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Association of tumor necrosis factor-alpha G-308 a 
polymorphism with inflammatory markers and lipid profile 
in coronary heart disease

Coronary heart disease (CHD) is defined as acute or chronic 
cardiac disability caused by imbalance between the my-

ocardial supply and demand for oxygenated blood [1]. Car-
diovascular disorders (CVD) are the leading cause of morbidity 
and mortality. CVD will be the most important cause of mor-
tality in India, and CHD will be the single most vital source to 
this increasing burden of CVD [2].

According to World Health Organization (WHO), CHD is a 
modern epidemic, not an unavoidable attribute of aging [3]. 
The burden of CHD is rising in India. In 2008, CHD caused 7.2 
million deaths (i.e., 12.8% of total deaths) [4].

In the etiology, CHD is caused by any disease affecting the 
coronary arteries. More than 90% cases were caused by coro-
nary atherosclerosis and 10% by other causes like vasospasm, 
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stenosis of coronary ostia, arteritis, embolism, thrombic dis-
eases like shock, polycythemia, and trauma[5].
Inflammation is one of the trademarks of atherosclerosis 
where the existence of modified low-density lipoprotein par-
ticles induces a number of specialized cytokines [6]. Tumor 
necrosis factor-alpha (TNF-α) is an effective immunomedia-
tor and proinflammatory cytokine resultant from endothelial 
and smooth muscle cells or macrophages associated with 
atheroma. The occurrence of TNF-α in the atherosclerotic le-
sion in higher concentration and its absence in normal tissues 
recommend its involvement in atherogenesis [7].
TNF-α interferes in the metabolic pathways of triglycerides 
(TG) and cholesterol. It increases plasma TG level by enhanc-
ing the concentration of free fatty acids, the substrate of TG 
synthesis. TNF-α also reduces the clearance of TG-rich lipopro-
teins. TNF-α might increase hepatic cholesterol synthesis by 
stimulating the β-hydroxy β-methylglutaryl CoA (HMG-CoA) 
reductase activity in human adipose tissues [6]. TNF-α is a re-
silient paracrine activator of monocytes and macrophages. It 
stimulates secretion of products like interleukin-6 that arouses 
liver to produce the acute phase reactant C-reactive protein 
(CRP). In atherosclerotic lesions, TNF-α and CRP are present 
in significant quantities [8]. Membrane adenosine deaminase 
regulates cytokine formation on human lymphocytes [9].
CHD is a multifactorial disease influenced by environmen-
tal factors and genetic predisposition. Recently it has been 
observed that polymorphism directly affected TNF-α expres-
sion at gene of nucleotide position 308 [10, 11]. A number 
of researchers have reported the association of G -308 A 
polymorphism of the TNF-α gene with myocardial infarction 
(MI) [12, 13]. G -308 A polymorphism directly alters the lipid 
metabolism and endothelial function in CVD. Elahi et al [10] 
have demonstrated that the 308A genotype is related to 
more severe and rapid progression of coronary atherosclero-
sis. Juliano C Padovani et al [11] have examined the genetic 
polymorphisms in the TNF locus (TNF-α 308 G→A) as risk fac-
tors for coronary atherothrombotic disease. In their study, 
no significant effects were noticed, but they mentioned that 
polymorphisms in the TNF locus can contribute to athero-
thrombosis [11].
Many researchers have tested the polymorphisms in TNF-α 
for genetic association with CHD, but results are controversial 
[10, 11]. Therefore, in this study, we investigated the impact of 
TNF-α -308 G>A polymorphism on serum lipid, plasma hs-CRP, 
and Adenosine deaminase (ADA) levels in patients with CHD 
and controls. 

Materials and Methods 

This study was conducted at Department of Biochem-
istry PDVVPF’s Medical College Ahmednagar and Swasthya 
Hospital and Research Centre Ahmednagar (Maharashtra) in 
alliance with Department of Biochemistry, B. J. Medical Col-
lege and Sassoon General Hospital (S.G.H) Pune. The study 

was approved by the ethics committee of B.J.M.C. and S.G.H. 
Pune. According to the Declaration of Helsinki 1975, informed 
consent was taken from all participants, and utmost care was 
taken during experimental procedure. 

Study Design:
Type: Analytical case control study.
Population: Total 229 subjects were enrolled in this study.
Sampling: Simple random sampling
In this study, population was not universal. The study was car-
ried on available individuals that were accessible population. 
Then, it was divided into groups according to type of CHD, and 
random samples of varying size were drawn for each group.
Sample size calculation:
This study was quantitative; thus, the sample size was calcu-
lated by using the following formula:
Sample size     n=4×σ2/E2
n=sample size, σ=standard deviation in population, E=allow-
able error
Control group: A total of 120 healthy age and sex matched 
individuals without any evidence of CHD were involved as 
control subjects.
Patient group: A total of 109 patients with CHD were included 
in this study, aged between 26 and 75 years. Of these, patients 
of MI and unstable angina (UA) having chest pain were taken 
from Intensive Cardiac Care Unit (ICCU). Patients of stable 
angina were taken from outpatients attending the cardiology 
department of same hospital who were diagnosed by physi-
cians, blinded to the results of markers; the data included his-
tory, physical examination, serial 12-lead electrocardiogram, 
and cardiac markers’ measurement.
Inclusion criteria: The diagnosis of all patients of CHD was 
made by physicians. Patients who had typical symptoms of 
CHD like chest pain, sweating, breathlessness, and specific ab-
normalities for CHD on electrocardiogram and elevated car-
diac markers were included in this study.
Exclusion criteria: All patients having diseases of heart valves 
and myocardium, congenital heart disease, and confounding 
factors (hypertension, hepatic disease, inflammatory disease, 
history of recent infection, febrile disorders, diabetes mellitus, 
and renal insufficiency) that could interfere in the biochemical 
analysis of study subjects and alter the results were excluded.

Study Protocol:
After taking informed consents, all subjects were screened for 
inclusion and exclusion criteria. All the subjects were catego-
rized into two groups: CHD and controls.
Collection of specimen: Criteria for blood collection were dif-
ferent for different groups.
For control and stable angina, 5 ml blood was collected be-
tween 9.00 to 11.00 am after fasting from 10.00 pm of previ-
ous day by using 20G disposable needle from cubital vein with 
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aseptic precaution. For UA and MI, 5 ml blood was collected 
within 12 hours after admission in the ICCU. Plain vacutainer 
(Yucca Diagnostic) was used for estimation of lipid profile 
and ADA. Ethylenediaminetetraacetic acid (EDTA) vacutainer 
(Yucca Diagnostic) was used for assessment of hs-CRP and de-
oxyribonucleic nucleic acid (DNA) isolation (Hi- Media chemi-
cals, Bio-RAD, Sigma- Aldrich).
After an hour, the samples were centrifuged at 3000 rpm for 
10 min to separate serum and plasma. The separated serum 
and plasma were collected in polythene tube with cork (pre-
cautions were taken to avoid the hemolysis), and they were 
used for analysis of respective parameters. Whole blood was 
used for DNA extraction (genotyping of TNF-α -308 G-A poly-
morphism).

Method:
1. Estimation of lipid profile: 
Cholesterol oxidase peroxidase (CHOD-PAP) method was used 
to estimate serum total cholesterol and HDL-C. Enzymatic 
glycerol 3-phosphate oxidase (GPO-PAP) method for serum TG 
(kit manufactured by Span Diagnostic Ltd) using semi-autoan-
alyzer. LDL-C calculated using the Friedewald formula (LDL-C= 
total cholesterol-TG/5- HDL-C) [14-17].

2. Determination of hs-CRP by Latex turbidimetric method:
The hs-CRP ultrasensitive turbidimetric test was used to mea-
sure low level of C-reactive protein (hs-CRP) in human serum 
or plasma. Latex particles coated with specific anti-human hs-
CRP are agglutinated when mixed with sample containing hs-
CRP. Absorbance changed by agglutination depends upon the 
content of hs-CRP in the sample that can be quantified by com-
parison from a calibrator of known hs-CRP concentration [18].

3. Determination of serum ADA activity: 
The ADA levels were spectrophotometrically measured by the 
Gusti and Galanti method based on the Berthelot reaction, 
that is, the formation of colored indophenol complexes from 
ammonia liberated from adenosine. Intensity of the blue col-
ored indophenol complex formed is directly proportional to 
the amount of ADA present in the serum sample [19].

4. Extraction of genomic DNA from whole blood method: 
salting out [20].

5. Genotyping of TNF-α -308 G-A polymorphism by allele-
specific polymerase chain reaction (ASPCR) assay [21, 22]. 
Genotyping analysis was performed using the polymerase 
chain reaction (PCR) carried out using Quanta Biotech ther-
mal cycler. The primer pairs F1 (5’ TCTCGGTTTCTTCTCCATCG) 
and R1 (5’ ATAGGTTTTGAGGGGCATGG) and F1-R2 
(ATAGGTTTTGAGGGGCATGA) were used to amplify a 184-bp 
fragment of the TNF gene that includes the polymorphic site 
at the nucleotide position -308.
Each sample was tested with both primers pairs (F1-R1) and 
(F1-R2) primer pair F1- R3 (5’ GAGTCTCCGGGTCAGAATGA) was 

used to amplify a TNF gene’s fragment of 531 bp as an internal 
control in the ASPCR and genomic DNA template for sequenc-
ing. Primer R3 was also used as competitor for the primer pair 
F1-R1 and F1-R2 to the specificity of the ASPCR assay. 
The PCR reaction was carried out in a total volume of 20 μl, 
containing 100 ng of DNA, 0.5 mM of each primer, 0.2 mM of 
each deoxyribonucleotide, 1×reaction buffer, 1.5mM MgCl2, 
and 1 unit of taq DNA polymerase. 
The thermal cycle profile was: initial denaturation at 95°C for 
10 min followed by 35 cycles denaturation at 94°C for 30 s, 
annealing at 62°C for 30 s, and extension at 72°C for 60 s. The 
final extension step was at 72°C for 5 min. After amplification, 
the PCR products were separated by electrophoresis on an 
agarose gel. Refer Figure 1.

Statistical analysis
Statistical software SYSTAT version-12 (Cranes Software, Ban-
galore) was used to analyze the data. The results were ex-
pressed in mean±standard deviation (mean±SD). Data were 
analyzed by descriptive statistics as mean, SD, percentage, 
and so on. Comparisons of study groups and study groups 
to control groups were done by applying Z test of difference 
between two sample means at 5% (p=0.05) and 1% (p=0.01) 
level of significance. 
The experimental data on the gene polymorphism were con-
verted into categorical variables, and they were compared us-
ing the Chi-square test to distinguish the significance of the 
variation among the subjects. Allele and genotype frequen-

Figure 1. Showing agarose gel electrophoresis of PCR product with 
primers F1, R1 and R3 indicating presence of wild type of allele for 
TNF-α -308
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cies were estimated using SNP stat software. Any deviation of 
the genotype frequencies from the Hardy–Weinberg equilib-
rium (HWE) was assessed by Fischer’s exact test. The strength 
of the association between the single nucleotide polymor-
phisms (SNPs) TNF-α -308 G-A and risk of CHD was measured 
by ORs and 95% confidence interval. One-way analysis of 
variance (ANOVA) test was used to find out any significant dif-
ference between the means of different variables in different 
genotypes groups in CHD cases and controls.

Results
The allele and genotype frequencies of TNF-α -308 G-A related 
variants have been shown in Table 1. No deviation of the geno-
type frequencies from the HWE was observed. In CHD and 
controls, the frequencies of minor allele TNF-α-308 “A” were 
0.190 and 0.158, respectively, while the frequencies of major 
allele TNF-α-308 “G” were 0.809 and 0.841, respectively. 
The genotype frequencies of TNF-α -308 G-A in CHD cases 
were GG=68.81%, GA= 26.61%, AA=4.58%, and the frequen-
cies in controls were GG=76.67%, GA=20.83%, AA=2.50%. Th-
ese data yield an overall odds ratio (OR) for association of CHD 
and controls as shown in Table 2. The OR for wild related to 
the TNF-α polymorphism was 0.6714 (0.3737–1.206). The OR 
for heterozygous was 1.387 (0.7468–2.541), and the OR for ho-
mozygous was 1.857 (0.4372–8.041).
Tables 3 and 4 demonstrate the subject characteristics in rela-
tion to the TNF-α -308 G-A polymorphism in patients with CHD 
and controls. There was no significant association between the 
TNF-α -308 G>A polymorphism and sex, age, body mass index 
(BMI), and blood pressure in patients with CHD and controls. 
By applying one-way ANOVA test and Tukey–Kramer multiple 
comparison test, the mean values of lipid variables namely TG, 

total cholesterol, LDL-C, and HDL-C as well as the hs-CRP and 
ADA in wild (GG) genotype and mutant genotype (GA het-
erozygote and AA homozygote) groups of CHD and controls 
were not significantly altered. p<0.05 is considered as signifi-
cant.

Discussion

Cardiovascular diseases, generally coronary artery disease, 
cause sudden death, which is also called a natural death. It oc-
curs due to cardiac causes through abrupt loss of conscious-
ness within one hour of the onset of acute symptoms [1]. 
Pathological process that happens in CHD may be triggered 
and enhanced by inflammation and environmental and ge-
netic risk factors, and they are mediators of pathogenesis of 
these diseases [6].
TNF-α is a protein that contains 233 amino acids coded by 
the small 4 exon TNF-α gene. (1585 base pair) located at chro-
mosome 6 (p21) [23]. It is an effective immunomediator and 
proinflammatory cytokine that is concerned with pathogene-
sis of several diseases including rheumatoid arthritis, trauma, 
and sepsis. It plays an important role in the development of 
atherosclerosis lesions. It stimulates the expression of adhe-
sion molecules on endothelial cells and inflammatory cells 
activation as well as increasing initiation process of the inflam-
matory cascade inside the arterial wall [6].
Recently, it has been identified that polymorphism at nucleo-
tide position -308 of the promoter region of gene directly af-
fects the TNF-α expression. These genetic variations result in 
two possible allele forms in which the presence of guanine 
describes the common variant (G), whereas adenine terms the 
less common allele (A) [24]. The presence of A allele is signif-
icantly connected with more TNF-α-producing autoimmune 
major histocompatibility complex III (MHC) haplotype HLA-A1, 
B8, and DR3 with raised serum TNF-α levels.
In this study, we examined the relationship between the 
TNF-α-308 G-A polymorphism and risk of CHD. The allele and 
genotype frequencies of TNF-α -308 G-A related variants have 
been enumerated in Table 1. No deviation of the genotype 
frequencies from the HWE was observed. In CHD and con-
trols, the frequencies of minor allele TNF-α-308 “A” were 0.190 
and 0.158, respectively, while the frequencies of major allele 
TNF-α-308 “G” were 0.809 and 0.841, respectively. There is a 
wide variation in the incidence of the A allele in different pop-
ulations across the world. The maximum frequency (0.274) was 
recorded in a Caucasian population. Data from the HapMap 
pointed out the frequency of the A allele in Europeans to be 
0.27, whereas in the Japanese population it was 0.02 [25]. Re-
cently in case-control study, Aparana et al have found the A al-
lele frequencies were 0.06 and 0.02 in coronary artery disease 
(CAD) and controls correspondingly in population of Western 
India [26].
The genotype frequencies of TNF-308 G-A in CHD cases were 
GG=68.81%, GA=26.61%, AA=4.58%, and the frequencies 

Table 1. Distribution of allele and carrier frequencies of TNF-α 
-308 G-A for patients with coronary heart disease (CHD) and 
controls

  CHD Cases (n=109) Controls (n=120)
  Frequency Frequency

G allele 0.809 0.841
A allele 0.190 0.158
Carrier 30.87% 26.62%

Table 2. Estimated genotype frequencies and odds ratios for 
association with coronary heart disease (CHD) and controls

Genotype CHD Controls OR ratio ‘p’ value and
  patients   significance

GG 75 92 0.6714 0.2335
    (0.3737-1.206)
GA 29 25 1.387 0.3507
    (0.7468-2.541)
AA  5 3 1.857 0.4829
    (0.4372-8.041)
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in controls were GG=76.67%, GA=20.83%, AA=2.50%. These 
data yield an overall OR for association of CHD and controls 
as shown in Table 2. The OR for wild related to the TNF-α poly-
morphism was 0.6714 (0.3737–1.206). The OR for heterozy-
gous was 1.387 (0.7468–2.541), and the OR for homozygous 
was 1.857 (0.4372–8.041).

Thus in this study, the differences in AA genotype frequen-
cies of TNF-308 G-A between cases and controls have led to 
an OR 1.857; 0.4372–8.041; p=0.4829 in the univariate analysis 
that was not significant. This means that no association was 
observed between the permissive promoter variants in the 
TNF-α gene and an increased risk of CAD. Our results collab-
orate with the finding of Juliano et al. [11] According to them, 
genotype frequencies of GG, GA, and AA were 81%, 26%, and 
2%, respectively, in patients with MI, while 76.7%, 22.3%, and 
0.6% in controls. Their finding recommended that relationship 
of polymorphism in the TNF locus with major risk factors for 

CHD might not exist [11]. Bhanushali et al. [26] have observed 
that there is no any association between the TNF-α gene and 
increased risk of CAD. In meta-analysis and case-control study, 
Chu et al. [13] have shown that no association exists between 
the TNF-α -308 G-A (rs1800629) polymorphism of the TNF-α 
gene (presence of A allele) and CHD/MI in the Chinese Han 
population. They also demonstrated that there was no evi-
dence of difference in the risk effects of rs1800629 between 
Caucasians and Asians.
Koch et al. [27] have assessed the interleukin -10 and TNF 
polymorphism in CAD and MI. They advised that six different 
and functionally relevant polymorphism of the gene for in-
terleukin-α (-1082G/A, -819C/T and 592C/A), TNF-α (-863C/A,-
308G/A), and TNF-β (252 G/A) are not associated with the risk 
of CAD or MI in angiographically examined patients.
Ghazouani et al. [28] have performed the TNF-α -308 G>A and 
IL-6-174 G >C polymorphism in Tunisian patients with CAD. 

Table 3. Subject characteristics in relation to the TNF-α -308G-A polymorphism in CHD

Variables GG GA AA P-value

Age 56.73±11.96 53.76±9.60 57.80±16.30 0.4366
Male 44 22 3 0.3466
Female 31 7 2
Systolic blood pressure (mm Hg) 136.80±27.37 139.66±26.25 136.0±29.66 0.8838
Diastolic blood pressure (mm Hg) 85.20±19.55 90.0±18.90 92.80±25.08 0.4223
Body Mass Index (kg/m2) 25.05±2.63 25.42±2.56 23.56±2.16 0.3342
Total Cholesterol (mg/dl) 282.99±64.11 274.83±68.99 257.02±65.05 0.6234
HDL-Cholesterol (mg/dl) 35.15±4.34 36.71±5.12 35.02±2.66 0.2802
LDL-Cholesterol (mg/dl) 210.55±59.08 202.36±64.49 185.33±61.40 0.5892
Triglyceride (mg/dl) 186.49±53.45 178.81±53.28 183.34±21.50 0.7998
hs-CRP(mg/l) 4.06±2.03 3.90±2.41 3.20±1.95 0.6696
Adenosine deaminase (U/L) 54.55±22.24  54.00±19.86  59.75±16.58 0.51

By applying one-way ANOVA test and Tukey–Kramer multiple comparison test, biochemical parameters such as total cholesterol, HDL-C, LDL-C, TG, hs-CRP, and ADA are not 
significantly altered in all genotypes like GG, GA, and AA in patient with CHD. p<0.05 is considered as statistically significant.

Table 4. Subject characteristics in relation to the TNF-α -308G-A polymorphism in control

Variables GG GA AA P-value

Age 44.91±11.34 46.60±11.41 44.33±14.98 0.8015
Male 55 11 2 0.194
Female 37 14 1
Systolic blood pressure (mm Hg) 111.76±8.11 114.0±9.57 106.67±5.77 0.2981
Diastolic blood pressure (mm Hg) 74.40±5.42 76.80±6.90 70.0±0 0.0676
Body Mass Index (kg/m2) 22.45±2.78 22.41±3.38 25.59±3.63 01878
Total Cholesterol (mg/dl) 172.67±28.54 159.87±26.90 163.23±20.15 0.1241
HDL-Cholesterol (mg/dl) 43.11±3.75 45.20±3.38 42.63±1.79 0.0402
LDL-Cholesterol (mg/dl) 106.84±28.51 93.41±26.34 98.10±18.24 0.1009
Triglyceride (mg/dl) 113.55±29.21 106.31±27.16 112.50±21.01 0.5356
hs-CRP(mg/l) 0.78±0.61 0.93±0.66 0.58±0.39 0.4784
Adenosine deaminase (U/L) 15.25±7.02 16.56±6.8 19.36±3.53 0.125

p<0.05 is considered as statistically significant.
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According to their study, significant differences were not ob-
served in allele distribution of TNF-α-308 A (19.6% vs 19.0%; 
p=0.73) promoter polymorphism between CAD and control 
subjects.
Controversially, Chang et al. [29] and El Naggar et al. [30] sug-
gested that TNF-α-308 A>G is associated with increased risk 
of CAD and MI with other metabolic diseases like obesity and 
type 2 diabetes mellitus. They explained that the G to A sub-
stitute of -308 nucleotide located in the promoter region of 
the TNF-α gene alters its mRNA transcription level and contrib-
utes to raise TNF-α secretion in serum. Higher concentration 
of proinflammatory cytokines might quicken the formation 
of plaque rupture through the initiation of unusual apoptosis 
activities of the cardiomyocytes and simultaneously modulate 
the acute MI onset risk.
In this study (Tables 3, 4), no significant relationship was ob-
served between the TNF-α -308 G>A polymorphism and sex, 
age, BMI, and blood pressure in patients with CHD and con-
trols. This is in agreement with a number of studies including 
with outcome of Chu et al. [13] who demonstrated that A allele 
was not associated with increased risk of CHD after adjusting 
for sex, age, BMI, diabetic mellitus, and smoking status.
TNF-α interferes with the metabolic pathways of TG and 
cholesterol. It increases plasma TG level by enhancing the 
concentration of free fatty acids, the substrate of TG synthe-
sis. TNF-α also reduces the clearance of TG-rich lipoproteins. 
TNF-α might increase hepatic cholesterol synthesis by stimu-
lating the β-hydroxy β-methylglutaryl CoA (HMG-CoA) reduc-
tase activity in human adipose tissues [6]. TNF-α is a resilient 
paracrine activator of monocytes and macrophages. It stimu-
lates secretion of products like interleukin-6 that arouses liver 
to produce the acute phase reactant CRP. In atherosclerotic 
lesions, TNF-α and CRP are present in significant quantities [8]. 
Membrane adenosine deaminase regulates cytokine forma-
tion on human lymphocytes [9].
Therefore, in this study, we investigated the impact of TNF-α 
-308 G>A polymorphism on serum lipid, plasma hs-CRP, and 
ADA levels in patients with CHD and controls. 
Thus by applying one-way ANOVA test and Tukey–Kramer 
multiple comparison test, the mean values of lipid variables 
namely TG, total cholesterol, LDL-C, and HDL-c as well as the 
hs-CRP and ADA in wild (GG) genotype and mutant genotype 
(GA heterozygote and AA homozygote) groups of CHD and 
controls were not significantly altered (Tables 3, 4) Our re-
sults strongly support the earlier work done by Bhanushali et 
al. that confirmed that there is no association of the TNF-α-308 
genotypes with any of the lipid parameters [26]. Gander et al. 
[8] have tried to find the relation of polymorphism and its effect 
on plasma CRP level. According to them, TNF-α -308 G>A poly-
morphism did not significantly affect plasma levels of CRP [8].
In contrast to our study, Parra-Rojas et al. [31] have found the 
significant alternation of lipid parameters in Mexican popula-
tion. They stipulated that high levels of TG and total choles-
terol along with low HDL-C levels were associated with GG 

genotype of -308 TNF-α polymorphism. This dissimilarity may 
be due to inherent complexities in studying the interaction 
between inflammation and lipid metabolism in vivo due to 
anorexia produced by the proinflammatory cytokines [31]. 
Thus, no association was observed between the permissive 
promoter variants in the TNF-α gene and an increased risk of 
CHD. TNF-α -308 G>A polymorphism may not directly affect the 
serum level of lipid variables, plasma level of hs-CRP and ADA.

Conclusion

As TNF-α is an important contributor to the development of 
atherosclerosis lesions, no association was observed between 
the permissive promoter variants in the TNF-α gene and an in-
creased risk of CHD. TNF-α -308 G>A polymorphism may not 
directly affect the serum level of lipid variables, plasma ADA, 
and hs-CRP. Therefore, there is no evidence of a difference in 
risk effects of TNF-α -308 G>A polymorphism between CHD 
and controls.
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