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ABSTRACT
Background: Coronary artery disease is the leading cause of disability and mortality in Iran and 

worldwide. Tumor necrosis factor-alpha is a pro-inflammatory cytokine that plays a key role in inflammatory 
cascades and atherosclerosis. It regulates cytokine networks and adhesion molecule expression, and activates 
several signal transduction pathways, being also known as transducer of cardiovascular diseases, especially 
premature coronary artery disease. 

Objective: The aim of the present study was to investigate tumor necrosis factor-alpha gene expression in 
Iranian Azeri Turkish patients with premature coronary artery disease (age ≤50 years).

Material and methods: Eighty four individuals (42 cases and 42 controls) were enrolled in the study. 
Total RNA was extracted from patients with premature coronary artery disease using RNX-Plus Solution 
(Cat. No.: RN7713C) and reverse transcribed into cDNA. The tumor necrosis factor-alpha mRNA 
expression level was evaluated using Real-Time PCR. 

Results: The mean ± SE of fold in cases and controls were 1.1±1.08 and 1.6±3.4, respectively. The mean 
expression of tumor necrosis factor-alpha mRNA (fold) was not statistically different between the tested 
groups (P value 0.4). 
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INTRODUCTION

Coronary artery disease (CAD) is the 
leading cause of disability and mor-
tality in Iran and worldwide (1). The 
average age of onset of premature 
coronary artery disease (PCAD) is 

about 36.23 ± 15.26 among Iranians (2). Several 
studies analysed the role of traditional risk fac-
tors, such as family history of PCAD, male gen-
der, arterial hypertension, hyperlipidemia, ciga-
rette smoking, obesity (BMI >30 kg/m2) and 
diabetes mellitus, in PCAD (3). The results of se
veral genome-wide association studies pointed 
to a complex genetic basis of PCAD (4-6). Athe
rosclerosis is the primary cause of PCAD (7). Cy-
tokines and cytokine genes may play a central 
role in the pathogenesis of atherosclerosis. Tumor 
necrosis factor-alpha (TNF-a) is defined as a criti-
cal risk factor for pathogenesis and progression of 
atherosclerosis (8). Cytokine gene polymor-
phisms may influence the risk of PCAD (9). The 
pathogenesis of PCAD must be in association 
with a large number of biological networks and 
genes (10). TNF-a regulates cytokine networks 
and adhesion molecule expression, and activates 
several signal transduction pathways, being also 
known as transducer of cardiovascular diseases, 
exclusively PCAD (11, 12). Several studies evalu-
ated the role of TNF-a and TNF-a receptor poly-
morphisms in CAD and ischemic heart disease 
(13-16). Sbarsi et al implied that TNF-308 A al-
lele is a predisposing factor and significantly in-
creases the risk of CAD (17). Enayati et al studied 
a group of cases aged >50 years and failed to 
find a significant difference between patients 
with and without CAD regarding TNF-a gene ex-
pression (18). Atherosclerosis is identified as an 
age-associated inflammatory disease (19). Bru-
unsgaard et al indicated that there was a relation 
between high levels of TNF-a in the blood and 
atherosclerosis in a cohort of 81-year-old sub-
jects (20). Coronary artery disease occurs in all 
age groups, but the aim of this study was to inves-

tigate TNF-a gene expression in peripheral blood 
mononuclear cells (PBMCs) of Iranian Azeri 
Turkish patients with PCAD at younger age 
(≤ 50 years). q

MATERIALS AND METHODS

The Present study was approved by the Ethical 
Committee of Urmia University of Medical 

Sciences (Ir.umsu.rec.1394.138). Eighty four in-
dividuals (42 cases and 42 controls) from the 
same geographical region and ethnicity were en-
rolled in the study, which was carried out at 
Urmia University of Medical Sciences (Urmia, 
Iran). Strict criteria were used for selection of pa-
tients who had a minimum of one angiographi-
cally documented coronary artery with 50% ste-
nosis (21). The diagnosis of PCAD was established 
by electrocardiography, coronary angiography 
and echocardiography (22). None of our con-
tributors were clinically diagnosed with Familial 
Mediterranean Fever (FMF), familial hypercho-
lesterolemia, arteriovenous graft, congenital de-
fects of the heart valves and other related sys-
temic diseases. Each person was informed about 
the contents and aims of this study. All subjects 
were evaluated by an expert cardiologists based 
on the accepted criteria. Blood samples (2-3 mL) 
were obtained in EDTA-containing tubes for RNA 
isolation. RNA extraction was started within 
24 hours after sample collection using RNX plus 
(Cat. No.: RN7713C) (Cinnagen, Iran). RNA sam-
ples were preserved at -80oC until cDNA synthe-
sis was performed. The purity of RNA extracts 
was tested via measuring absorption at 260 nm 
and 280 nm in a biophotometer (Eppendorf AG, 
Germany), and the 260A/280A ratio higher than 
1.8 was considered as acceptable. The Thermo 
Scientific RevertAid First Strand cDNA Synthesis 
Kit was used for cDNA synthesis from 2 μL of 
each sample. Thermo scientific SYBER Green/ROX 
qPCR Master Mix (2X) and 2 μL template cDNA 
were used for Real Time PCR in the iQ™5 Multi-
color Real-Time PCR Detection System 

Outcomes: Our outcome failed to find evidence for any association between tumor necrosis factor-alpha 
mRNA expression and premature coronary artery disease. Large scale, more detailed studies are further 
needed to prove our results and to propose other mechanisms in the pathophysiology of premature coronary 
artery disease.

Keywords: TNF-α, gene expression, premature coronary artery disease.
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(BIO-RAD). In our samples, TNF-a mRNA ex-
pression was evaluated using two sets of primers 
including F: 5´-cccaggcagtcagatcatcttc-3´ and 
R: 5´-agctgcccctcagcttga-3´ for TNF-a (Amplicon 
size: 85 bp), and F: 5’-cctggcgtcgtgattagtgat-3’ 
and R: 5’-agacgttcagtcctgtccataa-3’ for hypoxan-
thine-guanine phosphoribosyltransferase (HPRT) 
(Amplicon size: 131 bp) (18). The PCR program 
included: 95°C for five minutes; 40 cycles: 95°C 
for 30 s and 68°C for 20 s. All analyses were car-
ried out in duplicate reactions. 2-ΔΔCT method was 
performed for determining the relative gene ex-
pression between tested groups (23). Data are 
reported as the fold ± SE normalized to HPRT as 
endogenous reference. q

STATISTICAL ANALYSIS

All data were reported as means ± standard 
deviation (mean ± SD) or mean ± standard 

error of mean (SEM). Mann-Whitney U tests were 
performed for data analysis by Statistical Package 
for Social Sciences (SPSS) 22 software. Relative 
amounts of mRNA expressions (fold) were com-
pared between tested groups via independent 
sample t-test. The statistically significant level was 
set at P value <0.05. q

RESULTS

Clinical findings among patients with PCAD 
and controls are summarized in Table 1 and 

Figure 1. We studied 42 patients including 36 
(85.7%) males and six (14.3%) females, as well as 
42 controls including 15 (35.7%) males and 27 
(64.3%) females. Cases and controls had an ave
rage age of 45.25±5.28 and 44.95±4.01, respec-
tively, and a mean ± SE of fold of 1.1±1.08 and 1.6±3.4, respectively. The mean expression of 

TNF-a mRNA (fold) was not statistically different 
in the tested groups (P value 0.4) (Figure 2). Tradi-
tional risk factor of cigarette smoking was present 
more frequently among our cases (47.61%). 
Figure 3 shows amplification plot for quantitative 
analysis of TNF-a gene expression using Real 
Time PCR analysis (a) and an image of a gel post 
electrophoresis of TNF-a (85 bp) and 
hypoxanthine-guanine phosphoribosyltransferase 
(HPRT) (131 bp) (b). q 

DISCUSSIONS

PCAD-susceptible cytokine alleles may influ-
ence the pathophysiology of diseases via up-

TABLE 1. Clinical findings among patients with PCAD and controls 
included in the study

Parameters Patients with 
PCAD F (%)

Controls
F (%)

OR 
(95% CI)

P 
value

Diabetic 
nephropathy 5 (11.90) 10 (23.81) 0.43 (0.13-1.4) 0.15

Blood pressure 6 (14.28) 14 (33.33) 0.33 (0.11-0.98) 0.04
Dyslipidemia 8 (19.04) 11 (26.19) 0.66 (0.24-1.90) 0.43
Positive family 
history for 
PCAD 

13 (30.95) 12 (28.57) 1.12 (0.44-2.86) 0.81

Positive history 
of cigarette 
smoking

20 (47.61) 9 (21.42) 3.33 (1.28-8.65) 0.01

FIGURE 1. Clinical findings among patients and 
controls; 
DN=diabetic nephropathy; BP=blood pressure; 
DL=dyslipidemia; PFHD=positive family history for 
PCAD disease; PHCS=positive history of
cigarette smoking

FIGURE 2. Mean expression of TNF-α mRNA 
(fold) in cases and controls. The fold of relative 
mRNA expression was 1.1±1.08 in cases and 1.6±3.4 
in controls for TNF-α. The study showed that there 
were no significant differences among tested groups 
(P value 0.4). Data are expressed as means ± SEM
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regulation of inflammatory gene(s) expression 
(24, 25). TNF-a is involved in the secretion and 
production of other cytokines, such as chemo-
kines, that have a role in leukocyte trafficking to 
the site of inflammation (25). TNF-a acts in con-
cert with other genes, such as IL-6 (25) or IL-1, 
transforming growth factor-beta in heart failure 
(26). There are large bodies of investigations that 
indicate an association between stress and heart 
disease (24). TNF-a is defined as an important 
indicator of stress (24). Several studies evaluated 
the level of TNF-a in heart diseases such as CAD 
and heart failure (27-33). TNF-a has the poten-
tial to recognize the grade of atherosclerosis, and 
high levels of soluble tumor necrosis factor re-
ceptors (sTNFRs) in serum play an active inflam-
matory role in health and disease (33, 34). It has 
been indicated that the value of TNF/TNFR ratios 
as an important predictor may influence the 

pathophysiology of diseases (34). In addition to a 
central role of TNF-a in host defense, inflamma-
tion and hematopoiesis, TNFR subtypes have 
been also shown to have an important role in 
human diseases (34, 35). 

To the best of our knowledge, the present 
study is the first investigation evaluating the mean 
expression of TNF-a mRNA (fold) in patients with 
PCAD (age ≤50 years). We failed to find signifi-
cant differences between cases and controls re-
garding the mean expression of TNF-a mRNA 
(fold). Our finding is in agreement with that re-
ported by Enayati et al (18). Cardiovascular disor-
ders may be influenced by TNF-a and TNF/TNFR 
ratios (34). The CAD comprises approximately 
one third of cardiovascular disorders (36). It has 
been demonstrated that TNFR2 signaling path-
way is involved in the cardiovascular system (37). 
Additional studies and analysis are required to 
resolve this debate. 

Our study had a low sample size, and cases 
and controls were not matched by gender, stress 
and economic status. Another limitation of this 
investigation was that the cross-sectional design 
did not allow us to evaluate the origin-effect fac-
tors. Patients with PCAD may have several risk 
factors such as psychosocial factors, fruit and 
vegetable consumption, stress and physical acti
vity (38). Molecular analysis of other genes and 
their pathophysiological effects on the pathoge
nesis of PCAD, such as TNFRs, needs to be car-
ried out. Large scale, more detailed studies are 
further necessary to confirm these results. q 

CONCLUSION

Our outcome failed to find evidence for as-
sociation between TNF-a mRNA expres-

sion and PCAD. Large scale, more detailed stu
dies are needed in the future to suggest new 
mechanisms.. q
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FIGURE 3. a) Amplification plot for quantitative 
analysis of TNF-α gene expression, using real time 
PCR analysis. b) Image of a gel post electrophoresis 
of TNF-α and HPRT regarding Real Time PCR 
analysis 
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