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Abstract Type 2 diabetes mellitus (T2DM) is genetically defined as a complex disease caused by the
interaction of environment and genes, which are located in different regions from the human genome.
Cardiomyopathy, a prominent cardiovascular complication, has been recognized as a micro vascular
disease that may lead to heart failure. Calpain 10 (CAPN10) is a susceptibility gene for the disease,
located in 2q37.3. Calpains are non-lysosomal calcium dependent cysteine proteases that participate
in insulin secretion and action. Polymorphisms in the calpain- 10 gene have been shown to increase
the risk for type 2 diabetes and cardiomyopathy. In this research, it has been postulated that SNP- 19
of CAPN10 gene was associated with T2DM and cardiomyopathy. It has been analyzed 30 diabetic
patients, 20 cardiomyopathy patients and 10 healthy controls. CAPN10 SNP-19 (Insertion/deletion)
polymorphism genotyping was done by PCR. The results showed association of SNP19 with T2DM
()(2 = 13.19 & p = 0.001) and cardiomyopathy ()(2 =5.00 & p = 0.029). In conclusion, results from the
present study indicate a significant association of SNP19 in CAPN10 gene to T2DM and
cardiomyopathy.

Keywords CAPN10 Gene, Single Nucleotide Polymorphism 19, Type 2 Diabetes Mellitus

1. Introduction

Diabetes mellitus (DM), long considered a disease of minor significance to world health, is now taking
its place as one of the main threats to human health in the 21st century [1]. Developing countries such
as India have had the maximum increases in the last few years. The current prevalence of type 2
diabetes is 2.4% in the rural population and 11.6% in the urban population of India. It has been
estimated that by the year 2025, India will have the largest number of diabetic subjects in the world
[2]. Cardiomyopathy, a prominent cardiovascular complication, has been recognized as a
microvascular disease that may lead to heart failure [3]. Pathogenesis of cardiomyopathy involves
vascular endothelial cell dysfunction, as well as myocyte necrosis. Cardiomyopathies are a
heterogeneous group of diseases of the myocardium associated with mechanical and/or electrical
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dysfunction that usually (but not invariably) exhibit inappropriate ventricular hypertrophy or dilatation
and are due to a variety of causes that frequently are genetic [4].

Genome wide association studies have identified a number of genes contributing to type 2 diabetes
predisposition [5-8], including calpain10 (CAPN10) [9-12], a ubiquitously expressed protease [13] that
serve as an intracellular calcium-dependent cysteine proteases [14]. CAPN10 protein also regulates
insulin secretion [12, 15-17] and insulin-mediated glucose metabolism. Calpain-10 (CAPN10) is the
first T2DM susceptibility gene to be identified through a genome scan, with polymorphisms being
associated with altered CAPN10 expression [18]. The highest expression of CAPN10 mRNA is found
in human heart, followed by the pancreas, brain, liver and kidney. CAPN10 is located on chromosome
237, consists of 15 exons spanning 31 kb [19].

Recent studies have shown that the variation in CAPN10 (MIM 605286), the gene encoding
calpainl0, affects susceptibility to type 2 diabetes mellitus in Mexican Americans and in two northern-
European populations [20]. SNP-19 was also found to be associated with measures of insulin action
in Pima Indians with normal glucose tolerance, suggesting that calpain-10 increases susceptibility to
type 2 diabetes through its effects on the oxidation of glucose in skeletal muscle [21]. The goal of this
study is to test role of calpainl0 gene especially in the insertion/deletion (I/D) polymorphism in
cardiomyopathy patients and in type 2 diabetic patients in Indian patients.

2. Materials and Methods

2.1. Participants

The case-control study comprised of 60 participants allocated into 3 groups. The first group was
healthy participants (n = 10); the second group was type 2 diabetes patients (n = 30); the third group
was cardiomyopathy patient (n=20).

2.2. Genomic DNA Extraction

Peripheral blood leucocytes taken from controls and patients were used for genomic DNA extraction
by phenol-chloroform extraction method [22]. Genotypes were determined by a Polymerase Chain
Reaction (PCR). For the purposes of this study, information included age, sex and fasting blood
glucose, postprandial sugar, HbAlc, serum cholesterol, HDL cholesterol, LDL cholesterol, VLDL
cholesterol, serum triglycerides, creatinine, blood urea and CRP level.

2.3. Genotyping of the SNP19 of the CAPN10 Gene

DNA fragments of the SNP-19 (CAPN10-g.7920indel32bp) were amplified with the following primers.

(1) Forward 5-GTTTGGTTCTCTTCAGCGTGGAG-3’
(2) Reverse primers 5'- CATGAACCCTGGCAGGGTCTAAG-3’ [20].

PCR was performed in a 15pl reaction mixture, containing 10x PCR buffer, 10mmol of each dNTP,
250 nmol of each primer/liter, 3 U/pl of Taq polymerase, and 40 ng of genomic DNA. The cycling
conditions were 94°C for 12 min; 35 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 30 s, and
72°C for 10 min. The PCR products were separated on a 2% agarose gel.

2.4. Statistical Analysis

The Hardy-Weinberg equilibrium for genotype and allele distribution of SNP19 in controls and patients
were compared by chi-square test. The allelic frequencies between the different groups were found

International Journal of Advanced Diabetes Research



IJADR- An Open Access Journal

out by the JavaStat- 2 way contingency table analysis. One-way ANOVA test were used for
comparison of the biochemical data and are presented as mean + S.E. Chi-square test was used to
perform the genotype incidence and Fisher’'s exact test was used to calculate 95% confidence interval
(Cl) and odds ratios(OR).

3. Results and Discussion

Biochemical parameters of healthy controls and all groups are listed in Table 1. The biochemical
values of all the patients belonging to different groups were analyzed by using one-way ANOVA
method. p-values <0.005 were considered significant.

The p-values of HbAlc and blood urea in comparison of control with other groups were found to be
significant. P-value for CRP level and HDL cholesterol was found to be significant in comparison of
control with cardiomyopathy. Between control and other two groups the p-values of fasting sugar,
postprandial sugar, serum cholesterol, serum triglyceride, creatinine, LDL & VLDL were insignificant.
According to Table 1.0 CRP level and HDL cholesterol can be determined as sensitive biochemical
marker for cardiac dysfunction.

The PCR products were separated on a 2% agarose gel. allele 1 (two repeats of 32-bp sequence)
was 155 bp, and allele 2 (three repeats) was 187 bp. Genotype frequency and allelic frequency of
calpain10 gene (SNP-19) was described in Table 2. The genotype frequency of cardiomyopathy
subjects was found to be 20(100%) for heterozygous (allele 1 and 2), genotype frequency of T2DM
subjects was found to be 10(33.3%) for allele 1 homozygous and 20(66.6%) for heterozygous while
genotype frequency of control subjects was 4(40%) for heterozygous (allele 1 and 2) and 6(60%) for
allele 2 homozygous.

The allele frequency was 20(50%) for allele 1 and 20(50%) for allele 2 in cardiomyopathy subjects
and in T2DM subjects allele frequency was 40(66.6%) for allele 1 and 20(33.3%) for allele 2. The
allele frequency was 4(20%) for allele 1 and 16(80%) in control subjects.

From the logistic regression analysis for calpain10 gene (SNP19) polymorphism (Table 3), p-value
(p<0.005) was found to be significant in both cases when control subjects were compared with T2DM

and cardiomyopathy subjects.

We have tested SNP19 polymorphism in CAPN10 to test role of calpainl0 gene especially in the
cardiomyopathy patients and in type 2 diabetic patients in Indian patients.

We determined by our study that: CAPN10 gene (SNP-19) I/D polymorphism was associated with
increased risk of T2DM and cardiomyopathy (p values were 0.001 and 0.029 respectively).

Table 1: Biochemical Parameters of Diabetes and Cardiomyopathy

Biochemical Parameter Groups

Group-1 Control Group-2 T2DM Group-3
(n=10) (n=30) Cardiomyopathy
(n=20)
Fasting sugar (mg/dL) 96.10+3.08 118.946.63 110.8+7.22
NS? NS?
Postprandial sugar 139.84+2.63 153.9+£10.55 176.3£13.8
(mg/dL) NS? Ns?
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HbAlc (%) 4.8+0.17 7.0+£0.11 6.88+0.18
P<0.001% P<0.001%

Serum 144.4+5.05 161.7+8.81 178.4+8.32

cholesterol(mg/dL) NS? NS?

Serum 136.8+4.20 148.4+7.17 127.55+4.1

triglyceride(mg/dL) NS? NS?

CRP level (mg/dL) 3.1+0.45 3.40+0.27 13.9+1.21
NS? P<0.001%

HDL cholesterol(mg/dL) 24.8+1.58 22.13+1.56 42.9+7.44
NS? P<0.001%

LDL cholesterol(mg/dL) 117.05+2.96 114.46+2.23 117.05+9.76
NS? NS?

VLDL cholesterol(mg/dL) 27.54+1.08 29.64+1.42 25.8+3.51
NS? NS?

Creatinine (mg/dL) 1.02+0.03 1.0+0.04 1.17+0.02
NS? NS?

Blood urea (mg/dL) 21+1.26 30.83+£1.17 27.55+£1.78
P<0.001% P=0.038"

Note: In Table 1 values represent the mean

SE. Statistical significance between different groups were

evaluated by one way ANOVA method. P values < 0.05 were considered significant. The mean difference is

significant at the 0.05 level.

Where a = comparison of control with group T2DM & Cardiomyopathy

Table 2: Genotype and Allelic Frequency in all Subjects of Calpain10 Gene (SNP-19)

Groups Genotyping Results Allelic Frequency

1/1 1/2 2/2 Allele-1 Allele-2
Control 0 4(40%) 6(60%) 20(50%) 20(50%)
T2DM 10(33.3%) 20(66.6%) 0 40(66.6%) 20(33.3%)
Cardiomyopathy 0 20(100%) 0 4(20%) 16(80%)

Table 3: Logistic Regression Analysis for SNP-19 Polymorphism in Cardiomyopathy and T2DM

Groups P- Value CHI Square Odd Ratio 95% CI
Value Value

Control v/s T2DM 0.001 13.199 0.125 0.030-0.474

Control v/s Cardiomyopathy 0.029 5.000 0.250 0.058-1.002

Note: p- value < 0.05 Odd ratio > 1 and 95% confidence interval > 1 is significant.

Our CAPN10 SNP19 polymorphism finding was supported by a recent study performed by |. Ezzidi et
al., (2010) [23]. They determined positive association of UCSNP-19 polymorphism with increased risk
of T2DM as evidenced by homozygous 2/2 genotype frequency in T2DM patients, and by enrichment
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of the UCSNP-19 homozygous variant in overweight and obese T2DM patients. UCSNP-19 has also
been implicated in Insulin sensitivity in Finnish [24], Northern European [25], Scandinavian [26] &
Spanish subjects [27].

In addition to T2DM, the variants in CAPN10 have been associated with polycystic ovary syndrome
[26], obesity [28, 25] and the metabolic syndrome [29], which share some pathophysiological traits
that also underlie T2DM (e.g. insulin resistance and/or compensatory hyperinsulinemia). Intriguingly,
biological data, mostly from in vitro studies, point to a role of CAPN10 in several key pathways for the
pathophysiology of T2DM including insulin-mediated glucose metabolism [6, 10], insulin production
and release in pancreatic B cell [6, 11-13] and thermogenesis [14].

4. Conclusion

Our results suggested significant association of CAPN10 gene I/D (SNP19) polymorphism in
Cardiomyopathy patients and in type 2 diabetic participants. In future large-scale, well designed
studies using a prospective design and population-based controls are needed to either reliably
confirm or conclusively refute the postulated effect of CAPN10 gene on Type 2 diabetes mellitus and
cardiomyopathy.

References

[1] Zimmet P. Globalization, Coca-Colonization and the Chronic Disease Epidemic: Can the Dooms
Day Scenario be Averted. Journal of Internal Medicine. 2000. 247; 301-10.

[2] King H., et al. Global Burden of Diabetes, 1995-2025, Prevalence, Numerical Estimates and
Projections. Diabetes Care. 1998. 21; 1414-31.

[3] Farhangkhoee H., et al. Vascular Endothelial Dysfunction in Diabetic Cardiomyopathy:
Pathogenesis and Potential Treatment Targets. Pharmacology and Therapeutics. 2006. 111; 384
-399.

[4] Maron B.J., et al. American Heart Association; Council on Clinical Cardiology, Heart Failure and
Transplantation Committee; Quality of Care and Outcomes Research and Functional Genomics
and Translational Biology Interdisciplinary Working Groups; Council on Epidemiology and
Prevention. Contemporary definitions and classification of the cardiomyopathies: an American
Heart Association Scientific Statement from the Council on Clinical Cardiology, Heart Failure and
Transplantation Committee; Quality of Care and Outcomes Research and Functional Genomics
and Translational Biology Interdisciplinary Working Groups; and Council on Epidemiology and
Prevention. Circulation. 2006. 113; 1807-1816.

[5] Barroso I. Genetics of Type 2 Diabetes. Diabetes Medicine. 2005. 22; 517-35.

[6] Florez J.C. Clinical Review: the Genetics of Type 2 Diabetes: a Realistic Appraisal in 2008. The
Journal of Clinical Endocrinology and Metabolism. 2008. 93; 4633-42.

[7] Ghosh S., et al. Type 2 Diabetes: Evidence for Linkage on Chromosome 20 in 716 Finnish
Affected Sib Pairs. Proceedings of the National Academy of Sciences of the United States of
America. 1999. 96; 2198-203.

[8] Wiltshire S., et al. A Genome Wide Scan for Loci Predisposing to Type 2 Diabetes in a U.K.
Population (the Diabetes UK Warren 2 Repository): Analysis of 573 Pedigrees Provides

International Journal of Advanced Diabetes Research



IJADR- An Open Access Journal

Independent Replication of a Susceptibility Locus on Chromosome 1q. American Journal of
Human Genetics. 2001. 69; 553-69.

[9] Cox N.J., et al. Linkage of Calpain-10 to Type 2 Diabetes: The Biological Rationale. Diabetes.
2004. 53 (suppll); 519-25.

[10]Fullerton S.M., et al. Geographic & Haplotype Structure of Candidate Type 2 Diabetes
Susceptibility Variants at the Calpain-10 Locus. American Journal of Human Genetics. 2002. 70;
1096-106.

[11] Tsuchiya T., et al. Meta Analysis and a Large Association Study Confirm a Role for Calpain-10
Variation in Type 2 Diabetes Susceptibility. American Journal of Human Genetics. 2002. 73;
1208-12.

[12]Weedon M.N., et al. Metaanalysis & a Large Association Study Confirm a Role for Calpain-10
Variation in Type 2 Diabetes Susceptibility. American Journal of Human Genetics. 2003. 73;
1208-12.

[13]Ma H., et al. Characterization and Expression of Calpain-10. A Novel Ubiquitous Calpain with
Nuclear Localization. Journal of Biological Chemistry. 2001. 276; 28525-31.

[14] Dear T.N., et al. Identification and Characterization of Two Novel Calpain Large Subunit Genes.
Gene. 2001. 274 (1-2); 245-52.

[15] Carlsson E., et al. Genetic and Nongenetic Regulation of CAPN10 mRNA Expression in Skeletal
Muscle. Diabetes. 2005. 54; 3015-20.

[16]Ling C., et al. Calpain-10 Expression is Elevated in Pancreatic Islets from Patients with Type 2
Diabetes. PLoS One. 2009. 4; e6558.

[17]Orho-Melander M., et al. Variants in the Calpain-10 Gene Predispose to Insulin Resistance and
Elevated Free Fatty Acid Levels. Diabetes. 2002. 51; 2658-64.

[18]Marshall C., et al. Evidence that an Isoform of Calpain-10 is a Regulator of Exocytosis in
Pancreatic [3-cells. Molecular Endocrinology. 2005. 19 (1) 213-224.

[19]Mazen M., at al. Calpain 10 Gene Polymorphism in Type 2 Diabetes Mellitus Patients in Gaza
Strip. Deanery of Higher Education, Faculty of Science Master of Biological Sciences; Medical
Technology. The Islamic University-Gaza. 2007. 1-97.

[20]Julie C. Evans, 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.

[21]Baier L.J., et al. A Calpain-10 Gene Polymorphism is associated with Reduced Muscle mRNA
Levels and Insulin Resistance. Journal of Clinical Investigation. 2002. 106; R69—-R73.

[22] Sambrook J., et al. 2001: Molecular Cloning a Laboratory Manual. Vol.1. Cold Spring Harbor
Laboratory Press, New York, 2231.

[23] Ezzidi I., et al. Variants within the Calpain-10 Gene & Relationships with Type 2 Diabetes (T2DM)
and T2DM Related Traits Among Tunisian Arabs. Diabetes Metabolism. 2010. 36; 357-362.

International Journal of Advanced Diabetes Research



IJADR- An Open Access Journal

[24] Pihlajamaki J., et al. Common Polymorphisms of Calpain-10 are Associated with Abdominal
Obesity in Subjects at High Risk of Type 2 Diabetes. Diabetologia. 2006. 49; 1560-6.

[25] Elbein S.C., et al. Role of Calpain-10 Gene Variants in Familial Type 2 Diabetes in Caucasians.
Journal of Clinical Endocrinology and Metabolism. 2002. 87; 650-4.

[26] Rasmussen S.K., et al. Variants within the Calpain-10 Gene on Chromosome 2q37(NIDDM1) &
Relationships to Type 2 Diabetes, Insulin Resistance and Impaired Acute Insulin Secretion among
Scandinvian Caucasians. Diabetes. 2002. 51; 3561-7.

[27]Saez M.E., et al. The CAPN10 Gene is Associated with Insulin Resistance Phenotypes in the
Spanish Population. PLoS One. 2008. 3; €2953.

[28] Tsai H.J., et al. Type 2 Diabetes and Three Calpain-10 Gene Polymorphisms in Samoans- No
Evidence of Association. American Journal of Human Genetics. 2001. 69; 1236-44.

[29] Malecki M.T., et al. Homozygous Combination of Calpain-10 Gene Haplotypes is associated with
Type 2 Diabetes Mellitus in a Polish Population. European Journal of Endocrinology. 2002. 146;
695-9.

International Journal of Advanced Diabetes Research



