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ABSTRACT
Background: Coronary heart disease (CHD) is a chronic
inflammatory disease, which is still regarded as a major cause
of morbidity and mortality worldwide. Several studies have
suggested that polymorphisms in cytokine genes are associ-
ated with the pathogenesis of CHD. The genotype distribution
of Tumor necrosis factor alpha (TNF-a) and interferon gamma
(IFN-c) genes polymorphisms have been shown to be different
in various ethnic populations. This study was aimed to investi-
gate the association of TNF-a-308G/A and IFN-cþ 874T/A
polymorphisms with risk of CHD in an Iranian population.
Methods: A total of 187 unrelated subjects comprised 96
CHD patients and 91 healthy controls were enrolled in this
cross-sectional study. The TNF-a-308G/A and IFN-cþ 874T/A
polymorphisms were genotyped using amplification refractory
mutation system-PCR (ARMS-PCR). The chi-square and logistic
regression tests were used to calculate the odds ratios (ORs)
as a measure of differences in genotype frequencies.
Results: A significant differences in the allelic and genotypic
distribution of TNF-a-308G/A and IFN-cþ 874T/A polymor-
phisms was found between CHD patients and healthy controls
(P¼ 0.017, P¼ 0.011, P¼ 0.006 and P¼ 0.002, respectively).
Logistic regression analyses were also revealed statistically sig-
nificant risk for CHD with respect to TNF-a-308A and IFN-
cþ 874T carriers either in crude or after adjustment for
potential confounders (P¼ 0.003 and P¼ 0.006, respectively).
Conclusion: This study provides strong evidence supporting
the association of TNF-a-308G/A and IFN-cþ 874T/A polymor-
phisms with the increased risk of CHD. Therefore, these two
cytokine polymorphisms may play a role in predisposition to
coronary heart disease.
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Introduction

Coronary heart disease (CHD) is a chronic inflammatory condition, which
is considered as an outstanding health problem and the cause of the
epidemic proportions of premature morbidity and mortality worldwide.[1]

This multifactorial disease result from a complex interaction between
genetic susceptibility and environmental lifestyle factors such as diet and
physical inactivity.[2,3] Various clinical manifestations such as sudden
cardiac death, thromboembolic events, stable angina and acute coronary
syndrome are often shown to be associated with patients affected by coron-
ary heart diseases.[4] It was also proposed that abnormal function of
immune system resulted from abnormalities in inflammatory mediators is
also involved in CHD development. Cardiovascular risk factors including;
premature atherosclerosis, coronary artery disease, dyslipidemia, diabetic
retinopathy, hypertension, endothelial dysfunction, and clotting activation,
are all associated with alteration in immune system.[5] It is known that
this syndrome is a disorder of the immune system, in which, various
aberrations such as increased production of pro-inflammatory cytokines
could be happened.[6]

Many research works have been conducted to identify the genes underly-
ing susceptibility to CHD and replicate significant single nucleotide poly-
morphisms (SNPs) in different populations. Based on the data from
previous studies, SNPs within the cytokines genes have been linked to
chronic inflammatory situation.[7] Recent studies have investigated the asso-
ciation between genetic mutations in two kind of cytokines; Tumor necro-
sis factor alpha (TNF-a) and interferon gamma (IFN-c) and susceptibility
to CHD.[8] These cytokines have a crucial role in immune system imbal-
ance in CHD and some other inflammatory disorders.[9,10] TNF-a gene is
located on the human chromosome 6 (ch.6p21.3) in close linkage with
MHC class III (major histocompatibility complex) genes.[11] This cytokine
is produced by macrophages, monocytes, neutrophils, as well as T and B
cells and regulated by other anti-inflammatory cytokines like Interleukin 10
(IL-10).[12] Hitherto, eight diverse polymorphisms of this gene have been
distinguished. Polymorphism at position �308G>A is one of the most
interesting investigated SNPs. Substitution of G to A nucleotide leads to a
decrease in TNF-a expression which is correlated with CHD processes and
outbreak.[13,14] The human IFN-c, also known as type II interferon or
macrophage-activating factor (MAF), is located on chromosome 12
(ch12q24.1).[15] IFN-c is a potent inflammatory mediator, playing the
crucial role in autoimmune disorders and chronic inflammatory diseases.
IFN-c gene variants seem to be extremely important in conferring suscepti-
bility to CHD. One of the notable polymorphisms at position þ874 T>A
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has a significant function in the propagation of CHD. In particular, T allele
at þ874 situation enhanced the expression of IFN-c gene.[16]

A growing body of evidence have proposed a possible association
between TNF-a-308G/A and IFN-cþ 874T/A polymorphisms and suscepti-
bility to CHD. Some studies have found a direct correlation between these
polymorphic variants and predisposition to CHD, while the others showed
contradictory results and some studies have failed to find any association
[7,9 &15]. Besides, increased level of IFN-c and TNF-a cytokines were
shown to be associated with disease activity in CHD patients. Existing data
suggest that inflammatory markers may have a crucial role in immune sys-
tem imbalance in CHD and some other inflammatory diseases [1, 2, & 5].
With regard to the difference in genotype distribution of TNF-a and IFN-c
genes polymorphisms within various ethnic populations, this study was
aimed to investigate the association of TNFa-308 and IFNcþ 874 polymor-
phisms with the risks of CHD in the north center of Iran.

Methods

Study populations

A total of 187 genetically unrelated Iranian subjects comprised 96 CHD
patients and 91 healthy controls were enrolled in this cross-sectional study.
All study participants consecutively recruited from hospitals located in
Damghan city in the north center of Iran. Indication for CHD was on the
base of a set of examination tests including, a complete clinical examin-
ation, an electrocardiogram (ECG) test at rest and a routine angiography if
appropriate.[17] Healthy individuals with no history of CHD who had
undergone regular physical examinations during the same time were also
included as control group. All subjects with rheumatic heart disease, con-
genital heart disease and other comorbidity such as malignancy, chronic
infections, chronic renal failure, and pregnant women were excluded from
the study. Potential controls were also excluded if they had a family history
of CHD, diabetes, hypertension, or were taking any kind of medications for
hypertension, diabetes and lipid or glucose metabolism.
All participants were given a standardized questionnaire to record all

required information. These information included the age, sex, ethnicity,
details of medical history, family history of CHD, diabetic status and other
traditional risk factors of CHD such as cigarette smoking, physical activity,
along with physiological and anthropometric data. Written informed con-
sent was obtained from study participants and the study was carried out in
accordance with declaration of Helsinki and approved by the local ethical
committee at University of Damghan.
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The laboratory measurement of inflammatory markers

Serum level of two studied inflammatory markers in patients with CHD
and healthy controls were measured using commercially available enzyme
linked immunosorbent assay kits (ELISA, Diaclone, France). All measure-
ments were performed according the manufacturer’s instructions on epoch
microplate reader as ELISA reader instrument.

DNA isolation, SNP selection and genotyping

Peripheral blood was sampled, and genomic DNA was extracted using a
commercial kit according to the manufacturer‘s instruction (5 prime,
Germany).
Two common SNPs including TNF-a-308G>A and the INF-cþ 874

T>A with minor allele frequency (MAF)� 0.05 were selected based on
previous publications.[1,18–22] Genotyping of TNF-a-308G>A and INF-
cþ 874T>A polymorphisms was performed by polymerase chain reaction
(PCR) based on amplification-refractory mutation system (ARMS) analysis.
Generic primers and PCR conditions for TNF-a-308G>A were: sense pri-
mer G: 50-ATAGGTTTT GAGGGGCATGG sense primer A: 50-AATGGTT
TTGAGGGGCATGA-30 and antisense primer 50-TCTCGGTTTCTTCTCC
ATCG-30. Conditions for INF-cþ 874 T>A were: sense primer T: 50-
TTCTTACAACACAAAATCAAATCT-30, sense primer A: 50-TTCTTACAA
CACAAAATCAAATCA-30 and antisense primer: 50-TCAACAAAGCT
GATACTCCA-30. The amplification conditions for the ARMS-PCR were of
denaturation at 94 �C for 20 s, annealing at 63 �C for 1min for TNF-a and
62 �C for 55 s for IFN-c, DNA extension at 72 �C for 60 s and the final
extension at 77 �C for 3.20min. Afterward, PCR products were checked on
a 2% agarose gel to detect the expected length of 184-bp for (-308G>A)
and 263 bp for (þ874 T>A) sites (Figures 1 and 2). For the genotyping
quality control, 10% of samples were randomly selected and measured in
duplicates and the concordance rate was 100%. Nuclease-free water was
used as negative control.

Statistical analysis

Data were analyzed using SPSS software version 16 (Inc., Chicago, Il,
USA). The allelic frequency and distribution of genotypes in cases and con-
trols, the association between genotypes and clinical groups and analysis of
deviation from the Hardy–Weinberg equilibrium were assessed using Chi-
square test. The quantitative variables were expressed as mean with stand-
ard deviations. Multiple logistic regression analysis were used to calculate
odds ratios (OR) with 95% confidence intervals (CI) either in crude or
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adjusted for probable confounders, at codominant genetic model.
Bonferroni correction was also applied for the allelic tests and the threshold
for significant association (0.05/2 tested SNPs), was set to P� 0.025.

Figure 2. ARMS-PCR of the TNF-a-308 G/A gene polymorphism of different individuals based
on polyacrylamide gel electrophoresis 2% stained with ethidium bromide. Left lane: 100 bp
DNA ladder. Lanes 1 and 2: We used both primers which revealed the G and A alleles. So, this
pattern belongs to an individual who has GA heterozygote genotype. Lanes 3&4: We applied a
primer which showed the G allele. So, they are homozygote for GG genotype, the same as lane
5&6. Lanes 7 and 8: we used a primer which showed the A allele. So, they are homozygote for
AA genotype. Both alleles have the same molecular weight.

Figure 1. ARMS-PCR of the INF-cþ 874 A/T gene polymorphism of different individuals based
on polyacrylamide gel electrophoresis 2% stained with ethidium bromide. Left lane: 100 bp
DNA ladder. Lane 1: sample without DNA. Lane 2: sample plus Beta-actin. Lanes 1 and 2: We
used both primers which revealed the A and T alleles. So, this pattern belongs to an individual
who has AT heterozygote genotype. Lanes 3&4: We applied a primer which showed the A
allele. So, they are homozygote for AA genotype, the same as lane 5&6. Lanes 7 and 8: we
used a primer which showed the T allele. So, they are homozygote for TT genotype. Both
alleles have the same molecular weight.
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Results

The basic characteristics of study subjects are listed in Table 1. The study
included 96 CHD patients (66 men and 30 women; mean age,
48.39 ± 14.26 years) and 91 healthy controls (49 men and 42 women; mean
age, 45.32 ± 11.35 years). As expected, the traditional risk factors including
smoking (61.45%), hyperlipidemia (63.51%), hypertension (51.04%),
diabetes mellitus (68.75%) and hypercholesterolemia (46.87%) were found
to be higher in the patients with CHD than the controls.
The allele and genotype frequency differences of two analyzed SNPs

between case and control groups are shown in Table 2. All two SNPs were
in Hardy-Weinberg equilibrium (HWE) in the controls (p> 0.05).
However, CHD cases showed a significant deviation from HWE with
respect to the TNFa-308G>A and INF-cþ 874 T>A polymorphisms.
These deviations may be due to the small sample size. However, it could
not be a reflection of violation of HWE assumptions in the general popula-
tion, and such a departure can be attributed to the chance. Using chi-
square tests, our results determined the A allele of TNFa-308 and T allele
of INF-cþ 874 were associated with a 1.81-fold (95%CI¼ 1.11-2.96;
p¼ 0.017) and 2.06-fold (95%CI¼ 1.30-3.26; p¼ 0.006) increase in the risk
of CHD respectively (Table 2).
Regard to the genotype frequencies, our results were also revealed a sig-

nificant difference in genotype distributions of two SNPs between patients
and healthy subjects (p¼ 0.011 for TNF-a-308 and p¼ 0.002 for INF-
cþ 874). Logistic regression analysis indicated that compared to the GG
genotype of TNF-a-308 polymorphism, subjects carrying the A allele
(AAþGA) were significantly correlated with an increased risk of CHD
either in crude (OR¼ 2.40, (1.33–4.35), p¼ 0.011) or even after multiple-
testing correction for two SNPs and adjustment for age, sex, and other
potential confounding factors (OR¼ 3.10, (1.49–6.48), p¼ 0.003). Similarly,

Table 1. Demographic and clinical characteristics of the study population.
Characteristics CHD patients (n¼ 96) Controls (n¼ 91) p-value

Age (years) 48.39 ± 14.26 45.32 ± 11.35 0.004
Gender (M/F) 66/30 (68.75/31.25) 49/42 (53.84/46.15) 0.02
Smoking n (%) 59 (61.45) 39 (42.85) 0.01
Diabetes mellitus n (%) 66 (68.75) 42 (46.15) 0.002
Hyperlipidaemia n (%) 61 (63.51) 37 (40.65) 0.002
Hypertension n (%) 49 (51.04) 29 (31.86) 0.008
Sedentary lifestyle n (%) 43 (44.8) 36 (39.56) 0.46
Obesity n (%) 40 (41.70) 37 (37.4) 0.547
TC (mg/dl) n (%) 45 (46.87) 28 (30.76) 0.02
IFN-c 0.38 (0.00–0.57) 0.57 (0.00–0.73) 0.021
TNF-a 1.60 (1.23–1.90) 1.80 (1.21–2.40) 0.027

Values are expressed as mean ± SD, median and interquartile range for normally and non-normally distributed
variables, respectively. Comparisons were made by the X2 test (for categorical data). TC; total cholesterol.
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more than 2.5 fold increased risk was observed for all the genotypes of
IFN-cþ 874A/T, either in crude or after adjustment for confounding varia-
bles (Table 2). In addition, after applying Bonferroni’s correction no con-
siderable changes were also observed for the results, supporting no
interaction between two study variants.
We also analyzed the association of the different genotype groups of

each polymorphism with all above mentioned traditional risk factors. The
results are presented in Table 3. As can be seen from Table 3, IFN-cþ 874

Table 2. Genotype distribution and allele frequencies of the TNFa-308 and INF-cþ 874 poly-
morphisms in CHD patients and controls.

Polymorphism
CHD n (%)
n¼ 96

Control n (%)
n¼ 91

Crude OR
(95 % CI)

Adjusted OR
(95 % CI) P-valuea

TNFa-308
GG 44 (45.80) 61 (67.03) 1.00 1.00 –
GA 49 (51.0) 27 (29.67) 2.52 (1.37-4.63) 3.56 (1.66-7.68) 0.001
AA 3 (3.10) 3 (3.30) 1.39 (0.27-7.19) 0.650 (0.086-4.94) 0.679
GAþAA 52 (54.16) 30 (32.96) 2.4 (1.33-4.35) 3.10 (1.49-6.48) 0.003
Pb 5 0.011
G allele 137 (71.34) 149 (81.86) 1.00 1.00 –
A allele 55 (28.66) 33 (18.13) 1.81 (1.11-2.96) 1.81 (1.11-2.96) 0.017
INF-c1 874
AA 33 (34.37) 53 (58.24) 1.00 1.00
AT 57 (59.37) 37 (40.65) 2.47 (1.36-4.51) 2.26 (1.09-4.69) 0.028
TT 6 (6.25) 1 (1.09) 9.63 (1.11-83.65) 46.47 (4.2-514.3) 0.002
ATþ TT 63 (65.62) 38 (41.76) 2.66 (1.47-4.82) 2.70 (1.34-5.47) 0.006
Pb 5 0.002
A allele 123 (64.06) 143 (78.57) 1.00 1.00 –
T allele 69 (35.40) 39 (21.42) 2.06 (1.30-3.26) 2.06 (1.30-3.26) 0.006

Multiple testing using logistic regressions was used. OR, odds ratio; CI, confidence interval. Significant P values
are presented in bold.

aP of logistic regression models adjusted for age, sex, smoking, hypertension, hyperlipidemia, TC, physical activ-
ity, diabetes and hyperlipidemia.

bP of X2 test related to allelic and genotypic differences between cases and controls.

Table 3. Association between TNFa-308 and INF-cþ 874 polymorphisms with respect to
different risk groups.

TNFa-308 INF-cþ 874

Genotype/allele

GG GA AA p- value AA AT TT p- value

Smoking Yes 55 (56.1) 39 (39.8) 4 (4.1) 0.769 36 (36.7) 58 (59.2) 4 (4.1) 0.028
No 50 (56.2) 37 (41.6) 2 (2.2) 50 (56.2) 36 (40.4) 3 (3.4)

Hypertension Yes 49 (62.8) 27 (34.6) 2 (2.6) 0.29 31 (39.7) 44 (56.4) 3 (3.8) 0.34
No 56 (51.4) 49 (45.0) 4 (3.7) 55 (50.5) 50 (45.9) 4 (3.7)

Hyperlipidemia Yes 51 (52.0) 44 (44.9) 3 (3.1) 0.46 45 (45.9) 51 (52.0) 2 (2.0) 0.42
No 54 (60.7) 32 (36.0) 3 (3.4) 41 (46.1) 43 (48.3) 5 (5.6)

Physical activity Yes 41 (51.9) 36 (45.6) 2 (2.5) 0.48 38 (48.1) 38 (48.1) 3 (3.8) 0.87
No 64 (59.3) 40 (37.0) 4 (3.7) 48 (44.4) 56 (51.9) 4 (3.7)

Diabetes Yes 59 (54.6) 43 (39.8) 6 (5.6) 0.10 51 (47.2) 55 (50.9) 2 (1.9) 0.27
No 46 (58.2) 33 (41.8) 0 35 (44.3) 39 (49.4) 5 (6.3)

Hypercholesterolemia Yes 40 (54.8) 31 (42.5) 2 (2.7) 0.90 32 (43.8) 40 (54.8) 1 (1.4) 0.30
No 65 (57.0) 45 (39.5) 4 (3.5) 54 (47.4) 54 (47.4) 6 (5.3)

Obesity Yes 45 (60.8) 26 (35.1) 3 (4.1) 0.34 37 (50.0) 33 (44.6) 4 (5.4) 0.34
No 60 (53.1) 50 (44.2) 3 (2.7) 49 (43.4) 61 (54.0) 3 (2.7)

Values are expressed as number (%). Both adjusted for age, and sex.
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SNP showed a trend towards association with increased risk of CHD in
cigarette smokers (P¼ 0.028). That is, SNP-smoking interaction may con-
tributed in predisposing cigarette smokers to develop CHD.

Discussion

CHD is the first outstanding cause of mortality in adults all over the world.
Various factors play a crucial role in the pathogenesis of CHD.[2]

Environmental and genetic components are involved in the susceptibility of
CHD.[7] Among traditional factors, diabetes mellitus has been strongly
associated with CHD.[21] As expected, in our study, all traditional factors
had the higher frequency (diabetes mellitus with a frequency of 68.75% as
the highest and obesity with 14.58% as the lowest) in CHD patients than
controls. Our results are in agreement with those reported by Ebrahimi
et al. which concluded that the prevalence of CHD in the Iranian popula-
tion was higher due to their lifestyle associated with coronary risk factors
such as diabetes mellitus, hypertension, dyslipidemia, smoking and obes-
ity.[22] Sadeghi et al. was also reported that traditional factors were associ-
ated with the prevalence of premature CHD.[23]

In addition to traditional cardiovascular disease risk factors, many gen-
etic variants in genes encoding inflammatory cytokines such as TNFa and
IFN-c, were identified to play a role in susceptibility to CHD.[22] Two
SNPs including IFN-cþ 874A>T (rs2430561) and TNF-a-308G>A
(rs1800629), are defined as ideal candidate gene variants.[22,23] This study
was conducted to investigate the possible association between these poly-
morphisms and risk of CHD in an Iranian population.
Our study demonstrated that allelic and genotypic distribution of TNF-

a-308G/A and IFN-cþ 874T/A polymorphisms were significantly different
between patients and control subjects. With respect to TNF-a-308G/A
polymorphism logistic regression analysis confirmed that A carriers’ (GA-
AA vs GG) were strongly associated with increased risk of CHD in com-
parison with the GG homozygote group, suggesting a significant role of A
allele in the development of CHD. Likewise, the genotype distribution of
IFN-cþ 874T/A polymorphism was significantly associated with increased
risk of CHD in all subject carrying T allele. Logistic regression analyses,
also ascertained this findings, indicating more than 2.5 fold significant risk
associated with this polymorphism, even after adjusting for all potential
confounders. This suggests that the T allele may have a direct role in the
pathogenesis of CHD. When these two polymorphisms were considered
together, the observed associations continued to exist, suggesting the inde-
pendent behavior of these two polymorphisms in the development of CHD.
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We also evaluated the association of these two polymorphisms with trad-
itional risk factors of CHD including hypertension, hyperlipidemia, hyper-
cholesterolemia, smoking, diabetes mellitus, sedentary lifestyle and obesity.
Our results indicated that the IFN-cþ 874T/A polymorphism was strongly
associated with the risk of CHD in cigarette smokers, especially when the T
allele interacts with cigarette smoking. This suggest that, SNP-smoking inter-
action may contributed in predisposing cigarette smokers to develop CHD.
In line with our results, the meta-results of a meta-analysis of 24 studies

conducted by Zhang et al. revealed that TNF-a-308 polymorphism was asso-
ciated with CHD development in Caucasians population.[3] This study sup-
ported the fact that the TNFa-308A allele may have a direct role in the
pathogenesis of CHD. In another study by Naggar and Serogy, it was also
reported that the TNF-a-308G/A polymorphism might be a potent risk factor
for CHD.[24] In a meta-analysis on 5 studies, Yang et al. concluded that the
TNF-a-308A allele is probably associated with an increased risk of IHD.[12]

The same results were also observed by George et al. in Greek familial CHD
patients.[11] On the other hand, some reports were contrary to the results of
our study. Garg et al. concluded that TNF-a-308G/A polymorphism was not
significantly different in CHD patients.[8] Chu et al. in a large sample size
meta-analysis showed that no association existed between the TNF-a-308
promoter polymorphism and CHD in Chinese Han population.[25] This dis-
parity between observations may be due to ethnic differences.
In terms of IFN-cþ 874T/A polymorphism, Baddela et al. showed that

the IFN-cþ 874 risk allele was an important risk factor for the develop-
ment of susceptibility to acute coronary syndrome.[7] Esperança et al. in
their study demonstrated a significant relation between IFN-cþ 874T/A
genotypic distribution and the prevalence of heart disease in young
adults.[26] Our study confirms the previous findings. Many studies sug-
gested INF-c as an important component in regulating inflammation.
Functional studies have found that T allele is significantly correlated with
the increase of the INF-c gene activity.[15]

The association of TNF-a-308G/A polymorphism with the risk of CHD
could be explained by its possible effect on the expression level of the
TNF-a gene. It was proposed that most variants within the promoter
region of the TNF-a gene appeared to influence the TNFa cytokine expres-
sion.[27] Likewise, IFN-cþ 874T/A polymorphism was also proven to cause
an overexpression of the gene, where T allele may results in an increased
production of IFN-c cytokine.[19]

To our knowledge, this is the first report on the association of
-308G>A (rs1800629) and þ874A>T (rs2430561) SNPs with CHD. Both
TNF-a-308A and IFN-cþ 874T alleles are important risk factors for the
development of CHD in an Iranian population. Because, the study
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population was originated from north center of Iran, it is proposed that the
data should be cautiously extrapolated to other regions and required to be
validated by further studies in other regions and ethnic groups

Conclusion

In conclusion, our results suggest that TNF-a-308G/A and IFN-cþ 874T/A
polymorphisms are strongly associated with the increased risk of CHD.
Furthermore, TNF-a� 308A allele and IFN-cþ 874T allele may be potent
risk factors for CHD in the Iranian population. This threat is increased when
T allele interacts with cigarette smoking. Functional studies are required to
clarify the potential role of these two SNPs in the pathogenesis of CHD.
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