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1  |   INTRODUCTION

Type 2 diabetes mellitus (T2DM) is an ever-increasing chronic 
metabolic disorder with a strong genetic predisposition. 

Globally, 1 of 11 adults bearing diabetes while it is forecasted 
to be 1 in 10 by the year 2040 (IDF Atlas, 2015). The high 
incidence of diabetes creates a major problem in developing 
countries like Bangladesh where the prevalence of diabetes 
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Abstract
Background: Type 2 diabetes mellitus (T2DM) is a chronic disorder of which stress 
is a major contributor. Under stressful condition, body synthesizes a family of mo-
lecular chaperone called Heat-shock proteins (HSPs). Current study assessed the fre-
quency and association of HSP70-hom + 2,437 T/C polymorphism with T2DM risk 
among Bangladeshis.
Methods: This polymorphism was selected through bioinformatics analyses and 
identified by PCR-RFLP method.
Results: Bioinformatics analysis identified this SNP as missense mutation which 
could destabilize the final HSP product. Heterozygous mutant (CT) genotype was 
significantly associated with T2DM incidence among the studied populations 
(p  =  .015). Further analysis revealed a strong association with female patients 
(p = .002), while the male group showed no association (p = .958). Moreover, the 
C allele was significantly associated among all diabetic patients (p = .016) and par-
ticularly in the female patient group (p = .001). However, under stressful condition, 
males with CT genotype were at high risk for T2DM incidence whereas, females 
with CT genotype showed no significant association.
Conclusions: HSP70-hom + 2,437 T/C polymorphism was found to be significantly 
associated with T2DM incidence in the Bangladeshi population in both stress-de-
pendent and independent manners.
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are estimated to elevate from 9.2% to 13% by 2030 (IDF 
Atlas, 2015; Rahman et al., 2015).

Stress is one of the major contributors to diabetes. Oxidative 
stress has been proposed as the root cause underlying the develop-
ment of insulin resistance, β-cell dysfunction, impaired glucose 
tolerance, and T2DM through the production of reactive oxygen 
species. It has also been implicated in the progression of long-
term diabetes-associated complications (S. J. Kelly & Ismail, 
2015; Pouwer, Kupper, & Adriaanse, 2010). Stresses such as 
heat shock, ischemia, and other types of cellular stresses induce 
synthesis of one of the most ubiquitous and highly conserved 
molecular chaperone, heat shock proteins (HSPs) (Gehrmann et 
al., 2005; Lindquist, 1986). The 70-kDa HSP (HSP70) family 
is the most abundant in eukaryotic cells and is essential for cell 
survival under stressful conditions (Kelly, 2002). In humans, 
there are three main genes (HSPA1A, HSPA1B, and HSPA1L) of 
HSP70 family and the coding proteins are defined as HSP70-1, 
HSP70-2, and HSP70-hom, respectively. Through their effect 
on insulin sensitivity, HSPs have also been reported to be in-
volved in diabetes (Macario & De Macario, 2000).

HSP70 gene polymorphism is reported to be associated 
with an increased risk of developing various disorders in-
cluding T2DM (Chouchane et al., 2001; Ghanayem et al., 
2014; He, Deng, & Luo, 2014; Pociot, Rønningen, & Nerup, 
1993; Umapathy, Krishnamoorthy, & Muthukumaran, 2012; 
Umapathy et al., 2012) . One of the most studied single-nu-
cleotide polymorphisms (SNPs) of HSPA1L is located at 
position + 2437 of HSP70-hom (rs2227956). This is a nonsyn-
onymous missense mutation observed in the coding region of 
HSP70-hom leading to the change in amino acid from threonine 
to methionine that affects the stability and activity of this protein 
(Singh et al., 2006). Moreover, this SNP could affect HSP70 
expression or function and further contribute to disease sus-
ceptibility and stress tolerance (Favatier, Bornman, Hightower, 
Günther, & Polla, 1997). Several epidemiological studies have 
been done to deduce the relationship of this polymorphism 
with obesity, DM and Diabetes nephropathy (DN) (Ghanayem 
et al., 2014). These studies revealed both significant and non-
significant association between HSP70-hom + 2437 T/C poly-
morphism and T2DM (Ghanayem et al., 2014; Umapathy et al., 
2012). The SNP, HSP70-hom + 2437 T/C was picked up for 
this study based on bioinformatics analysis which was authen-
ticated by previous association studies. The soundness of this 
particular SNP study was confirmed through the measurement 
of its deleterious effect (Mooney, 2005) on the stabilization of 
the protein using different bioinformatics tools. We have fur-
ther investigated the frequency of this polymorphism and its 
association with T2DM in the Bangladeshi mainstream pop-
ulation. To our knowledge, this is the first genetic association 
study on this SNP ever conducted on Bangladeshi patients with 
diagnosed T2DM cases. Also, we investigated the cumulative 
effect of stress and polymorphism on T2DM prevalence in the 
studied population.

2  |   MATERIAL AND METHODS

2.1  |  Ethical compliance

The case–control study approved by the ethics committee on 
National Institute of Biotechnology (NIB). The approval ID 
is NIBREC2015-02.

2.2  |  Selection and in-silico validation of 
SNP HSP70-hom +2437 (T/C)

The information on target SNP (rs2227956) was derived 
from Online Mendelian Inheritance in Man (OMIM) and 
NCBI dbSNP (Database of Single-Nucleotide Polymorphism) 
(Hamosh, Scott, Amberger, Bocchini, & McKusick, 2005; 
Sherry et al., 2001). Protein sequence and its structure were 
retrieved by using Uniprot (Universal Protein Resource) and 
Research Collaboratory for Structural Bioinformatics Protein 
Data Bank (RCSB PDB), respectively (Consortium, 2016; Rose 
et al., 2010). A web server called ConSurf was utilized to pre-
dict evolutionary conserved regions of the HSPA1L protein. A 
program called MODELLER 9v11 (Šali, Potterton, Yuan, van 
Vlijmen, & Karplus, 1995) through HHpred (Söding, Biegert, 
& Lupas, 2005) was used to determine the 3D structure of Wild-
type and Mutant Protein encoded by HSPA1L gene. To find 
out the structure of the closest-related proteins, we submitted 
the protein sequence to HHPred Modeller tool and performed 
BLAST against the Protein Database (PDB). The best three-di-
mensional models were selected using ProCheck (Laskowski, 
MacArthur, Moss, & Thornton, 1993) and Verify3D (Lüthy, 
Bowie, & Eisenberg, 1992). Another tool named Yet Another 
Scientific Artificial Reality Application (YASARA) was intro-
duced to calculate the energy minimization of both wild and 
possible mutant-type protein models (Kuszewski, Gronenborn, 
& Clore, 1997). This program yields the energy (START vs. 
END) that ensures accuracy of designed molecules. To confirm 
the variability in 3D structure of the proteins, an extensive vir-
tual screening was performed with a suitable drug. At the same 
time, the drug's chemical structure, molecular weight, generic 
name, and binding capacity were also confirmed by bioinfor-
matics analysis.

2.3  |  Study population

The case–control study comprised of 216 clinically con-
firmed T2DM patients (mean age 50.38  ±  12.35  years) 
using glucose oxidase-peroxidase (GOD-POD) method 
and oral glucose tolerance test (OGTT) according to 
the WHO guideline from Diabetes and health aware-
ness center, Kustia,, Bangladesh and Medical Centre of 
National Institute of Biotechnology, Dhaka, Bangladesh 
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and 126 healthy controls (mean age 44.58 ± 12.4 years) 
from the general Bangladeshi population. The control 
respondent was further confirmed by measuring fast-
ing plasma glucose (via the glucose oxidase-peroxidase 
[GOD-POD] method) (Meites & Saniel-Banrey, 1973). 
Informed written consent was taken from all subjects en-
rolled in the study in accordance with the Helsinki dec-
laration. All participants also completed a questionnaire 
and participated in an interview. The administered ques-
tionnaire included information about age, sex, BMI, food 
habit, physical exercise, and history of first degree rela-
tives, etc. As all patients included in this study were pre-
diagnosed and most of the demographic parameters were 
in control, the information (except age and sex) were not 
included in this study.

2.4  |  Sample size calculation and 
power of study

Based on the preliminary result of the pilot study using 
40 samples of each group sample size was calculated with 
an estimated p value of <0.05, 95% confidence interval 
(CI), and a power of 80 percent. The formula used for cal-
culating the sample size is as follows (Charan & Biswas, 
2013).

2.5  |  Categorization of stress

The respondents were administered a detailed questionnaire 
comprised of information about life event (close relative's 
death, accident, failure in examination etc.), mental problem/
depression, work stress, worries about future planning, finan-
cial stress, and daily life stress (Knol et al., 2006; Kumari, 
Head, & Marmot, 2004; Norberg et al., 2007; Rod, Grønbaek, 
Schnohr, Prescott, & Kristensen, 2009; Toshihiro, 2008). 
Numerical score had been given to every stress to assess the 
level of stress the participants suffered. Following this, the 
stress score was categorized into nonstress (0–1 point) and 
stress (2–6 points) groups. Further, the stress group was di-
vided into low (2–3 points) and high (4–6 points) stress ac-
cording to the modified method of Rod NH et al (Rod et al., 
2009).

2.6  |  Blood sampling and DNA extraction

Three milliliter peripheral blood was drawn in EDTA con-
taining vacutainer (BD, Oxford, UK) Tube. Erythrocytes 

of the samples were lysed by osmotic shock using 20 mM 
Tris-HCl (pH 8.0). DNA was extracted using Genomic DNA 
isolation kit (FavorPrep, Favorgen, Taiwan). The DNA con-
centration was determined using a Nanodrop spectrophotom-
eter (Thermo Scientific, USA). Acceptable DNA samples 
(A260/A280 of 1.8–2.0) were diluted to 50 ng/μl and stored 
at −80°C until used.

2.7  |  Genotyping

Genotype of HSP70-hom (+2437 T/C) was determined by 
the polymerase chain reaction–restriction fragment length 
polymorphism (PCR-RFLP) method using the following 
primers 5′GGACAAGTCTGAGAAGGTACAG-3′ (for-
ward) and 5′-GTAACTTAGATTCAGGTCTGG-3′ (re-
verse). Briefly, the PCR mixture contained a 1x reaction 
buffer (Thermo Fisher Scientific, Waltham, MA USA), 
2.0  mM MgCl2, 0.2  mM dNTP, 20 picomoles of the two 
primers, 50–100 ng of genomic DNA and 1.125 unit of Taq 
DNA polymerase (Thermo Fisher Scientific, Waltham, MA 
USA) in a total volume of 25 μl. Amplification was accom-
plished by following the thermal cycling condition: 95°C 
for 5 min (one cycle); 95°C for 1 min, 61°C for 1 min, and 
72°C for 1 min (35 cycles); 72°C for 7 min (one cycle), and 
hold at 4°C. The amplification product (862 bp) was visual-
ized and documented using Gel documentation (proteinsim-
ple, Santa Cara, CA USA) after resolving the product along 
with DNA size markers (1 Kb + DNA ladder, Invitrogen, 
USA) in 1% agarose gel and staining the gel with ethidium 
bromide. The resulting amplicons were subjected to restric-
tion digestion using restriction endonuclease NcoI (New 
England Biolabs, UK) at 37°C for 2 hrs and then resolved 
in 1.5% gel.

2.8  |  Statistical Analysis

Different statistical analyses using SPSS (SPSS v20, IBM) 
and MedCalc (Medcalc, Mariakerke, Belgium) softwares 
were performed to validate the results generated from 
the study. A robust test estimating χ2 value at the 0.05% 
level of significance was carried out to check whether the 
genotypic frequencies of the polymorphism in HSPA1L 
deviated from Hardy–Weinberg equilibrium. The value 
was considered as rejected if it crossed the standard mark 
(χ2 > 3.84). Odds ratio (OR) with 95% confidence interval 
(CI) was calculated for the determination of the associa-
tion of genotype and allele type with T2DM. Risk analysis 
by relative risk (RR) estimation with 95% CI confirmed 
the risk of disease occurrence for having specific geno-
types. The above results having a p value ≤ 0.05 were ac-
cepted as statistically significant.
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3  |   RESULTS

3.1  |  In -silico identification and validation 
of HSP70-hom +2437 (T/C) as a potent T2DM 
marker

Out of 1,192 SNPs found in HSPA1L gene, 359 are 
missense. The target SNP (rs2227956) is one of these 
missense SNPs. The protein encoded by HSPA1L gene 
consists of 641 amino acids in which amino acid at 493 
position changes from threonine (T) to methionine (M) 
due to this SNP. Amino acid conservation analysis by 
ConSurf also predicted this T amino acid as a variable 
one (Figure S1). We built the 3D protein structures for 
both wild type and possible mutant sequence (T  →  M) 
based on the PDB id 5e84_A which shows 100% iden-
tity with HSPA1L protein. The tertiary structure hav-
ing a minimum energy was predicted and the quality 
of the model was verified through different bioinfor-
matics tools (Figure S2, S3, S4). Our analysis revealed 
decreased free energy for all mutant-type proteins 
(−1122.1  KJ/mol) than wild types (−1111.1  KJ/mol) 
(Figure S5). Drug binding analysis with an experimen-
tal drug DB07045 also identified the structural variation 
between wild type and mutant (T493M) model (Table 
S1). In wild-type Thr493, Asp154, Asn507, and Leu488 
were the interacted amino acid residues with the drug 
whereas amino acids Ile503, Ile505, Arg511, lys509, and 
Gln158 interacted with the mutant model (Figure 1). The 

interacting amino acid Thr493 is in the active site of the 
protein (Figure S6).

3.2  |  Genotypic distribution of HSP70-hom 
(+2437)

DNA was isolated from peripheral blood of 216 clinically 
confirmed diabetes patients comprised of 78 males and 138 
females and 126 closely age-matched clinically confirmed 
healthy control subjects, including 56 males and 70 females. 
The good quality isolated DNA was subjected to PCR-RFLP 
methods. The digestion generated two fragments of 616 bp 
and 246 bp size upon the presence of the desired SNP (Figure 
2). Genotypic distribution of HSP70-hom (+2,437) polymor-
phism in the studied population followed the principle of 
Hardy–Weinberg equilibrium (Table S2).

Genotype frequency among the male, female, and all sub-
jects with and without type 2 diabetes was measured among 
the studied subjects (Table 1). Frequencies of subjects bear-
ing the CT and CC genotypes were higher in the diabetic 
group than in the control when all subjects are considered. 
Multivariate logistic regression was done to assess risk level 
of genotypes and alleles of the studied SNP (Table 2). The 
frequency difference of CC genotype was not statistically 
significant (p = .725), while the CT genotype increased the 
risk of type 2 diabetes with a significant level (p = .015) of 
difference. When the frequencies of CT and CC genotypes 
of male and female subjects were separately compared with 

F I G U R E  1   Drug–protein interacting 
residues in (a) wild type and (b) mutated 
model of HSPA1L protein. Active site 
amino acid, Thr 493 interacts with drug only 
in the case of wild protein (highlighted)

(a) (b)

F I G U R E  2   Restriction enzyme 
digestion pattern of HSP70-hom (+ 2437) 
polymorphism. For each possible pattern 
(TT, CT, and CC) PCR amplified and 
digested products are shown
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the corresponding control, the same scenario was found as 
that of all subjects. However, in the case of female subjects 
increased prevalence of CT genotype in patient was highly 
significant (p = .002). In comparison, the relation is not sig-
nificant in the case of male respondents (p = .958).

The comparative analysis of allele frequency between di-
abetic group and control subjects showed that the C allele is 
significantly associated among all the patients (OR = 1.61, 
CI: 1.1–2.4, p = .016) and frequency difference was strongly 
significant for female patients group (p  =  .001) (Table 2). 
However, allele frequency of C did not differ by diabetes sta-
tus among male subjects (p = .880).

3.3  |  Association of HSP70-hom (+2437) 
polymorphism and stress with T2DM

The risk estimation analysis based on different combina-
tion of genotypic ratio is shown in Table S3. Higher p value 
made the ratio of CC/CT (OR  =  1.17, p  =  .78) and CC/
TT (OR = 2.05, p = .18) among the diabetic patients com-
pared to the nondiabetic control group not significant, al-
though OR and risk ratio (RR) were the highest for the CC/
TT (OR = 2.05, RR = 1.28) among the three combination. 
However, the diabetes patient had higher ratio for CT/TT 
compare to the control and the result was statistically signifi-
cant (OR = 1.75, p = .02; RR = 1.22, p = .02). The ratio of 
(CC + CT)/TT and CC/(CT + TT) among diabetes patient 
were substantially higher than that of control respondents, al-
though the difference for CC/(CT + TT) was not quite statis-
tically significant (OR = 1.68, p = .33; RR = 1.18, p = .25), 

but the higher ratio for (CC + CT)/TT was statistically sig-
nificant (OR = 1.79, p = .01; RR = 1.23, p = .01).

Whether age and stress variables are risk factors for type 
2 diabetes incidence was assessed by multivariate logistic re-
gression (Table S4). Subjects in the age groups of (40– 60) 
and >60 years had 1.78× (p =  .005) and 3.19× (p =  .006) 
greater risk for type 2 diabetes respectively than group of 
<40  years. Overall, patients under stressful condition are 
more likely to develop T2DM than that of nonstressed re-
spondent (p =  .000). Moreover, when stress is divided into 
two groups- low stress and high stress, we found that both 
males (p  =  .000) and females (p  =  .000) with high stress 
were at high risk of diabetes mellitus, whereas the associa-
tion between low stress and T2DM incidence was significant 
only among males (Male: p = .002; Female: p = .115). The 
distribution and association of the genotypes, age, and stress 
with T2DM have been summarized in Table 3 and Figure 
3. There was no difference in T2DM incidence between CT 
(p = .030) and TT/CC (p = .034) genotype containing people 
who were in age group of 40–60 years (Table 3). In contrast, 
people who were more than 60 years old with CT genotype 
(OR = 4.636, p = .029) were more prone to T2DM than that 
of TT/CC genotype (OR = 3.714, p = .007) subjects (Table 
3).

When we studied cumulative effect of the polymor-
phism with stress and gender on the onset of T2DM, it was 
found that female with CT (OR = 2.741, p =  .099) or TT/
CC (OR = 2.677, p =  .006) genotype showed almost same 
level of risk, albeit relation with CT genotype was sta-
tistically insignificant. However, male with CT genotype 
(OR  =  10.971, p  =  .000) were at significantly higher risk 
than TT/CC genotype (OR = 2.861, p = .027) bearing male. 
Moreover, sex independent analysis of all patients with CT 
genotype (OR = 5.324, p = .000) under stress was at signifi-
cantly more risk to T2DM in comparison to TT/CC genotype 
(OR = 2.747, p = .000).

4  |   DISCUSSION

The rapidly increasing number of diabetic patients becomes a 
global burden especially for health sector in low- and middle- 
income countries including Bangladesh (Bleich, Koehlmoos, 
Rashid, Peters, & Anderson, 2011). Many reasons such as 
obesity, lack of physical activity, food habit, sedentary job 
nature and genetic makeup are factors accounting for de-
veloping diabetes (Lyssenko & Laakso, 2013; Vilchis-Gil, 
Galván-Portillo, Klünder-Klünder, Cruz, & Flores-Huerta, 
2015). Another cause is stress, which plays important role in 
the etiology of T2DM (S. J. Kelly & Ismail, 2015; Pouwer et 
al., 2010). Type 2 diabetic patients not only have to cope with 
this chronic disease, they are also at increased risk for sev-
eral diseases like coronary heart disease, peripheral vascular 

T A B L E  1   Genotype and allele frequency of SNP (rs2227956) in 
the study subjects

Catagories Genotype/Allele Control (%) Patient (%)

All Subjects CT 36 (28.6) 86 (39.8)

TT 85 (67.5) 116 (53.7)

CC 5 (3.9) 14 (6.5)

C 46 (18.25) 74 (26.39)

T 206 (81.75) 318 (73.61)

Male CT 14 (29.16) 31 (39.74)

TT 32 (66.66) 45 (57.69)

CC 2 (4.16) 2 (2.56)

C 18 (18.75) 35 (22.44)

T 78 (81.25) 121 (77.56)

Female CT 22 (28.21) 55 (39.85)

TT 53 (67.95) 71 (51.44)

CC 3 (3.84) 12 (8.69)

C 28 (17.95) 79 (28.62)

T 128 (82.05) 197 (71.38)
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disease, retinopathy, nephropathy, and neuropathy (Pouwer et 
al., 2010). To fight and control T2DM we have to seek out an 
alternative way of diagnosis and treatment based on patient's 
genetic information. This requires a deep insight into the etiol-
ogy of this disease including associated single nucleotide poly-
morphism (SNP).

Various stresses trigger secretion of cortisol and norepi-
nephrine which in turn raise blood glucose level by stimu-
lating hepatic gluconeogenesis and insulin resistance (Bleich  
et al., 2011; Knol et al., 2006; Kumari et al., 2004; Norberg 
et al., 2007; Rod et al., 2009; Toshihiro et al., 2008; Zhang et 
al., 2006). It has been shown in the current study that highly 

T A B L E  2   Multivariate logistic regression for association of SNP (rs2227956) with Type 2 diabetes

Catagories
Genotype/
Allele

Unadjusted OR (95% CI); 
p-value P-value

Adjusted OR (95% 
CI);p-valuea P-value

All Subjects CC 2.08 (0.72–6.00); 0.175 0.031 1.22 (0.40–3.68); 0.725 0.0508

CT 1.83 (1.13–2.96); 0.015 1.91 (1.14–3.22); 0.015

TT Ref Ref

C allele 1.61(1.1–2.4); 0.016 − − −

Male CC 0.74 (0.10–5.57); 0.774 0.917 0.45 (0.05–3.65); 0.452 0.739

CT 1.10 (0.54–2.25); 0.798 1.02 (0.46–2.29); 0.958

TT Ref Ref

C allele 1.00 (0.54–1.7); 0.880 − − −

Female CC 2.97 (0.80–11.07); 0.105 0.005 1.96 (0.50–7.60); 0.332 0.009

CT 2.92 (1.47–5.81); 0.002 3.03 (1.48–6.20); 0.002

TT Ref Ref

C allele 2.4 (1.4–4.1); 0.001 - − −
aAdjusted for confounding factors (Age, Sex, stress) 

T A B L E  3   Association of HSP70-hom (+2,437) genotypes with age and stress

Status Coefficient OR 95% CI p Value

Diabetic patients CT
(n = 122)

Age, ≥61 1.534 4.636   1.171– 18.363  0.029

Age, 40–60 0.941 2.564   1.094– 6.010  0.030

Age, ≤39 Reference

TT/CC
(n = 220)

Age, ≥61 1.312 3.714 1.439– 9.590  0.007

Age, 40–60 0.717 2.048 1.054– 3.978  0.034

Age, ≤39 Reference

*Corresponding control is the reference category

Diabetic patients Male
CT

Stress 2.395 10.971   2.959– 40.679  0.000

Nonstress Reference

Female
CT

Stress 1.008 2.741     0.826– 9.091 0.099

Nonstress Reference

All Patients
CT

Stress 1.672 5.324      2.271– 12.480 0.000

Nonstress Reference

Male
TT/CC

Stress 1.051 2.861    1.128– 7.257 0.027

Nonstress Reference

Female
TT/CC

Stress 0.985 2.677    1.322– 5.421 0.006

Nonstress Reference

All Patients
TT/CC

Stress 1.01 2.747   1.575– 4.972 0.000

Nonstress Reference

*Corresponding control is the reference category
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stressful life leading women experienced 1.25  ×  higher 
T2DM prognosis than that of men, whereas women were in 
1.26 × lower risk to diabetic mellitus incidence than that of 
men who were in low level of stress (Table S4).

Age also plays a vital role in the onset of diabetes (Cowie 
& Eberhardt, 1995). In south-east Asia almost 97% dia-
betic patients are 40  years old or more (IDF Atlas, 2017). 
In Bangladesh, the reported age of diabetes is ≥40 years in 
71% urban and 85% rural female, while in the case of male 
the proportion is 85.5% urban and 86.5% in rural popula-
tion (IDF Atlas, 2017). The current study also pinpointed an 
exponential increase in the risk of onset of T2DM with the 
increase of age when 40 years was chosen as the reference 
(Table S4).

Among the genetic factors particularly SNPs alleged for 
diabetics, HSP70-hom + 2437T/C was targeted for the cur-
rent study. However, there are contrasting association stud-
ies on this SNP (Buraczynska, Swatowski, Buraczynska, 
Dragan, & Ksiazek, 2009; Mir, Pugazhendhi, Paul, Nair, & 
Ramakrishna, 2009; Pociot et al., 1993). Therefore, before 
the analysis of the blood samples, we confirmed it's suit-
ability as a candidate SNP marker for T2DM by building 
3D models for wild and mutant type proteins (Figure 2). 
The de-stability of structural complexes due to free energy 
change of the built models indicated significant change 
in the structure of the protein that can hamper its natural 

function. Furthermore, active site analysis confirmed the 
structural variation and drug ineffectiveness against mutant 
model as active site amino acid Thr-493 does not interact 
with the drug (Figure 1).

In the purpose to identify diagnostic biomarker and prog-
nostic significance, we analyzed the distribution of CC, CT 
and TT and the frequency of C and T allele among the study 
population. All the analysis done in this report was stratified 
according to gender. The genotypic distributions of three 
genotypes (TT, CT and CC) showed a good congruence with 
Hardy–Weinberg law, implying the consistent flow of these 
genotypes in Bangladeshi population including male and fe-
male groups. The χ2 values calculated for all genotypes of 
target SNP were satisfactory, even in patient and control sub-
jects of the study population (Table S1).

The presence of CT genotypes increased the relative risk 
for T2DM by 1.91 fold among all the patients. In contrast, 
the ratio of risk to get T2DM rose to 3.03 × in the case of 
females who had the CT genotype. However, the male pa-
tients with the same genotype showed no association (Table 
2). Interestingly, a study conducted in India had found the 
highest frequency for TT with significant p value where 
CT was less significant (Umapathy et al., 2012). Likewise, 
two studies conducted among the South and North Indian 
population found the association of diabetic foot ulcer with 
TT genotype and T allele (Umapathy et al., 2012; Zubair 

F I G U R E  3   The distribution and 
association of SNP and stress on T2DM 
incidence
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& Ahmad, 2018). However, another research on diabetic 
foot ulcer revealed no significant association with the poly-
morphism among Tamil Nadu populace of India (Mir et 
al., 2009). Our results are found to be consistent with an 
earlier report which revealed that T allele conferred a sig-
nificant protection for Diabetic macroalbuminuria subjects 
(Dhamodharan et al., 2017).This variation between two ad-
jacent populations indicated the transformation of ances-
tral T allele to C allele in the Bangladeshi population and 
this incorporation of C allele might have some effect on 
disease prognosis. The impact of the C allele over the T al-
lele was also determined by odd ratio estimation and allele 
frequency analysis. The risk estimation analysis for allele 
variation yielded a similar result as assumed previously 
from genotypic-association analysis. The association of the 
C allele was observed in patients compared to the control 
group. The most significant association of the C allele was 
found for female patients indicating that the C allele might 
be a potential risk factor for T2DM development especially 
in female. But the OR and p value could not produce the 
considerable signal in case of male patients (Table 2). 
When we persued the cumulative effect of genotypes with 
stress and age on T2DM patients separately, it revealed that 
among the female patients, the effect of stress on T2DM 
incidence was genotype independent (Table 3) despite the 
fact that the CT genotype increased risk for T2DM inde-
pendently (Table 2). On the other hand, existence of the CT 
genotype in male patients raised the probability of getting 
T2DM by about 4 × more than that of CC/TT genotypes 
presence (Table 3), though the CT genotype did not have 
an effect on male T2DM patients individually (Table 2). 
In the same way, the effect of age on T2DM prevalence 
was almost independent to genotype (Table 3), despite a 
gradual rise in T2DM incidence with the increasing age of 
patients (Table S4).

From this analysis, a strong association of C allele or the 
CT genotype with T2DM is evident. However, when we com-
pared CC with TT, we found the values of the odds ratio (OR) 
and relative risk (RR) were maximum though the CC geno-
type was not significantly present in the Bangladeshi people. 
At the same time, we found that the OR and RR values for the 
CC/CT ratio were close to 1, suggesting that only one C allele 
in genotype is enough for exerting its effect on developing 
type 2 diabetes mellitus (Table S3).

In conclusion, our study shows that the CT genotype 
of HSP70-hom  +2,437 C/T polymorphism represents a 
stress-independent risk factor for T2DM incidence among 
women. This study also suggests that under stressful condi-
tion, males are susceptible to T2DM in the presence of the 
CT genotype (Figure 3). To our knowledge, it is the first study 
that showed the cumulative effect of stress and rs2227956 
polymorphism on T2DM onset. To generalize the association 
as the potential biomarker, the findings should be replicated 

through more studies with a large number of samples and in 
different populations.

ACKNOWLEDGMENT

The Authors are highly grateful to the ministry of science and 
technology (MOST), Government of the People's Republic 
of Bangladesh for their extended support to National Institute 
of Biotechnology (NIB) during this work.

CONFLICT OF INTEREST
The authors declare that they have no competing interest.

AUTHOR CONTRIBUTION
SH contributed to conception, study design, and sample col-
lection of the project. MM contributed to the sample collec-
tion, data producing, data analysis, interpreting the findings, 
manuscript writing, reviewing, and editing of the study. IA 
contributed to the sample collection, data producing and 
analysis and draft preparation of manuscript. MUH per-
formed bioinformatics analysis, collected sample and pro-
duced data. MSAM and SB collected sample and produced 
data. MHR, PKS, and KCD contributed to sample collection 
and reviewing the manuscript. MS contributed to conception 
and critically reviewed the manuscript.

ORCID
Md. Moniruzzaman   https://orcid.
org/0000-0002-2700-8139 
U.S. Mahzabin Amin   https://orcid.
org/0000-0002-6664-6432 

REFERENCES
Bleich, S. N., Koehlmoos, T. L., Rashid, M., Peters, D. H., & Anderson, G. 

(2011). Noncommunicable chronic disease in Bangladesh: Overview 
of existing programs and priorities going forward. Health Policy, 
100(2–3), 282–289. https​://doi.org/10.1016/j.healt​hpol.2010.09.004

Buraczynska, M., Swatowski, A., Buraczynska, K., Dragan, M., & 
Ksiazek, A. (2009). Heat-shock protein gene polymorphisms and 
the risk of nephropathy in patients with type 2 diabetes. Clinical 
Science, 116(1), 81–86.

Charan, J., & Biswas, T. (2013). How to calculate sample size for different 
study designs in medical research? Indian Journal of Psychological 
Medicine, 35(2), 121. https​://doi.org/10.4103/0253-7176.116232

Chouchane, L., Danguir, J., Beji, C., Bouassida, K., Camoin, L., Sfar, 
H., … Strosberg, A. D. (2001). Genetic variation in the stress protein 
hsp70-2 gene is highly associated with obesity. International Journal 
of Obesity, 25(4), 462. https​://doi.org/10.1038/sj.ijo.0801545

Consortium, U (2016). UniProt: The universal protein knowledgebase. 
Nucleic Acids Research, 45(D1), D158–D169.

Cowie, C. C., & Eberhardt, M. S. (1995). Sociodemographic charac-
teristics of persons with diabetes. Diabetes in America, 2, 85–116.

Dhamodharan, U., Ezhilarasi, K., Ponjayanthi, B., Sireesh, D., Ramkumar, 
K. M., & Viswanathan, V. (2017). Association of A1538G and C2437T 

https://orcid.org/0000-0002-2700-8139
https://orcid.org/0000-0002-2700-8139
https://orcid.org/0000-0002-2700-8139
https://orcid.org/0000-0002-6664-6432
https://orcid.org/0000-0002-6664-6432
https://orcid.org/0000-0002-6664-6432
https://doi.org/10.1016/j.healthpol.2010.09.004
https://doi.org/10.4103/0253-7176.116232
https://doi.org/10.1038/sj.ijo.0801545


      |  9 of 10MONIRUZZAMAN et al.

single nucleotide polymorphisms in heat shock protein-70 genes with 
diabetic nephropathy among South Indian population. Bioscience 
Reports, 37(2), BSR20160605. https​://doi.org/10.1042/BSR20​160605

Favatier, F., Bornman, L., Hightower, L. E., Günther, E., & Polla, B. S. 
(1997). Variation in hsp gene expression and Hsp polymorphism: 
Do they contribute to differential disease susceptibility and stress 
tolerance? Cell Stress & Chaperones, 2(3), 141. https​://doi.org/10.1
379/1466-1268(1997)002<0141:VIHGE​A>2.3.CO;2

Gehrmann, M., Marienhagen, J., Eichholtz-Wirth, H., Fritz, E., Ellwart, 
J., Jäättelä, M., … Multhoff, G. (2005). Dual function of mem-
brane-bound heat shock protein 70 (Hsp70), Bag-4, and Hsp40: 
Protection against radiation-induced effects and target structure for 
natural killer cells. Cell Death and Differentiation, 12(1), 38. https​
://doi.org/10.1038/sj.cdd.4401510

Ghanayem, N. M., Khamis, S. S. A., El-Shafie, M. K., El-Ghobashi, 
Y. A. E. S., El-Shazly, R. M. A. M., & Habib, M. S. E. D. M. 
(2014). The potential association of heat shock protein 70–2+ 
1267 A/G gene polymorphism with nephropathy in type II dia-
betic patients. Menoufia Medical Journal, 27(3), 589. https​://doi.
org/10.4103/1110-2098.145521

Hamosh, A., Scott, A. F., Amberger, J. S., Bocchini, C. A., & McKusick, 
V. A. (2005). Online mendelian inheritance in man (OMIM), a 
knowledgebase of human genes and genetic disorders. Nucleic Acids 
Research, 33(suppl_1), D514–D517.

He, L., Deng, T., & Luo, H.-S. (2014). Heat shock protein 70 gene poly-
morphisms and cancer risk: A meta-analysis. The Scientific World 
Journal, 2014, 1–9.

IDF Diabetes Atlas Eightth Edition. (2017). https​://www.idf.org/e-libra​
ry/epide​miolo​gy-resea​rch/diabe​tesat​las/134-idf-diabe​tes-atlas-8th-
editi​on.html [accessed 18 February 2018].

IDF Diabetes Atlas Seventh Edition. (2015). https​://www.idf.org/e-libra​
ry/epide​miolo​gy-resea​rch/diabe​tes-atlas/​13-diabe​tes-atlas-seven​th-
editi​on.html [accessed 02 February 2018].

Kelly, K. (2002). Stress response proteins and renal ischemia. Minerva 
urologica e nefrologica=. The Italian Journal of Urology and 
Nephrology, 54(2), 81–91.

Kelly, S. J., & Ismail, M. (2015). Stress and type 2 diabetes: A review of 
how stress contributes to the development of type 2 diabetes. Annual 
Review of Public Health, 36, 441–462. https​://doi.org/10.1146/
annur​ev-publh​ealth-031914-122921

Knol, M., Twisk, J. W., Beekman, A. T., Heine, R., Snoek, F. J., & 
Pouwer, F. (2006). Depression as a risk factor for the onset of type 2 
diabetes mellitus. A meta-analysis. Diabetologia, 49(5), 837.

Kumari, M., Head, J., & Marmot, M. (2004). Prospective study of so-
cial and other risk factors for incidence of type 2 diabetes in the 
Whitehall II study. Archives of Internal Medicine, 164(17), 1873–
1880. https​://doi.org/10.1001/archi​nte.164.17.1873

Kuszewski, J., Gronenborn, A. M., & Clore, G. M. (1997). Improvements 
and extensions in the conformational database potential for the re-
finement of NMR and X-ray structures of proteins and nucleic 
acids. Journal of Magnetic Resonance, 125(1), 171–177. https​://doi.
org/10.1006/jmre.1997.1116

Laskowski, R. A., MacArthur, M. W., Moss, D. S., & Thornton,  
J. M. (1993). PROCHECK: A program to check the stereo-
chemical quality of protein structures. Journal of Applied 
Crystallography, 26(2), 283–291. https​://doi.org/10.1107/S0021​
889​89​2009944

Lindquist, S. (1986). The heat-shock response. Annual Review of 
Biochemistry, 55(1), 1151–1191. https​://doi.org/10.1146/annur​
ev.bi.55.070186.005443

Lüthy, R., Bowie, J. U., & Eisenberg, D. (1992). Assessment of pro-
tein models with three-dimensional profiles. Nature, 356(6364), 83. 
https​://doi.org/10.1038/356083a0

Lyssenko, V., & Laakso, M. (2013). Genetic screening for the risk of type 
2 diabetes: Worthless or valuable? Diabetes Care, 36(Supplement 
2), S120–S126. https​://doi.org/10.2337/dcS13-2009

Macario, A., & De Macario, E. C. (2000). Stress and molecular chap-
erones in disease. International Journal of Clinical and Laboratory 
Research, 30(2), 49–66. https​://doi.org/10.1007/s0059​90070016

Meites, S., & Saniel-Banrey, K. (1973). Modified glucose oxidase 
method for determination of glucose in whole blood. Clinical 
Chemistry, 19(3), 308–311.

Mir, K., Pugazhendhi, S., Paul, M., Nair, A., & Ramakrishna, B. (2009). 
Heat-shock protein 70 gene polymorphism is associated with the 
severity of diabetic foot ulcer and the outcome of surgical treat-
ment. British Journal of Surgery: Incorporating European Journal 
of Surgery and Swiss Surgery, 96(10), 1205–1209. https​://doi.
org/10.1002/bjs.6689

Mooney, S. (2005). Bioinformatics approaches and resources for sin-
gle nucleotide polymorphism functional analysis. Briefings in 
Bioinformatics, 6(1), 44–56. https​://doi.org/10.1093/bib/6.1.44

Norberg, M., Stenlund, H., Lindahl, B., Andersson, C., Eriksson, J. W., 
& Weinehall, L. (2007). Work stress and low emotional support is 
associated with increased risk of future type 2 diabetes in women. 
Diabetes Research and Clinical Practice, 76(3), 368–377. https​://
doi.org/10.1016/j.diabr​es.2006.09.002

Pociot, F., Rønningen, K., & Nerup, J. (1993). Polymorphic analysis 
of the human MHC-linked heat shock protein 70 (HSP70-2) and 
HSP70-Hom genes in insulin-dependent diabetes mellitus (IDDM). 
Scandinavian Journal of Immunology, 38(5), 491–495. https​://doi.
org/10.1111/j.1365-3083.1993.tb025​93.x

Pouwer, F., Kupper, N., & Adriaanse, M. C. (2010). Does emotional 
stress cause type 2 diabetes mellitus? A review from the European 
Depression in Diabetes (EDID) Research Consortium. Discovery 
Medicine, 9(45), 112–118.

Rahman, M. S., Akter, S., Abe, S. K., Islam, M. R., Mondal, M. N. I., 
Rahman, J. S., & Rahman, M. M. (2015). Awareness, treatment, and 
control of diabetes in Bangladesh: A nationwide population-based 
study. PLoS ONE, 10(2), e0118365. https​://doi.org/10.1371/journ​
al.pone.0118365

Rod, N. H., Grønbaek, M., Schnohr, P., Prescott, E., & Kristensen, 
T. (2009). Perceived stress as a risk factor for changes in 
health behaviour and cardiac risk profile: A longitudinal study. 
Journal of Internal Medicine, 266(5), 467–475. https​://doi.
org/10.1111/j.1365-2796.2009.02124.x

Rose, P. W., Beran, B., Bi, C., Bluhm, W. F., Dimitropoulos, D., 
Goodsell, D. S., … Westbrook, J. D. (2010). The RCSB protein 
data bank: Redesigned web site and web services. Nucleic Acids 
Research, 39(suppl_1), D392–D401.

Šali, A., Potterton, L., Yuan, F., van Vlijmen, H., & Karplus, M. (1995). 
Evaluation of comparative protein modeling by MODELLER. 
Proteins: Structure, Function, and Bioinformatics, 23(3), 318–326. 
https​://doi.org/10.1002/prot.34023​0306

Sherry, S. T., Ward, M.-H., Kholodov, M., Baker, J., Phan, L., 
Smigielski, E. M., & Sirotkin, K. (2001). dbSNP: The NCBI data-
base of genetic variation. Nucleic Acids Research, 29(1), 308–311. 
https​://doi.org/10.1093/nar/29.1.308

Singh, R., Kølvraa, S., Bross, P., Jensen, U. B., Gregersen, N., Tan, 
Q., … Rattan, S. I. S. (2006). Reduced heat shock response in 
human mononuclear cells during aging and its association with 

https://doi.org/10.1042/BSR20160605
https://doi.org/10.1379/1466-1268(1997)002%3C0141:VIHGEA%3E2.3.CO;2
https://doi.org/10.1379/1466-1268(1997)002%3C0141:VIHGEA%3E2.3.CO;2
https://doi.org/10.1038/sj.cdd.4401510
https://doi.org/10.1038/sj.cdd.4401510
https://doi.org/10.4103/1110-2098.145521
https://doi.org/10.4103/1110-2098.145521
https://www.idf.org/e-library/epidemiology-research/diabetesatlas/134-idf-diabetes-atlas-8th-edition.html
https://www.idf.org/e-library/epidemiology-research/diabetesatlas/134-idf-diabetes-atlas-8th-edition.html
https://www.idf.org/e-library/epidemiology-research/diabetesatlas/134-idf-diabetes-atlas-8th-edition.html
https://www.idf.org/e-library/epidemiology-research/diabetes-atlas/13-diabetes-atlas-seventh-edition.html
https://www.idf.org/e-library/epidemiology-research/diabetes-atlas/13-diabetes-atlas-seventh-edition.html
https://www.idf.org/e-library/epidemiology-research/diabetes-atlas/13-diabetes-atlas-seventh-edition.html
https://doi.org/10.1146/annurev-publhealth-031914-122921
https://doi.org/10.1146/annurev-publhealth-031914-122921
https://doi.org/10.1001/archinte.164.17.1873
https://doi.org/10.1006/jmre.1997.1116
https://doi.org/10.1006/jmre.1997.1116
https://doi.org/10.1107/S0021889892009944
https://doi.org/10.1107/S0021889892009944
https://doi.org/10.1146/annurev.bi.55.070186.005443
https://doi.org/10.1146/annurev.bi.55.070186.005443
https://doi.org/10.1038/356083a0
https://doi.org/10.2337/dcS13-2009
https://doi.org/10.1007/s005990070016
https://doi.org/10.1002/bjs.6689
https://doi.org/10.1002/bjs.6689
https://doi.org/10.1093/bib/6.1.44
https://doi.org/10.1016/j.diabres.2006.09.002
https://doi.org/10.1016/j.diabres.2006.09.002
https://doi.org/10.1111/j.1365-3083.1993.tb02593.x
https://doi.org/10.1111/j.1365-3083.1993.tb02593.x
https://doi.org/10.1371/journal.pone.0118365
https://doi.org/10.1371/journal.pone.0118365
https://doi.org/10.1111/j.1365-2796.2009.02124.x
https://doi.org/10.1111/j.1365-2796.2009.02124.x
https://doi.org/10.1002/prot.340230306
https://doi.org/10.1093/nar/29.1.308


10 of 10  |      MONIRUZZAMAN et al.

polymorphisms in HSP70 genes. Cell Stress & Chaperones, 11(3), 
208. https​://doi.org/10.1379/CSC-184R.1

Söding, J., Biegert, A., & Lupas, A. N. (2005). The HHpred interac-
tive server for protein homology detection and structure prediction. 
Nucleic Acids Research, 33(suppl_2), W244–W248. https​://doi.
org/10.1093/nar/gki408

Toshihiro, Á., Saito, K., Takikawa, S., Takebe, N., Onoda, T., & Satoh, 
J. (2008). Psychosocial factors are independent risk factors for 
the development of Type 2 diabetes in Japanese workers with im-
paired fasting glucose and/or impaired glucose tolerance 1. Diabetic 
Medicine, 25(10), 1211–1217.

Umapathy, D., Krishnamoorthy, E., & Muthukumaran, P. (2012). Is 
HSP70-hom (C2437T) single nucleotide polymorphism (SNP) as-
so-ciated with diabetic foot ulcer (DFU) among South Indian popu-
lation? Journal of Diabetic. Foot Complications, 4, 57–62.

Umapathy, D., Krishnamoorthy, E., Muthukumaran, P., Rajaram, R., 
Padmalayam, I., & Viswanathan, V. (2012). Association of A1538G 
and C2437T single nucleotide polymorphisms in heat shock pro-
tein 70 genes with type 2 diabetes. Laboratory Medicine, 43(6), 
250–255.

Vilchis-Gil, J., Galván-Portillo, M., Klünder-Klünder, M., Cruz, M., 
& Flores-Huerta, S. (2015). Food habits, physical activities and 
sedentary lifestyles of eutrophic and obese school children: A 

case–control study. BMC Public Health, 15(1), 124. https​://doi.
org/10.1186/s12889-015-1491-1

Zhang, J., Niaura, R., Dyer, J. R., Shen, B.-J., Todaro, J. F., McCaffery, 
J. M., … Ward, K. D. (2006). Hostility and urine norepinephrine 
interact to predict insulin resistance: The VA normative aging 
study. Psychosomatic Medicine, 68(5), 718–726. https​://doi.
org/10.1097/01.psy.00002​28343.89466.11

Zubair, M., & Ahmad, J. (2018). Heat shock protein 70 gene single nu-
cleotide polymorphism and diabetic foot ulcer. Is there any relation-
ship? Journal of Clinical Medicine, 7(8), 187.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section. 

How to cite this article: Moniruzzaman Md, Ahmed 
I, Huq S, et al. Association of polymorphism in heat 
shock protein 70 genes with type 2 diabetes in 
Bangladeshi population. Mol Genet Genomic Med. 
2020;8:e1073. https​://doi.org/10.1002/mgg3.1073

https://doi.org/10.1379/CSC-184R.1
https://doi.org/10.1093/nar/gki408
https://doi.org/10.1093/nar/gki408
https://doi.org/10.1186/s12889-015-1491-1
https://doi.org/10.1186/s12889-015-1491-1
https://doi.org/10.1097/01.psy.0000228343.89466.11
https://doi.org/10.1097/01.psy.0000228343.89466.11
https://doi.org/10.1002/mgg3.1073

