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Abstract

Objective: The polymorphisms of two genes have recently been associated with complex forms of type 2
diabetes mellitus (T2DM): calpain 10 and peroxisome proliferator-activated receptor-g (PPARg). Cal-
pain 10 is a member of a large family of intracellular proteases. It was shown in Mexican-Americans
and other populations that variants of three single nucleotide polymorphisms (SNPs), -43, -19, and
-63, of this ubiquitously expressed protein influence susceptibility to T2DM. However, substantial
differences were shown between ethnic groups in at risk alleles and haplotypes as well as in their
attributable risk. Thus, it is important to determine the role of calpain 10 in various populations.
Aim: To examine the role of calpain 10 SNPs -43, -19, and 263 in genetic susceptibility to T2DM in
a Polish population.
Methods: Overall, 377 individuals were examined: 229 T2DM patients and 148 control individuals.
The groups were genotyped for calpain 10 SNP-43, SNP-19, and SNP-63. SNP-19 was examined by
electrophoresis of the PCR product on agarose gel by size, while the restriction fragment length poly-
morphism (RFLP) method was used for the two other markers. Differences in allele, genotype,
haplotype, and haplotype combination distribution between the groups were examined by x2 test.
Results: Distributions of alleles, genotypes, and haplotypes at three loci defined by examined SNPs
were not significantly different between the groups. However, the homozygote combination of 121
haplotype was more prevalent in the T2DM group than in the controls (17.9% vs 10.1%,
P ¼ 0:039). No difference was observed in the 112/121 haplotype distribution. This heterozygous
haplotype combination was associated with increased risk of T2DM in several populations.
Conclusion: The results of our study suggest the association of calpain 10 121/121 haplotype com-
bination created by SNPs -43, -19, and -63 with T2DM in a Polish population. However, we were not
able to confirm the previously described role of the heterozygous 112/121 haplotype combination in
susceptibility to T2DM.
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Introduction

Substantial scientific evidence exists for the role of gen-
etic factors in the pathogenesis of type 2 diabetes melli-
tus (T2DM). For example, T2DM clusters in families, its
concordance rate in monozygotic twins is higher than
in dizygotic ones, and there are ethnic groups with a
very high prevalence of this disease (1). Two major
pathophysiological defects coexist in this disease:
impairment of insulin secretion by b-cells and
decreased insulin sensitivity in peripheral tissues (2).
The knowledge of T2DM genetic background becomes
very important due to its scientific, prognostic, prophy-
lactic and also its therapeutic significance. Mutations in
six genes were associated with the development of auto-
somal dominant T2DM called MODY (maturity onset

diabetes of the young) (3, 4). The other monogenic
form of T2DM is maternally inherited diabetes caused
by mutations of mitochondrial DNA (MIDD – mater-
nally inherited diabetes with deafness) (5). Impaired
insulin secretion is a common clinical feature of both
autosomal dominant and maternally inherited T2DM
(3, 5).

Recently, two susceptibility genes for the common,
polygenic forms of middle/late onset T2DM have been
identified: calpain 10 (6) and peroxisome proliferator-
activated receptor-g (7). Calpain 10 is a member of a
large family of intracellular proteases. They are essen-
tial for multiple cellular functions, for example, the pro-
cessing property of these enzymes makes it possible to
directly modulate the activities and structures of
other proteins (8). They also influence the apoptosis
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process. The activity of calpains may be influenced
directly (through specific receptor) and indirectly
(through intracellular calcium level) by vitamin D
(8–10). The molecular mechanisms of how some poly-
morphisms in calpain 10 genes increase the risk of
T2DM development have yet to be discovered; however,
most likely, the DNA variants of this gene affect both
insulin sensitivity and insulin secretion (10–12). The
risk of developing T2DM is not fully attributed to a
single polymorphism of the calpain 10 gene, but, as
was described in Mexican-Americans, results from the
combination of haplotypes created by alleles of three
single nucleotide polymorphisms (SNPs): SNP-43,
SNP-19, and SNP-63 (6). All these three SNPs are
located within introns and are very likely to influence
the gene expression.

The aim of this study was to examine the role of cal-
pain 10 SNPs -43, -19, and -63 in genetic susceptibility
to T2DM in a Polish population.

Subjects and methods

We included 377 unrelated individuals in this study:
229 T2DM patients and 148 non-diabetic controls.
All the study individuals were Caucasians and residents
of Southern-Eastern Poland. During ascertainment, the
WHO definitions and criteria were used (13). The
patients received a standard questionnaire that con-
tained questions regarding the age at T2DM diagnosis,
family history, the treatment method and other medical
issues. Only patients with a clinical diagnosis of T2DM
and with no insulin therapy for at least two years soon
after diagnosis were recruited. The study individuals
underwent a basic physical examination that included
the measurement of height, weight, and blood pressure.
The control group contained only individuals with
normal fasting glucose and negative family history of
T2DM among first degree relatives. This group con-
sisted mainly of the spouses of T2DM patients and vol-
unteers from the medical personnel. This study was
performed according to the Helsinki Declaration and
it was accepted by the Ethical Committee of the Jagiel-
lonian University, Medical College.

DNA of the individuals from the study groups was
isolated from peripheral blood lymphocytes using a
guanidine detergent-based protocol (DNAzol Reagent,
GIBCO, Bethesda, MD, USA). The study groups were
genotyped for calpain 10 SNPs -43, -19, and -63.
DNA from the study individuals was used for the PCR
reactions. For SNP-19 the DNA fragment containing
32 bp insertion/deletion was amplified using previously
published primers and conditions (14). Alternative
alleles (allele 1, two repeats of 32-bp sequence and
allele 2, three 32-bp repeats) were determined by elec-
trophoresis on 3% regular agarose gel by size. Mis-
match primer modification of the restriction fragment
length polymorphism (RLFP) method was applied for

calpain 10 SNP-43 (15), and SNP-63 (14). For SNP-
43, the presence of the A allele (allele 2) was associated
with the existence of a restriction site for NsiI enzyme
and digestion of the 144 bp PCR product into 121
and 23 bp fragments; for the G allele (allele 1) no NsiI
restriction site was present. For SNP-63, the C allele
(allele 1) created an HhaI restriction site and digestion
of the 192 bp PCR product into 162 and 30 bp frag-
ments, while no HhaI restriction site was present for
the T allele (allele 2). Digestion products were separated
on ethidum bromide-stained, 3.2% low-melting agarose
gel. The results were documented by digital camera and
stored as computer files in Biocapt software (Vilbert-
Lourmant, Marne LaValle, France).

The variants of calpain 10 SNPs -43, -19, and -63
jointly determine eight possible haplotypes. Haplotypes
carried by each study individual were inferred by the
method of gene counting (16, 17). Under the assump-
tions of Hardy-Weinberg equilibrium and random
mating, this iterative procedure yields maximum likeli-
hood estimates of haplotype frequencies in the study
population based on the joint distribution of two poly-
morphic markers. For phase-unknown genotypes, the
conditional probabilities of the alternative haplotype
configurations are calculated from the estimated haplo-
type frequencies, and all individuals with that genotype
are allocated to the more likely pair of haplotypes. For
markers in significant linkage disequilibrium, the differ-
ence between the conditional probabilities may be so
large, as in the case of examined calpain 10 SNPs,
that haplotypes can be assigned to phase-unknown
individuals with a high degree of confidence. In our
study, for individuals heterozygous for two markers
(52 T2DM cases and 33 controls) the conditional prob-
ability of the haplotype pair 11/22 for SNPs -43 and
-19 was greater than 0.99 as estimated for the total
group. Similarly, the conditional probabilities of the
haplotype pair 12/21 for SNPs -19 and -63 and of
haplotype pair 12/12 for SNPs -43 and -63 were
both greater than 0.99. Therefore, phase-unknown
individuals heterozygous for two markers were
assumed to have these pairs of haplotypes. Consistently,
individuals heterozygous for three markers (10 T2DM
cases and 9 controls) were allocated to have
112/221 three loci haplotypes. For individuals homo-
zygous at three loci (76 T2DM patients and 37 con-
trols) or heterozygous at only one locus (91 T2DM
and 69 controls) haplotypes can be determined un-
ambiguously. Linkage disequilibrium between three
calpain 10 loci was assessed using the EH program
(ftp://linkage.rockefeller.edu/software/eh). Deviations
from Hardy –Weinberg equilibrium were tested using
x2 goodness-of-fit test.

Differences in distribution of alleles, genotypes,
haplotypes, and haplotype combinations distributions
between the groups were assessed by x2 test. As the
descriptive measure of association between genotypes
and outcomes, odds ratios (ORs) and their 95%
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confidence intervals (CIs) have been calculated. The
Bonferroni correction for multiple comparisons was
applied to stratified analyses based on age of T2DM
onset (,46 years and .46 years, 46 being the mean
age in T2DM group), body mass index (BMI) (,30
and .30, 30 being the mean BMI in the T2DM
group), and family history of T2DM (positive and nega-
tive family history of T2DM in first and/or second
degree relatives).

Results

The clinical characteristics of T2DM patients and con-
trol subjects are summarized in Table 1. Out of 229
patients there were 110 individuals who reported a
positive family history of T2DM in first or/and second
degree relatives. The patients were more obese than
the controls. Overall, the SNPs’ alleles were determined
in 377 individuals. Genotypes for three loci were in
Hardy-Weinberg equilibrium in each group separately
and in the total group. All three pairs of polymorphisms
were in strong linkage disequilibrium ðP ! 1024Þ:

Both groups had similar distribution of alleles and
genotypes (Tables 2 and 3) created by variants of
SNP-43, SNP-19, and SNP-63. There was no signifi-
cant difference in distribution of haplotypes (Table 4).
The gene counting results of haplotype determination
are consistent with earlier reports that only four of
eight possible haplotypes occur in appreciable frequency

in Europeans and other ethnic groups (6, 14). In the
analysis of the haplotype combination, the homozygotes
for the 121 haplotype were more prevalent in the T2DM
group than in controls (17.9% vs 10.1%, P ¼ 0:039)
(Table 5). No clinical difference between 121/121 haplo-
type combination carriers and the rest of the patient
group was observed. We stratified the T2DM group in
respect to BMI, age of disease onset and family history
of T2DM. We observed that 121/121 homozygotes
were more prevalent in the subgroup with a positive
family history than in the controls (21.8% vs 10.1%,
P ¼ 0:009), the difference was statistically significant
after Bonferroni correction ðP ¼ 0:027Þ: No difference
was observed in the 112/121 haplotype distribution.
This heterozygous haplotype combination was associ-
ated with increased risk of T2DM in several populations
(6). In general, the frequencies determined in our popu-
lation were similar to other Caucasians (6, 14).

Discussion

There are a growing number of reports on the role of
calpain 10 in the pathogenesis of T2DM. However,

Table 1 Characteristics of the study groups. All data are
expressed as means^S.D.

Characteristics T2DM Controls

Women/men 138/91 81/67
Age at examination (years) 56.2^12.3 56.5^14.3
Age of diagnosis (years) 46.2^11.0
Duration of the disease (years) 10.0^8.1
BMI (kg/m2) 30.2^6.1 27.4^5.5
% on insulin treatment 53.1%

The high proportion of insulin-treated type 2 diabetes patients was related
to the relatively long mean duration of diabetes.

Table 2 Allele distribution of calpain 10 SNPs -43, -19 and -63.

Alleles

1 2

SNP-43
T2DM 335 (73.1%) 123 (26.9%) P ¼ 0.24
Controls 205 (69.3%) 91 (30.7%)

SNP-19
T2DM 157 (34.3%) 301 (65.7%) P ¼ 0.81
Controls 104 (35.1%) 192 (64.9%)

SNP-63
T2DM 425 (92.8%) 33 (7.2%) P ¼ 0.34
Controls 269 (90.9%) 27 (9.1%)

P-values: 1 degree of freedom.

Table 3 Genotype distribution of calpain 10 SNPs -43, -19 and
-63.

Genotypes

1/1 1/2 2/2

SNP-43
T2DM 125 (54.6%) 85 (37.1%) 19 (8.3%) P ¼ 0.36
Controls 70 (47.3%) 65 (43.9%) 13 (8.8%)

SNP-19
T2DM 24 (10.5%) 109 (47.6%) 96 (41.9%) P ¼ 0.96
Controls 16 (10.8%) 72 (48.6%) 60 (40.5%)

SNP-63
T2DM 197 (86.0%) 31 (13.5%) 1 (0.4%) P ¼ 0.83
Controls 122 (82.4%) 25 (16.9%) 1 (0.6%)

P-values: 2 degrees of freedom.

Table 4 Distribution of haplotypes defined by variants of SNPs
-43, -19 and -63.

Haplotype P
43-19-63 T2DM Controls OR (CI)

121 178 (38.9%) 100 (33.7%) 0.15
1.25 (0.92–1.69)

111 124 (27.0%) 78 (26.4%) 0.82
1.04 (0.75–1.44)

112 33 (7.2%) 26 (8.8%) 0.43
0.81 (0.47–1.38)

221 123 (29.9%) 91 (30.7%) 0.24
0.83 (0.60–1.14)

122 0 (0.0%) 1 (0.03%)

The P value, OR and 95% CI of each haplotype relative to the other haplo-
types as a group are shown. The results for very rare haplotypes are not
shown.
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the equivocal answer to the question which alleles,
genotypes, haplotypes and haplotype combinations
carry the risk of developing T2DM is lacking. Horikawa
et al. reported an association between T2DM and the
heterozygous combination of the three locus haplotypes
created by SNP-43, SNP-19 and SNP-63 (112/121) in
a Mexican-American population (6). Similar results
were obtained in Germans and Finns but the popu-
lation attributable risk in these European populations
was lower than in Mexican-Americans (6). However,
it should be pointed out that some other studies were
not able to replicate these results (14, 18). We found
that the homozygotic 121/121 combination of three
point haplotypes created by SNPs -43, -19, and -63
may be associated with an increased risk of T2DM in
a Polish population. This association with T2DM was
also observed in a subset of individuals with a positive
family history of T2DM. The frequency of this
121/121 combination and related odds are similar to
those observed in a Finnish population (6). However,
contrary to Mexican-Americans, Finns, and Germans,
this Polish population did not show evidence of the
112/121 heterozygous combination being associated
with T2DM. We did not genotype our study groups
for other polymorphisms of calpain 10, for example
SNP-44, that have recently been suggested to influence
susceptibility to T2DM (14, 19). Our primary goal was
to focus on the markers reported originally by Bell and
his group (6). In addition, allele 2 of SNP-44 is exclu-
sively associated with haplotype 111 created by the
common alleles at SNP-43, SNP-19, and SNP-63, so

this marker would not affect the significance of
121/121 association in this Polish population (14,
19). It should also be pointed out that the 111 haplo-
type is present with almost identical frequencies in
both our study groups.

Finally, the shortcomings of our study design should
be considered. First, in this case-control study we per-
formed numerous tests and the problem of a correction
for multiple comparisons arises. We stratified our
patient group based on BMI, age of T2DM onset, and
family history of T2DM, and subsequent comparisons
were carried out. Bonferroni correction was used for
these stratification analyses. For the non-stratified com-
parisons for alleles, genotypes, haplotypes and haplo-
type combinations, the correction was not made.
However, it should be pointed out that we were testing
a specific hypothesis that has been suggested by others.
Moreover, the alleles, genotypes, haplotypes, and haplo-
type combinations of calpain 10 which were examined,
are not independent of each other. The nature of
biology (i.e. linkage disequilibrium among the sites)
insures that the results of these comparisons are very
highly correlated. In addition, we followed the
approach accepted in other papers on calpain 10 and
T2DM (6, 14). The second important issue is the size
of our study groups. It is very important in case-control
genetic studies that the size of the examined groups be
large enough to detect a putative association. Our
groups were similar in size to the European popu-
lations, Germans and Finns, which were examined pre-
viously for case-control comparisons (6). Those groups
were large enough to detect a modest effect of calpain
10 in these populations.

Conclusion

The results of the case-control study in a Polish popu-
lation suggest a role of the 121/121 haplotype combi-
nation created by calpain 10 SNPs -43, -19 and -63 in
the susceptibility to T2DM. We were not able to repli-
cate the association that was reported earlier in several
populations between calpain 10 112/121 heterozygous
combination and T2DM.

Acknowledgements

This research was supported by the State Committee for
Scientific Research Grant 4 P05B 108 18 and by NIH
FIRCA Grant 1 R03 TW01315-01. We are grateful to
Paul Norman Greenlaw for his help in the preparation
of this manuscript.

References

1 Warram JH, Rich SS & Krolewski AS. Epidemiology and genetics
of diabetes mellitus. In Joslin’s Diabetes Mellitus, pp 201–215. Eds
CR Kahn & GC Weir. Philadelphia: Lea & Febiger, 1994.

Table 5 Distribution of haplotype combinations defined by
variants of SNPs -43, -19, and -63.

Haplotype
combination T2DM Controls

P
OR (CI)

111/111 15 (6.6%) 9 (6.1%) 0.85
1.08 (0.46–2.54)

111/121 47 (20.5%) 29 (19.6%) 0.82
1.06 (0.63–1.78)

111/112 8 (3.5%) 7 (4.7%) 0.54
0.73 (0.26–2.06)

111/221 39 (17.0%) 24 (16.2%) 0.83
1.06 (0.61–1.85)

112/112 1 (0.4%) 0 (0.0%)
112/121 13 (5.7%) 9 (6.1%) 0.87

0.93 (0.39–2.23)
112/221 10 (4.4%) 9 (6.1%) 0.45

0.71 (0.28–1.78)
121/121 41 (17.9%) 15 (10.1%) 0.038

1.93 (1.03–3.54)
121/221 36 (15.7%) 32 (21.6%) 0.14

0.68 (0.40–1.15)
221/221 19 (8.3%) 13 (8.8%) 0.86

0.94 (0.45–1.97)
112/122 0 (0.0%) 1 (0.7%)

The P value, OR and 95% CI of each haplotype combination relative to the
other haplotype combinations as a group are shown. The results for very
rare haplotype combinations are not shown.

698 M T Malecki and others EUROPEAN JOURNAL OF ENDOCRINOLOGY (2002) 146

www.eje.org



2 Kahn CR. Insulin action, diabetogenes, and the cause of type II
diabetes. Diabetes 1994 43 1066–1082.

3 Fajans SS, Bell GI & Polonsky KS. Molecular mechanisms and
clinical pathophysiology of maturity-onset diabetes of the
young. New England Journal of Medicine 2001 345 971–980.

4 Malecki MT, Jhala US, Antonellis A, Fields L, Doria A, Warram JH
et al. Mutations in BETA2/NEUROD1 gene responsible for early-
onset type 2 diabetes mellitus. Nature Genetics 1999 23
323–328.

5 van den Ouweland JM, Lemkes HH, Ruitenbeek W, Sandkuijl LA,
de Vijlder MF, Struyvenberg PA et al. Mutation in mitochondrial
tRNA(Leu) (UUR) gene in a large pedigree with maternally trans-
mitted type II diabetes mellitus and deafness. Nature Genetics
1992 1 368–371.

6 Horikawa Y, Oda N, Cox NJ, Li X, Orho-Melander M, Hara M et al.
Genetic variation in the calpain 10 gene (CAPN10) is associated
with type 2 diabetes mellitus. Nature Genetics 2000 26 163–175.

7 Altshuler D, Hirschhorn JN, Klannemark M, Lindgren CM, Vohl
MC, Nemesh J et al. The common PPAR gamma Pro12Ala poly-
morphism is associated with decreased risk of type 2 diabetes.
Nature Genetics 2000 26 76–80.

8 Sorimachi H, Ishiura S & Suzuki K. Structure and physiological
function of calpains. Biochemical Journal 1997 328 721–732.

9 Ravid A, Koren R, Rotem C, Garach-Jehoshua O, Glaser T &
Liberman UA. 1, 25-Dihydroxyvitamin D3 increases the cellular
content of the calcium-activated neutral protease mu-calpain in
renal cell carcinoma. Endocrinology 1994 135 2822–2825.

10 Stumvoll M, Fritsche A, Madaus A, Stefan N, Weisser M,
Machicao F et al. Functional significance of the UCSNP-43 poly-
morphism in the CAPN10 gene for proinsulin processing and
insulin secretion in nondiabetic Germans. Diabetes 2001 50
2161–2163.

11 Baier LJ, Permana PA, Yang X, Pratley RE, Hanson RL, Shen GQ
et al. A calpain-10 gene polymorphism is associated with reduced

muscle mRNA levels and insulin resistance. Journal of Clinical
Investigation 2000 106 69– 73.

12 Sreenan SK, Zhou YP, Otani K, Hansen PA, Currie KP, Pan CYet al.
Calpains play a role in insulin secretion and action. Diabetes 2001
50 2013–2020.

13 Report of a WHO Consultation. Definition, Diagnosis and Classifi-
cation of Diabetes Mellitus and its Complications. Geneva, 1999.

14 Evans JC, Frayling TM, Cassell PG, Saker PJ, Hitman GA, Walker
M et al. Studies of association between the gene for calpain-10
and type 2 diabetes mellitus in the United Kingdom. American
Journal of Human Genetics 2001 69 544–552.

15 Elbein S, Ren Q, Hasstedt S & Hanis C. Increased transmission of
NIDDM1 variant in Caucasian familial type 2 diabetes. Diabetes
2000 49 (Suppl 1) 860-P.

16 Doria A, Warram JH & Krolewski AS. Genetic predisposition to
diabetic nephropathy. Evidence for a role of the angiotensin I-
converting enzyme gene. Diabetes 1994 43 690–695.

17 Klupa T, Malecki MT, Hanna L, Sieradzka J, Frey J, Warram JH
et al. Amino acid variants of the vitamin D-binding protein and
risk of diabetes in Caucasians. European Journal of Endocrinology
1999 141 489–492.

18 Hegele RA, Harris SB, Zinman B, Hanley AJ & Cao H. Absence of
association of type 2 diabetes with CAPN10 and PC-1 polymorph-
isms in Oji-Cree. Diabetes Care 2001 24 1498–1499.

19 Schwarz PEH, Horikawa Y, Vcelak J, Selisko T, Rietzsch H, Bendlova
B et al. Genetic variation of CAPN10 affects susceptibility to type 2
diabetes in German and Czech population. Diabetologia 2001 44
(Suppl) Abstract 359.

Received 29 November 2001

Accepted 18 February 2002

Calpain 10 and PPARg 699EUROPEAN JOURNAL OF ENDOCRINOLOGY (2002) 146

www.eje.org


