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Abstract

Background: T2DM is a polygenic, metabolic complex and multifactorial disease. Several genes contribute to risk of
type 2 diabetes and metabolic syndrome among different populations.

Results: An relationship between three identified CAPN-10 variants [SNP-43 (rs#3792267), SNP-19 (rs#3842570) and
SNP-63 (rs#5030952)] localized on 2g37 and type 2 diabetic patients with and without metabolic syndrome (MS)

have been reported in our comparative study (diabetic vs health control individuals). Genotyping of study cohorts
was carried out using restriction fragment length polymorphism (RFLP-PCR). Statistical analysis of data reveals that
the haplotype combination 111/112 confers a significant risk for type 2 diabetes mellitus (T2DM). Patients with the
homozygous haplotype combination of 122/122 are less susceptible to MS when compared to other patients carry-
ing other haplotype combinations. Regarding obesity, a core component in MS, the haplotype combinations 111/121
and 122/122 demonstrate a significant protective role. Furthermore, the haplotype combination 111/111 displays a
significant risk for high levels of total cholesterol.

Conclusion: Present findings address that these haplotype combinations 111/112, 111/121 and 122/122 of CAPN-

10 SNP-43,-19 and -63 constitute unique DNA biomarker fingerprints toward susceptibility and risk for T2DM and MS
among Egyptians when compared to other haplotype combinations reported in other populations of different eth-
nicity. To enhance the power of human evolution control nowadays, mutations and polymorphisms in target genes
associated with human diseases should be well understood.
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Background
T2DM is a polygenic, metabolic complex and multifacto-
rial disease, influenced by both genetic and non-genetic
factors [1]. It is characterized by impaired insulin secre-
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hypertension, dyslipidemia, and obesity [3]. The preva-
lence of MS is known to be considerable in patients with
T2DM than in general population.

Genome-wide association studies (GWAs) have iden-
tified several genes contributing to T2DM predisposi-
tion including gene encoding calpain 10 (CAPNI10) [4].
It is located on chromosome 2q37.3, comprises 15 exons
spanning 31 kb and encodes a 672 amino acids intracellu-
lar protease [5]. Calpainl0 is a member of calpain super-
family which are non-lysosomal neutral cytoplasmic
cysteine proteases requiring calcium ions for activity [6].

A complex relationship between diabetes susceptibil-
ity and CAPN10 polymorphisms. These variants that are
grouped in a haplotype are transmitted together from
parents to off springs without being subjected to recom-
bination events.

In the present study, we examine the role of three
intronic CAPNIO SNPs [SNP-43 (rs#3792267) at
intron-3, SNP-19 (rs#3842570) at intron-6 and SNP-63
(rs#5030952) at intron-13] at the level of genotype, hap-
lotype and haplotype combination in relation to genetic
susceptibility to both T2DM and MS among Egyptians.
To the best of our knowledge, our study represents the
first report exploring CAPN10—variants and T2DM-MS
susceptibility among Egyptians. This study represented
a highlighting point to explore T2DM genetics among
Egyptian population. Understanding the cause of dia-
betes at the level of genetics would be a helpful tool to
reduce the diabetes incidence among future generations.

Method(s)

Study population and data collection

A total of 102 individuals (49 type 2 diabetic patients and
53 healthy controls) were enrolled in this study. Charac-
teristics of patients were matched well with World Health
Organization (WHO) criteria outlined for T2DM [7].
Patients’ demographic, clinical and laboratory charac-
teristics and matched controls were taken. Age, gender,
BMI, duration of diabetes, first-degree family history of
diabetes, history of chronic diabetes complication, treat-
ment of diabetes, blood pressure, fasting plasma glucose,
glycated hemoglobin (GHb) were measured. Lipid profile
(Total cholesterol, triglyceride, HDL-c and LDL-c) was
determined for patients’ group only to fulfill the meta-
bolic syndrome criteria.

Metabolic syndrome criteria

According to combined National Cholesterol Education
Program-Adult Treatment Panel (NCEP-ATP) II [8], dia-
betic patients that meet 2 or 3 criteria from a total of 4
criteria were diagnosed to have MS. Criteria of MS are
(1) Obesity expressed in terms of as body mass index
(BMI)>25 kg m?% (2) Hypertriglyceridemia>150 mg/
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dL (1.693 mmol/L); (3) Low high-density lipoprotein
cholesterol (HDL-c) <40 mg/dL (1.034 mmol/L) in men
and <50 mg/dL (1.293 mmol/L) in women; (4) High
blood pressure > 130/85 mmHg.

Isolation of genomic DNA from leukocytes

Genomic DNA was isolated from peripheral total leu-
kocytes as described earlier [9]. This DNA was used as a
DNA template in three separate polymerase chain reac-
tions to amplify three partial fragments containing SNP-
19, SNP-43 and SNP -63 in CAPN10.

CAPN10 genotyping

SNP-19 (rs#3842570)

The following primer set; forward: 5-GTTTGGTTC
TCTTCAGCGTGGAG-3" and reverse: 5-CATGAACCC
TGGCAGGGTCTAAG-3" was used in PCR to amplify
a partial fragment of CAPNIO containing SNP-19. PCR
products were separated on 3% agarose gel. Allele 1 (two
repeats of 32 bp) and allele 2 (three repeats of 32 bp) were
detected as two fragments of 155 bp and 187 bp, respec-
tively [10, 11], (Fig. 1a).

SNP-43 (rs#3792267)

A fragment of CAPN10 containing SNP-43 was amplified
via PCR using the following primer set: forward primer:
5-CACGCTTGCTGTGAAGTAATGC-3" and reverse
primer: 5-CTCTGATTCCCATGGTCTGTAG-3". The
resulting 144 bp PCR product was digested with Nsil
(Fermentas, Fast digest). DNA segments resulting from
restriction digestion reaction were separated on 3% aga-
rose gel. Allele 1 (G) was not cleaved with Nsil and was
still 144 bp, whereas allele 2 (A) was cleaved with Nsil
into two fragments 121 bp and 23 bp [11], (Fig. 1b).

SNP-63 (rs#5030952)

A DNA fragment of CAPNI0 containing SNP-63 was
amplified using the primer set, forward: 5-AGCACT
CCCAGCTCCTGATC-3" and reverse: 5-AGGGGG
GCCAGGGCCTGACGGGGGTGGCG-3. PCR prod-
ucts (192 bp) were digested with Hhal (Fermentas, Fast
digest). The resulting DNA segments after restriction
digestion were separated on 3% agarose gel. Allele 1 (C)
was detected as a 162 bp fragment, and allele 2 (T) was
detected as a 192 bp fragment [10, 11], (Fig. 1¢).

Statistical analysis

Data were processed using SPSS package version 18.
Descriptive statistics including frequency, distribution,
mean, and standard deviation (SD) were used to describe
different clinical characteristics. Chi-Square test, t test
and Mann—-Whitney test were used to test for signifi-
cance among different variables. The significance of the
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Fig. 1 Agarose gel electrophoresis (3%) showing a PCR products of SNP-19: Lane (2) represents homozygous (2R/2R, 155 bp) of two
repeats of 32 bp, Lane (5) represents homozygous (3R/3R, 187 bp) of three repeats of 32 bp and lanes (1,3,4,6,10) represent heterozygous
genotype(2R/3R,155 bp and 187 bp), b RFLP-PCR products of SNP-43 utilizing FastDigest®Nsil and ¢ RFLP-PCR products of SNP-63 utilizing

FastDigest®HhalM: 50 bp a ladder represents homozygous of three repeats

results was taken at the 5% level of significance. Odds
ratio (ORs) and 95% confidence interval (95% CI) were
calculated for different studied parameters. An odds
ratio of 1 implies that the event is equally likely in both
groups (patients and controls unless otherwise stated).
An odds ratio greater than one implies that the event is
more likely in the patients’ group; it is considered as risky
factor. An odds ratio less than one implies that the event
is less likely in the patients’ group and is considered as
preventive factor [12]. Inferences of haplotypes and hap-
lotype combinations from genotype population data were
performed using the MATLAB® version 7.10.0 (R2010a).
Genotypes frequency of SNP-43, SNP -19, and SNP
-63 polymorphisms were tested for being expressed in
Hardy—Weinberg equilibrium using Chi-Square test (X?).

Results

Study participants

A total of 49 subjects with T2DM (16 men/33 women)
and 53 healthy individuals (25 men/28 women) were
enrolled in this study. Ethical Approval and informed
consent had been granted. Patients diagnosed accord-
ing to WHO criteria. Demographic and clinical charac-
teristics of the study groups were compared by using the
Chi-Square test (X? test) and t test. Data were expressed
as mean+SD (standard deviation). Healthy individu-
als were frequency matched with patients according to
age and gender ratio (p>0.05). However, other clinical

and biochemical parameters were significantly higher in
diabetic patients than in control subjects (p<0.001) as
shown in Table 2. Twenty-six patients (53.1%) reported
positive family history ofT2DM. The percent of cardio-
vascular complication was found 40.8% in diabetic group.
Lipid profile was analyzed for patients’ group only to ful-
fill the metabolic syndrome criteria.

CAPN10 and type 2 diabetes mellitus susceptibility

Allele and genotype distribution

There were no significant differences according to allele
and genotype distribution among T2DM and control
groups. The genotypic frequencies were in Hardy—Wein-
berg equilibrium (HWE) (p>0.05).

Haplotype and haplotype combination distribution

For SNP-43, the G and A alleles were coded by 1 and 2,
respectively. For SNP-19, 1 represented two repeats of the
32 bp allele and 2 represented three repeats. For SNP-63,
the C and T alleles were coded by 1 and 2, respectively.
Only Seven CAPN10 haplotypes (111, 112, 121, 122, 211,
221 and 222) were identified in this study. The distribu-
tion of all observed haplotypes was comparable between
subjects with T2DM and healthy control subjects
(p>0.05) (data not shown). The expected frequencies of
various haplotype combinations (also called diplotypes)
for diabetes cases and control subjects were also deter-
mined, and 13 different haplotype combinations were
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detected. Among these estimated 13 haplotype combina-
tions, the 111/121 diplotype was the most frequent diplo-
type among both diabetic patients and healthy controls
while the 111/112 diplotype was significantly associated
with a 10.15-fold higher risk of T2DM (Table 1).

CAPN10 and metabolic syndrome among T2DM patients

Diabetic cases were stratified according to metabolic
syndrome criteria, patients with and without metabolic
syndrome. High prevalence of the metabolic syndrome
in subjects with T2DM was observed (77.6%). High BMI
value had been observed in metabolic syndrome patients
compared to non-metabolic syndrome patients (Table 2).
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The statistical analysis of all clinical and biochemical
characteristics for both groups was performed using Chi-
square test and Mann—Whitney test as shown in Table 2.

Relative MS risk according to genotype, haplotype

and haplotype combination frequencies of CAPN10
variants

Patients with or without MS reported comparable dis-
tribution of genotype (p>0.05). However, according
to haplotype frequency, only the 122 haplotype found
to be significantly lower in the patients with MS (5.3%)
compared to the patients without MS (22.7%) (OR 0.14,
95%CI 0.02-0.9, p=0.008). The homozygous 122/122

Table 1 Haplotype combination distribution among patients and controls

Haplotype or T2DM Controls X2 P OR (95% CI)
diplotype — —

Freq % Freq %
111/111 9 184 1 20.8 0.092 0.764 0.86 (0.3-2.5)
111/112 8 16.3 1 1.9 6.599 0.011* 10.15 (1.2-225)*
111/121 10 204 11 20.8 0.002 0.980 0.98(0.3-2.8)
111/122 4 82 6 113 0.287 0.612 0.7 (0.2-3.1)
111/221 4 82 7 132 0.673 0.430 0.58 (0.1-2.4)
1117222 1 2 3 5.7 0.885 0.361 0.4 (0.01-3.96)
112/112 1 2 1 19 0.003 0.980 1.08 (0.0-40.9)
112/122 0 0 2 38 1.886 0177 0.0 (0.0-4.5)
121/121 5 10.2 10 18.9 1.524 0.220 049 (0.1-1.7)
121/221 3 6.1 1 19 1212 0.275 3.39(0.3-87.7)

Bold indicates statistical significant result
*Significant value at P<0.05

Table 2 The clinical characteristics of patients’classified according to MS

Parameters Patients with MS Patients without MS p

N (M/F) 38(10/28) 11.(6/5) X?=3.09 p=0.078
Age (years) 53.14+6.8 5874+113 Z=165p=0.1

BMI (kg/m?) 32.5+4.1 26.1+5 Z=3.72 p<0.0001*
SBP (mmHg) 139.9+26.3 108.2+16 Z=3.69 p<0.0001*
DBP (mmHg) 86.7+10.4 72.2+10.1 Z=3.38 p=0.001*
FPG (mg/dl) 2144£101.1 199.9+£629 /=0.072p=0943
HbATc (%) 71£16 72£21 Z=036p=0.719
Total Cholesterol (mg/dl) 164.7 £52.8 122.7+£636 7=2.109 p=0.035%
Triglyceride (mg/dl) 140.8+94 80.8+31.3 Z=2.385p=0.017*%
HDL (mg/dl) 354+129 36.8+21.1 Z=0372p=071
LDL (mg/dl) 100.5+39.4 66.6 +46.4 Z=2.409 p=0.016*
DD (years) 125+7.8 84482 /=176 p=0.078
T2DM family history (%) 22/38 (57.9) 4/11(36.4) X?=159p=0.2
Hypertension (%) 26/38 (68.4) 2/11(18.2) X2=8.79 p=0.003*

Bold indicates statistical significant result

DD diabetes duration, BMI body mass index, GHb glycated hemoglobin, FPG fasting plasma glucose, SBP systolic blood pressure, DBP diastolic blood pressure, HDL-c

high-density lipoprotein cholesterol and LDL-c low density lipoprotein cholesterol
*Significant value at P<0.05
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diplotype was observed only in patients without MS
(p=0.008). This finding suggests a possible protective
role of the 122 as haplotype and homozygous diplotype
in MS susceptibility (Table 3).

Role of CAPN10 variants in obesity, hypertension,
hypertriglyceridemia, total cholesterol, HDL-c and LDL-c
The present study extends to investigate the role of the
three CAPN10 variants in different clinical and biochem-
ical parameters including (obesity, hypertension, hyper-
triglyceridemia, total cholesterol, HDL-c and LDL-c
levels). Only a significant association was detected with
obesity and total cholesterol level. Regarding obesity,
high prevalence was observed among diabetes cases
(79.6%). Additionally, a possible protective role of the
122 haplotype was observed (OR 0.11, 95%CI 0.02-0.72,
p=0.004). The 111/121 and 122/122 diplotypes demon-
strated a high protective role for obesity with p values
of 0.009 and 0.004, respectively, and the clinical param-
eters of the 111/121 diplotype carriers were compared
with those other diplotype carriers. A significant lower
BMI of 111/121 diplotype carriers than those with other
diplotypes were reported (28.3+5.6 vs. 31.7 +4.7 kg/m?,
p=0.047).

Regarding total cholesterol level, the patients’ group
was classified according to the criterion of total choles-
terol into groups: patients with high total cholesterol and
patients with normal total cholesterol. This classification
was based on the report of Adult Treatment Panels [13,
14]. Our results suggest that 111/111 homozygous diplo-
type may have a possible increased risk of obtaining high
cholesterol level with (p=0.047).
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By conducting the statistical analysis between the at-
risk 111/111 diplotype carriers and other diplotypes
carriers, patients with 111/111 diplotype showed signifi-
cantly higher FPG (274.44+95.5 vs. 196.9+88.4 mg/d],
P=0.041) and GHb (8.1+1.3 vs. 6.9+1.7%, p=0.026)
than those with other diplotypes carriers. In addition, the
total cholesterol level of the 111/111 diplotype carriers
found to be higher compared with the other diplotypes
carriers but the results were not statistically significant
(p=0.101).

Discussion

In this study, we examined the association of T2DM and
MS risk with CAPNI10 variants (SNP-43, SNP-19 and
SNP-63) at the level of alleles, genotypes, haplotypes and
haplotype combination. Genetic interference of CAPN10
with T2DM and MS susceptibility in this pilot study sug-
gested that none of these SNPs individually or at the level
of genotype was associated with T2DMamong our study
cohorts. Moreover, for better understanding of the rela-
tion between CAPNI10 and both T2DM and MS risk, we
examined three loci haplotypes and related possible hap-
lotype combinations. The comparable distribution of all
observed haplotypes between diabetic and healthy con-
trol subjects was investigated.

In principle, our finding is in accordance with the
findings of Horikawa et al. suggesting that these genetic
variations are not a major factor in the occurrence of
T2DM in Japanese, although they could yet be associ-
ated with various phenotypes of the disease [15]. Zhang
et al. reported the negative association of rs2975760 and
rs3792267 SNP polymorphisms of CAPNIO with the

Table 3 Haplotype and diplotype distribution among patients with or without MS

Haplotype or Ms Without MS x2 p OR (95%Cl)
diplotype

Freq % Freq %
11 37 48.7 9 409 3.59 0.058 8.2 (0.5-2604)
112 9 11.8 1 45 1.12 0.29 3.1(0.3-73.6)
121 19 25 5 22.7 0.07 0.79 1.2 (0.3-5.6)
122 4 53 5 227 6.94 0.008* 0.14 (0.02-0.9)*
221 5 0.6 2 9.1 0.18 0.675 0.68 (0.1-6.1)
222 1 13 0 0.0 0.3 0.587 NA
IRRVARR 8 211 1 9.1 0814 0.384 2.67 (0.3-63.9)
111/112 7 184 1 9.1 0.544 0473 226 (0.2-54.9)
111/121 6 158 4 364 2223 0.146 0.33(0.1-1.9)
111/122 3 79 1 9.1 0.016 0912 0.86 (0.1-23.9)
111/221 3 79 1 9.1 0.016 0912 0.86 (0.1-23.9)
121/221 2 53 1 9.1 0217 0.656 0.56 (0.03-17.3)
122/122 0 0.0 2 18.2 7.203 0.007* 0.0 (0.0-1.14)

Bold indicates statistical significant result
Non-applicable data were not mentioned
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Table 4 CAPN10 haplotype combination (diplotype) associated with high T2DM risk among different populations

Population T2DM diplotypes p OR (95%Cl) Study

Mexican American 112/121 NA 2.8(1.23-6.34) [6]

Polish 1217121 0.038 1.93 (1.03-3.54) [20]

Japanese 111/221 0.02 3.53(1.24-10.1) [19]

Korean 1117121 0.001 2.58(1.602-4.155) [4]

Tunisian 121/221 0.02 2.38(1.05-5.48) [5]

Egyptian 111/112 0.011 10.15 (1.2-225.0) The present study

Bold indicates statistical significant result

incidence of gestational diabetes mellitus [16]. In paral-
lel, Tursinawati et al. suggested that Japanese subjects
with CAPNI10 SNP19 genotypes might have susceptibil-
ity of T2DM [17]. Interestingly, the 111/112 haplotype
combination was significantly associated with a 10.15
fold increased risk of T2DM (OR 10.15, 95% CI 1.2—-225,
p=0.011). This at-risk diplotype (111/112) observed by
our study was also reported by Adak et al. who suggested
that the possible risky role of the 111/112 among eastern
Indian population (p =0.05) [18].

Although Horikawa et al. was the first to show that the
haplotype combination 112/121, defined by (SNP-43,
SNP -19 and SNP -63), is a “at- risk” combination, asso-
ciated with a 2.8-, 2.55- and 4.97- fold higher T2DM
risk in the Mexican—American, Finnish and German
populations, respectively [5], our study did not find this
high risk haplotype combination among the studied
Egyptian cohort. Additionally, the most frequent diplo-
type 111/121 in this cohort of Egyptian population was
found to be associated with increased risk of T2DM in
the Korean population [19]. Different high risk diplotypes
reported by different studies and their association with
T2DM susceptibility are summarized in Table 4.

Our finding that the haplotype 122 and diplotype
122/122 provide a protective role against both MS and
obesity is a novel one. Although 111/121 diplotype was
observed to be associated with a possible lower risk of
obesity among our studied cohort, the 111/121 diplo-
type was associated with higher MS risk among Korean
patients, (OR 1.927, 95% CI 1.024-3.626, p=0.042) [11].
Our present finding agrees with the finding of Cheverud
et al. on the association of CAPN10 with obesity and dia-
betes [21]. A association of CAPN10 with BMI among
Tunisian population [5], The 1221 haplotype defined
by (SNP-44, SNP -43, SNP -19 and SNP-63) which cor-
responds to the 221 haplotype defined by the currently
studied SNPs was found to be associated with higher
risk of intraabdominal obesity among Finnish popula-
tion (p=0.004) [21]. An association between SNP-19
associated with elevated body mass and glucose intoler-
ance in Japanese population [19]. The diplotype 111/111

displayed significant risk for elevated levels of total
cholesterol.

Our finding agrees with Daimon et al,, reported that
the CAPNI10 genotype combination might be a risk factor
for increased serum cholesterol [11]. Sakar et al. reported
the association of CAPN10 (SNP-19) genetic polymor-
phism with T2DM in Bengali Hindu caste population
[22].

Conclusions

T2DM is a multifactorial disease caused by both genetic
as well as non-genetic environmental factors. Deep
understanding of T2DM causes is important to create
a balance between energy intake and output and other
life style related factors. This study reported an evidence
on the association of CAPNI0 variants and T2DM, MS,
obesity, and total cholesterol level among this cohort
of Egyptian population. Enhanced sample size, study of
other CAPN-10 SNPs along with other T2DM related
genetic variants are recommended and will be investi-
gated in the further studies.
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