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Table 2 Results of association analysis with combined Japanese Kawasaki diseaseé and control samples and TDT? analysis of US samples

Japanese (case-control association analysis)®

United States (TDT)

Genotype Allele 1 vs. Allele 2 Genotype 11 vs. 12 + 22
Allele

SNPs 1/2  Subjects 11 12 22 2 P 2 P OR 95% Cl T:.U¢ 2 P OR 95% CI

numbl_6 cT KD 378 235 23 274 16x107 305 33x10% 180 1.46-222 64:31 11.5 000071 206 1.34-3.17
Control 748 259 25

adck4_14 cr KD 374 235 26 317 18x10% 346 40x10° 187 152230 64:31 11.5 000071 206 1.34-317
Control 752 254 27

itpkc_3 G/C KD 376 234 27 324 12x108 358 22x10° 189 153233 64:30 123 000045 213 1.383.29
Control 756 249 29

flj41131_3 cr KD 372 237 28 378 78x1010 399 27x1010 195 158241 66:32 11.8 000059 206 1.353.15
Control 757 250 26

snrpa_11 T/G KD 375 235 27 408 1.7x1010 451 19x 101 205 1.66-253 5540 24 0.12 1.38 0.91-2.07
Control 771 235 28

rab4b_2 C/G KD 376 235 26 373 10x10°9 417 1.1x1010 199 1.61-246 66:50 22 0.14 1.32 0.91-191
Control 766 239 28

rab4b_3 G/A KD 374 235 27 395 32x1010 443 29x 10! 204 165251 57:39 3.4 0.066 1.46 0.97-2.20
Control 767 235 29

egln2_8 G/A KD 374 232 27 367 14x10°% 396 3.2x1010 196 1.59-2.42 6851 24 012 1.33 0.93-1.92
Control 763 243 27

intergene_15 C/T KD 375 237 25 365 16x109 410 15x 1010 198 1.60-2.44 6349 18 0.19 1.29 0.89-1.87
Control 764 243 27

aTransmission disequilibrium test. 7 = 209. %637 KD (94 + 276 + 267) and 1,034 controls (282 + 752). ©T’ and ‘U’ indicate transmitted and untransmitted allele 2 of each SNP, respectively.

(MIA), Ras-related GTP-binding protein 4b (RAB4B) and EGL nine
(C. elegans) homolog 2 (EGLN2). Resequencing the 150-kb region
from 12 Japanese individuals with Kawasaki disease and 12 healthy
controls, we identified 109 SNPs and four deletion polymorphisms
(Supplementary Table 2 online). We discovered one previously
unknown and five known SNPs that were in the same LD group
(** > 0.80) with the initial three SNPs (Table 1). We confirmed the
association of these nine SNPs with Kawasaki disease in an indepen-
dent case-control set (267 individuals with Kawasaki disease and 752
healthy controls; Tables 1 and 2). The association of these SNPs
remained significant after Bonferroni correction for multiple testing
(n = 1,222, P < 0.001). Meta-analysis of these two independent
sets by the Mantel-Haenszel method confirmed significance (Supple-
mentary Fig. 1 online).

Transmission disequilibrium test (TDT) analysis of 209 US multi-
ethnic trios showed asymmetric transmission of four of the nine SNPs
(numbl_6, adck4_14, itpkc_3 and flj41131_3; Table 2). Of the 209 US
trios, 106 were European Americans, and asymimnetric transmission of
these same four SNPs was again observed in this subgroup (data not
shown). The results of a combined analysis of Japanese case-control
and US TDT studies are summarized in Supplementary Figure 1. The
significance of these SNPs in two different ethnic populations pro-
vided further evidence that genetic variation at this locus influences
Kawasaki disease susceptibility.

Figure 2 Comparison of relative mRNA expression of /TPKC in different
tissues and cell lines. (@) Quantitative RT-PCR was carried out on RNA
extracted from different human tissues, and the results were normalized to
B-actin transcripts. RNA from both resting PBMCs and PBMCs stimulated
with ionomycin (iono) and PMA was also analyzed. Results are mean + s.d.
of triplicate assays. (b) Expression pattern of ITPK isoforms in leukemic cell
lines and PBMCs. Bars indicate relative mRNA copy number of /TPKA
(yellow), ITPKB (red) and /TPKC (black), respectively. Expression was
evaluated both in resting state and activated state. NS, no stimulation.

LD analysis of the European American subgroup (n = 106) showed
that the 150-kb region containing the nine SNPs was separated into
three LD blocks: the four significant SNPs on the p-terminal side, the
three in the middle and the other two on the g-terminal side
(Supplementary Fig. 2 online). Hence, the difference in haplotype
structure in the Furopean American and Japanese populations
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Figure 3 Allele-specific transcript quantification of /TPKC in PBMC. (a) Genomic crganization of the genes. Exons E % 10
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suggested that these four SNPs were the likely candidates influenc-
ing Kawasaki disease susceptibility. The SNPs were located within
introns of NUMBL, ADCK4, ITPKC and FLJ41131, respectively
(Fig. 1c and Supplementary Table 2).

Identification of ITPKC as the most plausible candidate gene

To determine the most likely candidate gene out of the four, we first
carried out multivariate analysis of the four SNPs to assess whether a
single causal SNP or some synergistic interaction of the SNPs within
the locus conferred the disease risk. However, the likelihood ratio test
applied to each single SNP showed a similar trend of association in
simple contingency table analyses (P = 0.00027, 0.000061, 0.000081
and 0.000067 for numbl_6, adck4_14, itpkc_3 and flj41131_3, respec-
tively). Moreover, no epistasis worthy of note was shown between any
two of the four SNPs or in any combination of each significant SNP
and the other SNPs of the same gene region that were not indepen-
dently associated with Kawasaki disease (data not shown). It seemed
likely that the strong LD of the locus made the association of these
SNPs equivalent. Thus, we considered that further biological evidence
would be needed to identify the causal SNP and the gene responsible
for the association.

We then reviewed the function of the four positional candidate
genes. Although none of these had been previously recognized to have
a role in immune activation, we postulated that ITPKC was the most
likely candidate for such a role. ITPKC is one of the three isoenzymes
of inositol 1,4,5-trisphosphate 3-kinase (ITPK) that phosphorylate
inositol 1,4,5-trisphosphate (IP3), a key second messenger in many
cell types. ITPK has been postulated to have a critical role in T-cell
receptor (TCR) signaling, as IP3 kinase activity in Jurkat cells is rapidly
upregulated after TCR stimulation®, although the relative importance
of the three known isoenzymes, ITPKA, ITPKB and ITPKC, has not yet
been determined. Because individuals with Kawasaki disease have
marked activation of the immune system, we hypothesized that the
ITPKC might have a role in regulation of the immune response.

To study the role of ITPKC, we first analyzed the tissue distribution
of ITPKC expression by RT-PCR. We detected expression in all tissues
sampled, with the highest constitutive expression in cerebellum, lung
and skeletal muscle. In the latter two tissues, high expression had been
shown by RNA blot analysis in a previous report'® (Fig. 2a). Low
expression was detected in immune-related organs such as bone

marrow, spleen, thymus and resting peripheral blood mononuclear
cells (PBMCs). However, expression was notably induced in PBMCs
when stimulated with phorbol 12-myristate 13-acetate (PMA) and the
Ca?* ionophore ionomycin (Fig. 2a). We compared the mRNA
expression of the three isoenzymes in PBMCs and two leukemic cell
lines (Jurkat and K562). Before stimulation, the expression of all three_
isoenzymes was low; after stimulation, only the expression of the
ITPKC isoenzyme was induced (3- to 7-fold increase; Fig. 2b). This
result prompted us to pursue ITPKC as the most likely candidate gene
in the associated haplotype block.

To determine whether any of the four SNPs in ITPKC or adjacent
loci affected transcript abundance of ITPKC in vivo, we carried out
allele-specific transcript quantification (ASTQ; Fig. 3). The RT-PCR
product from mRNA isolated from PBMCs of individuals with
haplotype II (G allele in itpkc_14), but not haplotypes I and III,
could be digested with Smal (Fig. 3a). The Smal-treated RT-PCR
product from six individuals with haplotypes II and III had a higher
ratio of digested to undigested forms, suggesting lower transcript
abundance from haplotype III (containing alleles associated with
Kawasaki disease susceptibility; Fig. 3b, lanes 1-6). Five individuals
with haplotypes I and II (containing alleles not associated with
Kawasaki disease susceptibility and the C- or G-allele at itpkc_14,
respectively; Fig. 3b, lanes 7-11) had an equal ratio of digested to
undigested PCR product, suggesting that the difference between

- haplotypes II and III was due to the SNPs. The mean ratio was 1.51

for the former group and 0.93 for the latter (P < 0.0001; Fig. 3c). This
finding further encouraged us to consider ITPKC as the most plausible
candidate gene in the locus.

Regulatory role of ITPKC in T-cell activation

The increase in ITPKC expression after cell stimulation prompted us
to study the role of IPTKC in immune activation (Fig. 4). IP3 is
generated by the hydrolysis of phosphatidylinositol 4,5-biphosphate
by phospholipase C when activated by various external stimuli'l. In
T cells, IP3, released by stimulation of the TCR complex, increases
intracellular Ca?* through IP3 receptors (IP3Rs) expressed on endo-
plasmic reticulum!?. Subsequent Ca?* influx across the plasma mem-
brane leads to nuclear translocation of nuclear factor of activated
T cells (NFAT) and activates transcription of interleukin-2 (IL2) and
other cytokines'>14,
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Figure 4 Negative regulatory role of ITPKC expression in stimulated Jurkat cells. (a) Plasmid 10 - = 250 -
constructs used for transfection: pNFAT contains three tandem repeats of the NFAT/AP1 (N/A) £ 5 fj
binding sites driving luciferase expression in the pGL3-Basic vector; pITPKC contains the CMV g2 84 €= 200
promoter driving expression of /TPKC cloned into pcDNA3.1(+); pITPKC shRNA contains the §§ 6 2 g 150 -
human U6 promoter substituted for the CMV promoter in pcDNA3.1(+) driving expression of a ;._3% o P ;:;;g o0
short hairpin RNA (shRNA) targeting /TPKC mRNA; pControl shRNA contains the human U6 § = I 24 g
promoter driving expression of a random shRNA. (b,c) Effects of ITPKC overexpression on 2 @ 504
luciferase activity (b) or IL-2 expression (c) in cells transfected with constructs in a. (d-h) Effect 0 0
of ITPKC knockdown by transfection of shRNA. (d—f) Specific knockdown of ITPKC by shRNA. gL oL g EERE
(g) Effect of ITPKC knockdown on {uciferase expression mediated by the NFAT/AP1 binding sites g% gé %% "z'“é s ,ox_-é
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We postulated that ITPKC regulates NFAT by modulating the
abundance of IP3. When ITPKC was overexpressed in Jurkat cells,
NFAT-mediated activation after stimulation with phytohemagglutinin
(PHA) and PMA was significantly reduced (Fig. 4b). Next, we assessed
NFAT-mediated activation when expression of ITPKC was decreased.
In contrast to overexpression, knockdown of ITPKC using plasmids
expressing short hairpin RNA (shRNA) resulted in enhanced NFAT-
mediated activation in response to the same stimulation (Fig. 4f,g).
ITPKA and ITPKB also catalyze phosphorylation of IP3, and their
expression was observed in PBMCs, even though the expression was
much lower than that of ITPKC (Fig. 2b). Thus, we assessed mRNA
expression of these two genes to exclude the possibility that the
shRNA designed for ITPKC also silenced ITPKA and ITPKB, thereby

a

Truncated /TPKC intron 1 {234 bp)

accounting for the effect on NFAT activation. We observed no
suppression and actually saw a slight increase in transcript concentra-
tions for both genes (Fig. 4d,e). Consistent with these results,
IL2 transcription in stimulated Jurkat cells decreased in response to
ITPKC overexpression and increased following ITPKC knockdown
(Fig. 4c,h). Given that NFAT mediates the expression of many
proteins beside IL-2 that have important roles in T-cell regulation,
ITPKC, and not ITPKA or ITPKB, may act as a key negative regulator
of T-cell function.

Functional significance of itpkc_3
As none of the four significant SNPs was located in a protein coding
region of ITPKC (Fig. 3a), we investigated the role of these SNPs in
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Figure 5 Reduced splicing efficiency of intron 1 and reduced /TPKC transcript abundance mediated Unspliced | emes [===]
by the itpkc_3 C allele. (a) Plasmids were constructed for the G allele, the C allele and the G allele - )
with a mutation in the 5 splice site (pPSDM) as a negative control for luciferase activity. SNPs and a
mutation are represented by underlined red and blue text, respectively. Positions of the primers for Spliced | o= o
RT-PCR analysis are indicated by small arrows. (b) The function of itpkc_3 was evaluated by =
luciferase assay in transfected and stimulated Jurkat cells. Data represent mean + s.d. of
quintuplicate assays. *Two-tailed P < 0.02 by Student’s t-test. (c) PCR of spliced and unspliced s
transcripts with or without an RT step. Representative gel image of five independent experiments is S/ U ratio 589 367
shown. **Mean ratio of fluorescent intensity corresponding to spliced and unspliced transcripts. sd. 255 1.58
***Two-tailed P value by Student's t-test. Pvalue™* 0.033
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Table 3 Association analysis of itpkc_3 with stratified samples

Japanese (case-control association analysis)®

United States (TDT)

Genotype
Samples GG GC cc 72 P OR 95% Cl n® T:Uf 72 P OR 95% Cl
KD linked to 19g13.22 21 18 1 8.2 0.0042 2.46 1.30-4.65 - - - - - -
KD with family history? 53 44 4 19.1 0.000012 2.46 1.63-3.73 - - - - - -
KD with CALs® 61 44 2 12.4 0.00044 2.05 1.37-3.08 108  37:11 14.1 0.00018 3.36 1.72-6.59
KD without CALs 172 94 12 13.4 0.00025 1.68 1.27-2.21 100  27:18 1.8 0.8 1.50 0.63-2.72
Control 756 249 29

#Probands of 78 sib pairs in previous linkage analysis whose 1BD allele number were estimated to be

> 1.0 at itpkc_3 (63cM). PProbands of 93 affected sib pairs, 4 parent-child pairs, 1

monozygotic twin, 1 dizygotic twin, 1 first cousin pair and 1 second cousin pair. KD cases having coronary dilatation or aneurysms during the acute phase. 9Genotype frequency comparison in
dominant model of inheritance. ®Number of affected individuals. *T' and ‘U’ indicate transmitted and untransmitted C allele of itpkc_3, respectively.

transcriptional regulation. Using the TFSEARCH program (see URLs
section in Methods), we predicted binding of the AP-1 transcription
factors to the sequence containing flj41131_3 and lowered the score
with a nucleotide substitution at the SNP (from 91.8 to 79.4;
Supplementary Fig. 3a online). The SNP is located within intron 7
of FLj41131, but because of close tail-to-tail gene arrangement
(Fig. 1c), the distance between the SNP and the 3’ end of the
ITPKC gene is only 1.2 kb. We tested the hypothesis that flj41131_3
affects the expression of ITPKC by altering activity of an enhancer
element outside the gene. However, we observed no significant
difference in luciferase assays using constructs corresponding to the
two alleles of flj41131_3 (Supplementary Fig. 3b). Moreover, we did
not observe higher concentrations of the digested transcripts in ASTQ
analysis of an individual who was heterozygous at flj41131_3 and
homozygous for major alleles at itpkc_3, adck4 14 and numbl_6 (data
not shown). These findings led us to examine the functional sig-
nificance of SNPs other than flj41131_3. No transcription factor
was clearly predicted to bind to any alleles of numbl_6, adck4_14
and itpkc_3, and luciferase assays with constructs for these SNPs
showed no functional effects (Supplementary Fig. 3c). Thus, we
explored other possible mechanisms by which these SNPs might
alter ITPKC expression.

Differences in splicing efficiency associated with nucleotide changes
within introns have previously been observed!>!$. Of the four sig-
nificant SNPs, only itpkc_3 was located in an intron of ITPKC
(Fig. 3a). Its location near the 5 splice site further encouraged us to
investigate the role of this SNP in regulating splicing. We constructed a
minigene containing a truncated intron 1 with portions of exons 1 and
2 at either end and the luciferase gene fused in-frame downstream of
exon 2 (Fig. 5a). When transfected into Jurkat cells, the plasmid
containing the C allele had significantly lower luciferase activity
compared to the plasmid containing the G allele (Fig. 5b). RT-PCR
with primers designed to amplify cDNAs generated from transcripts of
these plasmids yielded two bands. The lower and upper bands
corresponded to spliced and unspliced transcripts, respectively.
As expected, we observed a lower spliced/unspliced ratio of the
transcripts for the C allele (Fig. 5c). Because no amplification
was observed from the templates without a reverse transcriptase
step, a possible plasmid DNA contamination in the cDNA templates
as the source of the ‘unspliced” bands was excluded. To our knowledge,
no splice variants of this gene using a different 5’ splice site, which
could rescue splicing inefficiency!’, have been reported in the
literature or public databases. Furthermore, RT-PCR of the transcripts
in PBMCs from individuals with the C allele did not detect such
variants (data not shown). Therefore, we speculate that reduced

splicing associated with the C allele could result in lower ITPKC
transcript concentrations that might, in turn, lead to increased
T-cell activation.

Association analysis with stratified samples

To further explore the effects of the proposed risk allele, we stratified
the samples by the following two factors: family history of Kawasaki
disease and presence of coronary artery lesions (CALs). Among the
78 Japanese affected sib pairs, 40 pairs shared more than one allele
near itpkc_3. In this subset, the itpkc_3 C allele was over-represented
compared to controls (n = 40, odds ratio (OR) = 2.46, 95% con-
fidence interval (CI) = 1.304.65; Table 3). We observed the
same trend in Japanese probands with a positive family history of
Kawasaki disease (n = 101, OR = 2.46, 95% CI = 1.63-3.73;
Table 3). These data strongly corroborate the association between
itpkc_3 and Kawasaki disease. This allele also seemed to confer an
increased risk of developing CALs (Japanese individuals with
Kawasaki disease: n = 106, OR = 2.05, 95% CI = 1.37-3.08;
US individuals with Kawasaki disease: n = 108 OR = 3.36, 95%
CI = 1.72-4.96; Table 3).

DISCUSSION

We identified a SNP that contributes to Kawasaki disease susceptibility
and disease outcome, starting from an LD mapping strategy for the
chromosome 19q13.2~13.3 region for which evidence of linkage was
observed in a previous sib-pair analysis®. We showed for the first time
that ITPKC in humans is inducible in PBMCs and modulates NFAT
activation. We further defined a role of ITPKC as a negative regulator
of T-cell activation by showing that the itpkc_3 C allele results in
increased IL2 transcript abundance.

To our knowledge, alteration of splicing efficiency as a result of a
single base substitution at nine nucleotides from the 5’ splice site has
been rarely observed!®. The SNP position was outside the limit of the
consensus donor site sequence (+6)'%, and no cryptic splice site was
generated by the nucleotide change. One possible explanation for this
finding could be that a GGG motif might act as an intronic splicing
control element, and the alteration of the motif to GGC reduced this
activity. In an analysis of mammalian genomes, G nucleotides and G
triplets were over-represented at the ends of introns?%2!, Cumulative
evidence suggests that these G-rich sequence elements have an
important role in pre-mRNA splicing!*!¢?223. Change in the second-
ary structure of the pre-mRNA by a nucleotide substitution outside
the consensus sequence?®?* is another possible mechanism that could
influence splicing. When the structure of pre-mRNAs in this region
was predicted using the Mfold program (see URLs section in
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Methods), the C-allele transcript was found to be likely to form a
more stable stem-loop structure than the G-allele transcript
(Supplementary Fig. 4a online).

An electrophoresis mobility shift assay (EMSA) using RNA oligo-
nucleotides including itpkc_3 and nuclear extracts from either Hela
or Jurkat cells showed specific binding of an unknown protein to the
G allele (Supplementary Fig. 4b). Identification of the RNA-binding
nuclear factor may reveal the precise mechanism through which this
SNP alters transcript abundance.

The biological impact of this SNP in Kawasaki disease pathogenesis
requires further study. The weaker negative regulatory effect of itpkc_3
C allele on IL2 is consistent with the significant elevation of IL-2 in
acute Kawasaki disease compared to other febrile illnesses?®. Autopsy
studies in children who die during the acute phase of Kawasaki disease
show infiltration of T cells, particularly CD8* cytotoxic T cells (CTL),
into the coronary artery wall?’. This suggests that T-cell activation and
infiltration into selected compartments are critically involved in the
pathogenesis of Kawasaki disease. Increased activation of T cells
influenced by the ITPKC polymorphism may be responsible for a
greater and more prolonged expansion of pro-inflammatory T cells
during the acute phase, thus affecting Kawasaki disease susceptibility
and leading to greater disease severity.

The association of the itpkc_3 C allele with Kawasaki disease may
have direct clinical implications. In both Japan and the United States,
approximately 10-20% of individuals with Kawasaki' disease are
resistant to IVIG therapy, and these individuals are at highest risk of
developing CALs. Although the sample size was limited, the C allele
also conferred an increased risk of IVIG resistance in the US cohort
for which information regarding IVIG response was available (n = 37,
OR = 4.67, 95% CI = 1.34-16.24; Supplementary Table 3 online).
Clinical scoring systems have been devised to identify this subgroup,
but there is room for improvement in sensitivity and specificity to
make them truly useful clinical tools?®3!. Identifying a genetic
signature for the subgroup of IVIG-resistant individuals would permit
the use of more intensified therapy (for example, anti-cytokine
therapy or plasmapheresis) to prevent the development of CALs.
Cyclosporin A (CsA) mediates immunosuppression through blocking
calcineurin, which is an important downstream molecule in the Ca*/
NFAT signaling pathway>2. A single case report describes the successful
use of CsA in an individual with Kawasaki disease resistant to IVIG>.
If further study confirms the importance of the Ca?*/NFAT pathway
in T-cell activation in acute Kawasaki disease, then a clinical trial of
CsA in IVIG-resistant individuals may be warranted.

Because IP3 also acts as a second messenger in B cells, macrophages
and neutrophils! !4, the function of this SNP should be examined in
these effector cells in Kawasaki disease. ITPKC is also expressed in the
myocardium. The potential importance of IP3 and Ca*? influx in the
myocardium is also relevant to individuals with Kawasaki disease in
whom subclinical myocarditis is a common feature of the acute
illness. The potential role of this SNP in other inflammatory disorders
of the vascular wall and myocardium, including other forms of
systemic vasculitis, myocarditis and atherosclerosis, should also
be considered.

METHODS

Subjects. The 564 control samples in the initial screening were members of the
general Japanese population with various common diseases of adulthood
unrelated to Kawasaki disease. Genotype data relating to 1,222 SNPs for this
population was obtained from a database at our institute. We recruited 637
Japanese individuals with Kawasaki disease and 1,034 healthy control subjects
from several medical institutes in Japan. The ethical committee of RIKEN
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approved the study, and all the parents of the patients gave written informed
consent. All Japanese individuals with Kawasaki disease (male/female ratio =
384:253) were diagnosed by pediatricians based on the Japanese criteria for the
disease®®. Mean age of disease onset was 29.3 months (range 2-127 months).

Trios of Kawasaki disease-affected children and their biological parents
(n = 209) were recruited at Rady Children’s Hospital San Diego and at Boston
Children’s Hospital. Details regarding this cohort of US individuals with
Kawasaki disease have been previously described®. Genomic DNA from whole
blood, lymphoblastoid cell lines or mouth wash samples was extracted accord-
ing to standard procedures.

SNP genotyping. We genotyped SNPs using the Invader and TagMan assays as
described previousty®”.

Statistical analysis. The case-control association study was analyzed using a
1° test. We carried out a multivariate logistic regression analysis for the
association between Kawasaki disease and multiple SNPs using forward-
backward stepwise procedures to select SNPs and their interactions. For each
step of the forward or backward process, we carried out a log likelihood test
(0.05 significance threshold) to change the set of SNPs or their interactions.
Meta-analysis of data from different case-control sets was conducted by Mantel-
Haenszel methodology. The transmission disequilibrium test was performed
using TDT software® integrated in Haploview version 3.32 (see URLs section
below). Integration of the case-control and TDT data was conducted as
previously described3®. :

RNA extraction and quantitative RT-PCR. Total RNA from normal human
tissues (except PBMCs) was purchased from Clontech. We isolated PBMCs
from healthy human volunteers from venous blood using the Lymphoprep
reagent (Axis-Shields). To assess the induction of ITPKC in stimulated white
blood cells, we treated Jurkat cells and PBMCs with ionomycin (1 mg mi!) and
PMA (50 ng ml™}) for 8 h. K562 cells were treated only with PMA (50 ng mi™)
for 8 h. We extracted total RNA from cell lines and PBMCs using the
NucleoSpin RNA II kit (Macherey-Nagel). 1 pg of each RNA was reverse
transcribed with Superscript 111 reverse transcriptase and oligo dT primers
(Invitrogen). We quantified transcripts for ITPKA, ITPKB, ITPKC and IL2
with TagMan probe and primers (Hs00176658_ml, Hs00176666_ml and
Hs00363893_m1 for ITPKA, ITPKB and ITPKC, respectively, and
Hs00174114_m1 for IL2). Amplification and detection were done using a
Mx3000P thermal cycler (Stratagene). Results were normalized to the transcript
levels of B-actin.

Allele-specific transcript quantification (ASTQ). ASTQ was carried out as
described previously*®. Genomic DNAs and ¢DNAs were amplified for 31
cycles with these primers. At the last cycle, we added forward primer labeled
with Alexa Fluor 488 at the 5" end. Amplicons were digested with Smal
according to manufacturer’s instructions. Separation was conducted on 12%
polyacrylamide gels in 25 mM Tris and 250 mM glycine. Quantification was
carried out by using FLA-7000 analyzer (Fujifilm).

URLs. JSNPs, http://snp.ims.u-tokyo.ac.jp/index_ja.html; TFSEARCH, http://
mbs.cbrc.jp/research/db/TFSEARCH.html; Mfold, http:/frontend bioinfo.rpi.
edu/applications/mfold/cgi-bin/ma-forml.cgi; International HapMap Project,
http://www.hapmap.org/cgi-perl/gbrowse/hapmap_B36/; Haploview version
3.32, http://www.broad.mit.edu/mpg/haploview/.

GenBank accession number. Inositol 1,4,5-trisphosphate 3-kinase C (ITPKC)
mRNA, NM_025194.

Note: Supplementary information is available on the Nature Genetics website.
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Clinical utility of ulinastatin, urinary protease inhibitor in acute Kawasaki disease
Tsutomu Saji
Department of Pediatrics, Omori Hospital, Medical Center, Toho University

Abstract

Ulinastatin, a trypsin inhibitor, is useful as a first-line or a second-line treatment
regimen including alternative therapy for IVIG —resistant or IVIG nonresponder Kawasaki
disease (KD) patients. Mechanisms involving protections against tissue organs and
endthelial cell and anti-inflammatory effects by ulinastatin, are dependent on the inhibition
of PMN -derived elastase, tumor necrosis factor alpha(TNFa ), and other proinflammatory
cytokines/interleukins (IL-1, IL-6, IL-8). Ulinastatin also suppresses the activation of
PMN cells, macrophages, and platelets.

Although almost no statistical data related to the definitive effect in acute stage of KD,
ulinastatin have shown possible effects, but not always, in a part of KD patients. The
indications of clinical use include shock and pancreatitis. Off—label uses of ulinastatin
have been reported in hematological, hepatic, renal, OB/Gy diseases and cardiovascular
diseases including vasculitis syndromes. The efficacy of ulinastatin in aKD remained to be
investigated.

Key words: ulinastatin, protease inhibitor, Kawasaki disease, TNFa, elastase
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2. ¥4 bA A VEEDFH

IL-1q, IL-13, IL-6, IL-8, TNF-a, BHEETF
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# 2 Ulinastatin 5,000 U/kgX3 E/H X1 BO#ABIE

FEGEAB IVIGHASA) D L&
ulinastatin @ ulinastatin @ &
%5 11 61 5 115 P
RIEFH 34421 27429 NS
Abess B 47413 4.1+2.4 NS
EEOZT7 3.840.9 3.7+0.9 NS
N
WBC (X10%/ 1) 15.2+7.0 17.0+5.7 NS
CRP(mg/dl) 7.7£35 8.5+5.1 NS
ABRH R BB 3.9+0.9 48+2.8 NS
CRP % H # 111430 13.3%+4.1 NS
y-glob ¥ 5-8& (g/kg) 15407 15407 NS
TREIRFE 161 161 NS

DEFHEDOHEREE L TOREANTORMD
shE, @QBHIZL 5 IVIG DBENE, @IVIG
J|RE - AISB - BIUA, BLUOEREAAD
BRI, BHIFS5N B0 CRPERL WBC OB
M CEBEFITIX, & XIZIVIG 2ERET
TAE) ¥ (ASA) L DB TH BENTRETDH
5. FIVIGESLBRSBEOERA, 35
WZIVIGIZELS RIG L2 WERR, Wb bR
NUZD EZICETHAEENIERVPEHKZ
55, .

ulinastatin # first line DEEE L CTHW 235
A, 57% (5,000 BLAT/kgX6) ~64 % (55 BLAL X
6) (X ulinastatin EHBE D IVIG 2 LEL L 2 h
- 72 (IVIG EIER), /- IVIG EDBHEICE D,
EHFEF RV B high risk BT IVIG D fEH
EPRL SR TVEETIHMENH B2,

BEAEDORHEERTIIEHHBREEDE —BEIR
ELTIVIGHHWLENTWSD, #15-20%
VAR DALHZx L C ulinastatin (380
BEO—DL L TNEMTLATVS.

FEE L DT - 725,000 BAI/kgX3 [8]/H @ pilot
study TIZ 4B HFSBICHI R H Y, BIEH
3/361, BE#EEI2/568, EEG1/38LEHE
HE, Tbb25BF1LBITERHTH - 72".

ulinastatin i3 elastase DEE4:, HH % 38 L
TWAIZ eI dbins. L L IVIGESE
T FHR B elastase iZET 35 7:9", elastase
DS A b4 >~ (IL-1, IL-6, TNFa ) DE

APHRPL NO,OET, v7u77—JHk%
EDOFEEREND 5. '

3. Ulinastatin Ot FiZh%

#% 513, ulinastatin (5,000 BEAL /kgX3 [/
H)-+IVIG(1g/kg/1 H) +ASA(50mg/kg) D 3
EHH &, IVIG(1g/kg/1 B)+ASA Z HE L
ulinastatin ¥ 5- 24 B¢ 1% T IVIG 3 581 D ERIR
REZEELZZV(FE2). T0#F, ulinastatin
DRFIEEH Y DIVIGHASA T, ETABRBRE
BHIEAE <, CRP KT L7-2%, EEIIRILK
BHHFBZEIEOh 2o/, ZOEER, k5
BIE#, ABSH, FEHX 27, WBC, CRP I
FEERL, $-6EEOCRPHRERH, IVIG
K58, BSBHRFRESHBICIAERLENA
bhizdr ol 2%, IVIG+ulinastatin ffH
(IVIG DRI 5) A3 IVIG BHBREICHEL L v )
BRIIBRON R, o7, HHOBETDH, TEK
RERHFRIIEI WD,

LA L, ulinastatin fEFRIH%T, ¥4 P4
~, superoxide dismutase, NQO,;”, neopterine
rHELEBETEBEL TAL L, NOx(NOsy )
EIL-13 DETERAECERAS A SNz (H
2). NO;7 133091735 6 FH %, 184194
(zanol/D) (p<O.01)~NEFHEIET L 7=,

4. Ulinastatin DX{H &R
AENTWBLHEINEIZ2DODOEEBHETH 4.

—166—



346 A A<E5 4k 66 % 2 5 (2008-2)

{ x mol/l) . . _
80 - NO, (pg/;r;l)_ IL-1p
70
60 -
50 - 20
40
or 15
20 -
ol E;:::::;iiggi
0 . 1 ! ] ]
pre U post U 10 pre U post U
(pmol/ml neopterine (U/m)) SODb
40 2
Hr , 10 - —
30|
25 8r
20 - 6f
15 = :/§ At
. - —
51 er
0

pre U post U pre U post U

2 Ulinastatin {8 #i#%® NOs, IL-18, neopterine, SOD DZAt

%3 Ulinastatin(3 57 U v b) OBIGERE off-label & L THMERSE

1. EMBEESL (LI, HEE, SMEE BEHY 3 v 7)) BT 2 ERBBOUE
2. AMEER (Wi, SMEY, ERCP#%), BHEAEREREOSHEEY

541 off-label FA DR -
RIEMRER A
555, MU&1%BE%, Stevens—Johnson SEBERE, MY 7~<F, M7 ANV F L AE
HiLERHE A .
EEEAEL FUKRERES
BFEE : :
BEERE, 2 77FCBERE, SOMRSEERE
BARHES
PERE (EEha s — 4 L B, FEIGEDE, REEER FERER EX
PR mE R, FhER
yavy. '
HAVEBREETRS, g, BRI, SNHFRARAEE, fnE v
M#EERE _
DIC, AML, EmMEBEENES, N+ F L F—YBEEALE
F it - '
ERFERHEEE, 5 POERMMEE R

BISH0 off-label BRI COBAMDOB/ES & /500 ml 1 ¥/1-2F5 MX1-3E/B T, &
% (£ 3). PR AR LR 10 77 B AL/500 ml & /12 B
RACTOBEEL, SRS 25000-50,000 MX1-3E/HTH5. bI)—2DHelastase &
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FHERIC LA HEGRIE

IF5AY—F, oT7ur7—¥

—_— w7 u77— Ik

XBE
&
X ' s
Y4 AL BFE

—

TV—=3ThN, EHERE, NORE

R3 #HEEERICEUIIEYI MHA  MELIFRFISI2—+F
(XFHE : ulinastatin {2 & A fHE) Crte & 9 31H)

sivelestat (= 7 A R — V) i34 HERD elastase % &
RECHE L TMENEZMREELEH L, &
HigH R il % 89K 3 5. ARDS/ALI TR
BEBRHBOEMHEPFRIREOWELRD b
5.

BRI TiE, EBEECL-T, Y14 A4~
A ST first attack A2 Z ), FLIZE W
TR ERDEMEIL S 5 second attack 54 [
BEV)2EREOEERFEFRBIATVS
(& 3).

bV I

aKD (2 81F % IVIG NISF O 12 13 E B IR %
HEIEERERTHEIBRO TE . FOHEEHO
BRICEBRECDODEYDH Y, TL—EDE
PlCAONBEREBREE V) RED YTV
THREBHTELNZENH A, FOHRTERIE
TOMAER T & 5 ulinastatin DI EEM 1L, 35}
EOMEEICDHEFIN TV B EZH9EL,
ZOF FKED mistery i o TIELL vk
BKLTWwa,
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JITE 9% (KD) 1 1967 £ I IFE/EEM I &
DRDHTHRE SNTEET, REFAHOES
HAELTHS. BRICBWTIEER 9,500
ANDBEREN DS, KD IIBIT2EEBE
TTREZRR ) BEICKERG 2 RESE, o
EDEELAHETH 2 BBRFEDEALE
BEER/BICHIZ 2L TH 5.

BB KD 0EEEL LT, k&R
B0 7)) CEE(IVIG) i (1~2g/kg) £ 7
A K Y (ASA) RARDBF AR A 5~
F—FTHs. IVIG Aol LTiE, IVIG
DEBIHRG PR T a4 NEiE, 7V FASF
VEHEREPBRIREN S, T/, BEMATI
ASA BMIEFR DA THRTLIHELH 5.

*RAARERBE Y ¥ -~ ABEREE—DEH 1)aig

78 178 E B 2007.Vol.58. No.l

k? AUV DBSEE

NSRRI BT 5 ASA BRI B BAF O
LA Vel % 358 L 7= hEE 5 ASA #E5E (30~
50mg/kg/B 5 3#k5) &, BEADHLI/IME
YER 28I L7208 ASA i (3~5mg/kg/H
FLIEE)CHTHIENTES,

Rk TR SEFICIE, KE ASA #(80~
100mg/kg/H 7 43%5) H—WTH 5%,
BAANIBW T REREDREFENSS
Ve, SR ASABEMILALTHS.
ASA ODHFIVIMIERIZ T S F VBN R o —
Fizgirsyr7aorxv 4+ —¥(COX) ¥
EL, I/MEEEWETHS turKRE¥H
A2 (TXAz) DEEEIMHNC X 545, K& ASA &
TRIVMUGEHNFHYETH S TORS FT
¥ PV L(PGL) DEASHHT L7720, & -
/8 ASA FEHIT B L CHUIL/MRAEF A5958
THEVDATWS., ZhiE, TAYY v
Ly bEER TV

FEE ASA BIEROZBEPD & L2V
5% T 4. T/, BHHRBE»LOR
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KD EHEEEO T4 Fo 4 YV Tidh&ER
ASA DHESHHRBATLIETL SN TS,
KENZBIF D KE ASA BETIIRER 48~
2R, AV 14HH I TR MR
ENBFHENLVD, HRICEVELR S,

KD BE CIXREERT AL L7t b /)
IREEFESH» ABTUEL T3, 20720,
EEREEREFI T RER2~3 » A,
EERBERE TIIEERE DBEIHER S
h5 2 THRSEHEFTE. XETLTRRE
BB T 6~8 BOSIZ A I N T
WP —%, EABBRERRS TIioE
DY 27258 <, ASA S REMBED A
TRATSTH A0, Fruyrev¥
) ¥ E— iz EDIEHOHM/MEZE L HLEE
E(TNT77) V)DBANEE L.

k&sm;‘zﬁgcﬁgﬁ

ASA DEIVER L L TIZFFHgRERESE, MiLE
BE, EER 7M1 ERBORERENHITH
ha. FAEEEEICEL T, EEMATIE
KD DEHHEE L THERSER LTV aHD
Sl Bwv, L2L, KDIZLAFBEEDS
&, FEEBL L ICEHMTHERNESR
b4 52 L%, ASATRETR L 1 iR
ENFHIBEL, KD ERIFHE LIRS e
ENBIET 5HE1213, ASAIZL BEFME
FEEOTEREERTETHLH. ikt
BEITHVIESIZIE, fbhiz7rE 7SO

B CEEORR « FYFELR—LTT

7 =~ (3~5mg’kg & 3)®IFAfTHbNAE. L

L, EEFCBVTHFREBRECLHIE

BRENIRIIHEVDHY, BEIVLETHS.

EBERESHATRNEREECEES
WHIFIEZHEHT . ASAILL2EBIED
N55FE12i1E DLST(FEHR Y > /KRB ER)
REORERITESEFIETS.

BESFRIERICEEIEE LIFEICEES
BEZONEY, RERLESIFRRET LS
SIZIE KD OBROTEREIH LD, RE
DHEPERBESLM L2 EOSHHERKETE
BEFE(BETILEN DS,

7 A IEEFIIFRIAE 4 ) SBERET,
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ZAHNTwE, KERLS V7 VI rFRER
D ASAESHFFI LB LEbDATEY, XK
BB TIHEEREICTEOREEAEHA
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B0, BT ASA 5 & OREMIGIEDR S
hTwRnbON, 15 BRBOKERL A > 7
»1>W@§%u@ﬁ%%f&5?5%%u
BHEEIHS L, BEZRORELZTTIIBRE
TAEIIBELTWS. Tabb, KE 1
VTNV RIERFCRREEIE & 0N D o
HEITIE, —EHE ASA OFE5F LTS
VEND L.

o BEYE -
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(110) : 2747-2771, 2004
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