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■ Abstract 
Type 1 diabetes is a multifactorial disease caused by a com-
plex interaction of genetic and environmental factors. The 
genetic factors involved consist of multiple susceptibility 
genes, at least five of which, HLA, INS, CTLA4, PTPN22 
and IL2RA/CD25, have been shown to be associated with 
type 1 diabetes in Caucasian (Western) populations, as has 
recently been confirmed by genome-wide association stud-
ies. It has been proposed, however, that the contribution of 
these genes to type 1 diabetes susceptibility may be different 
in Asian (Eastern) populations. HLA and INS genes are 
consistently associated with type 1 diabetes in both Cauca-
sian and Asian populations, but apparent differences in dis-
ease-associated alleles and haplotypes are observed between 
Japanese and Caucasian subjects. The association of CTLA4 
with type 1 diabetes is concentrated in a subset of patients 
with autoimmune thyroid disease (AITD) in both Japanese 

and Caucasian populations, while the association of PTPN22 
with type 1 diabetes in Japanese and most Asian populations 
is not as clear as in Caucasians. IL2RA/CD25 genes seem to 
be similarly distributed in type 1 diabetes patients in the two 
populations, whereas genetic heterogeneity may exist regard-
ing SUMO4, with an association of the M55V variant with 
type 1 diabetes observed in Asians, but not in Caucasians. 
Genome-wide association studies (GWA) are largely out-
standing for Asian populations but they are now underway 
in Japan. This review reports on the discovered similarities 
and differences in susceptibility genes for type 1 diabetes 
between East and West and discusses the most recent ob-
servations made by the involved investigators. 
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Introduction 
 

         ype 1 diabetes is etiologically classified as auto- 
     immune (type 1A) and idiopathic (type 1B). 
     The etiology and pathogenesis of the latter sub-

type are still unknown, but recent studies suggest that 
fulminant type 1 diabetes may belong to this subtype 
[1-3]. Type 1A diabetes is caused by autoimmune de-
struction of insulin-producing beta-cells in the pan-

creas in genetically susceptible individuals. Identifica-
tion of genes predisposing to type 1 diabetes is impor-
tant in establishing effective methods for disease pre-
diction, prevention and intervention. Type 1 diabetes, 
however, is a multifactorial disease caused by a com-
plex interaction of genetic and environmental factors, 
with the former consisting of multiple susceptibility 
genes, which makes identification of disease-causing 
variants very difficult [4].  
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Among the multiple susceptibility genes involved in 
type 1 diabetes, at least five loci, the HLA class II 
genes on chromosome 6p21, insulin gene (INS) on 
11p15, CTLA4 on 2q33, PTPN22 on 1p13 and the in-
terleukin-2 receptor alpha chain (IL2RA/CD25) re-
gion on 10p15, have been shown to be associated with 
type 1 diabetes in Caucasian populations [5-9]. Recent 
genome-wide association studies (GWAS) have not 
only confirmed these observations, but also identified 
several additional genes contributing to disease suscep-
tibility [10-12]. It has been proposed, however, that the 
contribution of these genes to type 1 diabetes suscep-
tibility may be different in Asian populations and a 
GWAS is yet to be performed. In this review, similari-
ties and differences between East (Japanese) and West 
(Caucasian) are described and discussed. 

Familial clustering of type 1 diabetes 
In Caucasian populations, type 1 diabetes clusters 

in families, as is evidenced by the higher life-time risk 
in siblings of type 1 diabetic probands than in general 
populations (Table 1) [13]. In Asian populations, the 
incidence of type 1 diabetes is much lower than in 
Caucasian populations [14], making it difficult to study 
familial clustering of the disease. We therefore per-
formed a nationwide survey of multiplex families with 
type 1 diabetes, and found a high frequency of type 1 
diabetes in siblings of diabetic probands (Table 1) [15], 

similar to that in Caucasian populations. At least two 
other studies using different data sources also sug-
gested much higher frequencies (1.3-3.3%) of type 1 
diabetes in siblings of diabetic probands than in the 
general population in Japan (Table 1) [16], indicating 
that type 1 diabetes clusters in families even in low in-
cidence countries like Japan. 

Subtypes of type 1 diabetes 
In addition to the etiological subtypes, type 1A and 

type 1B, clinical subtypes differing in the time course 
of beta-cell destruction have been reported. At least 
three subtypes of type 1 diabetes are found in Japanese 
populations: typical acute-onset, fulminant and slowly 
progressive forms. Fulminant type 1 diabetes is charac-
terized by a markedly acute onset of diabetes and an 
absence of islet-related autoantibodies [1], and ac-
counts for up to 20% of type 1 diabetes in Japan [3] 
and 7% in Korea [17]. In contrast to the relatively high 
frequencies in Asian populations, fulminant type 1 dia-
betes appears to be very rare in Caucasian and other 
non-Asian populations [3]. The reasons for the differ-
ence are still unknown, but the relatively short time 
since this subtype of type 1 diabetes was first reported 
in 2000 is one possibility [1]. The much lower inci-
dence of type 1 diabetes compared with the Caucasian 
populations and the relatively high proportion of ful-
minant type 1 diabetes within type 1 diabetes in Japan, 
together with the fact that this subtype was originally 
found here, may have made Japanese diabetologists 
pay it more attention than is the case in other coun-
tries. A nationwide survey conducted by the Japan 
Diabetes Society, which started soon after the first re-
port of this subtype, may have been a further factor 
that brought this subtype to the attention of clinicians 
all over Japan. Another possibility is the difference in 
genetic and environmental factors between Japanese 
and Caucasian populations, which is discussed later in 
this review. 

Slowly progressive type 1 diabetes is characterized 
by positivity for islet autoantibodies, accompanied by a 
long non-insulin-dependent stage, usually of years, 
with gradual loss of beta-cells, leading to an insulin-
dependent stage [18]. Slowly progressive type 1 diabe-
tes is similar, but not identical to, latent-autoimmune 
diabetes in adults (LADA) in Caucasian populations 
[19]. Slowly progressive type 1 diabetes is defined by 
autoimmune etiology as reflected by positivity for islet 
autoantibodies, but slower progression to an insulin-
dependent stage than in acute-onset type 1 diabetes 
[18]. LADA is defined by positivity for islet autoanti-
bodies as in the case of slowly progressive type 1 dia-

 
Table 1. Frequencies of type 1 diabetes in siblings of diabetic pro-
bands in Caucasian and Japanese populations  
 

 

Population 

 

Caucasiana 
 

 

Japanese 

 

General population (A) 
 

0.4% 
 

0.01-0.02%b
 

 

Siblings of diabetic pro-
bands (B) 

 

6.0% 
 

3.8% (31/824)c
 

 

 
 

 
 

1.3% (13/994)d
 

 

 
 

 
 

3.3% (12/369)e
 

 

Legend: a Data from Risch [13]. b Data from Karvonen et al. [14] 
and Ikegami et al. [15]. c Data from Ikegami et al. [15]. d Based on a 
survey of family history of type 1 diabetes at summer camps for 
childhood diabetes in 1998 [16]. e Based on data from the Commit-
tee on Immunogenetics of Type 1 Diabetes of the Japan Diabetes 
Society, 1987. The frequency was calculated from the number of 
patients with type 1 diabetes in siblings of type 1 diabetic probands 
divided by the number of families studied, because of a lack of in-
formation on the number of siblings in each family. Based on the 
average number of children (approximately 2) in each family in 
Japan in 1987, the frequency may not have been overestimated as 
compared with the frequency calculated from the number of pa-
tients divided by the number of siblings. 
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betes, but progression to an insulin-dependent stage is 
not essential to its definition. Slowly progressive type 1 
diabetes, therefore, is a more limited and better de-
fined subtype of type 1 diabetes than LADA, with 
progressive beta-cell destruction leading to insulin de-
pendency, and is more likely to be a mild form of 
acute-onset type 1A diabetes. 

Although all three subtypes share the same clinical 
characteristic of insulin-dependency in the final stage, 
the time-course of beta-cell destruction is markedly 
different, which may well be based on differences in 
etiology, including genetic susceptibility. In the follow-
ing sections of this review, type 1 diabetes refers to 
typical acute-onset autoimmune type 1 diabetes, unless 
stated otherwise. 

HLA: a major susceptibility gene 
Class II HLA, DRB1 and DQB1, have been consis-

tently reported to be associated with type 1 diabetes in 
almost all ethnic groups [5]. However, differences in 
alleles and haplotypes associated with type 1 diabetes 
have been reported among different ethnic groups. 
The DR3 (DRB1*0301-DQB1*0201) and DR4 
(DRB1*0401-DQB1*0302) haplotypes are positively 
associated with type 1 diabetes in Caucasian popula-
tions, whereas the DR4 (DRB1*0405-DQB1*0401) and 
DR9 (DRB1*0901-DQB1*0303) haplotypes are associ-
ated with the disease in Japanese and most East Asian 
populations [5, 15, 16, 20]. 

The differences in HLA haplotypes associated with 
type 1 diabetes in Japanese and Caucasian populations 
can be explained by the presence or absence of haplo-
types in each population. The disease-associated DR3 
and DR4 haplotypes in Caucasians are absent or very 

rare in the Japanese, which indicates that these haplo-
types cannot contribute to type 1 diabetes susceptibil-
ity in the latter (Table 2). The same is true for the 
Asian-specific DR4 and DR9 haplotypes in that these 
haplotypes are almost absent in Caucasians and can-
not, therefore, contribute to susceptibility to type 1 
diabetes in these populations (Table 2). In contrast, the 
DR2 haplotype DRB1*1501-DQB1*0602, which is pre-
sent in both Japanese and Caucasian populations, is 
negatively associated with type 1 diabetes in both 
populations (Table 2). The presence or absence of DR 
haplotypes in both populations account for the differ-
ential association with type 1 diabetes among different 
ethnic groups. 

Class II HLA has been reported to be associated 
not only with acute-onset type 1 diabetes, but also with 
fulminant and slowly progressive type 1 diabetes [2, 3, 
18]. The alleles and haplotypes associated with the dis-
ease, however, appear to differ among different sub-
types. Basically, the alleles and haplotypes associated 
with acute-onset and slowly progressive type 1 diabetes 
are similar, while those associated with fulminant type 
1 diabetes are mostly different. In an original report on 
fulminant type 1 diabetes, high frequencies of class II 
HLA alleles known to provide resistance to type 1 dia-
betes were noted [1]. Subsequent studies with serologi-
cal typing of class II HLA showed a higher frequency 
of the DR4-DQ4 as well as DR2-DQ1 haplotype than 
in autoimmune type 1 diabetes [21]. These data have 
recently been confirmed by genotyping a larger num-
ber of samples from patients with the three subtypes 
of type 1 diabetes (Kawabata et al. manuscript in 
preparation), which showed a higher frequency of 
DRB1*0405-DQB1*0401, in particular in the homozy-
gous form, and a higher frequency of DRB1*1501-

DQB1*0602, a haplo-
type well known to be 
resistant to autoim-
mune type 1 diabetes, 
in fulminant type 1 
diabetes than in acute-
onset type 1 diabetes. 
These differences may 
reflect the difference 
in etiology between 
fulminant (idiopathic) 
and autoimmune type 
1 diabetes. 

As mentioned 
above, there is a 
marked difference in 
the incidence of ful-

 
 
Table 2. Class II HLA haplotypes associated with type 1 diabetes in Japanese and Caucasian popula-
tions  
 

 

DRB1-DQB1 Haplotype 

 

Japanese 
 

 

 T1D susceptibility            HF* 

 

Caucasian 

 

 

T1D susceptibility          HF*
 

 

DRB1*0405-DQB1*0401 
 

susceptible 
 

11.9% 

 

unknown 

 

absent/very low 

 

DRB1*0901-DQB1*0303 
 

susceptible 
 

 4.5% 

 

unknown 

 

absent/very low 

 

DRB1*0301-DQB1*0201 
 

unknown 
 

absent/very low 

 

susceptible 

 

5.3-11.0% 

 

DRB1*0401-DQB1*0302 
 

unknown 
 

absent/very low 

 

susceptible 

 

2.5-6.3% 

 

DRB1*1501-DQB1*0602 
 

susceptible 
 

 9.6% 

 

susceptible 

 

5.4-7.4% 

 

Legend: * HF: haplotype frequency based on data from the 11th International Histocompatibility 
Workshop. 
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minant type 1 diabetes between Asian and Caucasian 
populations [2, 3]. The high frequency of the 
DRB1*0405-DQB1*0401 haplotype, in particular in the 
homozygous form, in fulminant type 1 diabetes may be 
partly responsible for the difference. Fulminant type 1 
diabetes has been reported in Asian populations, in up 
to 20% of cases of adult-onset type 1 diabetes in Japan 
[2, 3] and 7% of cases of Korean type 1 diabetes [17], 
where DRB1*0405-DQB1*0401 is a common haplo-type 
associated with type 1 diabetes. In contrast, fulminant 
type 1 diabetes appears to be absent or extremely rare 
in Caucasian populations, where the DRB1*0405-
DQB1*0401 haplotype is also absent or very rare. 

Insulin gene (INS): beta-cell specificity 
Accumulating lines of evidence in both animal 

models and humans suggest that insulin is a primary 
autoantigen in type 1 diabetes [22]. The insulin gene 
region has been repeatedly reported to be associated 
with type 1 diabetes in Caucasian populations [6, 23-
25]. In particular, allelic variation in the variable num-
ber of tandem repeats (VNTR) located in the 5’ up-
stream region of INS has been suggested to be respon-
sible for disease susceptibility [24, 25]. Shorter VNTR 
class I haplotypes confer susceptibility, while longer 
VNTR class III haplotypes provide dominant protec-
tion.  

In the Japanese population, the contribution of INS 
to type 1 diabetes has been difficult to demonstrate 
because of the very high frequency (>90%) of disease-
susceptible class I haplotypes in the general population 
[26]. In order to overcome this identification problem, 
large-scale studies with sufficient statistical power are 
necessary, as is evidenced by the recent progress made 
by large-scale studies in Caucasian populations in iden-
tifying susceptibility genes for type 1 diabetes [7]. In 
Asian populations, however, no such study has been 
performed because of the very low incidence (less than 
1/10 of that in Caucasians) of type 1 diabetes in Asian 
countries [14].  

Therefore, we assembled a multi-center study 
group, the “Japanese Study Group on Type 1 Diabetes 
Genetics”, each member of which had experience in 
genetic association studies on type 1 diabetes and had 
previously collected a moderate number of samples 
(200-300) from cases and controls [27]. To date, a total 
of >1500 samples from type 1 diabetic patients and 
control subjects have been accumulated for the col-
laborative effort. Taking advantage of these samples, 
we studied the contribution of INS-VNTR to type 1 
diabetes susceptibility, and confirmed that class I hap-
lotypes are significantly associated with type 1 diabetes 

in Japanese subjects [28], indicating that INS-VNTR is 
associated with type 1 diabetes in both Japanese and 
Caucasian populations. The low incidence of type 1 
diabetes despite the high frequency of disease-
susceptible class I haplotypes in the Japanese indicate 
that INS-VNTR does not contribute to the low inci-
dence of type 1 diabetes in Japan. 

Recent studies showed that the insulin gene is tran-
scribed not only in pancreatic beta-cells, but also in the 
thymus, and the transcription level correlates with alle-
lic variation at the INS-VNTR [29, 30]. Disease-
protective class III haplotypes are reported to be asso-
ciated with 2- to 3-fold higher INS mRNA levels in the 
human thymus than disease-susceptible class I haplo-
types [29, 30]. The higher level of INS expression in 
the thymus in patients with a class III haplotype is 
thought to facilitate immune tolerance induction 
through negative selection of insulin-specific T lym-
phocytes, providing a plausible explanation for the 
dominant protective effect of class III VNTR. 

CTLA4: a negative regulator 
The CTLA4 polymorphism was reported to be as-

sociated with susceptibility to autoimmune diseases, 
autoimmune thyroid disease (AITD) and type 1 diabe-
tes [7]. The association with AITD is strong (odds ra-
tio 1.4-1.5) and consistent, but its effect on type 1 dia-
betes appears to be weak (odds ratio 1.1) or even ques-
tionable, as is shown by inconsistent results among dif-
ferent studies. 

We studied the association of CTLA4 with type 1 
diabetes in Japanese subjects, using a large number of 
samples from the collaborative study group [27]. 
CTLA4 was significantly associated with AITD, but 
not with type 1 diabetes. The strong association of 
CTLA4 with AITD together with the high frequency 
of AITD in patients with type 1 diabetes suggests that 
the association of CTLA4 with type 1 diabetes in a 
large-scale study may be secondary to the association 
with concomitant AITD in patients with type 1 diabe-
tes. We therefore divided type 1 diabetic patients into 
two groups, those with and without AITD, and studied 
the association of CTLA4 with the disease [27]. 
CTLA4 was significantly associated with type 1 diabe-
tes with AITD, but not without AITD, indicating that 
the association of CTLA4 with type 1 diabetes is con-
centrated in a subset of patients with AITD [27]. 

This result has recently been confirmed by a UK 
group [31], who originally reported the association of 
CTLA4 with type 1 diabetes as well as AITD in a 
large-scale study. The association of CTLA4 with type 
1 diabetes was concentrated in patients with AITD as 
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assessed by their positivity for anti-thyroid peroxidase 
(TPO) antibodies [31]. These data indicate that the as-
sociation of CTLA4 with type 1 diabetes is limited or 
concentrated in patients with AITD, suggesting that 
the association of CTLA4 with type 1 diabetes may 
generally be secondary to the association with con-
comitant AITD. More importantly, these data indicate 
how important it is to sub-group type 1 diabetes by the 
presence or absence of concomitant autoimmune dis-
eases, in particular AITD, because of the high fre-
quency of their association with type 1 diabetes, when 
studying susceptibility genes for type 1 diabetes [27]. 
This is particularly important when studying genes 
with a common association with multiple autoimmune 
diseases, such as CTLA4, PTPN22 and SUMO4. 

PTPN22 encoding lymphoid tyrosine phos-
phatase (LYP) 

A variant of PTPN22 leading to an arginine-to-
tryptophan substitution at codon 620 (R620W) in the 
lymphoid tyrosine phospatase (LYP) molecule has 
been consistently reported to be associated with type 1 
diabetes and other autoimmune diseases, such as 
rheumatoid arthritis, SLE and Graves disease, in Cau-
casian populations [8, 32, 33].  

To clarify the contribution of the variant to type 1 
diabetes in Asian populations, we studied a large num-
ber of samples from Japanese subjects from the col-
laborative study group as well as Korean samples [34]. 
Despite genotyping a large number of samples 
(>1500), it was found that all had arginine (R620) but 
none the variant (tryptophan: W620), indicating that 
the latter is absent in Asian populations [34]. Re-

sequencing of PTPN22 in Japanese samples revealed 
the presence of five novel SNPs in the Japanese sub-
jects, and one of these, the -1123 G>C SNP in the 
promoter region, was found to be associated with type 
1 diabetes in both Japanese and Korean populations 
[34]. 

These data suggest that PTPN22 contributes to 
susceptibility to type 1 diabetes, but that disease-
associated SNPs may differ between Asian and Cauca-
sian populations. The absence of the R620W polymor-
phism in the Asian population may contribute to the 
low frequency of type 1 diabetes in Asia. Further stud-
ies are necessary to clarify whether the newly identified 
SNP in the promoter region is associated with type 1 
diabetes in Caucasian populations. 

Interleukin-2 receptor alpha (IL2RA/CD25) 
gene region 

An association of the IL2RA region with type 1 
diabetes in Caucasian populations has been reported 
by two independent groups [9, 35], and has recently 
been confirmed by large-scale fine mapping [36]. A 
genotype-phenotype association of the type 1 diabetes 
susceptibility genotype IL2RA with a lower concentra-
tion of soluble IL-2RA, a biomarker for immune acti-
vation, in peripheral blood has also been reported [36]. 
The IL2RA region has been reported to be associated 
not only with type 1 diabetes, but also with autoim-
mune thyroid diseases [37], suggesting that the IL2RA 
region plays a general role in autoimmunity. A similar 
association has been suggested in Japanese subjects by 
the collaborative study group described above (Kawa-
saki et al., manuscript in preparation). 

 
Table 3. Genome-wide association studies in type 1 diabetes 
 

 
 

 
 

 

               GWA study 1 
 

 WTCCC                    Follow upa 
 

 

                 GWA study 2 

 

 Hakonarson [12]    Follow upb
 

 

 nsSNP scanc
 

 

Genotypes 
 

SNPs 
 

500, 568 

 
 

 

550, 000 

 
 

 

> 6,500 (nsSNP only) 

 
 

Methods 
 

Affymetrix 

 

ABI 

 

Illumina 

 

Sequenom 

 

 
 

 
 

GeneChip500K 

 

TaqMan 

 

Hap550 array 

 

iPLEX assay 

 

 
 

 
 

Mapping ArraySet 

 
 

 
 

  

Stage 1            Stage 2 

Samples  

Cases 
 

2,000 

 

4,000 

 

  563 

  

1,924                2,329 

 
 

Controls 
 

3,000 

 

5,000 

 

1,146 

  

1,464                4,378 

 
 

Trios 
   

 

2,997 

 

483 (S1), 939 (S2) 

  

2,134 

 

Legend: WTCCC: Wellcome Trust Case Control Consortium [10]. nsSNP: non-synonymous single nucleotide polymorphism. S1: stage 1. 
S2: stage 2. a Data from Todd et al. [11]. b Data from Hakonarson et al. [46]. c Data from Smyth et al. [44]. 
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SUMO4 on chromosome 6q25 

A methionine-to-valine substitution at codon 55 
(M55V) of SUMO4 was reported to be the causative 
variant of IDDM5 on chromosome 6q25 [38, 39], but 
subsequent studies yielded inconsistent results [40-42]. 
To clarify the contribution of SUMO4 to susceptibility 
to type 1 diabetes, we re-sequenced a >2000bp interval 
of chromosome 6q25, including the whole SUMO4 
gene, in a Japanese sample and the identified polymor-
phisms were subjected to association studies in both 
Japanese and Korean populations [43]. The M55V 
variant was significantly associated with type 1 diabetes 
in the Japanese and Korean populations, and meta-
analysis of published studies as well as our own data 
confirmed a significant association of the M55V vari-
ant with type 1 diabetes in Asian (summary odds ratio: 
1.29, p = 7.0×10-6), but not Caucasian populations 
[43], suggesting heterogeneity in the genetic effect of 
SUMO4 on type 1 diabetes among diverse ethnic 
groups. 

Genome-wide association studies 
Recent advances in technology and knowledge in 

molecular genetics, including the availability of high-
density genotyping chips, the completion of the Hap-
Map project and a large number of well characterized 
samples, have made it possible to perform genome-
wide association (GWA) studies with genotyping of 
hundreds of thousands of single nucleotide polymor-

phisms (SNPs) across the genome to clarify the genetic 
basis of common human diseases, such as type 1 dia-
betes.  

Initially, a genome-wide non-synonymous (ns) SNP 
scan was performed with >6500 ns SNPs in 2029 case 
and 1755 control samples, and the follow-up study 
identified a type 1 diabetes locus in the IFIH1 (inter-
feron induced with helicase C domain 1, also known as 
MDA5 for the melanoma differentiation-associated 5) 
region on chromosome 2q24.3 [44]. More recently, 
two GWA studies on type 1 diabetes with much 
denser SNPs have been reported with Caucasian sam-
ples (Table 3) [10, 45]. The first was performed by the 
Wellcome Trust Case Control Consortium (WTCCC) 
in the British population, which examined up to 2000 
individuals for each of seven diseases, including type 1 
diabetes, and up to 3000 shared controls genotyped 
with the GeneChip 500K Mapping Array Set, which 
comprises over 500,000 SNPs [10]. Follow-up studies 
identified several novel loci associated with type 1 dia-
betes on chromosomes 12q24, 12q13, 16p13 and 
18p11 (Tables 3 and 4) [45].  

The second study was performed with a large pedi-
atric cohort of European descent, and suggested that a 
233-kb linkage disequilibrium block on chromosome 
16p13 was associated with type 1 diabetes [12]. An in-
cluded replication study indicated that CLEC16A/ 
KIAA0350 might be involved in the pathogenesis of 
type 1 diabetes (Tables 3 and 4) [12]. Another replica-
tion study by the same group has recently mapped a 
novel susceptibility locus on chromosome 12q13 (Ta-

 
Table 4. Susceptibility loci for type 1 diabetes identified or confirmed by genome-wide association studies 
 

 

Loci 

 

Chromo-
some 

 

GWA study 1a 
 

 OR (MAF)              SNP 

 

           GWA study 2b
 

 

 OR (MAF)           SNP 

 

nsSNP scanc 
 

 OR (MAF)               SNP 

 

 HLA Class II 
 

6p21 
 

> 6.5 

 

rs3129934 

 

8.30 

 

rs2647044 

 
 

 
 

 

 PTPN22 
 

1p13 
 

1.89 (0.096) 

 

rs6679677 

 

1.80 (0.088) 

 

rs2476601 

 

1.99 (0.094) 

 

rs2476601(R620W) 

 

 INS 
 

11p15 
 

1.25 (0.379) 

 

rs3741208 

 

1.52 (0.359) 

 

rs6356 

  

 

 CLEC16A (KIAA0350) 
 

16p13 
 

0.77 (0.322) 

 

rs12708716 

 

0.65 (0.283) 

 

rs2903692 

  

 

 ERBB3 
 

12q13 
 

1.30 (0.34) 

 

rs2292239 

 

1.25 (0.350) 

 

rs1701704 

  

 

 PTPN2 
 

18p11 
 

1.33 (0.163) 

 

rs2542151 

    

 

 SH2B3 
 

12q24 
 

1.37 (0.423) 

 

rs17696736 

    

 

 CTLA4 
 

2q31 
 

0.75 (0.123)d
 

 

rs3087243 

    

 

 IL2RA (CD25) 
 

10p15 
 

0.85 (0.446)e
 

 

rs12251307 

    

 

 IFIH1 (MDA5) 
 

2q24 
     

0.82 (0.398) 

 

rs1990760 (A946T) 

 

Legend: GWA: genome-wide association. OR: odds ratio. nsSNP: non-synonymous single nucleotide polymorphism. MAF: minor allele 
frequency (in controls). a Data from Todd et al. [11]. b Data from Hakonarson et al. [12]. c Data from Smyth et al. [44]. d,e Loci did not reach 
genome-wide significance level (5 x 10-7) in WTCCC results [10], but confirmed previously by candidate gene approaches by: d Ueda et al. [7] 
and e Lowe et al. [36]. 
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ble 4) [46]. Significantly, several loci, such as those on 
chromosomes 12q13 and 16p13, were identified in 
both GWA studies, and genes already confirmed by a 
candidate gene approach, such as HLA, INS and 
PTPN22, were detected by GWA studies, indicating 
the power and accuracy of this method when applied 
to a sufficient number of well defined samples in iden-
tifying susceptibility genes for type 1 diabetes. 

GWA studies are yet to be reported in Asian popu-
lations, but are now underway in the Japanese popula-
tion. Comparative studies on GWA data between 
Asian and Caucasian populations will provide impor-
tant information on the susceptibility genes that con-
tribute to type 1 diabetes in each ethnic group as well 
as across different ethnic groups. 

Conclusions 
Although differences in the incidence and subtypes 

of type 1 diabetes are observed between Caucasian and 
Asian populations, the association of candidate genes 
with type 1 diabetes is generally similar in both popula-
tions, and there are well-defined reasons for apparent 
differences in the genes associated with type 1 diabetes 
(Table 5). HLA are consistently associated with type 1 
diabetes in both populations, but apparent differences 
in disease-associated alleles and haplotypes are ob-
served, because of differences in the presence and ab-
sence of disease-associated alleles in general popula-
tions. 

INS is consistently associated with type 1 diabetes 
in both populations, but there are marked differences 
in the frequencies of disease-associated alleles in the 

general population between Japanese and Caucasian 
subjects. The association of CTLA4 with type 1 diabe-
tes is concentrated in a subset of patients with AITD 
not only in Japanese, but also in Caucasian popula-
tions. The association of PTPN22 with type 1 diabetes 
in Japanese and most Asian populations is not as clear 
as in Caucasian populations, because of the absence of 
a disease-associated allele (R620W) in Asian popula-
tions. The association of IL2RA/CD25 with type 1 
diabetes appears to be similar in the two populations, 
whereas genetic heterogeneity may exist in the associa-
tion of SUMO4 with type 1 diabetes, with an associa-
tion of the M55V variant with type 1 diabetes ob-
served in Asians, but not in Caucasians. 

A large number of samples in each ethnic group 
and comparative studies in different populations, in-
cluding GWA studies, will contribute to the identifica-
tion of susceptibility genes for type 1 diabetes, enable 
better understanding of the disease mechanisms and 
help to establish effective methods for disease predic-
tion, prevention and intervention. 
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