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ABSTRACT

The CAPN 10 gene encoding the larger subunit of the ubiquitously expressing calpain protein has
been found to play a role in the incidence of Type2 diabetes mellitus (T2DM). Several intronic
polymorphisms of the CAPN10 gene and the linked haplotypic combinations have been implicated
in T2DM. The SNP 19 locus of the gene lying within intron 6 exhibits an in-del polymorphism and
has been found to be associated with T2DM in several studies. However, the results have not been
constant.

Keeping this in view, the present work was carried out to understand the association of the intronic
SNP 19 in-del polymorphism at the CAPN 10 gene with T2DM through meta-analysis of the case-
control studies. All statistical tests based on PRISMA and PROSPERO were performed on R studio
(4.2.3). However, the pooled odds ratio (OR) estimates did not reveal any significant association
between polymorphism at the SNP 19 locus of CAPN 10 gene and T2DM.

Therefore, it is concluded that polymorphism at the SNP19 locus of CAPN 10 gene alone has no
role to play in the etiology of T2DM.
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1. INTRODUCTION

The calpains are a family of ubiquitous calcium-
dependent cysteine proteases. They are
heterodimers consisting of a small subunit which
is invariant and a variable larger subunit. The
larger catalytic subunit having four domains is
encoded by the CAPN 10 gene. This larger
subunit is unusual in the sense that it lacks the
calmodulin-like calcium-binding domain and
instead has a divergent C-terminal domain. This
gene is located within the NIDDM1 region in
chromosome 2 (2q37.3)[1]. There are several
polymorphisms and haplotypic combinations
within the gene which have been associated with
type 2 or non-insulin-dependent diabetes mellitus
(NIDDM). In fact, this is the first gene implicated
in T2DM [2].

The CAPN10 gene comprises 15 exons and 14
introns and encodes a 672 amino-acid
intracellular protease that has been
known to play myriad roles such as Glucose
metabolism, pancreatic B-cell function,
regulation of thermogenesis, insulin secretion,
insulin resistance etc [3-8]. Of all the
polymorphisms implicated in T2DM, SNP-19
(rs3842570), located in intron 6 stands out, as it
involves not a single base transition or
transversion but an insersion/deletion (in-del)
polymorphism having 2/3 32 bp repeats
(2R/3R). A 32 bp insertion/deletion in any exon
would have meant a frameshift. However, since
the in-del lies in an intronic region, its
implicatons may not be very huge.
Nonetheless, SNP 19, Ilike the other
common intronic variants such as SNP 43
(rs3792267), SNP 44 (rs2975760) and SNP 63
(rs5030952) etc. have been known to alter
CAPN10 mRNA expression eventually leading to
insulin resistance and in many instances
development of T2DM.

However, even with the huge number of studies
done, the association of this in-del polymorphism
with T2DM is not clear as the results are
conflicting. Keeping this in view, we thought it
pertinent to carry out a meta-analysis
of all the case-control studies done so far so that
the pooled results could take us to a conclusion
as regards the role of this particular
polymorphism in causing T2DM or protecting
against it.

2. MATERIALS AND METHODS

2.1 Study Design

The meta-analysis was designed according to
PRISMA  (Preferred Reporting Items for
Systematic Reviews and Meta-analyses) and the
published PROSPERO research protocol [9,10].

2.2 Keywords Used and Literature
Databases Employed
"Type 2 Diabetes Mellitus® OR "insulin

independent diabetes mellitus" OR "Noninsulin-
Dependent Diabetes Mellitus" and "CAPN10,"
OR "Calpain 10" were used as keywords in
different combinations and without filter to look
for germane papers in Pubmed, Web of Science
and Scopus.

2.3 Eligibility Criteria

The following inclusion and exclusion criteria
were used while screening:

Inclusion criteria:

e Case—control studies conducted on any
human population and assessed for

association between SNP 19
polymorphism of CAPN 10 gene and risk
of T2DM.

e Cases: individuals with T2DM, Controls:
Individuals without T2DM.

o Allele or genotype frequencies of SNP
19 polymorphism clearly mentioned and
sufficient for the calculation of odds
ratios (ORs) with the corresponding 95%
confidence intervals (Cls) of the
polymorphism in both the case and
control groups.

e Full texts available.

Exclusion Criteria:

e Reviews, meta-analysis, letters, editorial,
comments, and conference abstracts.

e Family based association studies.

In vitro, ex vivo or animal studies

e Studies lacking sufficient data on allele
frequencies or data through which the
respective genotypic frequencies could
not be calculated.
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Studies with CAPN 10 SNP19
polymorphism as a part of haplotype
analysis.

Duplicate publications and
studies of duplicated data.

redundant

2.4 Screening Strategy

Initially all literature extracted from the three
databases were checked for duplicates and save
for one copy, the extra copies of any paper were
removed. Thereafter, the titles were screened,
followed by the abstracts by a group of two
individuals. The steps were repeated by a group
of two other researchers to be sure about the
included and excluded articles.

The articles remaining after exclusion based on
titles and abstracts were read thoroughly by each
researcher and articles which did not meet the
inclusion criteria were excluded.

2.5 Quality Assessment

The quality of each of the included study was
assessed with the help of the framework laid by
The Newcastle-Ottawa Scale (NOS) [11]. The
scale ranges from zero to nine. Studies with a
rating of 7-9 ware presumed to be of high
quality, 4—6 as moderate quality, scores 4 or less
ware classified as low-quality studies [12].

Quality assessment was conducted by both the
authors independently. Any disagreement was
sorted out by discussions between the two and if
it still persisted, another expert from the field got
involved to arrive at a consensus.

2.6 Data Extraction

The following facts were extracted from the
included studies:

a. First author's names and vyear of
publication

b. Region where the study was conducted or
ethnicity of participants

c. The number of cases and controls

d. Genotyping method

e. Data on genotypic frequencies of CAPN 10
SNP 19 polymorphism of both cases and
controls.

The extracted data was rechecked by two

individuals having expertise.

10

2.7 Genetic Models
The SNP 19 locus exhibits an in-del
polymorphism denoted as 3R and 2R
respectively. While 2R is the minor allele, 3R is
the major one. Therefore, the following allele(s)
/genotype(s) were denoted as events vs total in
the different genetic models:

a) Allele model (2R vs. 2R+3R)

b) Homozygote model (2R2R vs. 2R2R
+3R3R)

c) Heterozygote model (2R3R VS.
3R3R+2R3R)

d) Additive model (2R2R vs. 2R2R+2R3R)

e) Dominant model (2R2R + 2R3R vs.
2R2R+2R3R+3R3R)

f) Recessive model (2R2R vs. 2R2R+ 2R3R
+ 3R3R)

g) Co-dominant model (2R3R vs. 2R2R+
2R3R+3R3R)

2.8 Calculations of Odds Ratio (OR) and
Test of Heterogeneity

R Studio (4.2.3) was employed for carrying out
all statistical tests. Common Effects Model
(CEM) and Random Effects Model (REM) were
used to calculate the pooled OR estimates.
Cochran Mantel Haenzel method was used for
CEM (Mantel and Haenszel, 1959), whereas,
Inverse Variance method was used for REM.
Cochrane Q-test index was used for determining
heterogeneity between the results of the primary
studies. The I? values of 25%, 50%, and 75%
being low, moderate, and high estimates,
respectively [13]. Also, Galbraith’s test was done
to single out potential sources of heterogeneity in
case significant heterogeneity was detected [14].

2.9 Subgroup Analysis

Ancestry and ethnicity are important parameters
in population genetics. Therefore, subgroup
analysis was also done based on ancestry
categories. Ethnicity/ancestry was categorized as
South Asian, Middle Eastern, Mexican and
Hispanic, European, African Descent and East
Asian. This was according to the classification of
Morales et al. [15]

2.10 Publication bias

Begg's funnel plot was used to check for
publication bias. This was also followed by
Egger’s test to check funnel plot asymmetry [16].
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3. RESULTS
3.1 Included Studies

The total number of studies identified was 4,265
(188 from Pubmed, 2171 from Scopus and 1906
from Web of Science). 244 duplicate articles
were excluded while 4021 studies were included

for the next level of screening. Out of these 4021
studies, 3973 articles were excluded during the
screening of titles and abstracts. The full texts of
all the 48 articles left were studied thoroughly. 18
studies could not be included as they did not
meet the inclusion criteria. Therefore, finally data
from 30 studies were used for meta-analysis

(Fig. 1).

Databases searched for analysis of articles

L

¥

¥
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b of
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Articles removed
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RN

Abstracts not
found (02)
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Articles not
found (2)
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Articles included for the meta-analysis (30)

Fig. 1. Flow chart depicting literature search and paper selection process

NOS Scores: Each of the 30 studies included were given a Newcastle—Ottawa Scale (NOS), which

ranged from 05-08 (Table 1)



Table 1. Details of the studies included in the meta-analysis
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First Author (Publication Regional Population Subgroup Sample size Genotyping method Quality Score
Year) Case/Control (NOS)
Sultana M (2023) [17] Bangladeshi South Asian 202175 PCR 8
Sarkar P (2020) [18] Indian South Asian 104/176 PCR 7
Osman H (2019) [19] Alexandria University Other (Alexandria 100/50 PCR 6
University)
Bayramci NS (2017) [20] Turkish Middle Eastern 115/100 PCR-RFLP 7
Picos-Cardenas VJ (2015) [21] Mexican mestizos Mexican and Hispanic  211/152 Real time PCR 5
Mendez YL (2015) [22] Ciudad Juérez, Mexico Mexican and Hispanic  43/64 PCR 7
Arslan E (2014) [23] Turkish Middle Eastern 118/93 PCR-RFLP 6
Buraczynska M (2013) [24] Caucasians of polish origin European 880/560 PCR 6
Sharma R (2013) [25] Indian South Asian 550/548 PCR 7
Danquah | (2013) [26] Ghana African Descent 674/374 PCR 7
Plengvidhya N (2012) [27] Thai South Asian 305/250 Multiplex PCR & DHPLC 6
Bodhini D (2011) [28] Indian South Asian 649/794 PCR 6
Zaharna MM (2010) [29] Gaza Middle Eastern 48/48 PCR-RFLP 5
Ezzidi | (2010) [30] Tunisian African Descent 917/748 PCR-RFLP 8
Ezzidi | (2010) [31] Tunisian African Descent 917/748 PCR-RFLP 7
Alsaraj F (2010) [32] Irish European 227/120 PCR 7
Adak S (2010) [33] East Indian Population South Asian 200/100 PCR-RFLP 7
Ouederni TB (2009) [34] Tunisian African Descent 140/176 PCR 6
Demirci H (2008) [35] Turkish Middle Eastern 165/61 PCR-RFLP 5
Chen SF (2007) [36] Chinese East Asian 493/553 PCR-RFLP 7
Kang ES (2006) [37] Korean East Asian 454/236 MS-PCR 7
Einarsdottir E (2006) [38] Sweden European 7771774 PCR 5
Chen Y (2005) [39] West African and African African Descent 682/268 PCR, Pyrosequencing 5
American

Wu B (2005) [40] Chinese East Asian 168/104 PCR 6
Iwasaki N (2005) [41] Japanse East Asian 653/975 Taq Man-based PCR 7
del Bosque-Plata L (2004) [42] Mexican population Mexican and Hispanic =~ 132/112 PCR- RFLP 7
Rasmussen SK (2002) [43] Scandinavian Caucasians European 409/200 PCR-RFLP 6
Malecki MT (2002) [44] Polish Population European 229/148 PCR 7
Fingerlin TE (2002) [45] Finnish European 110/112 PCR 5
Tsai HJ (2001) [46] Samoans European 172/96 PCR 6

12
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3.2 Sub-Grouping Based on Ethnicity
and Genotyping Method

Details like first author's name and year of
publication, region where the study was
conducted or ethnicity of participants, the number
of cases and controls, genotyping method and
data on genotypic frequencies of CAPN 10 SNP
19 polymorphism of both cases and controls are
mentioned in Table 1.

The 30 papers were sub grouped into South
Asian (06), Middle Eastern (04), Mexican and
Hispanics (03), European (07), African Descent
(05) and East Asians(04) based on ancestry or
ethnicity. One study could not be categorized as

Experimental Control

Study Events Total Events Total

Subgroup = South Asian

Sultana M (2023) 175 404 47 150
Sarkar P (2020) 98 208 164 352
Sharma R (2013) 471 1100 510 1096
Plengvidhya N (2012) 203 610 188 500
Bodhini D (2011) 576 1298 707 1588
Adak S (2010) 177 400 80 200
Common effect model 1700 4020 1696 3886
Random effects model
Heterogeneity: 1 =59%, ©* = 0.0214, p=0.03

group = Other (A ia L y)
Osman H (2019) 11 200 47 100
Subgroup = Middle Eastern
Bayramci NS (2017) 81 230 86 200
Arslan E (2014) 105 236 97 186
Zaharna MM (2010) 42 96 39 96
Demirci H (2008) 198 330 7% 122
Common effect model 426 892 298 604
Random effects model
Heterogeneity: =0%, =0, p=053

group = and Hispani
Picos-Cardenas VJ(2015) 163 422 97 304
Mendez YL (2015) 30 86 63 128
del Bosque-Plata L (2004) 103 264 86 224
Common effect model 296 772 246 656
Random effects model
Heterogeneity: 1% = 73%, t* = 0.1102, p = 0.02
Subgroup = European
Buraczynska M (2013) 594 1760 379 1120
Alsaraj F (2010) 275 454 159 240
Einarsdottir E (2006) 643 1554 606 1548
Rasmussen SK (2002) 308 818 158 400
Malecki MT (2002) 157 458 104 296
Fingerlin TE (2002) 92 220 97 224
Tsai HJ (2001) 235 344 121 192
Common effect model 2304 5608 1624 4020
Random effects model
Heterogeneity: 1° = 0%, ©* = 0, p = 0.45
Subgroup = African Descent
Danquah | (2013) 1042 1348 578 748
Ezzidi | (2010 a) 851 1834 604 1496
Ezzidi | (2010 b) 983 1834 892 1496
Ouederni TB (2009) 75 280 115 352
Chen Y (2005) 1295 1364 504 536
Common effect model 4246 6660 2693 4628
Random effects model
Heterogeneity: /* = 85%, t* = 0.0627, p < 0.01
Subgroup = East Asian
Chen SF (2007) 320 986 379 1106
Kang ES (2006) 331 908 149 472
Wu B (2005) 136 336 90 208
Iwasaki N (2005) 503 1306 511 1350
Common effect model 1290 3536 1129 3136
Random effects model
Heterogeneity: /% = 33%, t* = 0.0057, p = 0.22
Common effect model 10373 21688 7733 17030

Random effects model

Heterogeneity: 1 = 56%, t° = 0.0187, p < 0.01
Test for subgroup differences (common effect): 12 =6.19,df=6(p =
Test for subgroup differences (random effects): yg = 5.51, df =6 (p =

it involved students of Alexandria University
whose ancestry might be varied and were not
mentioned in the paper. The genotyping methods
included restriction fragment length
polymorphism followed by PCR (RFLP-PCR),
Tagman assay, mass spectrometry, direct
sequencing, real-time PCR etc (Table 1).

3.3 Result of Meta-Analysis

Odds ratio estimates from pooled data involving
the 30 studies could not bring to light any
significant association of SNP 19 polymorphism
with T2DM (Table 2). Fig. 2 depicts the OR
estimate of the pooled data under the allele
model.

Weight Weight
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Fig. 2. Forest plot depicting association of CAPN10 SNP 19 polymorphism with T2DM under
allele model
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The between study heterogeneity was found to
be significant in the allele (p<0.01), homozygote
(p<0.01), heterozygote (p=0.03) and dominant
models (p<0.01) (Table 2). Galbraith plot
revealed 4 studies to be the potential outliers
(Fig. 3). Removal of these studies removed any
significant heterogeneity (Figures not shown).
However, it did not affect OR estimates.

3.4 Sub- Group Analysis

Subgroup analysis also did not reveal any
significant association of SNP-19 polymorphism
with T2DM in any of the seven models

considered. Fig. 2 also depicts the subgroup
wise OR under the allele model.

3.5 Publication Bias

Visual inspection of asymmetry in Begg’s funnel
plots derived from each model, indicated some
publication bias. Fig. 4 shows funnel plot
depicting publication bias under the allele model.

Further, Egger’s regression analysis revealed no
significant publication bias among the studies
(Table 3).

Table 2. Odds Ratio (OR at 95% confidence interval) under different genetic models depicting
association of CAPN 10 SNP 19 polymorphism with type 2 diabetes mellitus

Genetic model  No of Number Test of Test of Test of
studies association OR  association OR heterogeneity
Case Control (95% CI) CEM (95% Cl) REM 12 (%) Pn
Allele model 30 21688 17030 0.99 (0.95;1.04) 0.99 (0.92; 1.06) 56 <0.01
Homozygote 30 5867 4568 0.98 (0.89;1.07) 0.97(0.84; 1.13) 49 <0.01
model
Heterozygote 30 8146 6622 1.02 (0.96; 1.10) 1.02(0.93;1.12) 34 0.03
model
Additive model 30 7675 5860 0.96 (0.89;1.04) 0.96(0.89;1.04) O 0.48
Dominant model 30 10844 8515 1.01(0.95;1.08) 1.01(0.91;1.12) 50 <0.01
Recessive model 30 10844 8515 0.97 (0.89;1.04) 0.97(0.88; 1.07) 30 0.06
Codominant 30 10844 8515 1.03(0.97;1.09) 1.03(0.97;1.09) O 0.5
model

REM: Random Effects Model
CEM: Common Effects Model

Standardised treatment effect (z-score)

0 2 4 6

8 10 12 14

Inverse of standard error

Fig. 3. Galbraith plot depicting potential sources of heterogeneity
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Fig. 4. Funnel plot depicting publication bias under allele model

Table 3. Egger Test values depicting publication bias

Genetic model No of studies Number Test of publication bias
Case Control P Egger
Allele model 30 21688 17030 0.8881
Homozygote model 30 5867 4568 0.9294
Heterozygote model 30 8146 6622 0.9714
Additive model 30 7675 5860 0.9893
Dominant model 30 10844 8515 0.8284
Recessive model 30 10844 8515 0.8744
Codominant model 30 10844 8515 0.9326

4. DISCUSSION

It is very clear from this meta-analysis, that SNP-
19 polymorphism of the CAPN-10 gene does not
have any effect on the etiology of T2DM. Since, it
is an in-del polymorphism,we assumed it to have
some effect on CAPN-10 gene expression.
However, this robust meta-analysis involving
seven different genetic models and taking into
account different ethnic groups could not detect
any significant  association of  SNP-19
polymorphism with T2DM under both the
common effects and random effects models.

Conversely, various haplotypes and diplotypic
combinations involving SNP-19 might have an
association with T2DM. Horikawa et al. (2000) [2]

15

were the first to show the combination 112/121
involving polymorphisms at three SNPs namely,
SNP-43, SNP-19 and SNP-63 from the CAPN-10
gene to be conferring 2.8, 2.55 and 4.97 folds
higher risks of T2DM in the Mexican-Americans,
Finnish and Germans respectively. Later, the
diplotypic combination 111/112, was found to
confer a ten point five folds increased risk of
T2DM among the Egyptians [47]. The same
combination has also been identified as a culprit
in Eastern Indian population by [33]. Amongst the
Koreans, the haplotype 122 and diplotype
111/121 were identified as ‘at risk’ combinations
conferring susceptibility to metabolic syndrome
[48]. Furthermore, individuals with homozygous
haplotype combination of 122/122 have been
found to have lower risks of developing metabolic
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syndrome compared to other haplotypic
combinations in the Egyptians [47]. They also
found combinations 111/121 and 122/122 to be
conferring protectivity against obesity and
thereby development of metabolic syndrome
which more often than not leads to diabetes
mellitus.

Therefore, while SNP 19 polymorphism alone
might have no role to play in the etiology of
T2DM, the polymorphism at this locus in
combination with other intronic polymorphisms of
the CPN 10 gene might play a significant role in
either conferring risk or protecting against T2DM.

5. CONCLUSION

This meta-analysis of case control studies
involving SNP19 in-del polymorphism of the
CAPN10 gene lead to the conclusion that this
locus has no role to play in the etiology of type-2
diabetes mellitus. We propose that, while alone
the polymorphism at this locus might not be
causing any affect on etiology of T2DM,
diplotypic and haplotypic combinations of
different polymorphisms including the SNP 19
locus might play a role in the etiology of T2DM.
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