
60 
www.bsmiab.org/jabet 

 

Mahmud et al., J Adv Biotechnol Exp Ther. 2021 Jan; 4(1): 60-66 

Prevalence of single-nucleotide polymorphism (-308G>A) in 

the TNF-α promoter region correlates coronary heart disease 

among type-2 diabetic patients from the northern region of 

Bangladesh 

Md. Rezuan Al Mahmud1, Md. Mahmudul Hasan1, Dipa Roy2, Md. Sk Shahid Ullah2, 3, Bristy Basak4, Md. 

Abu Reza1, Ariful Haque2 * 

1Molecular Biology and Protein Science Laboratory, Department of Genetic Engineering and Biotechnology, Faculty of Life and Earth 

Science, University of Rajshahi, Rajshahi - 6205, Bangladesh 
2Molecular Pathology Laboratory, Institute of Biological Sciences, University of Rajshahi, Rajshahi - 6205, Bangladesh 
3Department of Microbiology, Ad-din Sakina Medical College, Jessore, Bangladesh 
4Department of Biochemistry and Molecular Biology, Faculty of Science, University of Rajshahi, Rajshahi - 6205, Bangladesh 

*Corresponding author  

Ariful Haque, Associate Professor, 

Molecular Pathology Laboratory, 

Institute of Biological Sciences, 

University of Rajshahi, Rajshahi-

6205, Bangladesh,  

Email: haque@ru.ac.bd  

 

Academic editor  

Mohammad Nazrul Islam, PhD 

Sher-e-Bangla Agricultural 

University, Bangladesh 

 

Article info 

Received: 23 September 2020  

Accepted: 27 October 2020  

Published: 06 November 2020  

 

Keywords  

Tumor necrosis factor-alpha, SNP, 

Cardiac disease, Type 2 diabetes 

mellitus, Bangladesh 

ABSTRACT 

Tumor necrosis factor-alpha (TNF-α) is a major cytokine for inflammatory 

response in human body. This is also well linked with obesity and causing 

different pathophysiological problems in type 2 diabetic mellitus (T2DM) 

patients because of its pro-inflammatory over expression. However, seemingly 

harmless nucleotide changes in the promoter region often cause oscillation in 

expression, results in complications like dyslipidemia and atherosclerosis that 

ultimately exploit to coronary heart disease (CHD). Therefore, this study was 

designed to evaluate association between TNF-α (-308G>A) polymorphism at 

promoter region and CHD in T2DM patients from the northern region 

(Rajshahi) of Bangladesh. The total number of participants was 96 T2DM 

patients. TNF-α polymorphism were detected using high resolution melting 

(HRM) curve analysis. A total of 32 participants were suffering from CHD and 

8 polymorphism (3 homozygous and 5 heterozygous) were detected among 

them. From Fisher’s Exact test, we found significant (P < 0.05) relationship 

between TNF-α (-308G>A) polymorphism and CHD in T2DM patients. 

According to Kendall’s Tau correlation matrix (r = 0.218), there is a good 

correlation between target polymorphism and CHD. Therefore, the overall 

results suggest that TNF-α promoter (-308G>A) polymorphism influences CHD 

in T2DM patients. 

 

 

  

 

 

 

 

 

 

 

 INTRODUCTION 

Coronary heart disease (CHD) is one of the leading 

causes of death throughout the world. It is a chronic 

inflammatory disease [1] and atherosclerosis is the 

core clinical sign of CHD [2]. Our immune system 

plays the key role in the progression of atherosclerotic 

process from beginning to plaque rupture [1]. The pro-

inflammatory TNF-α is well known to be concerned in 

the etiology of CHD and to be an independent 

predictor of cardiovascular disease (CVD) [3, 1]. 

Inflammatory cytokines seem to provoke the 

expression of controllers involved in the development 

of atherosclerosis complications [4]. Imbalanced 

discharge of pro-inflammatory cytokines including 

TNF-α is regulated by a number of genes which are 

thought to be involved in the pathogenesis of CHD [2].  

An elevated serum level of TNF-α is an autonomous 

predictor of CVD [5]. 
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TNF-α gene is sited at 6p21.3 location on the human 

chromosome and is arranged within class III region of 

major histocompatibility complex [6]. The p38 

mitogen-activated protein kinase maintains 

provocation of this gene [7]. 

TNF-α is also involved in the pathogenesis of 

numerous autoimmune diseases including 

rheumatoid arthritis, septic shock and other 

inflammatory disorders including T2DM [8, 9]. It has a 

very strong role in lipid metabolism and has been 

associated with insulin resistance and it causes 

changes in lipid and glucose level involved in CVD 

risk [10, 11]. In severely obese and insulin resistant 

fa/fa rats, TNF-α mRNA expression is increased in 

adipose tissue but in deficiency of TNF-α expression 

causes peripheral insulin sensitivity in obese mice [12]. 

There is a very concrete relationship between levels of 

TNF-α in adipose tissue and the scope of 

hyperinsulinaemia in human. TNF-α mainly inhibits 

the insulin induced tyrosine kinase activity of insulin 

receptor [13, 14]. So, it mainly reflects an acute phase 

response to myocardial attenuation of insulin receptor 

signaling through reducing auto-phosphorylation and 

tyrosine kinase activity [13].  

TNF-α regulates expression of NF-κB which in turn 

induces expression of inflammatory and anti-

apoptotic gene network [15]. However, TNF-α gene 

expression is a tightly regulated process. The -308 

position of TNF-α promoter is a crucial one for 

binding of nuclear proteins and modulation of its 

expression [16]. Polymorphism at -308 position in 

TNF-α affect binding of transcription factors resulting 

elevated expression of TNF-α [17-21]. 

Kroeger et al. [17] reported that the G to A at -308 

position resulted differential binding of an additional 

protein at -323 to -285 sequence. The binding of the 

extra protein alters the binding pattern of the common 

protein complex [17]. Another study [18] showed that 

the -308A polymorphic variant affects binding of 

transcription factor at -347 to -269 position of TNF 

promoter. Besides, the difference in TNF-α amount 

varies due to presence of several short tandem repeats 

such as TNFa and TNFc which are responsible for 

causing variation of TNF-α secretion by human 

monocytes [22]. However, it is clearly understood that 

serum TNF-α level might become a very important 

tool for determination of risk factor influencing 

atherosclerotic vascular lesions. Further, as TNF-α 

participates in numerous metabolic syndrome and 

TNF-α expression is varying due to allele differences 

at -308 position of promoter, it is being a putative 

nominee for CHD in the setting of chronic 

inflammatory disorder T2DM [23]. Therefore, we 

designed this study to determine association of TNF-α 

(-308G>A) polymorphism with CHD in T2DM patients 

in the northern region (Rajshahi) of Bangladesh. 

 

MATERIALS AND METHODS 

Recruitment of the study subject 

This study included 96 T2DM patients who came in a 

diagnostic center from different places of Rajshahi, 

Bangladesh for routine test.  Moreover, 10 more 

healthy participants having no family history of 

diabetes and CVD were included to use their genetic 

structure as wild type. A verbal consent was taken 

from all participants. We followed the guideline 

(Memo number: 58/320/IAMEBBC/IBSc) developed by 

the Institutional Animal, Medical Ethics, Biosafety and 

Biosecurity Committee (IAMEBBC), Institute of 

Biological Sciences, University of Rajshahi for 

experimentation on Animal, Human, Microbes and 

Living Natural Sources. 

 

Blood collection and genomic DNA isolation 

Blood of participants was collected in blood collection 

tube containing EDTAK3 (Qinghai Wuchan Trading 

Co. Ltd., China). After collection, blood samples were 

subjected in genomic DNA isolated using Genomic 

DNA isolation kit (Promega, USA) as per producer’s 

protocol. Then the DNA samples were purified using 

DNA purification kit (Promega, USA). Genomic DNA 

concentrations were equilibrated by ultra-violate 

spectrophotometry and agarose gel documentation. 

Salt removal of the purified genomic DNA was carried 

out by gel filtration using Sephacryl S-400 (GE 

Healthcare, USA).  

 

High resolution melting (HRM) curve analysis and 

sequencing 

For HRM analysis, we targeted a region of 110bp 

sequence in the TNF-α gene promoter. Before 

performing HRM, we optimized the PCR condition for 

specific HRM primers (Table 1) by gradient PCR [24] 

and the optimized condition were confirmed by 

normal PCR. The concentration of DNA was again 

normalized on the basis of qPCR Cq value. HRM was 

performed according to prior method [9] using 
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GoTaq® qPCR master mix at 60°C for 40 cycle in 

Illumina Eco™ qPCR system (USA). The qPCR 

reaction mixture (10 µL) comprised of 5 µL (2x) 

GoTaq® qPCR master mix, 3 µL nuclease free water, 

0.5 µL each of HRM primer, and 1 µL template DNA. 

qPCR was performed with the following cycling 

conditions: 95°C for 10 min, followed by 40 cycles at 

95°C for 10 sec, 60°C for 30 sec, and 72°C for 15 sec. 

PCR specificity was confirmed by analyzing the melt 

curves at 95°C for 15 sec, 55°C for 15 sec, and 95°C for 

15 sec. HRM data were processed and analyzed in 

Eco™ software integrated with the system. Identified 

genotypes were further verified after sequencing (1st 

BASE, Malaysia) corresponding samples. For 

sequencing, we used different primers set (Table 1) 

which were designed by targeting a 750 bp sequence 

from both directions.  

 

Table 1. List of primers

Primer type Primer Sequence Designed by 

HRM primers Forward 5’-CCACAGACCTGGTCCCCA-3’  

 

DNA Technology A/S, 

Denmark 

Reverse 5’-GGTCTTCTGGGCCACTGACT-3’ 

Sequencing primers Forward 5’-TGCCCCAGTGGGGTCTGTGA-3’ 

Reverse 5’-AGCTTGTCAGGGATGTGGCGT-3’ 

 

Statistical analysis 

Fisher’s Exact test was performed to find out 

correlation between polymorphism and CVD. 

Kendall’s Tau correlation matrix was checked to 

evaluate the strength of correlation. Statistical analyses 

were performed using OPSTAT online software and 

SOCIOSTAT calculator.   

 

RESULTS 

HRM based polymorphism analysis and sequencing 

Clear distinct melting curves were found between 

melting temperature (Tm) 81.5°C to 86.7°C. Melt curves 

that were similar in shape were distinguishable from 

each other by difference in Tm of the amplicon. In such 

situation, the Tm difference between samples was due 

to sequence variation from the wild type. Melt curves 

displaying a distinct shape from homozygote curves 

were usually due to the presence of base pairing 

mismatches (hetero duplexes) present in the PCR 

product mix. The magnitude of differences between 

samples is presented in Figure 1B. The melting curves 

of the ten healthy individuals were considered as wild 

type (GG) (Figure 1A). Curves from T2DM patients 

who have no mutation in any allele are aligned as wild 

type curve (Figure 1A and Figure 1B). Heterozygous 

mutated T2DM patient’s melting curves were shifting 

from wild type due to nucleotide variation in one of  

 

 

two alleles (Figure 1B) and gave two distinct Tm. On 

the other hand, patients having homozygous mutation 

displayed a similar pattern of melting curve with wild 

type due to nucleotide variation in two alleles (Figure 

1B) and gave only one Tm. The difference in Tm was 

identified with the difference between fluorescence of 

each curve and wild type curve. Genotypes which 

were found between 84 and 85°C were grouped 

together. Different homozygotes showed similar 

shapes with a little difference in their Tm differing by 

0.2–0.4°C. Although there were some variations (0.1–

0.2°C) within each genotype, all homozygotes were 

clearly differentiated when the entire curves were 

considered. Heterozygotes displayed a different shape 

than that of homozygotes in the low melting region of 

transition (Figure 1B). The curves for 3 homozygous 

(A/A) mutations gave only one Tm which were 84.1, 

83.9, and 83.9°C. On the other hand, the curve of 5 

heterozygous (G/A) mutations gave Tm1 which were 

83.8, 84°C, 84.1, 84.1°C, and 84.1°C while Tm2 were 79, 

77.1, 79.1, 78.9, and 77.2°C respectively. However, 

mutations were identified and confirmed by 

comparing the pattern of our HRM melt curve with a 

well-established melt curve pattern reported 

previously [25]. After sequencing, we found sequence 

variation at -308 position of TNF-α gene (Figure 2) 

which is a heterozygous (G/A) mutation which was 

pre-confirmed in HRM analysis. 
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Figure 1. HRM analysis for the genotypes of TNF-α (-308G>A) polymorphism at promoter region. (A) Wild type normalized 

curve of samples from healthy (no history of CVD and T2DM) individuals, (B) difference curve of experimental samples of 

T2DM patients. 

 

 

Figure 2. Sequencing result showing conversion of G (black peak) to A (green peak) at -308 position of TNF-α promoter region. 

 

Correlation between TNF-α (-308G>A) 

polymorphism at promoter region and CHD  

The result of HRM study showed three homozygous 

(A/A) and five heterozygous (G/A) mutations among 

tested 96 T2DM patients (Table 2). A total of 32 

persons of all participants had CHD. Among the 32 

CHD patients, six were bearing polymorphism (Table 

3). The remaining two polymorphism carriers were 

not suffering from CHD though they were T2DM 

patients. However, according to the result of Fisher’s 

exact test, we found significant (P < 0.05) correlation 

between TNF-α polymorphism and CHD (Table 3). 

Besides, the Kendall’s Tau correlation matrix (r = 0.218) 

represents that there is a good relationship between 

TNF-α polymorphism and CHD (Table 4). 

 

Table 2. Distribution of allele frequency of -308G>A 

SNP at TNF-α promoter region 

Allele Genotype Frequency 

 

-308G>A 

(rs1800629) 

GG 88 (91.67%) 

GA 5 (5.20%) 

AA 3 (3.13%) 

Grand total 96 
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Table 3. Analysis of correlation between TNF-α           

(-308G>A) polymorphism at promoter region and 

CHD by Fisher’s Exact test 

 CHD 

(yes) 

CHD 

(no) 

Marginal 

row total 

P value 

Polymorphism 

(yes) 

6 2 8  

 

0.015481* Polymorphism 

(no) 

26 62 88 

Marginal 

column total 

32 64 Grand 

total = 96 

 

Table 4. Analysis of strength of correlation between 

TNF-α (-308G>A) polymorphism at promoter region 

and CHD by Kendall’s Tau correlation matrix 

 CHD Polymorphism 

CHD 1.000     0.218** 

Polymorphism     0.218** 1.000 

 

DISCUSSION  

The frequency of CVD is being mounted at alarming 

figure in the developing countries, especially in 

Bangladesh where it is one of the major challenges for 

our health division. According to a most recent report 

published by World Health Organization (WHO) in 

2018, the highest (30%) deaths were due to CVD 

among the total disease causing deaths [26]; while in 

2014, only 17% deaths were of CVD [27]. The risk 

factors for CVD in Bangladeshi people are smoking, 

abdominal obesity, T2DM, hypertension, depression, 

high ApoB100/Apo-I ratio, physical inactivity, life 

style and peculiar food habit [28, 29]. Among these 

risk factors, T2DM is the only one which shares 

common risk factors with CVD [30]. T2DM is a disease 

which has two to four fold aptitude to induce CVD in 

people [31] indicating T2DM as an independent risk 

factor for CVD [32]. 

Beside these risk factors, numerous common single-

nucleotide polymorphisms (SNPs) are responsible for 

developing CVD and T2DM [33]. Such an example is 

paraoxonase which usually codes an enzyme that 

attaches with high-density lipoprotein, as well as 

protects low-density lipoprotein from proatherogenic 

oxidative alterations. But its polymorphic counterparts 

(Gln-Arg 192, or Met-Leu 54) guide to decrease 

enzymatic performance or decrease circulating 

enzyme content and are independently linked with 

both T2DM and CVD [34-37]. Further, there are some 

of the SNPs which are responsible for developing 

coronary artery disease (CAD) in T2DM patients. For 

example, adiponectin gene polymorphic variant (+276 

G/T) has been showed to be linked with CAD in 

T2DM patients [38]. Again, gene that codes molecules 

concerned in the magnification of the inflammatory 

circumstance and proinflammatory cytokines could be 

an excellent nominee in determining risk in CAD [39]. 

However, inflammation is a very well acknowledged 

attribute of T2DM with elevated amount of 

proinflammatory cytokines, including IL-1, IL-6, and 

TNF-α [9]. A prior study [40] has established that the 

existence of the TNF-α -308A allele is linked with 

increased insulin resistance. Thus, based on the 

possible relationship of the insulin resistance 

syndrome with CAD, it is usually being hypothesized 

that the A variant represents the correlation between 

diabetes and amplified risk of CAD [39]. 

Interestingly, in this study, we are showing that TNF-

α (-308G>A) polymorphism is associated with CHD in 

T2DM patients. We, the first group, are showing that 

TNF-α polymorphism is influencing CHD in T2DM 

patients in Bangladeshi people. A case-control study 

by Vendrell et al. [23] showed that TNF-α (-308G>A) 

polymorphism influences CHD in Caucasian T2DM 

patients. But the frequency of polymorphism (GA+AA 

= 40.6%) in Caucasian [23] is very high compared to 

the frequency (GA+AA = 8.33%) we observed in 

Bengali people. This noteworthy dissimilarity in term 

of frequency is perhaps due to the ethnic difference 

and environmental factors [41, 42]. A meta-analysis 

showed that TNF-α promoter (-308G>A) 

polymorphism has 1.5-fold amplified aptitude of 

influencing CHD in Caucasian [43]. Another case-

control study [39] performed in Italian people stated 

that the incidence of TNF-α (-308G>A) polymorphism 

is significantly high in those people with diabetes.  

However, in our another study [9], we reported 

association between TNF-α (-308G>A) polymorphism 

and T2DM in northern region of Bangladesh. 

Therefore, we can say that TNF-α (-308G>A) 

polymorphism is an important risk factor for 

developing CHD and T2DM in people from northern 

part of Bangladesh. Overall, this study may direct to 

conduct a further case-control study to evaluate the 

independent role of TNF-α (-308G>A) polymorphism 

in influencing CVD in Bangladeshi people. 
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