binding protein-associated factor,
RNA polymerase |, B (TAF1B) (Life Technologies, Hs00374547).
Plasma UTS2 and MCP-1 measurement using enzyme linked immunosorbent assay

Plasma UTS2 and MCP-1 levels were measured by enzyme linked
immunosorbent assay (ELISA) according to manufacturer’s instructions (UTS2: Phoenix
Pharmaceuticals, Burlingame, CA, EK-071-05, and MCP-1: R&D Systems, Minneapolis,
MN, DCP00).
IHC staining of tissues

Tissues were fixed in formalin and embedded in paraffin. Tissue sections were
deparaffinized and rehydrated using standard methods. Endogenous peroxidase activity
was gquenched with 3% hydrogen peroxide (Abcam, Cambridge, MA, Ab93705). Antigen
retrieval was performed using citrate buffer in a microwave for 10 minutes. Nonspecific

binding was blocked using milk in PBS for 10 minutes (Abcam, Cambridge, MA,



Ab93705). Slides were incubated with primary antibodies, anti-human UTS2 rabbit
polyclonal antibody and anti-human UTS2R rabbit polyclonal antibody (Novus
Biologicals, Littleton, CO, NBP1-87223, 1:100 dilution and NLS374, 1:100 dilution), at
4°C overnight. Rabbit IgG was used as the primary antibody for the negative staining
controls (Dako, Carpinteria, CA, X0936). Bound primary antibodies were detected using
a biotinylated secondary antibody, enzyme-labeled streptavidin, and visualized by
substrate-chromogen (Abcam, Cambridge, MA, Ab93705).
Statistical analysis

Data were analyzed using GraphPad Prism (GraphPad Software, Inc., La Jolla,
CA). Mann-Whitney U test and the Kruskal-Wallis test were used to compare continuous
variables. Correlation coefficients were calculated using the Pearson correlation
coefficient test. Chi-square test was used to compare equality of proportions. Two-tailed

p-value less than 0.05 was considered statistically significant.



RESULTS

UTS2 transcript and protein levels

Using a KD microarray dataset from acute, pre-treatment whole blood, we
determined that KD subjects homozygous for the three risk alleles in SLC8A1
(rs10490051, rs10317968 and rs12989852 have higher UTS2 transcript levels
(Supplemental Figure 2). This was validated using quantitative reverse transcriptase-
polymerase chain reaction (qQRT-PCR) in whole blood collected pre-treatment from an
independent cohort of 30 KD subjects with higher UTS2 levels in risk allele carriers
(Figure 3). However, no relationship was found between the risk alleles and expression of
the receptor, UTS2R (data not shown). We next determined whether UTS2 plasma
protein levels varied as a function of SLC8AL genotype. Plasma UTS2 levels were higher
in KD subjects homozygous for the three risk alleles (Figure 4).
To determine whether UTS2 and UTS2R are differentially expressed as a function of
patient characteristics and disease outcome, we analyzed whole blood UTS2 transcript
levels in 131 paired acute and convalescent KD subjects /. UTS2 transcript levels were
significantly lower in the convalescent phase in KD subjects with normal and dilated
coronary arteries (p=0.0001 and p=0.004, respectively) (Figure 5a and b). Levels
remained persistently elevated in the convalescent phase for subjects who developed
CAA (Figure 5c). Demographic and clinical factors except for ethnicity were similar
among KD subjects with different SLC8A1 genotypes (Supplemental Table 5, Table 6,
and Table 7). However, subjects with self-declared Asian ancestry were more likely to be
homozygous for all three risk alleles. This is consistent with data from the 1000 Genomes

database that individuals of Asian descent have a higher allele frequency for the SLC8A1
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risk alleles (Supplemental Table 4). No correlation was observed between UTS2
transcript levels and sex, illness day, age, coronary artery z-score, the percentage of
lymphocytes in whole blood, and the percentage of monocytes in whole blood of the KD
subjects (Supplemental Figure 3). UTS2R was not differentially expressed as a function
of KD disease status or coronary artery status (Supplemental Figure 4). Since UTS2R
expression in blood was reported to be highest in monocytes®®, we analyzed the
correlation between the absolute number of monocytes and UTS2R transcript levels in
whole blood, but no correlation was found (Supplemental Figure 5).
Plasma MCP-1 levels as a function of SLC8A1 genotype

Since UTS2 induces MCP-1 secretion in rat adventitial fibroblasts®®, and in the
present study, we showed that UTS2 transcript and protein levels are influenced by
SLCB8AL1 genotype, we next determined whether SLC8AL genotype influences MCP-1
secretion. Plasma MCP-1 levels (pg/ml) did not differ as a function of SLC8AL genotype
for any of the three SLC8AL risk alleles (Supplemental Figure 6). Similarly, there was no
correlation between UTS2 and MCP-1 levels in acute plasma samples (data not shown).
UTS2 and UTS2R expression in tissues

To understand the relationship between the UTS2/UTS2R axis and inflammation
of the coronary arteries, we performed IHC staining for UTS2 and UTS2R in the
coronary artery of Case 1, a KD patient with CAA who died 10 months after disease
onset. The artery had a giant aneurysm with thrombotic occlusion of the lumen, with
destruction of the internal elastic lamina and thickening of the intima (Figure 6a). In the
thickened intima, UTS2-, UTS2R-, and CD14- positive mononuclear inflammatory cells

were present (Figure 6b, ¢, and d, arrowheads), as well as spindle-shaped cells (arrows).
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The normal control coronary artery showed positive staining for UTS2- and UTS2R- in
endothelial cells and vascular smooth muscle cells (Figure 6g and h). No spindle-shaped
cells or inflammatory cells were observed in the normal coronary artery.
To understand the possible relationship between the UTS2/UTS2R axis and vascular
fibrosis in KD, we performed IHC staining for UTS2 and UTS2R in an endarterectomy
specimen surgically resected from the femoral artery of Case 2, an adult KD patient with
vascular fibrosis 1°. At age three months, Case 2 developed giant CAA and bilateral
common femoral artery aneurysms. At age 30 years, he developed claudication from
stenosis of the common femoral artery bilaterally and an endarterectomy was performed.
Masson’s trichrome stain showed collagen deposition in the intima of the iliac artery
(Figure 7a). Abundant UTS2- and UTS2R- positive spindle-shaped cells were noted on
the luminal side of the thickened intima, where collagen deposition was also observed
(Figure 7b and c, arrows).

The results section, in part, is currently being prepared for submission for
publication of the material. Huang, Cassidy Y.; Shimizu, Chisato; Burns, Jane C. The

thesis author was the primary investigator and author of this material.



DISCUSSION

Here, we show that polymorphisms associated with KD susceptibility in SLC8AL,
located on Chromosome 2, influence in trans the transcript abundance and protein
expression of UTS2 on Chromosome 1. We have recently established the influence of
SLC8A1 polymorphisms on susceptibility to KD and risk of CAA 26, Using our KD
microarray database, we showed that SLC8AL genotype can influence expression of
UTS2 transcripts in whole blood, with the highest UTS2 transcript abundance in subjects
homozygous for the SLC8AL1 risk alleles. In an independent cohort, we confirmed that
KD subjects homozygous for all three risk alleles have increased UTS2 transcript levels
although only those homozygous for rs10490051 had increased plasma protein levels.
UTS2 and UTS2R were expressed in inflammatory cells and spindle-shaped cells with a
myofibroblast-like morphology in the coronary artery. UTS2 and UTS2R were also
expressed in spindle-shaped cells in an endarterectomy specimen from a remodeled
aneurysm in the femoral artery following KD. These data suggest a possible role for
UTS2 and UTS2R in vascular inflammation, aneurysm formation, and arterial
remodeling.

The recruitment of monocytes to the arterial wall during acute KD could
contribute to vessel wall inflammation and aneurysm formation. The exact mechanism of
CAA formation in KD has yet to be clarified, but evidence suggests that monocytes and
MCP-1, a chemoattractant for monocytes, are involved in the process®3°. Monocytes
were demonstrated to be more abundant during acute KD, particularly the CD14+CD16+
subpopulation . Studies conducted by Zhang et al determined that UTS2, by binding

UTS2R, increases expression and secretion of MCP-1 in rat aorta adventitial

12
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fibroblasts®. Segain et al. reported high UTS2R expression in CD14+CD16+ monocytes,
and that UTS2 is a chemoattractant for monocytes that express UTS2R*. UTS2 mRNA is
most abundantly expressed in classical monocytes that are CD14+CD16- 4. Although
increased plasma UTS2 levels did not correlate with increased plasma MCP-1 levels,
UTS2 may have a role in monocyte chemotaxis in the arterial wall. The coronary arterial
wall of a KD subject who died with giant CAA showed positive staining for UTS2,
UTS2R, and CD14 in infiltrating mononuclear inflammatory cells (Figure 6). This
suggests a possible role for UTS2 and UTS2R involvement in the recruitment of CD14+
monocytes to the arterial wall, thus contributing to vessel wall inflammation. UTS2 and
UTS2R were also expressed in spindle-shaped, myofibroblast-like cells in the coronary
artery. It is possible that in KD, the CD14+ monocytes expressing UTS2 and UTS2R can
also differentiate into myofibroblasts, as has been reported in systemic sclerosis
patients*2. Although plasma UTS2 levels did not correlate with coronary artery damage, it
is likely that expression of UTS2 and recruitment of cells occur in the tissues and not in
the periphery. Our results raise the possibility that UTS2 and UTS2R could contribute to
inflammation and CAA formation in KD through the induction of myofibroblast
transformation in the vascular wall.

Myofibroblasts are spindle-shaped cells that appear after cardiac injury and
contribute to cardiac remodeling *3. Myofibroblasts are formed through the process of
epithelial-to-mesenchymal transition (EMT), in which cells of mesenchymal origin, such
as fibroblasts, can differentiate into myofibroblasts. The process is triggered by multiple
mediators including transforming growth factor (TGF)-B*. Markers of myofibroblast

phenotypic differentiation include expression of alpha-smooth muscle actin (¢SMA),
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increased collagen synthesis, and enhanced cell migration 3. We have previously
reported that myofibroblast-like cells and TGFp play a role in aneurysm formation in KD
%. Myofibroblast-like cells were found in the coronary arterial wall of KD patients, and
were shown to express IL-17, which recruits pro-inflammatory cells to the arterial wall to
contribute to aneurysm formation and arterial damage °. Studies by Zhang et al.
demonstrated that UTS2 can induce increased TGFf expression and secretion, aSMA
expression, collagen synthesis, and cell migration in a time- and concentration-dependent
manner in rat adventitial fibroblasts, suggesting that in rats, UTS2 and UTS2R can induce
phenotypic differentiation of adventitial fibroblasts to myofibroblasts 2. In the present
study, we showed that UTS2 and UTS2R were expressed in myofibroblast-like cells an
endarterectomy specimen with dense fibrotic regions with collagen deposition (Figure 7).
After formation of CAA, the aneurysmal arterial walls of KD patients may remodel with
activated myofibroblasts causing luminal narrowing and occlusion?®,

UTS2R is a G-coupled protein receptor that, upon binding to UTS2, leads to
downstream signaling that potentiates L-type calcium channels in cardiomyocytes?.
Genetic variation in calcium signaling pathways influences KD susceptibility and
aneurysm formation 13, Investigating the role of UTS2 in calcium signaling through
UTS2R may provide further insight into the role of UTS2 and UTS2R in KD
pathogenesis. Polymorphisms in three calcium-signaling pathway genes, calcium release-
activated calcium channel protein 1 (ORAIL), inositol-triphosphate 3-kinase C (ITPKC),
and SLC8A1 have been identified and validated to influence KD susceptibility and
aneurysm formation 242647 ORAI1 is a membrane-bound calcium channel activated by

stromal interaction molecule 1 (STIM1), a sensor of calcium store depletion in
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endoplasmic reticulum*’. ORAI1 and STIM1 have been shown to participate in the
UTS2/UTS2R signaling cascade in the rat coronary artery, in which ORAI1 activation
was necessary to induce an enhanced intracellular calcium mobilization during UTS2-
induced vasoconstriction*®. SLC8A1 encodes for the sodium-calcium exchanger member
1 (NCX1), a membrane-bound calcium channel that transports sodium and calcium bi-
directionally. NCX1 was shown to be expressed in spindle-shaped, myofibroblast-like
cells in the coronary arteries of acute KD patients 7 and 12 days post KD onset. SLC8A1
polymorphisms influence KD susceptibility and CAA formation. KD patients
homozygous for the risk allele were shown to have increased disease susceptibility,
increased likelihood of CAA formation, and increased resting and stimulated intracellular
calcium mobilization 2°.

We recognize both strengths and limitations of the present study. This study
draws a link between genetic risk factors for KD that serve as an eQTL for UTS2, and
increased levels of this protein that may recruit inflammatory cells to the arterial wall and
contribute to EMT, a process associated with aneurysm formation. We recognize the
descriptive nature of this study that should be viewed as hypothesis generating.
Limitations include the small number of KD autopsy tissues available for IHC studies
and the inability to genotype the tissue donors due to the poor quality of the DNA.

In summary, we demonstrated that polymorphisms in SLC8A1 influence the
transcription of UTS2, with higher UTS2 transcript abundance and plasma protein levels
observed in KD subjects homozygous for SLC8AL risk alleles. Both UTS2 and UTS2R
were expressed in mononuclear inflammatory cells and spindle-shaped, myofibroblast-

like cells in the coronary arterial wall. These data suggest that UTS2 and UTS2R may
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have a pro-inflammatory role associated with monocyte recruitment and myofibroblast
generation that contributes to formation of CAA.

The discussion section, in part, is currently being prepared for submission for
publication of the material. Huang, Cassidy Y.; Shimizu, Chisato; Burns, Jane C. The

thesis author was the primary investigator and author of this material.



FIGURES

Figure 1. Clinical features of KD. Signs are listed clockwise from the top left: bilateral
conjunctival injection (bloodshot eyes), changes of the extremities (swollen hands),
cervical lymphadenopathy (swollen lymph node in neck), rash, mucous membrane
changes (strawberry tongue and red, cracked lips)

17
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Figure 2. Race-specific incidence rates of KD. Incidence rates were recorded annually
from 2004 to 2015. Incidence of Asian KD patients at Rady Children’s Hospital are
shown in green bars, African-American KD patients in yellow bars, Caucasian patients in
red bars, and Hispanic patients in pink bars. KD incidence rates are calculated as number
of cases per 100,000 children under five years old.
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Figure 3. Differential expression of UTS2. Acute UTS2 transcript levels in whole blood
of KD patients were stratified by SLC8A1 (a) rs10490051 genotypes GG (n=9), GA
(n=9), and AA (n=12), (b) rs13017968 genotype AA (n=8), AC (n=8), and CC (n=14),
and (c) rs12989852 genotypes AA (n=8), AG (n=13), and GG (n=9). Risk alleles are
underlined. *P<0.05; **P<0.005 for homozygous risk allele vs. all others.
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Figure 4. Plasma UTS2 levels. Acute UTS2 levels in plasma of KD patients were
stratified by SLC8A1 (a) rs10490051 genotypes GG (n=9), GA (n=9), and AA (n=12),
(b) rs13017968 genotype AA (n=8), AC (n=8), and CC (n=14), and (c) rs12989852
genotypes AA (n=8), AG (n=13), and GG (n=9). Risk alleles are underlined. *P<0.05 for
homozygous risk allele vs. all others.
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Figure 5. UTS2 transcript levels as a function of coronary artery status. UTS2
transcript levels in whole blood were analyzed for paired acute and convalescent KD
subjects: (a) Normal coronary arteries (n=90) (P=0.0001), (b) Dilated coronary arteries
(n=29) (P=0.004), and (c) Coronary artery aneurysms (n=12) (not significant).
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Figure 6. UTS2 and UTS2R expression in coronary artery. The coronary artery of
Case 1 was stained for (a) UTS2 at 40x, with boxed area indicating location of (b-e), (b)
UTS2, 400x, (c) UTS2R, 400x, (d) CD14+, 400x, and (e) rabbit IgG as a negative
staining control at 400x. The control coronary artery was stained for (f) UTS2, 40x, with
boxed area indicating location of (g-i), (g) UTS2, 400x, (h) UTS2R, 400x, (i) rabbit 1gG,
400x. Arrows indicate spindle-shaped cells, and arrowheads indicate mononuclear
inflammatory cells in thickened intima. L: lumen. Scale bar: 100 pm.
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Figure 7. UTS2 and UTS2R expression in femoral artery. The iliac artery of Case 2
was stained for (a) trichrome staining shown in 40x magnification, with boxed area
indicating location of (b-d), (b) UTS2 at 400x magnification, (c) UTS2R at 400x
magnification, and (d) rabbit IgG as a negative staining control at 400x magnification.
Arrows indicate spindle-shaped cells. L: lumen. Scale bar: 100 um.



TABLES
Table 1. Clinical features of KD

Epidemiological case definition (classic clinical criteria)
Fever persisting at least 5 days*
Presence of at least 4 principal features:
Changes in extremities

Acute: Erythema of palms, soles; edema of hands, feet

Subacute: Periungual peeling of fingers, toes in weeks 2 and 3
Polymorphous exanthem

Bilateral bulbar conjunctival injection without exudate

Changes in lips and oral cavity: Erythema, lips cracking, strawberry
tongue, diffuse injection of oral and pharyngeal mucosae

Cervical lymphadenopathy (>1.5-cm diameter), usually unilateral

Table is modified from previously published AHA clinical features of KD 2. *In the presence
of >4 principal criteria, Kawasaki disease diagnosis can be made on day 4 of illness.
Experienced clinicians who have treated many Kawasaki disease patients may establish
diagnosis before day 4.
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Table 2. Demographic and clinical characteristics of KD subjects used for gRT-PCR

and ELISA
KD patients (n=30)
Age 2.1(1.3-3.7)
Males, n (%) 19 (63)
Ethnicity
Asian, n (%) 8 (27)
Caucasian, n (%) 5(17)
Native American, n (%) 1(3)
Hispanic, n (%) 11 (37)
Mixed, n (%) 5 (16)
Iliness day, median (range)* 5 (2-11)
Coronary artery status
Aneurysm, n (%) 3 (10)
Dilated, n (%) 11 (37)
Normal, n (%) 16 (53)
Z Worst, median (range)* 2.1 (0.5-5.2)

Lab data
WBC (10"3/uL)
Polys (%)
Lymphocytes (%)
Monocytes (%)
Eosinophils (%)
Absolute Band Count
Absolute Neutrophil Count
Hemoglobin (mg/dl)
Z-Hemoglobin**
Hematocrit (%)
Platelets (10"3/mm~3)
ESR (mm/h)
CRP (mg/dL)
ALT (iu/L)
GGT (iu/L)

13.5 (11.1-15.5)
54 (47-62)

25 (20-34)

5 (2-9)

2 (1-4)

1024 (504-1883)
8917 (6308-10359)
11 (10.3-11.5)
15 (-2.4--0.7)
31.7 (31-34)
378 (289-458)
57.5 (43-70)

6.2 (4.1-11.8)
47.5 (30.2-86.5)
42 (20-89)

*All data are represented as a median (interquartile range) unless otherwise
specified. **Z-hemoglobin is the hemoglobin concentration normalized for age
and expressed as standard deviation units. WBC: white blood count. Polys:
polymorphonuclear cells. ESR: erythrocyte sedimentation rate. CRP: C-reactive
protein. ALT: alanine aminotransferase. GGT: gamma-glutamyl transferase.



Table 3. Demographic and clinical characteristics of KD and control subjects for

IHC staining

Case Age/Sex

Ethnicity

Age of
KD
onset

Procedure

Clinical course

Tissues
obtained

1 15m/M

Caucasian

5m

Autopsy

Giant aneurysm at KD onset
at 5 months. Death due to
cardiac arrest from
thrombotic occlusion of giant
aneurysm

Coronary artery

2 31y/M

Caucasian

™w

Left iliac
endarterectomy

CAA and bilateral axillary
aneurysms at KD onset.
Developed right lower
extremity claudication at age
22 and age 25. At age 30,
both femoral arteries were
diseased with stenosis. Left
iliac artery had thickened
intima with diffuse fibrosis
and calcification.

Intima of
femoral artery

Control 4y/F

N/A

N/A

Autopsy

Congenital diaphragmatic
hernia

Coronary
artery/
myocardium
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Table 4. Demographic and clinical characteristics of KD subjects in microarray

dataset
KD patients (n=131)
Age 2.7 (1.4-4.1)
Males, n (%) 80 (61)
Ethnicity
Asian, n (%) 22 (17)
African American, n (%) 5(4)
Caucasian, n (%) 35 (27)
Hispanic, n (%) 32 (24)
Mixed, n (%) 37 (28)
Illness day, median (range)* 6 (2-11)
Coronary artery status
Aneurysm, n (%) 12 (9)
Dilated, n (%) 29 (22)
Normal, n (%) 90 (69)
Z Worst, median (range)* 1.8 (0.2-18.3)
Lab data
WBC (10"3/uL) 13.6 (11-19)
Polys (%) 54 (42-63)
Lymphocytes (%) 21 (13-31)
Monocytes (%) 6 (4-8)
Eosinophils (%) 2 (0-3)

Absolute Band Count
Absolute Neutrophil Count
Hemoglobin (mg/dl)
Z-Hemoglobin**
Hematocrit (%)

Platelets (10"3/mm~3)
ESR (mm/h)

CRP (mg/dL)

ALT (iu/L)

GGT (iu/L)

1771 (456-2820)
9027 (6780-12390)
11.3 (10.5-11.8)
1.5 (-1.9 - -0.4)
32.8 (31-34)

412 (321-475)

61 (44-82)

8 (4.6-16.4)

33 (17-109)

30 (17-93)

*All data are represented as a median (interquartile range) unless
otherwise specified. **Z-hemoglobin is the hemoglobin concentration
normalized for age and expressed as standard deviation units. WBC.:
white blood count. Polys: polymorphonuclear cells. ESR: erythrocyte
sedimentation rate. CRP: C-reactive protein. ALT: alanine
aminotransferase. GGT: gamma-glutamyl transferase.



SUPPLEMENTAL FIGURES
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Supplemental Figure 1. Structure of human UTS2. The prepro-UTS2 gene consists of
five exons labeled as colored blocks, and is transcribed into two transcript variants,
transcript variant 1 and transcript variant 2. Transcript variant 1 and transcript variant 2
are translated into isoform a preproprotein and isoform b preproprotein, respectively.
Through proteolytic cleavage, isoform a and isoform b preproprotein produce the same
mature peptide. The microarray probe and the Tagman PCR product used in the paper are
shown in the diagram.
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Supplemental Figure 2. UTS2 transcript levels as a function of genotype. Acute
UTS2 transcript levels in whole blood were analyzed using a microarray dataset and
stratified by (a) rs10490051 genotypes GG (n=25), GA (n=58), and AA (n=47), (b)
rs13017968 genotypes AA (n=21), AC (n=60), and CC (n=50), and (c) rs12989852
genotypes AA (n=32), AG (n=67), and GG (n=71). Risk alleles are underlined.
1P<0.0005, *P<0.05.
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Supplemental Figure 3. UTS2 transcript levels as a function of patient demographic,
clinical, and laboratory measurements. Acute UTS2 transcript levels in whole blood
were analyzed as a function of (a) sex (males n=80, females n=51), (b) illness day (first
day of fever=IllIness Day 1) (R=0.14), (c) age (years) (R=0.04), (d) coronary artery z-
score (R=0.05), (e) percent lymphocytes (R=0.09), and (f) percent monocytes (R=0.12).
None of the correlations were significant.



31

Normal coronary arteries Dilated coronary arteries Coronary artery aneurysms
a 004 b oo c 0.0
0.2 1 02 0.2
n " o
[ = [
> = o=
3 5 5
- = =
= B £
] o ]
@ 0.4 @ 0.4 o 0.4
e B B
; e :
x &
2 B 2
=2 - =
06 06 0.6
0.8 5 T 08 T T 0.8 T T
Acute Convalescent Acute Convalescent Acute Convalescent

Supplemental Figure 4. UTS2R transcript levels as a function of KD disease status.
UTS2R transcript levels in whole blood were analyzed for (a) paired acute and
convalescent KD subjects (n=90) with normal coronary arteries, (b) paired acute and
convalescent KD subjects (n=29) with dilated coronary arteries, and (c) paired acute and
convalescent KD subjects (n=12) with coronary artery aneurysms (CAA). CAA were
defined as a z-score of > 4.0, and dilatation of the coronary arteries were defined as a z-

score of > 2.5.
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Supplemental Figure 6. Plasma MCP-1 levels. Acute MCP-1 levels were stratified by
SLCB8AI1 (a) rs10490051 genotypes GG (n=9), GA (n=9), and AA (n=12), (b)
rs13017968 genotype AA (n=8), AC (n=8), and CC (n=14), and (c) rs12989852
genotypes AA (n=8), AG (n=13), and GG (n=9). Risk alleles are underlined. There was
no difference in plasma MCP-1 levels as a function of any of the SLC8AL genotypes.
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Supplemental Table 1. Demographic and clinical characteristics of KD subjects used
for QRT-PCR and ELISA for SLC8A1 rs10490051

1510490051 GG (n=9) GA (n=9) AA (n=12) p-value
Age 21 (2.1-4.5) 2.5 (1.7-4.3) 1.6 (1.1-2.5) ns
Males, n (%) 6 (67) 5 (55) 8 (67) ns
Ethnicity
Asian, n (%) 4 (44) 2 (22) 2 (17) ns
African American,n (%) ¢ 0 0 ns
Caucasian, n (%) 1(11) 3(33) 2(17) ns
Hispanic, n (%) 4 (44) 3(33) 4 (33) ns
Mixed, n (%) 0 1(11) 4 (33) ns
Iliness day, median (range)* 5 (4.8.5.3) 6 (4.8-7.3) 5.5 (3.8-7) ns
Coronary artery status
Aneurysm, n (%) 0 2 (22) 1(8) ns
Dilated, n (%) 3(33) 2(22) 5 (42) ns
Normal, n (%) 6 (66) 5 (55) 6 (50) ns
Z Worst, median (range)* 21(1.2-2.3) 21(1.34.1) 2.1(1.3-3.0) ns
Lab data
WBC (1073/uL) 148(12.7-155)  11.8(10-135) 14 (12.4-15.8) ns
Polys (%) 55 (50-63) 56 (49-68) 50 (44.5-58) ns
Lymphocytes (%) 25 (20-25) 22 (16-25) 33 (24.5-36.3) ns
Monocytes (%) 6 (3-8) 10 (5-13) 45 (2-7) ns
Eosinophils (%) 1(1-3) 2 (1-7) 3(1.5-3.5) ns
Absolute Band Count 1496 (755-1550) 756 (506-1602.5) 1024 (336-2132) ns
Absolute Neutrophil Count 9765 (8305-11352) 6844 (6132-9638) 8632 (6773.3-10100.3) ns
Hemoglobin (mg/dl) 11.1 (10.7-11.8) 11.1 (10.3-11.8) 10.9 (10.2-11.3) ns
Z-Hemoglobin** 15 (2--0.7) 1.3(-25--09)  -1.8(-2.3--0.9) ns
Hematocrit (%) 32 (31.5-35.1) 31.6 (30.4-34.2) 31.6 (31.2-32.5) ns
Platelets (10°3/mm~3) 361 (242-406) 395 (327-456) 372.5 (329.3-465) ns
ESR (mm/h) 66 (62-80) 37 (31-47) 57.5 (48.3-60.5) ns
CRP (mg/dL) 6.3 (4.1-11.8) 6.3 (4.1-11.8) 6.3 (4.1-11.8) ns
ALT (iu/L) 47.5 (30.3-86.5) 47.5 (30.3-86.5) 47.5 (30.3-86.5) ns
GGT (iu/L) 42 (20-89) 42 (20-89) 42 (20-89) ns

*All data are represented as a median (interquartile range) unless otherwise specified. **Z-hemoglobin is the
hemoglobin concentration normalized for age and expressed as standard deviation units. WBC: white blood count.
Polys: polymorphonuclear cells. ESR: erythrocyte sedimentation rate. CRP: C-reactive protein. ALT: alanine
aminotransferase. GGT: gamma-glutamyl transferase. Ns: not significant. P-values are calculated by Kruskal-
Wallis test or Chi-square test.

34



35

Supplemental Table 2. Demographic and clinical characteristics of KD subjects used
for QRT-PCR and ELISA for SLC8AL1 rs13017968

rs13017968 AA (n=8) AC (n=8) CC (n=14) p-value
Age 3.2 (2.1-4.9) 31(1.7-55) 1.6 (1-2.3) ns
Males, n (%) 80 (63) 4 (50) 10(71) ns
Ethnicity
Asian, n (%) 4 (50) 2 (25) 2(14) ns
African American, n (%) 0 0 0 ns
Caucasian, n (%) 0 3(37) 3(21) ns
Hispanic, n (%) 4 (50) 2(25) 5(@37) ns
Mixed, n (%) 0 1(13) 4 (28) ns
lliness day, median (range)* 5 (2-8) 6 (3-11) 5(2-10) ns
Coronary artery status
Aneurysm, n (%) 0 2 (25) 1(7) ns
Dilated, n (%) 2 (25) 1(13) 7 (50) ns
Normal, n (%) 6 (75) 5 (62) 6 (43) ns
Z Worst, median (range)* 1.8 (1-3.2) 18(1.2-3.1) 2.6 (0.6-4.1) ns
Lab data
WBC (1073/uL) 14.2 (11-15.6) 11.8 (9.6-14.1) 14 (12-15) ns
Polys (%) 59 (49.2-64.5) 60 (41.7-68) 52.5 (46-57.5) ns
Lymphocytes (%) 23.5 (19-26) 19.5 (15.5-29.5) 32 (25-35) ns
Monocytes (%) 5.5 (2.8-7.3) 8 (4.5-12.3) 5 (2-8.5) ns
Eosinophils (%) 1.5(0.7-3.3) 2.5(1.8-8) 2 (1-3) ns
Absolute Band Count 1129 (700-1620) 1049 (594-1733) 1024 (384-2088)  ns
Courﬁbsolute Neutrophil 9635 (7418-11438) 7777 (5469-9658) 8632 (6869-9919)  ns
Hemoglobin (mg/dI) 11.1 (10.6-11.8) 11.1 (10.3-11.9) 10.8 (10.2-11.2) ns
Z-Hemoglobin** -1.3(-2.2 - -0.6) -1.25(-25--0.8)  -1.8(-2.1--1.1) ns
Hematocrit (%) 33 (31-35) 32 (30.4-34.4) 31.5 (31-32) ns
Platelets (1073/mm~3) 305 (240-404) 366.5 (297-438) 429.5 (333-477) ns
ESR (mm/h) 66 (59-81) 36 (29-49) 57.5 (47.5-68.3) ns
CRP (mg/dL) 6.3 (4.1-11.8) 6.2 (4.1-11.8) 6.2 (4.1-11.8) ns
ALT (iu/L) 47 (30-86) 47 (30-86.5) 475 (30.2-86.5) ns
GGT (iu/L) 42 (20-89) 42 (20-89) 42 (20-89) ns

*All data are represented as a median (interquartile range) unless otherwise specified. **Z-hemoglobin is the
hemoglobin concentration normalized for age and expressed as standard deviation units. WBC: white blood
count. Polys: polymorphonuclear cells. ESR: erythrocyte sedimentation rate. CRP: C-reactive protein. ALT:
alanine aminotransferase. GGT: gamma-glutamyl transferase. Ns: not significant. P-values are calculated by

Kruskal-Wallis test or Chi-square test.
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Supplemental Table 3. Demographic and clinical characteristics of KD subjects used
for QRT-PCR and ELISA for SLC8A1 rs12989852

- AG (n=13 GG (n=9 -value
1512989852 AA (n=8) ("=13) =9) P
Age 3.2 (2.1-4.9) 2.4 (1.6-3.7) 1.3 (0.9-2) ns
Males, n (%) 5(62) 8(62) 6 (67) ns
Ethnicity
Asian, n (%) 4 (50) 3(23) 1(11) ns
African American, n (%) 0 0 0 ns
Caucasian, n (%) 0 5 (39) 1(11) ns
Hispanic, n (%) 4 (50) 3(23) 4(44) ns
Mixed, n (%) 0 2 (15) 3(33) ns
lliness day, median (range)* 5 (2-8) 6 (3-11) 6(2-8) ns
Coronary artery status
Aneurysm, n (%) 0 2 (15) 1(11) ns
Dilated, n (%) 2 (25) 4 (31) 4 (44) ns
Normal, n (%) 6 (75) 7 (54) 4 (44) ns
Z Worst, median (range)* 1.8 (1-3.2) 2.1(0.5-4.8) 26(1-41) ns
Lab data
WBC (1073/uL) 14.2 (11.2-15.6) 12.2 (11-15.5) 14.4 (12.8-16.8) ns
Polys (%) 59 (49-64.5) 53 (47-64) 56 (40-58) ns
Lymphocytes (%) 23.5 (19-26) 24 (16-25) 34 (32-35) ns
Monocytes (%) 5.5 (3-7.3) 9 (5-12) 4 (2-5) ns
Eosinophils (%) 1.5(0.7-3.3) 2 (1-4) 2.5(0.8-3.5) ns

Absolute Band Count 1129 (700-1620) 1049 (489-1785) 1024 (384-2088)  ns
Absolute Neutrophil Count 9635 (7418-11438) 6943 (6132-9720) 9072 (7616-9971)  ns

Hemoglobin (mg/dl) 11.1(10.6-11.8)  11(10.3-11.3) 10.9 (10.2-11.3) ns
Z-Hemoglobin** -13(22--06)  -15(-25--1) -1.8(-2.1--05) ns
Hematocrit (%) 33(31-35.2) 31.6(30.5-32.3)  31.5(31.2-33.5) ns
Platelets (10°3/mm~3) 305 (240-404) 395 (327-485) 406 (339-459) ns
ESR (mm/h) 66.5(58.7-80.5) 43 (35-49) 66 (55-71) ns
CRP (mg/dL) 6.3 (4.1-11.8) 6.3 (4.1-11.8) 6.3 (4.1-11.8) ns
ALT (iu/L) 47 (30-86.5) 47 (30-86.5) 47.5 (30-86.5) ns
GGT (iu/L) 42 (20-89) 42 (20-89) 42 (20-89) ns

*All data are represented as a median (interquartile range) unless otherwise specified. **Z-hemoglobin is the
hemoglobin concentration normalized for age and expressed as standard deviation units. WBC: white blood
count. Polys: polymorphonuclear cells. ESR: erythrocyte sedimentation rate. CRP: C-reactive protein. ALT:
alanine aminotransferase. GGT: gamma-glutamyl transferase. Ns: not significant. P-values are calculated by
Kruskal-Wallis test or Chi-square test.
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Supplemental Table 4. Allele frequencies of selected SLC8A1 SNPs of KD subjects
and subjects from 1000 Genomes database

European Asian Hispanic
1000 KD 1000 KD 1000 KD
SLC8A1 Genotype Genomes (n=5) Genomes (n=8) Genomes (n=11)
rs10490051
G allele frequency, % 29 50 63 63 35 50
A allele frequency, % 71 50 37 37 65 50
rs13017968
A allele frequency, % 28 30 62 63 32 50
C allele frequency, % 72 70 38 37 68 50
rs12989852
A allele frequency, % 40 40 68 69 45 50
G allele frequency, % 60 60 32 31 55 50

Letters in bold indicate risk alleles. Population genetics data for European, East Asian, and
American populations are extracted from 1000 Genomes database. Europeans include Utah
residents with Northern and Western European ancestry, Finnish in Finland, British in England
and Scotland, Iberian populations in Spain, and Toscani in Italy. Asians include Chinese Dai
in Xishuangbanna, China, Han Chinese in Beijing, China, Southern Han Chinese, Japanese in
Tokyo, Japan, and Kinh in Ho Chi Minh City, Vietnam. Hispanics include Colombian in
Medellin, Colombia, Mexican Ancestry in Los Angeles, California, Peruvian in Lima, Peru,
and Puerto Rican in Puerto Rico.



Supplemental Table 5. Demographic and clinical characteristics of KD subjects in

microarray dataset for SLC8A1 rs10490051

110490051 AA (n=25) AC (n=58) CC (n=47) p-value
Age 2.7 (1.4-4.2) 2.7 (1.6-4) 3.1(1.3-4.3) ns
Males, n (%) 80 (61) 35 (60) 29 (62) ns
Ethnicity
Asian, n (%) 10 (40) 10 (17) 1(2) 0.0001
African American,n (%) 0 2(4) 3(6) ns
Caucasian, n (%) 4 (16) 17 (29) 15 (32) ns
Hispanic, n (%) 4 (16) 13(22) 15(32) ns
Mixed, n (%) 7(28) 16 (28) 13 (28) ns
Iliness day, median (range)* 6 (2-11) 6.5 (2-10) 6 (3-10) ns
Coronary artery status
Aneurysm, n (%) 12 (9) 5(9) 2 (4) ns
Dilated, n (%) 29 (22) 11 (19) 11 (24) ns
Normal, n (%) 90 (69) 42 (72) 34 (72) ns
Z Worst, median (range)* 1.8 (0.2-18.3) 1.8 (0.2-18.3) 1.5(0.4-9.3) ns
Lab data
WBC (10"3/uL) 13.6 (11-19) 13.1(11.7-18.8) 13.6 (10.6-18.8) ns
Polys (%) 54 (42-63) 54.5 (47-62) 55.2 (40.5-63.3)  ns
Lymphocytes (%) 21 (13-31) 22 (16-30.3) 19 (11.5-27) ns
Monocytes (%) 6 (4-8) 6 (4-8.2) 5 (4-7) ns
Eosinophils (%) 2 (0-3) 2 (1-4) 1(0-3) ns
Absolute Band Count 1771 (456-2820) 1355 (377-2661) 1820 (1050-2912) ns
Absolute Neutrophil Count 9027 (6780-12390) 8307 (7251-11275) 9416 (6780-12676) ns
Hemoglobin (mg/dl) 11 (10.4-12) 11.3(10.8-11.6) 11.3(10.5-12) ns
Z-Hemoglobin** -1.1(-2.3--0.4) -1.1(-1.8--0.5) -1.2(-2--0.2) ns
Hematocrit (%) 32.2(29.6-34.3) 32.9(31.5-34.1) 32.7(31.1-35.2) ns
Platelets (1073/mm~3) 408 (352-527) 426 (343.8-486.5) 335 (247.5-465.5) ns
ESR (mm/h) 79 (53-100) 59 (39-80.5) 58 (42-78) ns
CRP (mg/dL) 12.2 (4.6-19.2) 6.8 (4.9-12.1) 8.3 (5.1-18.6) ns
ALT (iu/L) 31 (16-55) 27 (17.3-72.5) 44 (20.5-140.3) ns
GGT (iu/L) 28 (23-130) 28.5 (17-78) 38 (16-98) ns

*All data are represented as a median (interquartile range) unless otherwise specified. **Z-hemoglobin is the
hemoglobin concentration normalized for age and expressed as standard deviation units. WBC: white blood
count. Polys: polymorphonuclear cells. ESR: erythrocyte sedimentation rate. CRP: C-reactive protein. ALT:
alanine aminotransferase. GGT: gamma-glutamyl transferase. Ns: not significant. P-values are calculated by

Kruskal-Wallis test or Chi-square test.
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Supplemental Table 6. Demographic and clinical characteristics of KD subjects in
microarray dataset for SLC8A1 rs13017968

rs13017968 AA (n=21) AC (n=60) CC (n=50) p-value
Age 1.6 (0.4-15) 2.6 (1.6-3.8) 3.4 (1.4-48) ns
Males, n (%) 12 (57) 38 (63) 30 (60) ns
Ethnicity
Asian, n (%) 9 (43) 12 (20) 1(2) <0.0001
African American, n (%) 0 0 5 (10) ns
Caucasian, n (%) 3(14) 17 (28) 16 (32) ns
Hispanic, n (%) 4 (19) 13(22) 15 (30) ns
Mixed, n (%) 5(24) 18 (30) 13 (26) ns
Iliness day, median (range)* 5(3-11) 6 (2-10) 6 (3-10) ns
Coronary artery status
Aneurysm, n (%) 4 (19) 5(8) 3(6) ns
Dilated, n (%) 7 (33) 10 (17) 12 (24) ns
Normal, n (%) 10 (48) 45 (75) 35 (70) ns
Z Worst, median (range)* 2.6 (0.4-7.9) 1.8(0.2-18.3) 1.6 (0.2-9.3) ns
Lab data
WBC (10"3/uL) 14 (12.5-18.7) 13.3(11.7-18.7) 13.6 (10.6-19.2) ns
Polys (%) 54 (44-67) 53 (44-62) 56 (41-63.8) ns
Lymphocytes (%) 22 (13-33) 24 (16-31) 18.5 (11-26.3) ns
Monocytes (%) 5.8 (4-8) 6 (4-8.1) 5 (4-7) ns
Eosinophils (%) 1(0-3) 2 (1-4) 1(0-3) ns
Absolute Band Count 2250 (1024-3168) 1123 (264-2540) 1836 (1045-3139) ns
Absolute Neutrophil Count 11248 (7544-12272) 8307 (6646-11272) 9420 (6918-12992)  ns
Hemoglobin (mg/d1) 11.1 (10.4-12.2) 11.3 (10.7-11.6) 11.3 (10.5-12) ns
Z-Hemoglobin** -09(-15--0.1) -1.2(-1.9--0.5) -1.3(-2--0.3) ns
Hematocrit (%) 32.8(31.1-35) 32.8(31.2-34) 32.9 (31-35) ns
Platelets (1073/mm~3) 448 (306-578) 425 (347.3-483.3) 3575 (254-466.5) ns
ESR (mm/h) 79 (53-90) 58 (37-86.3) 59.5 (44-77.8) ns
CRP (mg/dL) 12.2 (4.7-19.2) 6.6 (4.1-12.3) 8.3 (5.2-18.9) ns
ALT (iu/L) 29 (16-55) 30.5 (18-74) 46 (20.3-139.5) ns
GGT (iu/L) 26 (18-140) 29 (17-75) 415 (17-104) ns

*All data are represented as a median (interquartile range) unless otherwise specified. **Z-hemoglobin is the
hemoglobin concentration normalized for age and expressed as standard deviation units. WBC: white blood
count. Polys: polymorphonuclear cells. ESR: erythrocyte sedimentation rate. CRP: C-reactive protein. ALT:
alanine aminotransferase. GGT: gamma-glutamyl transferase. Ns: not significant. P-values are calculated by
Kruskal-Wallis test or Chi-square test.
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Supplemental Table 7. Demographic and clinical characteristics of KD subjects in
microarray dataset for SLC8A1 rs12989852

rs12989852 AA (n=32) AG (n=67) GG (n=31) p-value
Age 1.6 (0.7-4) 2.8 (1.6-4) 3.9 (1.9-5) ns
Males, n (%) 17 (53) 42 (63) 20 (65) ns
Ethnicity
Asian, n (%) 10 (31) 10 (15) 1(3) 0.01
African American, n (%) 2 (6) 3(5) 0 ns
Caucasian, n (%) 5 (16) 18 (27) 13 (42) ns
Hispanic, n (%) 7(22) 17(25) 8 (26) ns
Mixed, n (%) 8 (25) 19 (28) 9 (29) ns
lliness day, median (range)* 6 (2-11) 6 (2-10) 6 (3-10) ns
Coronary artery status
Aneurysm, n (%) 4 (13) 5(7) 2(7) ns
Dilated, n (%) 9 (28) 14 (21) 6 (19) ns
Normal, n (%) 19 (59) 48 (72) 23 (74) ns
Z Worst, median (range)* 2(0.4-7.9) 1.7 (0.2-18.3) 1.8(0.4-9.3) ns
Lab data
WBC (1073/uL) 15.3 (12.7-21.1) 12.7 (10.6-18.4) 13.9 (10.9-19) ns
Polys (%) 54 (43.5-66.3) 53 (45.5-61.5) 56 (38-65.5) ns
Lymphocytes (%) 24.5 (14.8-33) 21.2(135-30.7) 17 (10.5-23.5) ns
Monocytes (%) 5.9 (4-8) 6 (4-8) 5 (4-7) ns
Eosinophils (%) 1(0-2) 3(1-4) 1(0-2.5) ns
Absolute Band Count 1980 (801-3003) 1638 (414-2554) 1853 (1190-3688)  ns
Absolute Neutrophil Count 11006 (7323-15679) 8349 (6469-11344) 9424 (7514-12954)  ns
Hemoglobin (mg/dI) 11.3 (10.5-11.9) 11.1(10.4-11.8)  11.3(10.9-11.8) ns
Z-Hemoglobin** -1(-1.7--0.2) -15(-1.9--04) -1.3(-1.9--0.6) ns
Hematocrit (%) 33(31.2-34.2) 32.7 (30.6-35) 32.7 (31.6-34.4) ns
Platelets (10°3/mm~3) 416 (362.5-539.8) 420 (325.5-471.5) 369 (255-466) ns
ESR (mm/h) 69.5 (48-90) 60 (38.5-83) 58 (44-78) ns
CRP (mg/dL) 10.7 (4.6-16.2) 6.8 (4.7-13.8) 11.8 (5.3-19.7) ns
ALT (iu/L) 39.5(17.8-137.5) 25 (17-75) 48 (17.4-149.5) ns
GGT (iu/L) 38 (21.8-125.5) 27 (17-79) 38 (16-134) ns

*All data are represented as a median (interquartile range) unless otherwise specified. **Z-hemoglobin is the
hemoglobin concentration normalized for age and expressed as standard deviation units. WBC: white blood
count. Polys: polymorphonuclear cells. ESR: erythrocyte sedimentation rate. CRP: C-reactive protein. ALT:
alanine aminotransferase. GGT: gamma-glutamyl transferase. Ns: not significant. P-values are calculated by
Kruskal-Wallis test or Chi-square test.



REFERENCES

1. Burns JC, Glode MP. Kawasaki syndrome. Lancet 2004;364:533-44.

2. Taubert KA, Rowley AH, Shulman ST. Nationwide survey of Kawasaki disease
and acute rheumatic fever. J Pediatr 1991;119:279-82.

3. Newburger JW, Takahashi M, Gerber MA, Gewitz MH, Tani LY, Burns JC,
Shulman ST, Bolger AF, Ferrieri P, Baltimore RS, Wilson WR, Baddour LM, Levison
ME, Pallasch TJ, Falace DA, Taubert KA. Diagnosis, treatment, and long-term
management of Kawasaki disease: a statement for health professionals from the
Committee on Rheumatic Fever, Endocarditis and Kawasaki Disease, Council on
Cardiovascular Disease in the Young, American Heart Association. Circulation
2004;110:2747-71.

4. Newburger JW, Takahashi M, Burns JC, Beiser AS, Chung KJ, Duffy CE, Glode
MP, Mason WH, Reddy V, Sanders SP, et al. The treatment of Kawasaki syndrome with
intravenous gamma globulin. The New England journal of medicine 1986;315:341-7.

5. Rodo X, Curcoll R, Robinson M, Ballester J, Burns JC, Cayan DR, Lipkin W1,
Williams BL, Couto-Rodriguez M, Nakamura Y, Uehara R, Tanimoto H, Morgui JA.
Tropospheric winds from northeastern China carry the etiologic agent of Kawasaki
disease from its source to Japan. Proceedings of the National Academy of Sciences of the
United States of America 2014;111:7952-7.

6. Burns JC, Shike H, Gordon JB, Malhotra A, Schoenwetter M, Kawasaki T.
Sequelae of Kawasaki disease in adolescents and young adults. J Am Coll Cardiol
1996;28:253-7.

7. Takahashi K, Oharaseki T, Yokouchi Y. Pathogenesis of Kawasaki disease. Clin
Exp Immunol 2011;164 Suppl 1:20-2.

8. Kato H, Sugimura T, Akagi T, Sato N, Hashino K, Maeno Y, Kazue T, Eto G,
Yamakawa R. Long-term consequences of Kawasaki disease. A 10- to 21-year follow-up
study of 594 patients. Circulation 1996;94:1379-85.

0. Shimizu C, Oharaseki T, Takahashi K, Kottek A, Franco A, Burns JC. The role of
TGF-beta and myofibroblasts in the arteritis of Kawasaki disease. Hum Pathol 2012.

10.  Shimizu C, Sood A, Lau HD, Oharaseki T, Takahashi K, Krous HF, Campman S,
Burns JC. Cardiovascular pathology in 2 young adults with sudden, unexpected death due
to coronary aneurysms from Kawasaki disease in childhood. Cardiovasc Pathol 2015.

11. Numano F, Shimizu C, Jimenez-Fernandez S, Vejar M, Oharaseki T, Takahashi
K, Salgado A, Tremoulet AH, Gordon JB, Burns JC, Daniels LB. Galectin-3 is a marker

41



42

of myocardial and vascular fibrosis in Kawasaki disease patients with giant aneurysms.
Int J Cardiol 2015;201:429-37.

12. Onouchi Y. Molecular genetics of Kawasaki disease. Pediatr Res 2009;65:46R-
94R.

13. Onouchi Y. Genetics of Kawasaki disease: what we know and don't know. Circ J
2012;76:1581-6.

14. Nakamura Y, Yashiro M, Uehara R, Sadakane A, Tsuboi S, Aoyama Y, Kotani K,
Tsogzolbaatar EO, Yanagawa H. Epidemiologic features of Kawasaki disease in Japan:
results of the 2009-2010 nationwide survey. J Epidemiol 2012;22:216-21.

15. Holman RC, Belay ED, Christensen KY, Folkema AM, Steiner CA, Schonberger
LB. Hospitalizations for Kawasaki syndrome among children in the United States, 1997-
2007. Pediatr Infect Dis J 2010;29:483-8.

16. Harnden A, Mayon-White R, Perera R, Yeates D, Goldacre M, Burgner D.
Kawasaki disease in England: ethnicity, deprivation, and respiratory pathogens. Pediatr
Infect Dis J 2009;28:21-4.

17. Holman RC, Christensen KY, Belay ED, Steiner CA, Effler PV, Miyamura J,
Forbes S, Schonberger LB, Melish M. Racial/ethnic differences in the incidence of
Kawasaki syndrome among children in Hawaii. Hawaii medical journal 2010;69:194-7.

18. Fujita Y, Nakamura Y, Sakata K, Hara N, Kobayashi M, Nagai M, Yanagawa H,
Kawasaki T. Kawasaki disease in families. Pediatrics 1989;84:666-9.

19. Uehara R, Yashiro M, Nakamura Y, Yanagawa H. Kawasaki disease in parents
and children. Acta Paediatr 2003;92:694-7.

20. Uehara R, Yashiro M, Nakamura Y, Yanagawa H. Clinical features of patients
with Kawasaki disease whose parents had the same disease. Arch Pediatr Adolesc Med
2004;158:1166-9.

21.  Onouchi Y, Gunji T, Burns JC, Shimizu C, Newburger JW, Yashiro M,
Nakamura Y, Yanagawa H, Wakui K, Fukushima Y, Kishi F, Hamamoto K, Terai M,
Sato Y, Ouchi K, Saji T, Nariai A, Kaburagi Y, Yoshikawa T, Suzuki K, Tanaka T,
Nagai T, Cho H, Fujino A, Sekine A, Nakamichi R, Tsunoda T, Kawasaki T, Nakamura
Y, Hata A. ITPKC functional polymorphism associated with Kawasaki disease
susceptibility and formation of coronary artery aneurysms. Nature genetics 2008;40:35-
42,

22. Onouchi Y, Ozaki K, Buns JC, Shimizu C, Hamada H, Honda T, Terai M, Honda
A, Takeuchi T, Shibuta S, Suenaga T, Suzuki H, Higashi K, Yasukawa K, Suzuki Y,



43

Sasago K, Kemmotsu Y, Takatsuki S, Saji T, Yoshikawa T, Nagai T, Hamamoto K,
Kishi F, Ouchi K, Sato Y, Newburger JW, Baker AL, Shulman ST, Rowley AH, Yashiro
M, Nakamura Y, Wakui K, Fukushima Y, Fujino A, Tsunoda T, Kawasaki T, Hata A,
Nakamura Y, Tanaka T. Common variants in CASP3 confer susceptibility to Kawasaki
disease. Human molecular genetics 2010;19:2898-906.

23. Khor CC, Davila S, Breunis WB, Lee YC, Shimizu C, Wright VJ, Yeung RS, Tan
DE, Sim KS, Wang JJ, Wong TY, Pang J, Mitchell P, Cimaz R, Dahdah N, Cheung YF,
Huang GY, Yang W, Park IS, Lee JK, Wu JY, Levin M, Burns JC, Burgner D, Kuijpers
TW, Hibberd ML. Genome-wide association study identifies FCGR2A as a susceptibility
locus for Kawasaki disease. Nature genetics 2011;43:1241-6.

24. Onouchi Y, Ozaki K, Burns JC, Shimizu C, Terai M, Hamada H, Honda T,
Suzuki H, Suenaga T, Takeuchi T, Yoshikawa N, Suzuki Y, Yasukawa K, Ebata R,
Higashi K, Saji T, Kemmotsu Y, Takatsuki S, Ouchi K, Kishi F, Yoshikawa T, Nagai T,
Hamamoto K, Sato Y, Honda A, Kobayashi H, Sato J, Shibuta S, Miyawaki M, Oishi K,
Yamaga H, Aoyagi N, lwahashi S, Miyashita R, Murata Y, Sasago K, Takahashi A,
Kamatani N, Kubo M, Tsunoda T, Hata A, Nakamura Y, Tanaka T. A genome-wide
association study identifies three new risk loci for Kawasaki disease. Nature genetics
2012;44:517-21.

25. Lee YC, Kuo HC, Chang JS, Chang LY, Huang LM, Chen MR, Liang CD, Chi H,
Huang FY, Lee ML, Huang YC, Hwang B, Chiu NC, Hwang KP, Lee PC, Chang LC,
Liu YM, Chen YJ, Chen CH, Alliance TP, Chen YT, Tsai FJ, Wu JY. Two new
susceptibility loci for Kawasaki disease identified through genome-wide association
analysis. Nat Genet 2012;44:522-5.

26.  Shimizu C. Genetic variation in the calcium-signaling pathway influences
susceptibility to Kawasaki disease and aneurysm formation (Paper in press). 2016.

27.  Ames RS, Sarau HM, Chambers JK, Willette RN, Aiyar NV, Romanic AM,
Louden CS, Foley JJ, Sauermelch CF, Coatney RW, Ao Z, Disa J, Holmes SD, Stadel
JM, Martin JD, Liu WS, Glover GI, Wilson S, McNulty DE, Ellis CE, Elshourbagy NA,
Shabon U, Trill JJ, Hay DW, Ohistein EH, Bergsma DJ, Douglas SA. Human urotensin-
Il is a potent vasoconstrictor and agonist for the orphan receptor GPR14. Nature
1999;401:282-6.

28. Ross B, McKendy K, Giaid A. Role of urotensin Il in health and disease. Am J
Physiol Regul Integr Comp Physiol 2010;298:R1156-72.

29. Zhang YG, LiJ, Li YG, Wei RH. Urotensin Il induces phenotypic differentiation,
migration, and collagen synthesis of adventitial fibroblasts from rat aorta. J Hypertens
2008;26:1119-26.



44

30. Zhang Y, Bao S, Kuang Z, Ma Y, Hu Y, Mao Y. Urotensin Il promotes monocyte
chemoattractant protein-1 expression in aortic adventitial fibroblasts of rat. Chinese
medical journal 2014;127:1907-12.

31.  Wong M, Silverman ED, Fish EN. Evidence for RANTES, monocyte chemotactic
protein-1, and macrophage inflammatory protein-1 beta expression in Kawasaki disease.
J Rheumatol 1997;24:1179-85.

32.  Jibiki T, Terai M, Kohno Y. High concentrations of interleukin-8 and monocyte
chemoattractant protein-1 in urine of patients with acute Kawasaki disease. Eur J Pediatr
2004;163:749-50.

33.  Segain JP, Rolli-Derkinderen M, Gervois N, Raingeard de la Bletiere D, Loirand
G, Pacaud P. Urotensin 11 is a new chemotactic factor for UT receptor-expressing
monocytes. J Immunol 2007;179:901-9.

34.  Tran L, Kompa AR, Kemp W, Phrommintikul A, Wang BH, Krum H. Chronic
urotensin-I1 infusion induces diastolic dysfunction and enhances collagen production in
rats. Am J Physiol Heart Circ Physiol 2010;298:H608-13.

35.  Zhao J, Ding W, Song N, Dong X, Di B, Peng F, Tang C. Urotensin Il-induced
collagen synthesis in cultured smooth muscle cells from rat aortic media and a possible
involvement of transforming growth factor-betal/Smad2/3 signaling pathway. Regul Pept
2013;182:53-8.

36. Lee AM, Shimizu C, Oharaseki T, Takahashi K, Daniels LB, Kahn A, Adamson
R, Dembitsky W, Gordon JB, Burns JC. Role of TGF-beta Signaling in Remodeling of
Noncoronary Artery Aneurysms in Kawasaki Disease. Pediatr Dev Pathol 2015;18:310-7.

37. Hoang LT, Shimizu C, Ling L, Naim AN, Khor CC, Tremoulet AH, Wright V,
Levin M, Hibberd ML, Burns JC. Global gene expression profiling identifies new
therapeutic targets in acute Kawasaki disease. Genome Med 2014;6:541.

38.  Asano T, Ogawa S. Expression of monocyte chemoattractant protein-1 in
Kawasaki disease: the anti-inflammatory effect of gamma globulin therapy. Scandinavian
journal of immunology 2000;51:98-103.

39. Brown TJ, Crawford SE, Cornwall ML, Garcia F, Shulman ST, Rowley AH. CD8
T lymphocytes and macrophages infiltrate coronary artery aneurysms in acute Kawasaki
disease. J Infect Dis 2001;184:940-3.

40. Katayama K, Matsubara T, Fujiwara M, Koga M, Furukawa S. CD14+CD16+
monocyte subpopulation in Kawasaki disease. Clin Exp Immunol 2000;121:566-70.



45

41. Wong KL, Tai JJ, Wong WC, Han H, Sem X, Yeap WH, Kourilsky P, Wong SC.
Gene expression profiling reveals the defining features of the classical, intermediate, and
nonclassical human monocyte subsets. Blood 2011;118:e16-31.

42. Binai N, O'Reilly S, Griffiths B, van Laar JM, Hugle T. Differentiation potential
of CD14+ monocytes into myofibroblasts in patients with systemic sclerosis. PLoS ONE
2012;7:e33508.

43. Baum J, Duffy HS. Fibroblasts and myofibroblasts: what are we talking about? J
Cardiovasc Pharmacol 2011;57:376-9.

44.  Zavadil J, Bottinger EP. TGF-beta and epithelial-to-mesenchymal transitions.
Oncogene 2005;24:5764-74.

45. Zhang YG, Hu YC, Mao YY, Wei RH, Bao SL, Wu LB, Kuang ZJ. Transforming
growth factor-betal involved in urotensin ll-induced phenotypic differentiation of
adventitial fibroblasts from rat aorta. Chinese medical journal 2010;123:3634-9.

46. Zhang Y, Ying J, Jiang D, Chang Z, Li H, Zhang G, Gong S, Jiang X, Tao J.
Urotensin-I1 receptor stimulation of cardiac L-type Ca2+ channels requires the
betagamma subunits of Gi/o-protein and phosphatidylinositol 3-kinase-dependent protein
kinase C betal isoform. J Biol Chem 2015;290:8644-55.

47.  Onouchi Y, Fukazawa R, Yamamura K, Suzuki H, Kakimoto N, Suenaga T,
Takeuchi T, Hamada H, Honda T, Yasukawa K, Terai M, Ebata R, Higashi K, Saji T,
Kemmotsu Y, Takatsuki S, Ouchi K, Kishi F, Yoshikawa T, Nagai T, Hamamoto K, Sato
Y, Honda A, Kobayashi H, Sato J, Shibuta S, Miyawaki M, Oishi K, Yamaga H, Aoyagi
N, Yoshiyama M, Miyashita R, Murata Y, Fujino A, Ozaki K, Kawasaki T, Abe J, Seki
M, Kobayashi T, Arakawa H, Ogawa S, Hara T, Hata A, Tanaka T. Variations in ORAI1
Gene Associated with Kawasaki Disease. PLoS ONE 2016;11:e0145486.

48. Dominguez-Rodriguez A, Diaz I, Rodriguez-Moyano M, Calderon-Sanchez E,
Rosado JA, Ordonez A, Smani T. Urotensin-11 signaling mechanism in rat coronary
artery: role of STIM1 and Orail-dependent store operated calcium influx in
vasoconstriction. Arterioscler Thromb Vac Biol 2012;32:1325-32.





