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ITPKC functional polymorphism associated with
Kawasaki disease susceptibility and formation of coronary

artery aneurysms

Yoshihiro Onouchi', Tomohiko Gunji'?, Jane C Burns’, Chisato Shimizu®, Jane W Newburger®,

Mayumi Yashiro®, Yoshikazu Nakamura®, Hiroshi Yanagawa®, Keiko Wakui?, Yoshimitsu Fukushima’,
Fumio Kishi®, Kunihiro Hamamoto®, Masaru Terai'%, Yoshitake Sato!!, Kazunobu Ouchi'?, Tsutomu Saji'?,
Akiyoshi Nariai'4, Yoichi Kaburagi'#25, Tetsushi Yoshikawa'?, Kyoko Suzuki'%, Takeo Tanaka'’,

Toshiro Nagai'®, Hideo Cho'?, Akihiro Fujino®®, Akihiro Sekine?!, Reiichiro Nakamichi®?,

Tatsuhiko Tsunoda??, Tomisaku Kawasaki??, Yusuke Nakamura®»?* & Akira Hata'

Kawasaki disease is a pediatric systemic vasculitis of unknown etiology for which a genetic influence is suspected. We identified a
functional SNP (itpkc_3) in the inositol 1,4,5-trisphosphate 3-kinase C (ITPKC) gene on chromosome 19q13.2 that is significantly

associated with Kawasaki disease and also with an increased risk of coronary artery lesions in both and US
children, Transfection experiments showed that the C allele of itpkc_3 reduces splicing efficiency of the ITPKC mRNA. ITPKC acts

asa nepliw_rtgulatw of T-cell activation through the Ca™/NFAT signaling pathway, and the C allele may contribute to immune

hyper-reactivity in Kawasaki disease. This fi

new insights into the mechanisms of immune activation in Kawasaki

disease and emphasizes the importance of activated T cells in the pathogenesis of this vasculitis.

mw(ommm)ulnmmsdfﬁmwvmmof
infants and children characterized by prol d fever

disease, myocardial infarction and sudden death’. Epidemiological
fe such as seasonality and clustering of cases suggest an

to antibiotics, polymorphous skin rash, embcml of rJ-c oral
mucosa, lips and tongue, erythema of the palms and soles, bilateral
conjunctival injection and cervical lymphadenopathy'. Coronary
artery aneurysms develop in 15-25% of those left untreated?, making
Kawasaki disease the leading cause of acquired heart disease
among children in developed countries. Ty t with int

immunoglobulin (IVIG) abrogates the inflammation in approximately
80% of affected individuals and reduces the aneurysm rate to less
than 5%. Cardiac sequelae of the aneurysms include ischemic heart

infectious trigger, although no pathogen has been isolated and the
etiology remains unknown.

Several lines of evidence suggest the importance of genetic factors in
disease susceptibility and outcome. First, the incidence of Kawasaki
disease is 10-20 times higher in Japan than in Western countries®.
Second, the risk of Kawasaki discase in siblings of affected children is
10 times higher than thalmlhesena'alpopuhuon (s = 10), and the
incidence of K ki di hildren born to parents with a

inc

history of Kawasaki disease is twice as high as that in the general
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Figure 1 Resulls of SNP sc ing of eh 19 and structure of the
linkage disequilibrium (LD) block in Jap ing SNPs
significantly associaled with Kawasaki disease. (a) Maximum lod score plot
of affected sib-pair analysis conducted on 78 Japanese families. MLS,
maximum lod score. (b) Case-control association analysis of 1,222 SNPs
in 94 individuals with Kawasaki disease and 564 controls. x and y axes
indicate the position from the p t of the ¢ and -log of
Pvalue for allele frequency comparison, respectively. The Lhree most
significant SNPs are marked by red dols. (c) Genes oriented g lerminus lo
P lerminus are in upper row, with genes in the oppasite orientation shown
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population™®. Familial aggregation of the disease has also been
observed”. Although association studies have identified candidate
genes that may influence K: ki di susceptibility, a systematic
genetic approach has not been previously applied to study
this disease.

below, Arrowheads indicate the position of SNPs significantly associaled
with Kawasaki disease: red arrowheads indicate the original three SNPs
found by association studies, and blue heads indicate the six SNPs
from resequencing that were in LD wilh original threa SNPs.

Recently, we conducted affected sib-pair analysis of Kawasaki
Jisease® that d rated linkage to several chromosomal regions,
including chromosome 19. Here we show the results of linkage
disequilibrium (LD) mapping carried out on 19q13.2, through
which we identified a functional SNP in intron 1 of ITPKC that is
significantly associated with risk of Kawasaki disease and with forma-
tion of coronary artery aneurysms. We also characterized [TPKC as a
negative regulator of the Ca?*/NFAT signaling pathway in T cells.

RESULTS

Linkage disequilibrium mapping

Through linkage analysis of 78 Japanese sib pairs concordant for
Kawasaki disease, we identified a peak in the maximum lod-score plot
at 19q13.2-13.3, located about 65.4 cM (48 Mb) from the p terminus
of the chromosome® (Fig. 1a). An initial screening of 1,222 SNPs in
94 individuals with Kawasaki diseate and 564 controls (see Supple-
mentary Methods online) identified 131 candidates (P < 0,05
Supplementary Table 1 online). Through association analysis of
these 131 SNPs in an independent cohort of 276 Japanese individuals
with Kawasaki disease and 282 controls, we found a cluster of three
SNPs that were highly significant (P < 0.01; Fig. 1b and Table 1). The
three SNPs (adck4_14, flj41131_3 and rab4b_2) were in strong linkage
disequilibrium (P > 0.85) within a single LD block identified by the
HapMap database (Fig. 1c). In this LD block spanning about 150 kb,
cight genes had been mapped: Numb (Drosophila) homolog like
(NUMBL), aarF domain containing kinase 4 (ADCKY), ITPKC,
hypothetical protein LOC284325 (FLJ41131), small nuclear ribo-
nucleoprotein polypeptide A (SNRPA), melanoma inhibitory activity

Table 1 Results of association analyses between three independent sets of Japanese Kawasaki disease and control subjects

94 KD vs. 564 controls®

276 KD vs. 282 controls 267 KD vs. 752 controls

Allele 1 vs. Allele 2

Allele 1 vs. Allele 2 Allele 1 vs. Allele 2

Allele  Ch
SNPs dbSNP ID 12 posilion® 7 P 7 P 7 P
numbl_6 - ot 45872187 = 5 39 0.049 13.7 0.00022
adckd_14 52288450  CIT 45901017 14.7 0.00012 50 0.026 15.7 7.4 % 10
itpke_3 28493229  GC 45916044 - p 50 0.026 163 5.4 % 10
n41131 3 3745213 O 45939849 15.1 0.00010 7.6 0.0060 177 26 x 10
snrpa_11 517713068 TG 45961895 - 2 73 0.0068 211 4.4 % 104
rabab 2 12287691 o6 45978003 1239 0.00032 7.3 0.0068 178 25x 10
rabdb_3 2287692  G/A 45981596 - - 7.9 0.0050 19. 1.2 x 10
egin2_8 10416308  GIA 46004101 - 9.7 0.0019 13.0 0.00031
intergene 15 rs10405596  ©/T 46006560 - 9.6 0.0020 132 0.00028

SNPs in bold are those idenlified in initial scresning.

*Based on Bulld 36 NCBI reference sequence. “Genotype dats for the 564 controls were available only for the three SHPs in bold.
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Table 2 Results of association analysis with combined Japanese Kawasaki disease and control samples and TDT® analysis of US samples

Japanese (case-control association analysisl® United States (TDT)
Genotype Allele 1 vs. Aliele 2 Genotype 11 vs, 12 + 22
Allele

SNPs 12 Subjects 11 12 22 2 P 7 P OR  95%CI T 2 P OR 95%CI

numbl_6 T KD 378 235 23 274 16x107 305 33x10% 180 146222 6431 115 0.00071 206 134317
Control 748 259 25

adckd_14 cT KD 374 235 26 317 1Bx10® 346 40x107 187 152-230 64:3] 115 0.00071 206 134317
Control 752 254 27

Itphke_3 GC KD 376 234 27 324 12x10% 358 22x10% 189 153233 64:30 123 0.00045 213 1.38-3.29
Control 756 249 29

fii41131_ 3 o KD 372 237 28 378 78x10'" 399 27x10'° 195 1.58-241 66:32 11.8 0.00059 2.06 1.35-3.15
Control 757 250 26

snrpa_11 TG KD 375 235 27 408 1.7=10' 451 19x 101 205 166-253 5540 24 0.12 1.38 091-207
Control 771 235 28

rabdb_2 [#ic} KD 376 235 26 373 10x10* 417 1LIx10'® 199 161-246 66:50 22 0.14 1.32 0.91-1.91
Control 766 239 2B

rabdb_3 GIA KD 374 235 27 395 3.2x109 443 29x 10 204 165251 57:39 34 0.066 146 0.97-2.20
Control 767 235 29

egin2 8 GIA KD 374 232 27 367 14x10% 396 3.2x10W 196 159242 6851 24 012 133 093-1.92
Control 763 243 27

intergene_15 CIT KD 375 237 25 365 16x10% 410 15x 100 198 160244 6349 18 019 1.29 0.89-1.87
Control 764 243 27

"Transrmission disequilibrium lest. p = 209, %637 KD (94 + 276 + 267) and 1,032 controls (ZBZ + 752). T and ‘U indicate transmitted and untansmitied 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
(r* > 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, itpke_3 and flj41131_3; Table 2). Of the 209 US
trios, 106 were European Americans, and asymmetric 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 ITPKC in different
lissues and cell fines. (a) Quantitative RT-PCR was carried out on RNA
exiracted from different human tissues, and the results were normalized to
p-actin lranscripts. RNA from both resting PBMCs and PBMCs stimulated
with ionomycin (iono) and PMA was also analyzed. Results are mean + s.d.
of lriplicate assays. (b) Expression paltern of ITPK isoforms in leukemic cell
lines and PBMCs. Bars indicate relative mRNA copy number of ITPKA
(yellow), ITPKE (red) and ITPKC (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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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 FLJ4113], 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, adckd_14, itpke_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 assodation.

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

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 viva, we carried out
allele-specific transcript quantification (ASTQ; Fig. 3). The RT-PCR
product from mRNA isolated from PBMGs of individuals with
haplotype 11 (G allele in itpkc_14), but not haplotypes | and II,
could be digested with Smal (Fig. 3a). The Smal-treated RT-PCR
product from six individuals with haplotypes 11 and 11l had a higher
ratio of digested to undigested forms, suggesting lower transcript
abundance from haplotype Il (containing alleles associated with
Kawasaki disease susceptibility; Fig. 3b, lanes 1-6). Five individuals
with haplotypes | and II (containing alleles not associated with
Kawasaki disease susceptibility and the C- or G-allele at itpke_14,
respectively; Fig. 3b, lanes 7-11) had an equal ratio of digested to

digested PCR product, suggesting that the difference between
haplotypes 11 and 1l 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. 3¢c). 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-biphosphat
by phospholipase C when activated by various external stimuli'!. [n
T cells, IP3, released by stimulation of the TCR complex, increases
intracellular Ca®* through IP3 receptors (IP3Rs) expressed on endo-
plasmic reticulum'2, Subsequent Ca** influx across the plasma mem-

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

brane leads to nuclear translocation of nuclear factor of activated
T cells (NFAT) and activates transcription of interleukin-2 (I1.2) and
other cytokines'™!4,

is
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Figure 4 Negative regulatory role of ITPKC expression in stimulated Jurkat cells. (a) Plasmid

i t of the NFAT/APL (N/A)
binding sites driving luciferase expression in the pGL3-Basic vector; pITPKC contains the CMV
promoter driving expression of ITPKC cloned into pcDNA3.1{+); pITPKC shRNA contains the
human UG promoter substituted for the CMV promoter in pcONA3.1(+) driving expression of a
short hairpin RNA (shRNA) targeting /TPKC mRNA; pControl shRNA contains the human US
promoter driving expression of a random shRNA, (b,e) Effects of ITPKC overexpression on
luciferase activity (b) or IL-2 expression (e} in cells Lransfected with constructs in a. (d-h) Effect
of ITPKC knockdown by transfection of shRNA. (d-f) Specific knockdown of ITPKC by shRNA.
(g) Effect of ITPKC knockdown on luciferase expression mediated by Lhe NFAT/AP1 binding sites
in the IL2 promoter. (f) Effect of ITPKC knockdown on IL-2 expression. Resulls are mean + s.d.
of quadruplicate assays in ¢ and triplicate assays in a.b.d-h. *“Two-tailed P > 0.1, **two-tailed
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We postulated that ITPKC regulates NFAT by modulating the
abundance of TP3. 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

1 23 1 “J. N’FAT'

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. 4ch). Given that NFAT medistes the expression of many

teins beside IL-2 that have important roles in T-cell regulation,

expressing short hairpin RNA (shRNA) in
mediated activation in response to the same stimulation (Fig. 4£g).
[TPKA and ITPKB akso 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

mm.mdamrﬂ’KAorﬂ'PKB.mymasakqmgmwuphmr
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

a Truncated (TPKC intion 1 234 tp) b
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Figure 5 Reduced splicing efficiency of intron 1 and reduced ITPKC transcript e mediated Uraphced | ot —
by Lhe itpke_3 C aliele, (a) Plasmids were constructed for the G allele, the C allele and the G allele - .
with a mutation in the 5 splice site (pSDM) as a negative control for luciferase activity, SNPs and a
tation are repr ined red and blue text, respectively. Positions of Lhe primers for . p— —
RT-PCR analysis are indicated by small arrows. (b) The function of itpke_3 was evaluated by =
lueif assay in fected and stimulated Jurkat cells. Dala represent mean = s.d. of f
quintuplicate assays. *Two-tailed P < 0.02 by Student’s ktest. (c} PCR of spliced and unspliced SiUme™ & e
transcripts with of wilhoul an RT step. Representative gel image of five independent experiments is
shown. **Mean ratic of flucrescent intensity corresponding Lo spliced and unspliced transcripts. R AP ",
Pualue™* 0033

***Two-tailed P value by Sludent’s iest.
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Table 3 Association analysis of itpkc_3 with stratified samples

Japanese (case-control association analysis)® United States (TDT)

Genolype
Samples GG Gt ¢cC o P OR 95% CI " w P OR 95% CI
KD linked to 19q13.2* 21 18 1 82 0.0042 2.46 1.30-4.65 = = = = = =
KD with family history® 53 44 4 19.1 0.000012 246 163-3.73 - - - - - -
KD with CALs® 61 A4 2 124 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 1.27-221 100 27:18 18 018 150 063272
Control 756 249 29
*Probands of 7B sib pairs in previeus linkage analysis whosa 180 atlele number were estimated to be > 1.0 al itpke_3 (63cM), *Probands of 93 alfected ubﬂn.ipﬂ-:hldpdrl. 1
mancrygotic twin, | dinygotic tein, | first cousin peit and | second cousin pai. “KD cases having coronary dilatation or aneurysms during the acute phase, “Genotype frequency comparison in

dominant model of inheritance. *Number of alfected

transcriptional regulation. Using the TFSEARCH program (see URLs
section in Methods), we predicted binding of the AP-1 transcription
factors to the sequence containing f1j41131_3 and lowered the score
with a nucleotide substitution at the SNP (from 918 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 co ponding 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 itpke_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, adckd_14
and itpke_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. 5¢). 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

18 cor

od individuats. "T" and "L indicate transmitted and untransmitted C allele of itpke_3,

respact ivaly.

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 cffects of the proposed risk allele, we stratified
the samples by the following two fmm fmuly history of Kawasaki
and e of ¢ y artery | (CALs). Among the
78 Japanese affected sib pairs, 40 pairs shared more than one allele
near itpke_3. In this subset, the itpke_3 C allele was over-represented
compared to controls (n = 40, odds ratio (OR) = 2.46, 95% con-
fidence interval (CI) = 1.30-4.65; Table 3). We observed the
same trend in Japanese probands with a positive family history of
Kawasaki discase (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 diseasee n = 106, OR = 2.05, 95% CI = 1.37-3.08;
US individuals with Kawasaki disease: n = 108 OR = 336, 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 [TPKC 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?®*!. Cumulative
evidence suggests that these G-rich sequence elements have an
important role in pre-mRNA splicing!*'®#-3, 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

40
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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 cither 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
requires further study, The weaker negative regulatory effect of itpkc_3
C allele on [L2 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 = 467, 95% Cl = 1.34-16.24; Supplementary Table 3 online).
Climcalmﬂngmhmbmdaﬁdmidmnfytlnsm
but there is room for i in ity and specificity to
uuk:lhmlmlyuufulchﬁnlmoh”“” 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 p the develop of CALs.
Cyclosporin A (CsA) mediates immunosuppression through blocking
aldmxdn.whkhhmimpoﬁamdummmdmkinlhc&"f
NFAT signaling pathway®?, A single case report describes the successful
use of CsA in an individual with Kawasaki disease resistant to [VIG®,
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'*™*, 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

ARTICLES

Whmmmhmdﬁnmwmmﬂ

All with K i disease (male/female ratio =
Mﬁllmmwp&mbwmwwmmbrm
disease™. Mean age of discase 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 chort of US individuals with
Kawasaki disease have been previously described®. G ic 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

Statistical analysis. The case-control uudyw lyzed using a
x’!ﬂ.“ﬁwnadwllmnhlnnﬂllnyﬂt analysis for the
dinuselldmlﬂhpltﬂ\!?lmm
backward procedures to select SNPs and their interactions. For each
lwdﬂwhmdmhmprmmwmdwtlh‘%wduﬂ
(0.05 wignificance threshold) to change the set of SNPs or their interactions.
mwaaummmmmmwmw
H hodol ission disequilibrium test was performed
mmwmwmmmmsn(umm
below). Integration of the case-control and TDT data was conducted as
previously described™,

RNA ion and itative RT-PCR. Total RNA from normal human
mu(mﬂ?lm)mmmm%w?mﬁ
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
Pm(mmn#'}hshmummunkdmﬂy\rimPm(iﬂngm]")
for 8 h. We extracted total RNA from cell lines and PBMCs using the
NucleoSpin RNA 11 kit (Macherey-Nagel). 1 jig of cach RNA was reverse

ibed with Sup ipt 111 reverse ip and oligo dT primens
(Invitrogen). We quantified transcripts for ITPKA, ITPKB, ITPKC and [12
with TagMan probe and primers (Hs00176658_m1, Hs00176666_m1 and
Hs00363893_m| for ITPKA, ITPKB and [TPKC, respectively, and
Hs00174114_m| for IL2). Amplification and detection were done using a
Mx3000P thermal cycler (Stratagene). Results were normalized to the transcript
levels of P-actin

A]le.lu-cpcdﬁ:m ript 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%
polyscrylamide gels in 25 mM Tris and 250 mM glycine. Quantification was
carried out by using FLA-7000 analyzer (Fujifilm).

URLs. JSNPs, hitp://snp.ims u-tokyo.acjp/index_jahtml; TFSEARCH, httpy//
MMMMJ&ML Miold, hupd-"ﬁml-ud.bimnhm
op I/ cgl-bin/rma-form 1.cgi: 1 | HapMap Project,

myocardium is also relevant to individuals with K. ki di 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

p:nl]lpmu: pupuhuonwithvﬂm di of adulthood
d to Ki i disease. Genotype data relating to 1,222 SNPs for this

population was d from a database at our institute. We recruited 637

] individuals with K ki disease and 1,034 healthy control subjects

from several medical institutes in Japan. The ethical committee of RIKEN

Beral

hutps//www.hapmap.org/cgi-perligbrowse hapmap_B36/; Haploview version
X 32. hupvJMw bm-d.ml\.edu."mpyhpiuﬁm

GenBan) i ber. Inositol 14,5-trisphosphate 3-kinase C (ITPKC)
mRNA, NM_025194.

Note: Supph ¥ information is available on the Nature Genetics website.
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Elevated granulocyte colony-stimulating factor levels
predict treatment failure in patients with Kawasaki disease

Jun Abe, MD PhD," Ryota Ebata, MD,” Toshiaki Jibiki, MD,® Kumi Yasukawa, MD, PhD,” Hirohisa Saito, MD, PhD,*

and Masaru Terai, MD, PhD® Tokyo and Chiba, Japan

Background: Kawasaki disease (KD) is an acute vasculitis in
young children, frequently associated with coronary artery
aneurysms. The intravenous infusion of high-dose IgG (IVIG)
effectively reduces the systemic inflammation and the incidence
of coronary artery lesions, although the precise underlying
mechanisms are unknown.

Ohbjective: We performed expression profiling of whole blood
cells to investigate the mechanisms underlying the effect of IVIG
and to identify biomarkers iated with unresponsi to
1VIG.

Methods: We compared the transcript abundance among pre-
IVIG and post-1VIG patients and febrile control patients. Then
we analyzed the mRNA levels and the protein levels among the
different cohort of patients with KD who were either responsive
or nonresponsive to the initial IVIG.

Results: A total of 298 transcripts were overrepresented or
underrepresented in the pre-1VIG patients compared with post-
IVIG patients and febrile controls, of which 15 transcripts were
differentially expressed in nonresponsive patients with KD
compared with responsive patients before IVIG. The protein
levels of polycythemia rubra vera 1, which was one of the most
variably expressed transcripts in pre-IVIG patients, and the
serum granulocyte colony-stimulating factor levels were
significantly higher in nonresponsive patients than in responsive
patients before the initial IVIG administration.

Conclusion: These findings suggest that the variable gene
expression profiles were correlated to the responses of patients
with KD to IVIG administration. Polycythemia rubra vera

1 and granulocyte colony-stimulating factor levels may be good
biomarkers for predicting response to IVIG in patients with
KD. (J Allergy Clin Immunol 2008;122:1008-13.)
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IVIG: Intravenous infusion of high-dose 1gG
KD: Kawasaki disease
MFI: Mean fluorescence imensity
PRV: Polycythemia rubra vera
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Kawasaki disecase (KD) is an acute systemic vasculitis in
infants and young children.! It preferentially affects coronary
arteries and is the leading cause of acquired heart disease in
childhood in developed countries.” The intravenous infusion
of high-dose IgG (IVIG) effectively reduces the systemic
inflammation and the incidence of coronary artery lesions
(CALs).” However, the precise underlying mechanisms of the
cffect of IVIG are unknown, and about 15% of patients with
KD are nonresponsive to IVIG and develop CALs more fre-
quently than responsive patients.* Many researchers have
attempted to identify risk factors associated with nonresponsive-
ness to IVIG.*? Among them, the patients’ age, the white blood
cell count, and the serum levels of aspartate aminotransferase
and C-reactive protein were frequently shown to be useful in
determining a risk classification instrument. However, because
these factors were statistically determined by using available
laboratory test data, the precise mechanism underlying the rela-
tionships between these factors and the clinical outcome of the
patients remains uncertain,

In a previous study, we performed expression profiling of
purified PBMCs and monocytes obtained before and after IVIG
from patients with acute KD.'® The results demonstrated that
IVIG influenced the gene expressions in a broad functional range
in both PBMCs and monocytes, favoring downregulation. This
finding is consistent with the suppressive effects of IVIG that
are clinically observed in acute patients. In this study, we per-
formed expression profiling of whole blood cells, including neu-
trophils, to extend farther our understanding of the mechanisms
underlying the effect of IVIG on patients with KD, in the hope
of eventually identifying biomarkers associated with the unre-
sponsiveness to IVIG. Our results suggested that the protein levels
of polycythemia rubra vera (PRV)-1, one of the most enriched
transcripts in pre-IVIG patients, and granulocyte colony-stimulat-
ing factor (G-CSF) were significantly elevated in nonresponsive
patients.
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TABLE I. Demographic data of patients
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First-array patients Second-array patients
Responsi Responsi N - N ponsiy
KD-pre KD-post Control pre post pre post
Danars (n) 4 4 4 6 6 4 4
Age (mo 8-54 12-39 39.60 12-38
after binth) (median, 13) (median, 20) (median, 56) (median, 33)
Condac tavolvemont § - 0 % &t 0 §? 0
(positive patients)
Blood drawn a7 8-10 37 4-7 7-9 3.5 6-8
(d afier onset) (median, 6.5) (median, 8.5) (median, 5) (median, 4.5) (median, 8) (median, 4) (median, 7)
S Neutrophil 49-86 14-67 36-70 80-86 18-73 81-91 59.77
(median, 53.5) (median, 36) (median, 52.3) (median, 83) (median, 35) (median, 84) (median, 69)
P value* 07 56 03 67 07
% Monocyte 4-16 5-10 213 2470 7-10 1.3-104 3-14
(median, 7.1) (median, 8.5) (median, 7.5) (median, 3.7) (median, 9) (median, 5.0) (median, 4.0)
P value 9 B 0 2 99
% Lymphocyte 10-44 21-67 27-63 10-14 19.62 6-14 13-36
(median, 30) (median, 47) (median, 30.3)  (median, 11) (median, 46) (median, 8) (median, 19)
P value 07 56 0 14 0
C-reactive 6.4-14.5 0.8-12.1 034.1 1.8-16.1 35142 5-19 1.7-21
protein (mg/dL) (median, 8.4) (median, 3.3) (median, 1.4) (median, 9.9) (median, 7.0) (median, 8.8) (median,12.3)
P value 07 08 2 67 A1
*F values between KD-post va KD-pre, or control vs KD-pre in the first-ammay patients, and resp pre vs P pre, of resp pre v post in the second-

array patienis.

METHODS
Patients

The patients with KD (n =7 6) were treated at Chiba University Hospital or
Chiba Kaihin Municipal Hospital b May 2005 and June 2007. All the
patients fulfilled the Cmﬂ'll for Dingnostic Guidelines for Knwasaki Disease
(5th revision) published by the K: ki Disease R h C ittee in
Japan and were initially treated with IVIG (2.0 g/kg for 1-2 days) and oral
aspirin (30 mg/kg daily)."" Informed t was obtained from the p
according to the guidelines of each medical center. Clinical data including

RNA 6000 Nano LabChip kit (Agilent Technologies, Santa Clara, Calif).
The total RNA samples were further processed 1o reduce the a-globin and
B-globin mRNA content according to the Globin Reduction Protocol (Affy-
metrix, Santa Clara, Calif)."* Briefly, total RNA was hybridized with Globin
Reduction Oligo Mix (Affymetrix) and digested by using RNase H al 37°C
for 10 minutes. The digested total RNA was then purified by using an RNeasy
Micro kit (Qiagen) and quantified.

RNA amplification and GeneChip expression

analysis
Gemaxplwionpmﬁ!ﬂmuami:ndhyusinglhe"umm Genome

U133 Plus 2.0 amay (GeneChip; Affymetrix) 2 1o the 1 s

age, sex, du of illness, laboratory findings, response to 1VIG, and coro-
nary artery involvement were d d and are ized in Table 1
and this article’s Table E1 in the Online Repository at www jacionline. org. Ab-
normal cardiac i was ‘byuaiug“'" ional echocardiog
raphy, and the presence of CALs was diag ing to the Jap

Ministry of Health criteri ‘l\uo i leveloped Y ancurysms at
1 month after the onset of their d N iveness 10 1VIG was de-

ﬁmdaapﬂmm«mamfem(bodywhlmm
37.5°C) st 24 hours after the completion of the IVIG treatment.

Venous blood was drawn from each patient before IVIG treatment (3-7 days
after the onset of fever) and within 2 days after the completion of IVIG.
In addition, sera obtained from 8 ive pati with KD treated at
Chiba University Hospital before 2005 wcre used in an ELISA. These patients
were initially treated using IVIG (2.0 g/kg for 1-2 days). Four of the 8 patients
d:udnpad coronary aneurysms at 1 month after disease onset. Control blood

were obtained from 15 g who had been febrile (body temper-
muhxgimthan!!’t’}[outlcm3 days (Tables | and E1). Thccl:mclldaq-
noses of these control patients were p i (n=7), P v}

infection (n = 3), toxic shock syndrome-like disease (n = 2), ml‘mmu: mon-
onucleosis (n = 1), cervical lymphadenitis (n = 1), and meningitis (n = 1),

Extraction of RNA and reduction of globin mRNA

content

Venous blood samples (2.5 mL) were collected in PAXgene Blood RNA
Tubes (BD Biosciences, San Jose, Calif), and RNA was purified by using the
PAXgene kit (Quagen, Val Calif) g 1o the
structions. The quality and the quantity of RNA were examined using the

facturer’s in-

Briefly, double- ch ‘cl)Nﬁwe:ymhulmdﬁumlpglml
R.N.n by using the One-cycle cDNA Synthesis kit (Affymetrix). The cDNA
was subjected 10 in vitro transcription by using the IVT Labeling kit (Affyme-
trix) and hybridized with a U133 Plus 2.0 array. The fluorescence intensity of
cach transcript was quantified by using a Affymetrix GeneChip Scanner 3000
(AT ix), and the expression value d ined by using the GeneChip
Operating Software (Affymetrix). The results of the microarray analysis can
be found on our webh site mt hitpo/www.nchgo jpfimal/GeneChip/
KAWASAKI2 htm,
The data were further analyzed with GmSp'in; GX \'e::ion 7.3 (Agilent
‘I‘z,chmhgneu) Each amray was lized (mean 1) to the di
y amay. To minimize the influence of background noise, only probes
rdublyd:lu'hdmuIuﬂzusofalllllcunpleswutllthdudlnﬁ:lmlyus
)\Iw:)'ANGVA tysis and vised b hical clustenng using Pear-
son were perfi ‘wi'lh"' Spring GX version 7.3 software.

Quantitative real-time PCR
The PCR primers were designed based on sequences from GenB

The primer sequences were as follows: haptoglobin forward primer, 5'-
TCGGCATGTCTAAGTACCAGGAA-Y'; haptoglobin reverse primer, 5'-A
GGTOGTGAACGGCAAAGG-3'; prv-l forward primer, 5'-GGCCCAACC
TTCCAGCTT-3"; prv-1 reverse primer, 5'-CTTCTCACGCGCAGAGAAG
A-3"; growth arrest-specific 7 (gas7) forward primer, 5'-GCAGCTGCGGC
ATGAAA-3; gax7 reverse primer, $'-TGGCCGGGTCCACTTTT-3'; a-M
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Pre-IVIG =< Pomt-IVIG
by 2 fold (n = 5,778)

Pre-IVIG =< Control
by 2 fold (n = 8,08%)

Differentially expressed transcripts
i Pre- and Post-1VIG, and Coatrol (s = 1,092)

FIG 1. Variably expressed transcripts in the white blood cells obtained from
the first cohort of patients with KD and febrile controls (Table |). Expression
values of 1092 transcripts were significantly different among the 3 groups
(1-way ANOVA, P < .05). Most variably expressed {>2.0x or <0.5x) tran-
scripts (n = 298) in pre-IVIG patients compared with post-IVIG patients
and controls were selected.

integrin (itgam) forward primer, 5'-CAGACTTGTGAGACCCTGAAACTA
CA-3"; and irgam reverse primer, 5 CGAAAGCAGACAATGGCGTT-3".
PCR was performed by using the ABI 7700 sequence detector system
(PE Applied Biosystems, Foster City, Calif) in a 25-pL reaction mixture
containing iTaq SYBR Green Supermix with ROX (Bio-Rad Laboratories,
Hercules, Calif). Samples were subjected 1o 40 cycles of amplification at
95°C for ISumndafurdﬁnlmring and at 60°C for 1 minute for anneal-

ing The exp of each target ¢cDNA relative 1o glyceralde-

hyde-3-phosphate  dehydrog was calculated for each sample by

using a pantive cycle-threshold method described by the H

(PE Applicd Biosystems).

Flow cytometry
Ccllmfwenﬂaculummmdbyusmmﬁhmcmunﬂmmﬂai-

color immunofluorescence staining following a dard Them.Abs

used were anti-CD177 (PRV-1) in combi with fl yanate

conjugated antimouse IgG, and phycoerythrin-conjugated anti-CD16b (BD
Biosciences), or phycoerythrin-conjugated mnﬁmm component M
receptor 1 (CR1) in combination with fi
anti-CD16b (Beckman Coulter, Full

Calif), respectively.

Measurement of serum G-CSF levels

An ELISA was performed to quantify the G-CSF concentrations in the sera.
mAbs against human G-CSF, BVD13-3A5 (Beckman Coulter) as a capture an-
tibody, and BVD11-37G10 (Beckman Coulter) as a detection antibody were
used. The protein concentration was calculated using Microplate Manager
111 software (Bio-Rad Laboratories).

Statistical analysis

For the GeneChip microarray data, a nonparametric Mann-Whitney U test
was performed by using the GeneSpring GX software version 7.3. For the real-
time PCR, the flow cytometry, and the ELISA data, a 1-factor ANOVA and the
Bonferroni/Dunn F test as a post hoc test were used to compare responsive and
nonresponsive patients with KD and febrile control patients. A value of P < 03
was considered statistically significant.

RESULTS
Gene expression profiles of responsive patients
with KD before and after IVIG

We first examined the gene expression profiles of patients with
KD (n = 4) before and after IVIG therapy and age-matched
febrile controls (n = 4). The demographic and laboratory data of
the patients are summarized in Table I. Expression values of 1092

J ALLERGY CLIN IMMUNCL
NOVEMBER 2008

transcripts were significantly different among the 3 groups by a |-
factor ANOVA. To focus on the most variably expressed genes in
the pre-IVIG patients, we selected 298 out of 1092 transcripts
whose expression values in pre-IVIG patients were more than
double or less than half of those in post-IVIG patients and in feb-
rile controls (Fig 1; see this article’s Table E2 in the Online Repos-
itory at www.jacionline.org). Among the 298 transcripts, 193
genes (225 transcripts) or 64 genes (67 transcripts) were more
or less abundant in the pre-IVIG compared with the post-IVIG pa-
tients and control patients, respectively. Six genes (6 transcripts)
were more abundant in control patients than in pre-IVIG and post-
IVIG patients. The top 20 transcripts whose expression values
were higher in the pre-IVIG patients compared with those in
the post-IVIG patients are listed in Table IL.

In an article examining the transcriptional program of terminal
granulocytic differentiation, Theilgaard-Monch et al'® reported
that 6700 genes were differentially expressed among the highly
purified bone marrow granulocyte precursors—that is, promyelo-
cytes, myelocytes, and bands. According to their gene list, 154 of
the 298 genes (52%) that showed variable expression values in our
study were expressed during the granulocytic differentiation
(Table E2), Interestingly, among the 225 more abundant tran-
scripts in the pre-IVIG patients, 107 (48%) were specifically ex-
pressed in myelocytes or bands, whereas only 4 transcripts (2 %)
were specific to promyelocytes. On the other hand, among the 67
less abundant transcripts in the pre-IVIG patients, only 4 tran-
seripts (6%) were specifically expressed in myelocytes or bands,
whereas 37 (55%) were specific to promyelocytes.

Gene expression profiles of nonresponsive patients
with KD

‘We next questioned how these 298 transcripts were expressed in
patients who were nonresponsive to IVIG. Because nonrespon-
siveness to IVIG is frequently associated with high percentages of
neutrophils in patients with KD, we selected patients who had
similar percentages of neutrophils before IVIG for a second
microarray analysis. They included 6 responsive and 4 nonre-
sponsive patients with KD, and blood samples were collected
before and after IVIG (Table I). By an unsupervised hierarchical
clustering of these 20 samples, the expression profiles of the 298
transcripts that were variably expressed in the first cohort of
patients were significantly different between pre-IVIG and post-
IVIG patients (data not shown). However, we were unable to dis-
criminate between the responsive and the nonresponsive pre-IVIG
patients in this clustering analysis. Thus, we directly compared the
expression values of these 298 transcripts between responsive and
nonresponsive patients before IVIG and found that 15 genes were
differentially expressed between the 2 groups (Table I1I).

Elevated PRV-1 expression in nonresponsive
patients with KD

The microarray analysis suggested that 15 genes were differ-
entially expressed between responsive and nonresponsive patients
with KD even before the initiation of IVIG. Among them, the
biological functions of haptoglobin, CD177, and ITGAM genes
are well characterized and are likely to be associated with the
pathophysiological conditions of patients with KD. On the other
hand, the transcripts of gas7 gene had been enriched in PEMCs
and purified monocytes obtained from pre-IVIG patients in our
previous studies. 19 Thus, we selected these 4 genes and measured
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TABLE Il. The top 20 most variably changed transcripts in pre-IVIG patients

Probe ID Gene symbol Gene name Fold change pre-IVIG/post-IVIG Fold change pre-IViG/control
219669_at CD177 Polycythemia rubra vera 1 186 6.5
1557924 _s_a ALPL Alkaline phosph liver/one/kid 9.1 6.3
217552_x_at CR1 Compl ponent (3b/db) ptor 1 15 119
237618 _at —_— Transcribed sequences 6.8 i3
206548 _at FLI23556 Hypothetical protein FLJ23556 6.5 30
244889_at — LOC388210 mRNA 6.2 8.0
231886_m — cDNA DKFZp434B2016 6.1 34
232465_at — cDNA FLI11687 59 3.0
227250_at KREMEN1 Kringle containing transmembrane protein 1 59 58
215783 _s_m ALPL Alkaline phosphatase, liver/bone/kidney 55 52
237568 _at — Transcribed sequences 53 26
228648_at LRGI1 Leucine-rich a-2-glycoprotein 1 50 29
218660_at DYSF Dysferlin, limb girdle muscular dystrophy 2B 48 33
240156 _mt —_ Transcribed sequences 48 43
216782_at - cDNA: FLI23026 48 32
204713 _s_mt F§ Coagulation factor V 46 50
227055 _at METTL7B Integrin, a 7 46 35
236592_at — Transcribed sequences 45 36
228758 _at BCL6 B-celllymphoma 6 45 29
229296 _at — LOC389793 mRNA 44 6.5
TABLE Ill. Differentially expressed transcripts bet 1 responsive and nonresponsive patients before IVIG

Probe ID Gene symbol Gene name Fold chang ponder/respond
208470_s_st HP Haptoglobin RS
239701 _at —_ Transcribed sequence 221
219669_at CcDI177 Polycythemia rubm vera 1 2.08
224818_at SORT1 Sortilin 1 1.96
225499 _at — Clone CDABPO105 1.87
232500_at C200rf74 Ch 20 open reading frame 74 1.66
211974_x_at RBPJ Recombination signal binding protein for immunoglobulin x J region 1.66
202191 _s_at GAS7 Growth amest-specific 7 1.59
205786_s_al ITGAM I in, a M plement P 3 plor 3 subunit) 1.47
226080_at SSH2 Slingshot homolog 2 1.42
229295 at LOC150166 Hypothetical protein LOC150166 1.26
212516_at CENTD2 Centaurin, delta 2 0.75
216841_s_at S0D2 Superoxide dismutase 2 0.70
1558972 _s_at Charf190 Ch 6 open reading frame 190 0.51
226682_at LOC283666 Hypothetical protein LOC283666 042

mRNA levels using a real-time PCR in additional responsive (n =
18) and nonresponsive (n = 8) patients with KD who had similar
percentages of neutrophils before [VIG administration (Table E1).
Four responsive and 2 nonresponsive patients examined by the mi-
croarray were included in this analysis. The results indicated that
mRNA levels of all 4 genes were decreased after IVIG in both re-
sponsive and nonresponsive patients. Before IVIG administration,
the transcripts of Ap and prv-1 genes were more abundant in non-
responsive patients than in responsive patients, confirming the mi-
croarray results (Fig 2, A). However, the transcripts of gas7 and
intam genes were not significantly different between the 2 groups.

Because prv-1 gene showed the most variable transcript abun-
dance in the pre-IVIG patients in the first microarray analysis and
the levels of PRV-1 mRNA were significantly higher in nonre-
sponsive patients than in responsive patients, we next examined
the protein levels of PRV-1 by immunostaining and flow cytome-
try. CR1 was also measured as a control. We examined 26 respon-
sive patients with KD, 14 nonresponsive patients with KD, and 12
age-matched febrile control patients (Table E1). The mean fluo-
rescence intensity (MFI) of PRV-1 and CR1 on the neutrophils

was significantly elevated in pre-IVIG patients compared with
those in febrile controls (mean = SEM, 104.2 + 7.8 vs 52.8 +
8.7, P = .002; and 328.7 = 28.0 vs 177.1 % 409, P = .007, re-
spectively), and these levels decreased afier IVIG (104.2 = 7.8
vs 67.0 £ 59, P <.0001; and 328.7 + 28.0 vs 247.0 * 29.6,
P = 02, respectively: Fig 2, B). Importantly, MFI of PRV-1 on
neutrophils was markedly increased in nonresponsive pre-1VIG
patients compared with that in responsive pre-IVIG patients
(138.3 * 16.0vs 87.2 = 6.7; P = .0004). MF1 of CR1 was not sig-
nificantly different between the 2 groups.

Increased serum G-CSF levels in nonresponsive
patients with KD

PRV-1 is known to be highly expressed in neutrophils from
patients with polycythemia rubra vera.'* Increased neutrophil
PRV-1 mRNA levels are also associated with increased neutrophil
production induced by acute bacterial infection and injection of
recombinant G-CSF."* We speculated that elevated PRV-1 stain-
ing in nonresponsive pre-IVIG patients with KD may be caused
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FIG 2. A, mRNA levels in responsive and ive pati before

and after IVIG administration. Real-time RT-PCR results are presented as
relative units of each transcript compared with GAPDH. Error bars indicate
SEM. *P = 001, **P = .01 compared between pre- and post-IVIG patients

(Wilcoxen signed-rank test), and L ponsive and i
{Mann-Whitney U test). !\. u‘lPR\i"1undCR!nﬂ
phils. Blood were d ined and lyzed by

flow cytometry. The results are expressed as MFI, and error bars indicate
SEM. *P = 001, **P = .01 compared between pﬂ-MG and post-IVIG pa-
tients (Wilcoxon signed-rank test), and g resp and

sive pre-IVIG patients and febrlle controls (Bonferroni/Dunn F tost). HP,
Haptoglobin.

by an clevation of serum G-CSF levels in these patients. There-
fore, we measured the serum levels of G-CSF in patients with
KD before and after [VIG. In addition to our patient group, we ex-
amined 8 nonresponsive pre-IVIG patients with KD who were
treated at Chiba University Hospital between 2004 and 2005, 4
of whom developed CAL 1 month after the onset of their illnesses.

Fig 3 shows that the serum G-CSF levels in nonresponsive pre-
IVIG patients with KD (n = 24) were markedly clevated com-
pared with those in responsive pre-IVIG patients (n = 35; 592.6
* 97.8 pg/mL vs 183.0 % 40.8 pg/mL; P < .0001). After IVIG,
the G-CSF levels were decreased in both responsive and nonre-
sponsive patients, but the levels were still higher in nonresponsive
patients than in responsive patients (158.2 = 43.9 pg/mL vs 52.8
+ 15.0 pg/mL; P <.0001). Importantly, patients who developed
CAL (closed symbols) had significantly higher pre-IVIG levels
of G-CSF than patients without coronary aneurysms (9184 *
264.9 pg/mL vs 273,1 %= 39.5 pg/mL; P <.0001).

DISCUSSION

An increased white blood cell count is a hallmark of active KD
and has been suggested to be a risk factor for the development of
CAL by several investigators.%® The production of active oxygen
species by neutrophils has been postulated to contribute to endo-
thelial cell damage in KD.'® Recently, Takahashi et al'” reported
that neutrophils had infiltrated a coronary aneurysm in patholog-
ical specimens obtained from a patient who died early during the
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Pre-TVIG PL Post-IVIG Pt PreVIGPL  PousIVIG Py
FIG 3. Elevated serum G-CSF levels in P pre-MIG p
Concentration of G-CSF was measured by ELISA in responsive and nonre-
sponsive patients before and after IVIG. Selid and open squares indicate pa-
tients with and without CAL, respectively. The bar indicates mean = SEM
for each group, *P = ,001, **P = .01 compared using the Bonferroni/
Dunn Ftest as 8 post hoc tost.

acute phase of KD. In this study, in the first cohort of patients, we
demonstrated that a group of 298 transcripts were overrepresented
in the patients with KD before IVIG compared with the age-
matched febrile controls and post-IVIG patients with KD, and
154 of 298 wanscripts were known to be expressed in the late
granulocyte differentiation.'

In the second cohort of KD patients who had similar percentages
of neutrophils before [VIG (Table I), the pre-IVIG patients also
showed a distinct gene expression profiles of these granulocyte-de-
rived transcripts from the post-1VIG patients after an unsupervised
hierarchical clustering (data not shown). However, because this
analysis failed to distinguish responsive and nonresponsive patients
before the initiation of IVIG, we directly compared the gene expres-
sion values before IVIG between responsive and nonresponsive pa-
tients and found that 15 transcripts were differentially expressed.
Among them, it is reported that haptoglobin and PRV-1 were
mainly expressed in myelocytes, whereas sortilin 1, ITGAM, sling-
shot homolog 2, centaurin delta 2, andmpcmnd:d.lsmnlnsc 2 were
mainly expressed in bands in the bone marrow.'® Thus, these results
are consistent with the clinical observations and suggest that stim-
ulation of granulocyte differentiation and recruitment from the
bone marrow may be associated with the unresponsiveness of
a patient with KD against IVIG therapy.

In the next step, we examined the microarray results by real-time
PCR and flow cytomelry in our third cohort of patients with KD.
Among the 4 transcripts examined, the mRNA levels of haptoglobin
and PRV-1 but not of GAS7 or INTAM were significantly higher in
nonresponsive patients than those in responsive patients. The
reason the transcripts of GAS7 and INTAM showed inconsistent
results between microarray and real-time PCR analysis remains to
be investigated. In our previous microarray studies, the gas7 and in-
tam genes but not the hp and pr-1 genes were constitutively ex-
pressed by the resting neutrophils as well as the monocytes and
the lym '® (supplemental data in hitp://www.nch.go.
Jp/imal/GeneChip/public.htm). Therefore, the expression by these
resting cells might affect the expression profiles of the gas7 and in-
tam genes differently from the hp and prv-1 genes during the acute
phase of KD. The hp and prv-I genes are both expressed mainlym
myelocytes at steady state, but the transcription of these genes is ex-
tremely upregulated during an emergency situation such as acute
bacterial infection.'*'*% Cytokines such as IL-6 and G-CSF stim-
ulate haptoglobin synthesis during granulocyte differentiation
through the induction of CCAAT/enhancer-binding protein-§ in
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granulocyte progenitors.'**” On the other hand, PRV-1, a surrogate
marker of a paticnt with polycythemia rubra vera, is also induced in
severe sespsls and in healthy volunteers injected with recombinant
G-CSE."® Accordingly, in our patients with KD, the serum levels
of G-CSF were positively comrelated with the intensity of PRV-
| staining (data not shown) and higher in nonresponsive patients
than in responsive patients both before and after IVIG. These find-
ings suggest that G-CSF may be involved in the proliferation and
the recruitment from the bone marrow of the granulocyte precursors
in the acute phase of KD. More importantly, among the nonre-
sponsive patients, the serum G-CSF levels were higher in
the CAL(+) patients than in CAL(—) patients. Elevated G-
CSF levels in patients with KD and their association with
CAL have been reparted previously by other investigators.”'**
Because vascular endothelial and smooth muscle cells are
known to produce G-CSF under inflammatory conditions, ¢
it is of interest 1o examine whether IVIG works directly on
vascular endothelial and smooth muscle cells to reduce the
production of G-CSF or indirectly on tissue macrophages
and hepatocytes to reduce the production of proinflammatory
cytokines, such as [L-1B, which stimulates G-CSF production
by vascular endothelial cells.

The prevention of CAL is one of the most important end points
in the treatment of patients with KD. Because CAL often
accompanies IVIG nonresponsiveness, many studies have at-
tempted 1o identify risk factors associated with IVIG non-
responsiveness by using patients’ demographic and laboratory
test data.*® Our finding that the PRV-1 protein levels differed sig-
nificantly between the responsive and nonresponsive patients with
KD before the initiation of [IVIG may be interesting in this point.
Because the measurement of PRV-1 using flow cytometry is sim-
ple and fast, this method may be of clinical relevance during the
initial IVIG administration. It would be interesting to determine
whether the measurement of PRV-1 levels by flow cytometry is
useful in predicting a patient’s response against initial IVIG ad-
ministration so as to prepare more carefully for the possible non-
responsiveness in a high-risk patient.

In conclusion, using a DNA microarray technology, we found
that a group of transcripts related to the late differentiating
granulocytes was overrep d in pati with acute KD and
decreased after IVIG in responsive patients, bul not in nonre-
sponsive patients. The protein levels of PRV-1 on neutrophils and
G-CSF concentrations were significantly higher in nonresponsive
patients than in responsive patients. These findings suggest that
the G-CSF stimulation of granulocytes may be an important risk
factor in the pathogenesis of KD.
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TABLE E1. Demographic data of patients (2)
Responsive patients MNonresponsive patients
with KD with KD Febrile controls
q-PCR FACS ELISA q-PCR ELISA FACS

Donors (n) 18 26 s 8 2 12
Samples (n) i6 52 68 16 44 12
Age 8-66 244 3-82 532 3-38 3.95 1-39

(mo after birth) (median, 39) (median, 14) {median, 26) (median, 16) (median, 13) fian, 21) (median, 12)
Sex 9,9 13,13 17, 18 513 13, 11 6, 6

(male, ferale)
Cardiac 0 ] 0 0 [

involvement
Blood drawn 46 3-6 3-8 3-6 36 36 37

pre-IVIG (median, 5) (median, 4) (median, 5) (median, 5) (median, 4) (median, 4) (median, 4)

(days afler onset)
Blood drawn 6-10 6-10 6-12 69 6-10 6-10

post-IVIG (median, 7) (median, 8) (median, 7) (median, 7) (median, 7) (median, 7)

(days after onset)
% Neutrophil 5293 59-92

(pre-1VIG) (median, 74) (median, 76)

P value* 81+
% Monocyte 2.10 1-8

(pre-1VIG) (median, 6) (median, 4)

P value J2e
% Lymphocyte 1-42 5-31

(pre-1VIG) (median, 18) (median, 19)

P value 8=
C-reactive protein 44180 4.6-109

(mg/dL) (median, 9.0) (median, 8.1)

(pre-1VIG)

P value 14

FACS, Fluorescence-activated cell sorting; ¢-PCR, quantitative real-iime PCR.
*P values between responsive patients with KD snd nonresponsive patients with KD.
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TABLE E2. The 298 most variably expressed transcripts in pre-IVIG patients

Fold change (pre-IVIG/  Fold change (pre-IVIG/ Expression in g Y

Probe ID Gene symbaol Gene name post-IVIG) febrile 1) Promyelocy Myelocyte Band

219669_at cD177 Polycythemia rabra vera 1 18.6 65 +

1557924_s_at ALPL Alkaline phosphatase, liver 9.1 63 %

217552 x_ st CRI Complement component (3b/ 75 11.9 +
db) receptor |

237618_a — Transcribed sequences 6.8 33

206548 _at FLIJ23556 Hypothetical protein FLI23556 6.5 30

244889_m — LOC388210 mRNA 6.2 8.0

231886_at —_ cDNA DEFZp434B2016 6.1 34

232465 _at -_ cDNA FLI11687 59 a0

227250_m KREMEN1 Kringle containing 59 58 +
transmembrane protein 1

215783 s ALPL Alkaline phosphatase, liver 55 52 +

237568 s — Transcribed sequences 53 26

228648 _at LRGI Leucine-rich a2-glycoprotein 1 5.0 29

218660_at DYSF Dysferdin, limb girdle muscular 48 33 + +
dystrophy 2B

240156 _at —_— Transcribed sequences 48 43

216782_at —_— cDNA: FLIZ3026 48 a2

204713 _s_at FS Coagulation factor V 4.6 50 “+ 4

227055_at METTL7B Integnin, @ 7 46 35

236592 _at —_ Transcnbed sequences 4.5 i6

228758 _at BCLA B-celllymphoma 6 45 29 + +

229296_at — LOC389793 mRNA 44 6.5

41386_i_at MID3 J 1ji domai ining 3 44 o

227062_at TncRNA cDNA DKFZp686L01105 44 47

1568830 _st IRAK3 IL-1 receptor-associated 44 36
kinase 3

205931 _s_at  CREBS cAMP responsive element 43 24 +
binding protein §

1566959 _at _ cDNA DKFZp564H023 43 6

208470_s_.m  HP Haptoglobin-related protein 42 6.0 +

1558011 _m —_ LOC389297 4.1 24

244218_m - Transcribed sequences 4.1 6

236439_at — A40138 glycogen 4.1 6
phosphorylase

205312_m SPIl Spleen focus forming virue 4.0 25 # +
proviral integration oncogenc
spil

1553723 _at GPR9T G protein-coupled receptor 97 40 41 . +

208540_x_at — LOCT729659 4.0 6.7

21R978_s_at  SLC25A37 Solute carrier family 25, 4.0 24 +
member 37

236495_a —_ Neuronal thread protein 4.0 27

1570194 _x_at — Clone IMAGE: 4480721 39 29

207890_s_st  MMP25 Matrix metalloproteinase 25 i8 3.0 + +

215990_s_st  BCL6 B-cell CLL/lymphoma 6 ig 21

202191_s_st  GAS7 Growth arrest-specific 7 38 36

217966_s_at  FAMI29A [a! 1 open reading 38 29 +
frame 24

29102 5.8t — Transcribed sequences 38 32

1565598 _at —_ Clone IMAGE:4275461 i8 25

211133_x_at  LILRB3 Leukocyte globuli 37 22 +
like receptor, subfamily B,
member 3

202205_a VASP Vasodilator-stimulated 3.7 27 ) +
phosphoprotein

220404 _st GPR97 G protein-coupled receptor 97 7 24 + *

226872_m RFX2 Regulatory factor X, 2 37 37

218880_at FOSL2 FOS-like antigen 2 17 23 + +

206697 s st HP Haptoglobin i6 63 +

226364_at HIP1 Huntingtin interacting protein 1 36 40

204750_s_at  DSC2 Desmocollin 2 36 35 + +

(Continued)
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TABLE E2. (Continued)
Fold change [pre-IVIG/  Fold change [pre-IVIG/ in gr vt
Probe 1D Gene symbol Gene name postIVIG) febrile 1) yte M Band
233816_m —_ ZA32P mRNA i6 26
207704_s_m  GAS? Growth amrest-specific 7 s 23
239555 _at — Transcribed sequences 34 v i g
220023_m APOB4SR Apolipoprotein B48 recep 34 23 + +
203591 st CSF3R Colony stimulating factor 34 24 +
receplor (granulocyte)
201392 s st  IGF2R Insulin-like growth factor 2 34 28 .
receplor
210706_s_at  RNF24 Ring finger protein 24 34 21 +
237310_m —_ Transcribed sequences 34 26
1559391 _s st — Partial mRNA; ID EE2-8E 34 27
1556067_a_at IMID3 Jumonji domain containing 3 34 24
204669 _s_st  RNF24 Ring finger protein 24 i3 23 +
200601 _at ACTN4 a-Actinin 33 25
SB780_s_at FLI10357 Hypothetical protein FLI10357 33 3.0 +
211067_s_at  GAS7 Growth arrest-specific 7 33 23
239274 _at - ¢DNA clone HTCCHGO9 33 30
243748 _at —_ Transcribed sequences 33 20
229373 _a — Transcribed sequences i3 29
205425_at HIP1 Huntingtin interacting protein 1 i3 7
1556066_at MID3 J iji domai ining 3 33 27
213146_at MID3 Jumonji domain containing 3 33 - &
222757 s ;. ZAK Stenle a motif and leucine 33 23
zipper containing kinase
AZK
225239 _at — CDNA FLI26120 33 s
211661_x_s  PTAFR Platelet activating factor 32 32 +
receplor
210423 s s SLCI11AL Solute carrier family 11 33 21 +
(proton-coupled divalent
metal ion transporters),
member |
1561167 _at —_ cDNA clone YAT5A09 32 25
230590_at - Transcribed sequences 32 36
241041 _at —_ Transcribed sequences 32 i3
239701 _=t —_ Retinoblastoma binding 32 22
protein 7
211135_x_at  LILRBR3 Leukncyte i globul 32 21 +
like receptor, subfamily B,
member 3
32174_at —_ cDNA DKFZp686H2244 il 26
212762 s at  TCFIL2 T-cell specific transcription 31 22 +
factor 7-like 2
222726 _m —_ CDNA: FLI21303 31 44
25372 m Cl0orf54 PP2135 protein 31 26 +
1557688 _at _ cDNA DKFZp666E118 BN 21
216841 s ;.  SOD2 Superoxide dismutase 2, 31 25 +
mitochondrial
244548_am _— cDNA clone YPTTAOT i1 23
242106_at — Transcribed sequences 31 28
222522 o —_ cDNA FLI26983 31 25
203509 _at SORL1 Sortilin 1 i1 29 + +
129452 _m TMEMBSS cDNA 2600017THO2 o kR |
1562289 _at —_ cDNA DKFZp434N0220 kX 21
1553297_a_st CSF3R Colony stimulating factor 3 30 25 +
receptor (granulocyte)
206472 s at  TLE3 Transducin-like enhancer of 0 21 4
split 3 (E(sp1) homolog,
Drosophila)
225234 at CBL Cas-Br-M (murine) ecotropic 30 25 + +

retroviral transforming
»oquatice

(Continued)
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TABLE E2. (Conninued )

ABE ET AL 1013.e4

Fold change (pre-IVIG/  Fold change [pre-IVIG/ in

Probe ID Gene symbol Gene name post-IVIG) febrile 1) Myelocy Band

239600_at — cDNA FLI26461 30 22

208488 st  CR1 component (3b/ 30 36 +
4b) receptor 1

206244 _a CR1 Complement component (3b/ i0 i3 +
4b) receptor 1

225937 _at —_ Clone IMAGE:4815142 a0 26

221753 _at SSH1 Slingshot 1 10 30 +

217024_x_at  SIRPA SHP substrate-1 0 35

200808 s st ZYX Zyxin 3o s + +

210569 _s_at  SIGLECY Sialic scid binding 1g-like 3.0 2.5 +
lectin 9

200919_at PHC2 Polyhomeotic-like 2 30 21 +

209179_s_at  LENG4 Leukocyte receptor cluster 3.0 26
member 4

217967 s_at  FAMI29A Ch 1 open reading 29 24 +
frame 24

229295 _at LOC150166  cDNA FLI32274 29 22

205418 _at FES Feline sarcoma oncogene 29 24

209791_at PADI2 Peptidyl arginine deiminase, 29 21 + +
type I

240638 _at — Transcnbed sequences 29 21

215706_x_at  ZYX Zyxin 29 32 + +

221541 _mt CRISPLD2 DEFZp434B044 29 23 +

1552667 _a_at SH2D3C Src homology region-domain 2.9 A -
containing 3C

230206_ut —_ Transcribed sequences 28 21

223553 s st  DOK3 Dok-like protein 28 3.0 +

211160_x_at  ACTNI Actinin, « 1 28 29

2203265 at  FLII0357 Hypothetical protein FL110357 28 24 +

238135_at = Angiotensin Il receptor- 2.8 31 +
associated protein

232744 x a4 — eDNA clone IMAGE:4617157 28 24

244579_at - Transcribed sequences 28 24

202888 _s_ast  ANPEP Alanyl (membrane) 28 53 +
aminopeptidase (CD13)

1570151 _at - Clone IMAGE:4340670 28 23

224846_mt SHKBP1 Hypothetical protein 217 i3 +
BC007653

243182_at — Transcribed sequences 2.7 kR

213446_s st IQGAPI] 1Q motif containing GTPase 27 24 + +

eF= in 1

225954 _s_ st  MIDN Midnolin 2.7 2.6 + +

4172 x m  — Thromboxane A2 receptor 27 20
isoform B

203628 _at IGFIR Insulin-like growth factor 27 3 | + +
| receptor

1554899 s st FCERIG Fe fragment of IgE receptor 21 27 +

203167 _at TIMP2 Tissue inhibitor of 27 24 + +
metalloproteinase 2

227069 _at — Clone IMAGE: 4815142 27 21

2021925 m  GAS7 Growth amrest-specific 7 2.7 29

2047145t FS Coagulation factor V 27 36 + +

206420_at IGSF6 1 globulin superfamily, 27 23 +
member 6

1569385 s_at  KIAAIS46 KIAA1546 protein 27 a5

230707 _at SORL1 Sortilin 1 22 25 + +

216537_s_at  SIGLEC? Sialic acid binding Ig-like 2.7 11 +
lectin 7

234989 _m TncRNA cDNA clone GKCEODOS 27 49

225899 _x_at  — LOC388312 27 37

1568780_at —_ LOC389622 26 22

{Continued)
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Fold change (pre-IVIG/  Fold change |pre-IVIG/ Exp in g

Probe 1D Gene symbol Gene name postIVIG) febrile I} P My ¥ Band

235703 _m PLB1 cDNA clone CSODED13YE22 26 25

26064_s_st DGAT2 Diacylglycerol O- 26 4.1 +
acyltransferase homolog 2

206278 _m PTAFR Platelet-activating factor 26 34 +
receptor

1558965_at PHF21A BRAF3S/HDAC?2 complex 26 23 4
(80 kd)

236934 _at _ cDNA FLI34654 26 65

236345_m — Thromboxane A synthase 1 26 24 +

224909_s_ st PREX1 Phosphatidylinositol 34,5~ 26 20 +
trisphosphate-dependent ras-
related C3 botulinum toxin
substrate exchanger 1

208928_m POR P450 (cytochrome) 26 20 + +
oxidoreductase

211576_s_at  SLC19A1 Solute carrier family 19 (folate 16 22 +
transporter), member 1

219259 _at SEMAA4A Hypothetical protein FLJ12287 25 36

219994 _at APBBIIP Amyloid B (Ad) precursor 25 12 + +
protein-binding, family B,
member 1 interacting protein

244358 _at —_ PMO-BT0340-231199-001-h11 25 23
BT0340

205179_s.at  ADAMS A disintegrin and 25 25 + +
metalloproteinase domain 8

210210_at MPZL1 Myelin protein zero-like 1 25 23 3

202896_s_st  SIRPA SHP substrate-1 25 25

1558397 _m —_ Clone FCBBF3007597 25 29

1569512_at —_ Clone IMAGE: 4294265 25 33

228918 _m —_ cDNA FLI32207 25 24

2057865 st ITGAM Integrin, a M (CD11b) 25 26 +¥ +

2052855 FYB FYN binding protein (FYB- 2.5 21 + +
120/130)

240652 _at —_ ¢DNA clone IMAGE: 111702 25 22

221006_s_at  SNX27 Sorting nexin family 24 21 + +
member 27

203501 _at PGCP Plasma glutamate 24 26 +
carboxypeptidase

38642 _at —_ Hypothetical protein 24 21 +
LOC338692

213812 s at CAMKK2 Calcium/calmod P 24 21 + +
Protein kinase kinase 2, B

244357 _m — Transcribed sequences 24 29

231205 at —_ Transcribed sequences 24 28

224920 x_.m  MYADM Myeloid-associated 24 27

200766_at CTSD Cathepsin D (Tysosomal 24 20
aspartyl protease)

229389 ot ATG16L2 Transcribed sequences 24 21

222688 st PHCA Phytoceramidase, alkaline 24 o | +

240498 _at —_ Transcribed 24 27

226673 _at SH2D3C 5H2 domain containing 3C 24 21 +

227129_x s FLI45340 Hypothetical LOC340346 24 32

238999_at — Transcribed sequences 24 2.1

229010_m CBL Cas-Br-M (murine) ecotropic 24 29 + +
retroviral transforming
sequence

1558877 _at —_ cDNA clone IMAGE: 143896 24 25

212516_at CENTD2 Centaurin, dela 2 24 21 +

225001_at RAB3D D2-2 24 32

241913 _at —_ Hypothetical protein FLI20234 24 27




