dbSNP database. The allele frequency of the SNP in the
present Japanese population was 10.5%, about half
that reported in the database (22.5%). Among SNPs
identified in this study, the minor allele frequency of
SNP04, which was associated with CAL in male patients,
was the highest in the Japanese. In contrast, allele
frequency was only 0.7% in Caucasians. The Japanese
nationwide surveys of KD incidence have documented that
male children are more often affected and have a higher
tisk for cardiac complications.” Unlike adults, no differ-
ences in lifestyle or environment are conceivable in early
childhood. Thus, it seems rational to postulate that one of
the genes influencing KD susceptibility and disease severity
is located on the X chromosome. Although it is clear that
larger numbers of patients with CAL will need to be
analyzed to obtain a conclusive result, the finding that
SNPO4 is very rare in Caucasians is interesting when the
low incidence rate of KD is considered. It is unknown
whether this SNP by itself affects the transcription, splicing
or stability of CD40L mRNA. It is possible that the observed
association with SNPO4 is due to a genetic variation at a
different locus that is in linkage disequilibrium with this
marker.

CU-rich cis-acting elements known to regulate mRNA
stability?>?? exist in the 3’-UTR of the gene. Although a
total of five SNPs were identified in the 3'-UTR (Figure 1),
none of these polymorphisms are located within the
element. In the 5'-flanking region, there are three
NFAT transcription factor-binding sites, the most distal
one being about 760 bp upstream of the transcription start
site.?! 'Again, no variation likely to be involved in
transcriptional factor binding was identified despite
extensive screening.

Eight haplotypes were determined by genotyping seven
SNPs in male subjects. A CA repeat near the ClU-rich
element was found to be highly polymorphic. Although no
positive association was found with the haplotypes and the
CA repeat, the new information about polymorphisms in
this study provide a valuable tool for the future studies of
other diseases. Validation of our current findings in larger
cohorts of KD patients will define the importance of
CD40L SNP04 in disease susceptibility and outcome.

Acknowledgements

We thank all patients, their family members and all the medical staff
for collaborating with this project. We also thank Jane C Burns (UCSD
School of Medicine, La Jolla, CA) for helpful discussion and editing of
the manuscript.

References

1 Kawasaki T: Pediatric acute febrile mucocutaneous lymph node
syndrome with characteristic desquamation of fingers and toes:
my clinical observation of 50 cases {in Japanese). [pn ] Allergy
1967; 16: 178-222.

CD40L gene and Kawasaki disease
Y Onouchi et af

2

3

4
]
6

7

8

9

10

1

12

13

14

15

16

17

18

19

20

21

22

23

24

1067

Kato H, Koike §, Yamamoto M, Ito Y, Yano E: Coronary
aneurysms in infants and young children with acute febrile
mucocutaneous lymph node syndrome. J Pediatr 1975; 86:
892-898.

Taubert KA, Rowley AH, Shulman ST: Seven-year national survey
of Kawasaki disease and acute rheumatic fever. Pediatric Infect Dis
f 1994; 13: 704-708.

Fujita Y, Nakamura Y, Sakata K et al: Kawasakt disease in families.
Pediatrics 1989; B4: 666-669.

Uehata R, Yashiro M, Nakamura Y, Yanagawa H: Kawasaki disease
in parents and children. Acta Paediatr 2003; 92: 694-697.

Dean AG, Melish ME, Hicks R, Palumbo NE: An epidemic of
Kawasaki syndrome in Hawaii. | Pediatr 1982; 100: 552-557.
Yanagawa H, Nakamura Y, Yashiro M et gk Incidence survey of
Kawasaki disease in 1997 and 1998 in Japan. Pediatrics 2001; 107:
E33.

Wang CL, Wu YT, Liu CA et al: Expression of CD40 ligand on
CD4+ T-cells and platelets correlated to the coronary artery lesion
and disease progress in Kawasaki disease, Pediatrics 2003; 111:
E140-E147.

Biancone L, Cantaluppi V, Camussi G: CD40-CD154 interaction
in experimental and human discase (review). Int ] Mol Med 1999;
3: 343-353.

Yellin MJ, Brett ], Matsushima A et al: Functional interactions of T
cells with endothelial cells: the role of CD40L-CD40-mediated
signals. J Exp Med. 1995; 182: 1857 -1864.

Henn V, Slupsky JR, Grafe M et af: CD40 ligand on activated
platelets triggers an inflammatory reaction of endothelial cells.
Nature 1998; 391:; 591-594.

Asano T, Ogawa S: Expression of IL-8 in Kawasaki disease. Clin Exp
Trmmunol 2000; 122: 514-519.

Terai M, Jibiki T, Harada A et al: Dramatic decrease of circulating
levels of monocyte chemoattractant protein-1 in Kawasaki
disease after gamma globulin treatment. J Leukoc Biol 1999; 65:
566-572.

Asanc T, Ogawa §: Expression of monocyte chemoattractant
protein-1 in Kawasaki disease: the anti-inflammatory effect of
gamma globulin therapy. Scand | Immunol 2000; 51: 98 -103.
Nash MC, Shah V, Dillon MI: Scluble cell adhesion molecules and
von Wilebrand factor in children with Kawasaki disease. Clin Exp
Immunol 1995; 101: 13-17.

Resarch Committee on Kawasaki Disease, Ministry of Health and
Welfare: Report of Subcommittee on Standardization of Diagnostic
Criteria and Reporting of Coronary Artery Lesions in Kawasaki Disease
1984.

Fukushima Y, Ohashi H, Wakui K, Nishida T, Oh-ishi T: A rapid
method for starting a culture for the establishment of Epstein—
Barr virus-transformed human lymphoblastoid cell lines. jpn J
Hum Genet 1992; 37: 149-150.

Sambrook and Russel: Melecular Cloning A Laboratory Manual,
3rd Edn. Cold Spring Harbor Laboratory Press: New York,
pp 6.4-6.28.

Cordell H], Kawaguchi Y, Todd JA, Farral M: An extension of the
Maximum Lod Score method to X-linked loci. Ann Hum Genet
1995; §9: 435-449.

Nyholt DR: All LODs are not created equal. Am J Hum Genet. 2000;
67: 282-288,

Lobo F, Xu §, Lee C, Fuleihan L: Transcriptional activity of the
distal CD40 ligand promoter. Biochem Biophys Res Commun 2000;
279: 245-250.

Kosinski P, Laughlin J, Singh K, Covey L: A complex containing
poly pyrimidine tract-binding protein is involved in regulating
the stability of CD40 ligand {(CD154) mRNA. J immunol 2003;
170: 979-988.

Hamilton BJ, Genin A, Cron RQ, Rigby WF: Delineation of a
novel pathway that regulates CD154 (CD40 ligand) expression.
Mol Cell Biol 2003; 23: 510-325,

Allen RC, Armitage RJ, Conley ME et al: CD40 ligand gene defects
responsible for X-linked hyper-1gM syndrome. Scierce 1993; 259:
990-993.

European Journal of Human Genetics



CD40L gene and Kawasaki disease
@ Y Onouchi et af

1068

25 Aruffo A, Farrington M, Hollenbaugh D et al: The CD40 ligand,
gp39, is defective in activated T cells from patients with X-linked
hyper-1gM syndrome. Cell 1993; 72: 291~-300.

26 DiSanto JP, Bonnefoy JY, Gauchat JF, Fischer A, de Saint Basile G:
CD40 ligand mutations in X-linked immunodeficiency with
hyper-IgM. Nature 1993; 361: 541-543.

27 Sabeti P, Usen S8, Farhadian § et al: CD40L association with
protection from severe malaria, Genes fmmun 2002; 3: 286-291.

28 Miller R, Miller P, Kwok P: Regions of low single-
nucleotide polymorphism incidence in human and orangutan
Xq: deserts and recent coalescences. Genonmtics 2001; 71:
78-88.

29 Sabeti PC, Reich DE, Higgins JM et al: Detecting recent positive
selection in the human genome from haplotype structure. Nature
2002; 419: 832-837.

Supplementary Information accompanies the paper on Eurgpearnt Journal of Human Genetics website ( hitp://www.nature.com/EJHG).

European Journal of Human Genetics



J Hum Genet (2004) 49:664-668
DOI 10.1007/s10038-004-0204-x

ORIGINAL ARTICLE

Keiko Yamazaki - Masakazu Takazoe - Torao Tanaka
Toshiki Ichimori - Susumu Saito - Aritoshi lida
Yoshihiro Onouchi - Akira Hata - Yusuke Nakamura

Association analysis of SLC22A4, SLC22A5 and DLG5 in Japanese

patients with Crohn disease

Received: 9 September 2004/ Accepted: 11 September 2004 / Published enline: 19 October 2004

© The Japan Society of Human Genetics and Springer-Verlag 2004

Abstract Crohn disease (CD) is an inflammatory bowel
disease characterized by chronic transmural, segmental,
and typically granulomatous inflammation of the gut.
Recently, two novel candidate gene loci associated with
CD, SLC22A44 and SLC22A45 on chromosome $ known
as 7/BD3 and DLGS5 on chromosome 10, were identified
through association analysis of Caucasian CD patients.
We validated these candidate genes in Japanese patients
with CD and found a weak but possible association with
both SLC2244 (P=0.028) and DLGS (P=0.023).
However, the reported genetic variants that were indi-
cated to be causative in the Caucasian population were
completely absent in or were not associated with Japa-
nese CD patients. These findings imply significant dif-
ferences in genetic background with CD susceptibility
among different ethnic groups and further indicate some
difficulty of population-based studies.
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Introduction

Inflammatory bowel diseases (IBDs), which are usually
classified into two clinical entities—Crohn disease (CD;
MIM 266600) and ulcerative colitis (UC)-—are chronic
conditions characterized by remitting and relapsing
inflammation of the small and/or large intestines.
Familial aggregation and twin studies indicate a pres-
ence of genetic factors susceptible to this condition.
Genome-wide linkage analyses have localized genes
conferring susceptibility to IBD to several possible
candidate loci on chromosomes 1, 3, §, 6, 7, 10, 12, 14,
16, 19, and 22 (Hugot et al. 1996; Satsangi et al. 1996;
Cho et al, 1998; Duerr et al. 2000; Hampe et al. 1999;
Rioux et al. 2000, 2001).

Among the several candidate loci, susceptible genes at
two distinct loci were recently identified through the
evidences of strong association with the CD phenotype.
In the IBDS locus on chromosome 5§, single-nucleotide
polymorphisms {(SNPs} in two candidate genes,
SLC22A44 and SLC22A5, both of which encode organic
cation transporters, revealed significant associations
with CD (Peltekova et al. 2004). A C1672T substitution
in exon 9 of the SLC2244 gene and a G-207C in the
SLC22A45 promoter region were indicated as functional
and causative mutations to increase susceptibility to CD.
The other gene identified from chromosome 10 was the
DLGS gene, encoding a scaffolding protein involved in
the maintenance of epithelial integrity. Risk-associated
variants, including a G113A substitution in exon 3 of the
DLGS5 gene, constructed two distinct haplotypes with a
replicable distortion in transmission (Stoll et al. 2004).

To investigate a possible role of these candidate gene
loci, one corresponding to SLC2244 and SLC22A45 and
another corresponding to DLGJ, in the pathogenesis of



CD in Japanese, we examined SNPs of these three genes
in a large number of clinical samples. We here report an
absence of DNA substitutions or lack of association for
the candidate-causative SNPs, which were indicated in
the previous reports, in the Japanese CD patients.
However, we observed a weak association of other ge-
netic substitutions in these genes of Japanese patients
with CD. Our results indicate that the reported substi-
tutions in the three genes are unlikely to be causative to
Japanese CD patients, but the candidacy of these two
loct for Japanese CD cannot be totally excluded.

Materials and methods
Subjects and DNAs

Japanese blood samples were obtained with written in-
formed consent from 484 CD patients at the Social
Insurance Central General Hospital and from 345
unaffected control individuals belonging to the Osaka-
Midosuji Rotary Club. All CD cases were diagnosed at
the Inflammatory Bowel Unit of the Social Insurance
Hospital by clinical, radiological, endoscopic, and his-
tological findings according to the Lennard-Jones' cri-
teria (Lennard-Jones 1989). Patients with indeterminate
colitis were excluded. DNAs were prepared from these
samples according to standard protocols.

DNA sequencing

To search genetic variations in these candidate loci
including the five reported variants, C1672T in exon 9 of
SLC22A44 and G-207C in the SLC22A45 promoter, as
well as G113A in exon 3, C4136A in exon 23 and 35delA
in intron 26 of DLGS, we carried out direct sequencing
of those regions in 48 individuals with confirmed diag-
nosis of CD by means of the BigDye Terminator RR
Mix (Applied Biosystems, USA) with ABI 3700 se-
quencers using the primers listed in Table 1.

Table 1 List of primers in this study
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Markers

SNPs in the SLC2244 and SLC22A5 genes were
screened according to methods described previously
(Saito et al. 2002). We selected 17 SNPs, including six in
SLC2244 (SLC22A4 1-6), three in SLC2245 (SLC22A5
1-3), and eight in DLGS (DLGS 1-8) {Table 2). Infor-
mation for each SNP in the SLC2244, SLC22A5, and
DLGS chosen for this study was obtained from the
Japanese SNP (JSNP) database (http://snp.ims.u-to-
kyo.ac.jp) (Hirakawa et al. 2002; Haga et al. 2002).

SNP analysis and genotyping

We amplified multiple genomic fragments using 20 ng of
genomic DNA for each polymerase chain reaction
(PCR), as described previously (Ohnishi et al. 2001). We
genotyped all participants for a total of 17 SNPs indi-
cated in Table 2 by means of the Invader assay (Mein
et al. 2000). The C4136A in exon 23 and 35delA in in-
tron 26 (deletion of an adenine at the 35th nucleotide in
intron 26) of DLGS were examined by direct sequencing
using the same primers.

Statistical analysis

Genotype distributions and allele frequencies of each
SNP were compared, respectively, between the cases and
the controls, as described elsewhere (Yamada et al.
2001). Haplotype frequencies were estimated using the
expectation-maximization algorithm (Ott 1977).

Results

To examine a possible association of genetic substitu-
tions in the two candidate loci—one including SLC2244
and SLC22A45 and the other at DLG5—with suscepti-
bility to CD in the Japanese population, we first
examined DNA sequences from 48 CD patients in 438-
976 bp genomic regions, including the five major genetic

Position Primer Product size
Forward Reverse
Amplification for mutation analysis and genotyping
SLC22A4 Ex9 AACTCTGGTAGGCAAAGAACTC GTCCTACTTACCATTTCACTTIC 438
SLC22A5 Promoter CTAGGATCGTTAATCGTGAAG CTGAGCAGGAAGAAGATGAG 866
DLGS Ex3 TCACTTTCAGTTCTACCTGCTAC TCTAGGAGACAGTGGTAGGG 641
Ex23 GAGACAGGATGCTCACAGCTTC AACTCCTGAAGACCTGGTGTG 527
Ex26 CTGATCGTGTTCCTTCTGTGCTG AGGTCTCAAGGCTACATCTCCTC 976

Sequencing for mutation analysis and genotyping

SLC22A4 Ex9 CATGCACAATGTCATCTGCC

SLC22A5 Promoter GGACTCGGACCCCAAGGCCTC

DLGS Ex3 ACTTTCAGTTCTACCTGCTACCG
Ex23 ATGCTCACAGCTTCCTGAGGTC
Ex26 CCTTCTGTGCTGTGGTCCAG

ATAGGAGGACTCTCTGGGCAC
AAGAAGATGAGGCGCTGGAAG

AAGACCTGGTGTGCGGCCTG
CGTTATGCCTTCTGACCCATC
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Table 2 List of genotyped single-nuclectide polymorphisms (SNPs) in SLC2244, SLC2245 and DLGS

SNP No. Contig No. Contig position Location Position Substitution Major Minor IMS-JST ID dbSNP ID
allele  allele
SLC2244
SLC22A4_1 NT_034772.5 34051988 Intron1 6274 A G IMS-JST150334 rs3792874
SLC22A4_2 NT_034772.5 34052322 Intron 1 6608 C T IMS-JST150336 33792876
SLC22A4 3 NT_034772.5 34052415 Intron 1 6701 A G IMS-IST150337 rs3792877
SLC22A4_4 NT_034772.5 34062488 Intron 1 16774 G A IMS-JST190202 rs3828671
SLC22A4_5 NT_034772.5 34063419 Intron 2 450 T C IMS-JST000452  rs270608
SLC22A4 6 NT_034772.5 34066274 Intron 3 1801 A G IMS-JST150344 153792884
SLC2245
SLC22A5_1 NT_034772.5 34129422 Intron 2 237 L269L T C IMS-JST175234 rs270608
SLC22A5_2 NT_034772.5 34136187 Exon 4 155 G A IMS-IST101643 15274558
SLC22A5_3 NT_034772.5 34144702 Intron9 187 T C IMS-JSTO01553 152074610
DLGS
DLGS 1 NT_008583.16 28131940 Intron 15 56 C T IMS-JST111768 rs3758463
DLGS5_2 NT_008583.16 28131859 Intron 15 137 C T IMS-JST111767 153758462
DLG5_3 NT_008583.16 28123048 Intron 21 8948 G C IMS-JSTO13817 rs1248625
DLG5_4 NT_008583.16 28116810 Intron 26 862 C T IMS-IST040839 rs2289311
DLG5 5 NT_008583.16 28107184 Intron 28 181 C A IMS-JSTO13818 rs2241831
DLG5 6 NT_008583.16 28106275 Intron 29 700 C T IMS-JSTO13820 rs2241833
DLGS5_7 NT_008583.16 28103306 Exon 32 151 G A IMS-IST025913 151058202
DLG5_8 NT_008583.16 28102795 Exon 32 662 G A IMS-JST025916  rs2165047

variants—C1672T in exon 9 of SLC2244 and G-207C in
the SLC22A45 promoter, G113A in exon 3, C4136A in
exon 23, and 35delA in intron 26 of DLG5—that were
reported to have significant associations with CD in the
Caucasian population (Table 1). Among these five ge-
netic variations reported previously, we found that the
three SNPs, C1672T, G-207C, and G113A, were com-
pletely absent in the Japanese CD cases. Since the
C4136A and 35delA variations were observed in the
Japanese population, we carried out genotyping of 484
Japanese CD patients for these variations and found no
association of these two reported substitutions to CD in
the Japanese population (Table 3).

To further verify whether these three genes can be
excluded as candidates for Japanese CD, we performed
case-control association studies by means of genotyping
of 17 JSNPs located within the three genes at the two
loci as shown in Table 2. The analyses using allelic,
recessive, and dominant models for CD patients versus
controls disclosed an association of two SNPs, one at
SLC22A4 2 (P=0.028) by dominant model and the

other at DLGS_2 (P=0.023} by recessive model, al-
though the associations observed here were much
weaker than those for the five genetic variations ob-
served in Caucasian CD cases (Table 4). In addition, we
constructed the haplotype structure using the 19 geno-
typed variations and examined its association with CD
but found no significant association with CD (data not
shown). Our studies have indicated that the five reported
variants are unlikely to be disease causative, but we have
not excluded a possibility that these genes may play
some role in susceptibility to CD in the Japanese pop-
ulation.

Discussion

Genetic factors that affect susceptibility to CD have been
disclosed through genetic linkage and population-based
association studies although it is very far from complete
understanding of the subject. CARDIS was found to be
associated with IBD by means of genome-wide sib-pair

Table 3 Association of major genetic variants in DLGS with Crohn disease {CD) in the case-control study

SNP No. Case Control Allele 1* versus 2 Genotype 11 versus others Genotype 11+ 12 versus
others
£ (Pvalue) OR(95% CI) ¥ (P-value) OR(95% CI)  y*(P-value} OR (95% CD)

4136C — A in exon 23

1-1 334 221

1-2 129 109 2.08 .21 2.48 1.27 0.057 1.10

2-2 14 11 (0.15) (0.93-1.56) (0.12) (0.94-1.71) (0.81) (0.49-2.46)
Sum 477 341

35delA in intron 26

1-1 3 18

1-2 173 115 1.52 1.16 0.56 1.25 1.31 1.18

2-2 273 210 {0.22) (0.92-1.46) {0.46) (0.69-2.28) (0.25) (0.89--1.57)
Sum 477 343

2Allele 1 indicated as risk allele
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Table 4 Association of SLC2244 and DLGS with Crohn disease (CD} in the case-control study

SNP No. Case  Control  Allele 1* versus 2 Genotype 11 versus others Genotype 11+ 12 versus
others
x* (P-value)  OR(95% CI)  x*(P-value) OR©95% Cl}  #* (P-value) OR (95% CI)

SLC22A4 2

1-1 49 37

1-2 227 133 233 1.18 0.08 0.94 482 1.36

2-2 207 174 (0.13) (0.95-1.45) (0.78) (0.60-1.47) (0.028)* (1.03-1.80)
Sum 483 344

DLG5_2

1-1 323 201

1-2 140 126 333 1.25 5.14 1.39 0.09 0.89

2-2 19 12 (0.068) (0.98-1.60) (0.023)* (1.05-1.86) (0.76) (0.43-1.87)
Sum 482 339

*Allele 1 indicated as risk allele
*P<Q.05

analysis (Hampe et al. 2001; Hugot et al. 2001; Ogura
et al. 2001). Through the candidate gene approach,
various genes, such as mucin 3 (MUC3), tumor necrosis
factor (TNF), and HLA class I, were identified as
candidate genes susceptible to IBD in some populations
{Nakajima et al. 1995; Kyo et al. 1999, 2001; Negoro
et al. 1999). In addition, recent studies identified three
candidate susceptibility genes at two loci, one was
SLC2244 and SLC22A4A5 on chromosome 5 corre-
sponding to IBDJ (Peltekova et al. 2004), and the other
was DLGS on chromosome 10 (Stoll et al. 2004).

Our case-control study for SLC22A44, SLCA2245, and
DLGS5 showed no evidence of association between SNPs
in the SLC22A45 gene and CD and that there might be
some associations with SNPs in the two gene loci,
SLC22A4 and DLGS, to the disease, if any. In addition, it
is natable that the SNPs showing weak and possible
assoclations in our study were different from ones re-
ported previously; three variations, C1672T in exon 9 of
SLC22A44,G-207Cin the SLC22A45 promoter region, and
G113A in exon 3 of DLGS, that showed the strong asso-
ctations in Caucasian CD were completely absent in
Japanese. The two remaining candidate variants, C4136A
of exon 23 and 35 delA in intron 26 of DLGS, were found
to be polymorphic in Japanese, but no association be-
tween these SNPs and Japanese CD was observed.

Interestingly, the genetic variants that showed the
strong association in Caucasian but were completely
absent in Japanese CD were indicated to interact with
other genetic variants of CARDIS that was also indi-
cated to be a candidate susceptible gene to CD. Three
major polymorphisms in the CARDIS gene—R702W,
G908R, and 1007fs—were confirmed to be indepen-
dently associated with susceptibility to Caucasian
patients with CD (Ahmad et al. 2002; Cuthbert et al.
2002; Lesage et al. 2002). However, our extensive DNA
sequence analysis of this gene in more than 400 Japanese
CD patients failed to identify such genetic variations
except for a single case, indicating no involvement of
CARDIS5 in pathogenesis of Japanese CD (Yamazaki
et al. 2002). Ethnic differences in the genetic variations
among Caucasian, Asian, and African populations were

also shown by others (Bonen et al. 2002; Inoue et al.
2002; Croucher et al. 2003).

We failed to confirm the association of the five can-
didate genetic variations in the SLC2244, SLCA22A45,
and DLGJ genes in the previous reports to be susceptible
to Japanese CD. However, we found a weak association
of SNPs in the two genes, SLC2244 and DLGS, with
Japanese CD. The results indicate a possibility that the
five SNPs in the previous reports may not be causative,
but the SNPs that we found to have possible association
with or specific genetic substitutions having linkage
disequilibrium with these SNPs in the region may play
some role in Japanese CD. Nonetheless, combining the
data that there is no association of CARDIS with
Japanese CD, it is apparent that there should be a
presence of ethnic differences in susceptibility to CD.
Further studies including both large-scale genomic and
environmental analysis involving a large number of
cases and controls are warranted to identify genes sus-
ceptible to CD on a worldwide scale, and such studies
would eventually shed more light on the eticlogy of IBD.
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