
ORIGINAL ARTICLE

Naoko Iwasaki Æ Yukio Horikawa Æ Takafumi Tsuchiya

Yutaka Kitamura Æ Takahiro Nakamura

Yukio Tanizawa Æ Yoshitomo Oka Æ Kazuo Hara

Takashi Kadowaki Æ Takuya Awata Æ Masashi Honda

Katsuko Yamashita Æ Naohisa Oda Æ Li Yu
Norihiro Yamada Æ Makiko Ogata Æ Naoyuki Kamatani

Yasuhiko Iwamoto Æ Laura del Bosque-Plata

M. Geoffrey Hayes Æ Nancy J. Cox Æ Graeme I. Bell

Genetic variants in the calpain-10 gene and the development
of type 2 diabetes in the Japanese population

Received: 14 September 2004 / Accepted: 10 December 2004 / Published online: 5 February 2005
� The Japan Society of Human Genetics and Springer-Verlag 2005

Abstract Variation in the gene encoding the cysteine
protease calpain-10 has been linked and associated with
risk of type 2 diabetes. We have examined the effect of
three polymorphisms in the calpain-10 gene (SNP-43,
Indel-19, and SNP-63) on the development of type 2
diabetes in the Japanese population in a pooled anal-
ysis of 927 patients and 929 controls. We observed that
SNP-43, Indel-19, and SNP-63 either individually or as
a haplotype were not associated with altered risk
of type 2 diabetes with the exception of the rare 111/
221 haplogenotype (odds ratio (OR) =3.53, P=0.02).
However, stratification based on the median age-

at-diagnosis in the pooled study population (<50 and
‡50 years) revealed that allele 2 of Indel-19 and the 121
haplotype were associated with reduced risk in patients
with later age-at-diagnosis (age-at-diagnosis ‡50 years
OR=0.82 and 0.80, respectively; P=0.04 and 0.02).
Thus, variation in the calpain-10 gene may affect risk
of type 2 diabetes in Japanese, especially in older
individuals.
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Introduction

The results of association and linkage studies indicate
that multiple genes are involved in determining suscep-
tibility to type 2 diabetes in Japanese with each gene
making a modest contribution to overall risk (Seino
et al. 2001; Mori et al. 2001, 2002; Iwasaki et al. 2003).
The gene encoding the cysteine protease calpain-10
(CAPN10) was first found to be associated with risk of
type 2 diabetes in studies carried out in Mexican
Americans (Horikawa et al. 2000). Two recent meta-
analyses and a large association study have confirmed
that single nucleotide polymorphisms (SNP)-43 and
SNP-44 are associated with a 1.19- and 1.17-fold in-
creased risk, respectively, of type 2 diabetes (Weedon
et al. 2003; Song et al. 2004). SNP-43 may be a func-
tional polymorphism affecting transcriptional regulation
of the calpain-10 gene (Horikawa et al. 2000; Baier et al.
2000). However, Indel-19 and SNP-63 are just tagging
SNPs, and their effect on transcriptional regulation or
other functions of calpain-10 are unknown. The effect of
the core CAPN10 polymorphisms SNP-43, Indel-19,
and SNP-63 on risk of type 2 diabetes in Japanese has
been examined in three small studies (Daimon et al.
2002; Horikawa et al. 2003; Shima et al. 2003). The re-
sults suggest that variation in CAPN10 is not a major
risk factor. However, these studies were not able to
quantify the effect of CAPN10 on risk because of the
small number of cases and controls in the individual
studies. Here, we reexamine the role of the CAPN10 in
the development of type 2 diabetes in the Japanese
population.

Material and methods

Subjects

All subjects were Japanese. We studied three groups of
cases and controls. The first group (study 1) included
205 unrelated subjects with type 2 diabetes recruited
from the outpatient clinic in the Diabetes Center, Tokyo
Women’s Medical University and 208 unrelated nor-
moglycemic subjects recruited from the Seijin Igaku
Medical Clinic of Tokyo Women’s Medical University
using the following inclusion criteria: age >60 years,
HbA1c <5.6%, and no family history of diabetes. The
second group (study 2) consisted of 281 unrelated nor-
mal glucose-tolerant (by oral glucose tolerance testing)
subjects who were recruited at four outpatient clinics:
Diabetes Center, Tokyo Women’s Medical University
(n=50); Third Department of Internal Medicine, Yam-
aguchi University (n=121); Department of Internal
Medicine, University of Tokyo (n=30); and Shiseikai
Daini Hospital, Tokyo (n=80). The third group of
subjects (study 3) comprised 454 patients with type 2
diabetes and 192 nondiabetic controls who were re-
cruited from Gunma University Hospital and affiliated

hospitals and Fujita Health University School of
Medicine. The genetic studies were approved by the
institutional review board of each participating institu-
tion. Informed consent was obtained from all partici-
pants.

The pooled analyses included the datasets above
as well as the data from three published studies: Daimon
et al. 2002, SNP-43; Horikawa et al. 2003, SNP-43,
Indel-19 and SNP-63; and Shima et al. 2003, SNP-43,
Indel-19, and SNP-63.

Linkage disequilibrium (LD)

We examined the structure of the linkage disequilibrium
(LD) in the CAPN10 region using the software package
GOLD [graphical overview of linkage disequilibrium
(Abecasis and Cookson 2000)] and a common set of 14
SNPs having a minor allele frequency ‡0.10 in diabetic
(n=30) and nondiabetic subjects (n=30).

Genotyping

Genomic DNA was prepared from peripheral blood
lymphocytes by standard procedures. We typed three
polymorphisms in CAPN10: SNP-43, CAPN10-
g.4852G>A (rs3792267); insertion/deletion (Indel)-19,
CAPN10-g.7920 (32 bp-repeats) (rs3842570); and
CAPN10-g.16378C>T (rs5030952) as described previ-
ously (Horikawa et al. 2003) or using TaqMan-based
assays with custom probes/primers (Applied Biosystems,
Foster City, CA, USA). Additional SNPs used for
studies of LD in the CAPN10 region were genotyped
using TaqMan technology. Previous studies have shown
that the three core polymorphisms lead to four common
haplotypes described as 111, 112, 121, and 221 (allele 1
or 2 at SNP-43, Indel-19, and SNP-63, respectively). The
haplogenotypes were assigned by inspection of the
genotypes at SNP-43, Indel-19, and SNP-63.

Statistical analyses

Polymorphisms were tested for deviation from Hardy-
Weinberg equilibrium, heterogeneity in allele and
genotype among studies and differences in allele, geno-
type, haplotype, and haplogenotype between groups
using a chi-squared test. All P values are two sided.

Results

Haplotype structure across the CAPN10 region

The analysis of LD in the region of CAPN10 revealed a
single region of strong LD (Fig. 1).

CAPN10 and SNP-43, and Indel-19 and SNP-63 are
contained within this single LD block, which does not

93



include the flanking RNPEPL1 and GPR35 genes.
Thus, association of polymorphisms in this block with
type 2 diabetes or a type-2-diabetes-related trait in the
Japanese population implies that it is a variation in
CAPN10 itself and not an adjacent locus that is
responsible for the effect. The associated variant may
or may not be causal depending on the LD with other
variants in the block.

Genetic variation in CAPN10 and type 2 diabetes

We typed SNP-43, Indel-19, and SNP-63 in the three
study groups described above (Table 1). There was no
significant difference in the frequency of SNP-43 or
Indel-19 between cases and controls (Table 2), which is
in agreement with previous studies in Japanese (Daimon
et al. 2002; Horikawa et al. 2003). However, we observed
a significant difference in SNP-63 allele frequency
between cases and controls in the subjects from study 1
(0.66 and 0.73, respectively, P=0.04) but not in the
subjects from study 3 (Table 2). In order to gain a better
understanding of what role SNP-63 may play in the
progression of type 2 diabetes, we examined the effect of
SNP-63 genotype on various clinical and metabolic
characteristics assessed by a standard 75-g oral glucose
tolerance test in a group of 281 normal glucose-tolerant

subjects from study 2 (Table 3). No significant effects of
SNP-63 genotype on phenotype were observed except
for area-under-the-curve plasma glucose level from
0 min to 120 min (P=0.03).

We then carried out a pooled analysis using data
from all known studies carried out in the Japanese
population (Daimon et al. 2002; Horikawa et al. 2003;
Shima et al. 2003). The 281 nondiabetic subjects from
study 2 were excluded from the primary analyses be-
cause their mean age-at-study in this group was signifi-
cantly younger than other the control groups. The
pooled study population included 927 patients and 929
controls although Indel-19 and SNP-63 were not typed
in all subjects. There was no significant difference in
SNP-43, Indel-19, or SNP-63 genotype or allele fre-
quencies between the type 2 diabetic and control groups
in the overall analysis (Table 4). There was also no sig-
nificant difference in SNP-43/Indel-19/SNP-63 haplo-
type (Table 5) or haplogenotype frequency (Table 6)
except for the rare 111/221 combination, which was
associated with significantly increased risk of type 2
diabetes (OR=3.53, P=0.02).

Genetic variation in CAPN10 may modify risk
of type 2 diabetes in older patients

Since age is a risk factor for type 2 diabetes, we split
the type 2 diabetic group based on median age-at-
diagnosis, which was 50 years in the pooled sample,
and repeated the comparisons but using only those
cases for whom age-at-diagnosis was available: Pa-
tients with age-at-diagnosis <50 years included 118
patients from study 1, 103 from study 3, and 68 from
Horikawa et al. (2003); and patients with age-at-diag-

Fig. 1 Linkage disequilibrium (LD) in the CAPN10 region
visualized using GOLD. The red and orange regions denote strong
LD as defined using D’ and r2. The exons of CAPN10 and the
adjacent genes RNPEPL1 and GPR35 are shown as filled boxes
along the diagonal. The two variable number of tandem repeats
(VNTRs) between CAPN10 and GPR35 are shown as open boxes.
The SNPs used in this analysis are described in Horikawa et al.
(2000). SNP-43 was not included in this analysis because the minor
allele frequency was <0.10 in the Japanese population
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nosis ‡50 years included 87 patients from study 1, 143
from study 3, and 85 from Horikawa et al. (2003).
There was no significant difference in SNP-43, Indel-
19, and SNP-63 allele or genotype frequencies between
the type 2 diabetic group with age-at-diagnosis
<50 years and the controls (Table 4). The SNP-43 and
SNP-63 frequencies were also not different between the
type 2 diabetic group with age-at-diagnosis ‡50 years
and the controls. However, there was a small but
significant difference in Indel-19 allele frequency (Ta-
ble 4). The 3R allele at Indel-19 (allele 2 in the hap-
lotype) was associated with lower risk of type 2
diabetes (OR=0.82, P=0.04).

The 121 haplotype was associated with significantly
decreased risk (OR=0.80, P =0.02) of type 2 diabetes
in the group of patients with age-at-diagnosis ‡50 years
(Table 5). The 111 haplotype had the highest risk
(OR=1.33, P=0.046) in the older group of patients.
This effect of the 111 haplotype likely reflects the
contribution of SNP-44 to type 2 diabetes risk (Wee-
don et al. 2003) since 88% of the 111 haplotypes in
Japanese carry the at-risk C-allele at SNP-44. The rare
111/221 haplogenotype was associated with increased
risk of type 2 diabetes irrespective of age-at-diagnosis
(Table 6). The 121/121 haplogenotype had a protective
effect against type 2 diabetes that approached signifi-
cance in patients with age-at-diagnosis ‡50 years
(OR=0.76, P=0.06). Individuals with haplotypes 111/
111, 111/112, and 111/221 had the highest risk of type
2 diabetes (OR=1.83, 1.25, and 4.12, respectively) al-
though the increase in risk was not significant because
of the small numbers of individuals studied. If the
nondiabetic subjects in study 2 (Table 1) are included
in the pooled control group, the results are similar,
including the effects of the 121/121 haplogenotype on
risk in patients with age-at-diagnosis ‡50 years
(OR=0.75, P=0.04).

Discussion

The results suggest that genetic variation in CAPN10
may affect risk of type 2 diabetes in the Japanese
population, especially in older individuals. Interest-
ingly, the common 121 haplotype appears to be pro-
tective in Japanese, suggesting the overall effect of
CAPN10 in this population is to reduce the risk of
diabetes rather than increase it. It is important to note,
though, that the statistical significance of the compar-
ison is marginal (P=0.01–0.04), and none of the
comparisons would be significant if corrected for
multiple testing. Thus, the results presented here need
to be confirmed through studies of a much larger
dataset. However, if our results are correct, they sug-
gest an interaction between genetic (CAPN10) and
nongenetic (age) factors to modify risk of type 2 dia-
betes. In this regard, recent studies have shown that
calpain-10 is part of a novel apoptotic pathway in
insulin-secreting pancreatic beta cells and thus mayT
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affect the response of the beta cell to aging or its
ability to compensate in response to an increasing de-
mand for insulin (Johnson et al. 2004).

The observation that individuals homozygous for
the 121 haplotype may be at increased risk of type 2
diabetes in some European populations (Orho-

Table 2 Genotype and allele frequencies of CAPN10 polymorphisms in Japanese. The number of subjects of each genotype are indicated.
All genotypic distributions are in Hardy-Weinberg equilibrium. NA not available, Ctrl control, T2D type 2 diabetes

Marker Subjects Genotype This study 1 This study 2 This study 3 Horikawa
et al. (2003)

Shima
et al. (2003)

Daimon
et al.
(2002)

P for
heterogeneity

SNP-43 Ctrl G/G 188 251 165 154 252 76
G/A 20 29 24 18 24 5
A/A 0 1 0 0 0 0 0.75
Allele frequency G: 0.95 G: 0.94 G: 0.94 G: 0.95 G: 0.96 G: 0.97

A: 0.05 A: 0.06 A: 0.06 A: 0.05 A: 0.04 A: 0.03 0.62
T2D G/G 184 NA 389 158 8 76

G/A 21 NA 57 19 2 5
A/A 0 NA 1 0 0 0 0.75
Allele frequency G: 0.95 NA G: 0.93 G: 0.95 G: 0.90 G: 0.97

A: 0.05 A: 0.07 A: 0.05 A: 0.10 A: 0.03 0.37
Indel-19a Ctrl 2R/2R 27 42 35 23 42 NA

2R/3R 99 126 78 78 126 NA
3R/3R 82 113 73 71 108 NA 0.90
Allele frequency 2R: 0.37 2R: 0.37 2R: 0.40 2R: 0.36 2R: 0.38 NA

3R: 0.63 3R: 0.63 3R: 0.60 3R: 0.64 3R: 0.62 0.86
T2D 2R/2R 32 NA 63 28 1 NA

2R/3R 104 NA 209 82 3 NA
3R/3R 69 NA 176 67 6 NA 0.62
Allele frequency 2R: 0.41 NA 2R: 0.37 2R: 0.39 2R: 0.25 NA

3R: 0.59 3R: 0.63 3R: 0.61 3R: 0.75 0.34
SNP-63 Ctrl C/C 111 151 99 90 151 NA

C/T 81 106 65 70 103 NA
T/T 16 24 18 12 22 NA 0.99
Allele frequency C: 0.73 C: 0.73 C: 0.72 C: 0.73 C: 0.73 NA

T: 0.27 T: 0.27 T: 0.28 T: 0.27 T: 0.27 0.99
T2D C/C 90 NA 255 93 6 NA

C/T 92 NA 165 74 3 NA
T/T 23 NA 30 10 1 NA 0.09
Allele frequency C: 0.66 NA C: 0.75 C: 0.73 C: 0.75 NA

T: 0.34 T: 0.25 T: 0.27 T: 0.25 0.03

a Indel-19 is a diallelic insertion/deletion polymorphism with alleles of two repeats (2R) or three repeats (3R) of a 32-bp sequence

Table 3 Clinical and metabolic characteristics of normal glucose
tolerant subjects (study 2) by SNP-63 genotype. Data are mean ±
SD. Subjects underwent a standard 75-g oral glucose tolerance test
with glucose and insulin determined at 0¢, 30¢, 60¢, and 120¢. The

number of individuals in each group for determination of insuli-
nogenic index and HOMA are noted in parentheses. BMI body
mass index, AUC area under the curve

Trait Genotype Pa

C/C C/T T/T

n 150 105 25
Gender (M/F) 72/78 59/46 14/11 0.40
Age (years) 45.0±14.9 43.8±16.7 44.4±18.7 0.72
BMI (kg/m2) 22.3±2.5 22.2±3.6 22.6±3.0 0.70
HbA1c (%) 4.9±0.4 4.9±0.4 5.0±0.4 0.79
Plasma glucose (mg/dl)
0 min 93.1±9.6 92.2±9.1 94.1±8.8 0.51
120 min 104.1±18.5 106.1±18.8 108.2±14.5 0.30
AUC 0-120¢ 14,510.6±2706.2 15,233.4±2937.1 15,043.2±3056.1 0.03
Plasma insulin (lU/ml)
0 min 6.4±2.2 6.4±2.6 6.5±4.4 0.81
120 min 30.6±16.9 32.0±16.8 30.1±20.2 0.74
AUC 0-120¢ 3,972.4±2030.8 4,267.4±1816.9 4,049.2±1969.1 0.44
Insulinogenic index 0.89±0.89 (147) 0.96±3.62 (101) 1.14±1.85 (24) 0.08
HOMA 1.43±0.53 (146) 1.41±0.54 (101) 1.30±0.63 (23) 0.35

a P value by ANCOVA with institution, gender, and genotype as independent factors and age and BMI as covariates
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Melander et al. 2002; Malecki et al. 2002) but at de-
creased risk in older Japanese raises the possibility that
additional genetic variation may distinguish high- and

low-risk subtypes of the 121 haplotype. Transpopulation
mapping may be a useful strategy for identifying this
variation.

Table 4 SNP-43, Indel-19, and SNP-63 and type 2 diabetes in
Japanese—a pooled analysis. The number of subjects of each
genotype are indicated. All genotypic distributions are in Hardy-
Weinberg equilibrium. The cases were divided into two groups

based on the median age-at-diagnosis in the pooled sam-
ple—50 years. Note that age-at-diagnosis was not available for all
subjects

Marker Genotype Overall Age-at-diagnosis
<50 years

Age-at-diagnosis
‡50 years

Ctrl T2D P T2D P T2D P

SNP-43 G/G 833 811 255 276
G/A 91 104 28 0.98 32 0.78
A/A 0 1 0.35 0 0
Allele frequency G: 0.95 G: 0.94 G: 0.95 G: 0.95

A: 0.05 A: 0.06 0.25 A: 0.05 0.98 A: 0.05 0.79
Indel-19a 2R/2R 127 124 36 58

2R/3R 381 396 143 151 0.11
3R/3R 334 316 0.67 107 0.33 105
Allele frequency 2R: 0.38 2R: 0.39 2R: 0.38 2R: 0.43

3R: 0.62 3R: 0.61 0.69 3R: 0.62 0.91 3R: 0.57 0.04
SNP-63 C/C 451 443 149 151

C/T 319 333 125 129
T/T 68 62 0.72 14 0.09 28 0.35
Allele frequency C: 0.73 C: 0.73 C: 0.73 C: 0.71

T: 0.27 T: 0.27 0.94 T: 0.27 0.79 T: 0.29 0.17

a Indel-19: 2R, 2 repeats of 32-bp sequence; 3R, 3 repeats

Table 5 CAPN10 haplotype frequency and risk of type 2 diabetes
in Japanese—a pooled analysis. The haplotypes are those defined
by SNP-43, Indel-19, and SNP-63, and the specific alleles are: SNP-
43, allele 1, G and allele 2, A; Indel-19, allele 1, 2 repeats of 32-bp
sequence, and allele 2, 3 repeats; and SNP-63, allele 1, C, and allele

2, T. The cases were divided into two groups based on the median
age-at-diagnosis in the pooled sample—50 years. Note that age-at-
diagnosis was not available for all subjects. Ctrl control, T2D type
2 diabetes

Haplotype Overall Age-at-diagnosis <50 years Age-at-diagnosis ‡50 years

Ctrl
(n=825)

T2D
(n=827)

OR
(95% CI)a

P T2D
(n=277)

OR
(95% CI)a

P T2D
(n=305)

OR
(95% CI)a

P

111 0.106 0.113 1.07 (0.86–1.34) 0.52 0.117 1.12 (0.83–1.52) 0.46 0.136 1.33 (1.00–1.75) 0.05
121 0.572 0.553 0.93 (0.81–1.07) 0.29 0.567 0.98 (0.81–1.19) 0.85 0.515 0.80 (0.66–0.96) 0.02
112 0.270 0.274 1.02 (0.88–1.19) 0.79 0.265 0.98 (0.78–1.21) 0.82 0.297 1.14 (0.93–1.40) 0.21
221 0.052 0.059 1.15 (0.85–1.54) 0.37 0.051 0.97 (0.62–1.50) 0.88 0.052 1.01 (0.66–1.53) 0.97

a The OR and 95% CI of each haplotype relative to other haplotypes as a group are shown

Table 6 CAPN10 haplogenotype and risk of type 2 diabetes in Japanese—a pooled analysis. The haplotypes are those defined by SNP-43,
Indel-19, and SNP-63, and the specific alleles are indicated in the legend to Table 5. The number of individuals with each haplogenotype is
indicated

Haplogenotype Overall Age-at-diagnosis <50 years Age-at-diagnosis ‡ 50 years

Ctrl T2D OR (95% CI)a P T2D OR (95% CI)a P T2D OR (95% CI)a P

111/111 15 18 1.20 (0.60–2.40) 0.60 5 0.99 (0.36–2.76) 0.99 10 1.83 (0.82–4.07) 0.14
111/121 97 93 0.95 (0.70–1.29) 0.74 31 0.95 (0.62–1.45) 0.80 37 1.04 (0.69–1.55) 0.86
111/112 44 44 1.00 (0.65–1.53) 0.99 18 1.23 (0.70–2.17) 0.47 20 1.25 (0.72–2.15) 0.43
111/221 4 14 3.53 (1.24–10.1) 0.02 6 4.54 (1.42–14.5) 0.01 6 4.12 (1.27–13.3) 0.02
112/112 66 62 0.93 (0.65–1.34) 0.70 13 0.57 (0.31–1.04) 0.06 27 1.12 (0.70–1.78) 0.64
112/121 247 254 1.04 (0.84–1.28) 0.73 90 1.13 (0.84–1.51) 0.43 97 1.09 (0.82–1.45) 0.55
112/221 23 32 1.40 (0.82–2.41) 0.22 13 1.72 (0.86–3.41) 0.12 10 1.18 (0.56–2.51) 0.66
121/121 270 259 0.94 (0.76–1.15) 0.54 92 1.02 (0.77–1.37) 0.88 82 0.76 (0.56–1.01) 0.06
121/221 59 50 0.84 (0.57–1.23) 0.37 9 0.44 (0.22–0.87) 0.02 16 0.72 (0.41–1.27) 0.25
221/221 0 1 – – 0 0

a The OR and 95% CI of each haplogenotype relative to the other haplotype combinations as a group are shown
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