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Abstract The development of the atherosclerosis is a
multifactorial process, where the clinical pattern is determined
by environmental and genetic factors. Except for the classical
risk factors of atherosclerosis (hypertension, lipid-metabolic
disorders, diabetes, smoking) the clinical signs can be
influenced by the genetic variants (polymorphisms) of the
enzymes, which are responsible for the endothelial cell
function and for the thrombotic factors. In our examination
our aim was to define the TNF-α 308GA polymorphisms in
atherosclerotic diabetic, atherosclerotic non-diabetic and
healthy patients. We found correlation of the frequency of
myocardial infarction and stroke in atherosclerotic diabetic
and atherosclerotic non-diabetic patients. We proved that
among patients with mutant TNF-α AA genotype the
occurrence of cardiovascular events is significantly higher:
Mutant AA homozygous genotype: control group 1, 6%, MI
group 10,7%, p<0,005, OR: 8,17 versus Normal GG allele:
control group 76,7%, MI group 61,3%. The TNF-α AA
genotype can have a clinical importance as a prognostic and
therapeutic marker, although further studies are needed to
confirm this hypothesis.
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Introduction

In the last decade it was confirmed, that inflammation has
great importance in the development of atherosclerosis [1].
Earlier the atherom was thought to be a simple laesion, now
it is cleared, that the local inflammation and immune
response play role in the atherogenesis.

A close connection was found between the high level of
CRP and the endothelial dysfunction [2, 3] and many paper
proved the key-role of the tumornecrosis factor as a trigger
in the endothelial dysfunction [4, 5]. In the atherosclerotic
plaque many cellular and molecular processes indicate that
as very similar to the chronic inflammation. It is confirmed,
that the level of inflammation-related plasma-proteins in the
cardiovascular diseases elevates. These transmembran
proteins seem to play a role in the cell-cell interaction [6],
they have metalloprotease sequence on their extracellular
part, which makes them able to activate the TNF-α [7]. The
ineffective function of the vascular endothelial cells has a
great importance also in the plaque-evolution [8]. The result of
abnormal endothelial cell function is the release of inflam-
mation cytokines, like interleukin-1b, tumornecrosis factor-α
and C-reactive protein [9]. The inflammatory process results
high level of CRP that will activate the monocytes and
macrophages. The TNF-α is one of the most important
mediator of the inflammatory answer [5, 10, 11]. The TNF-α
has importance in the pathophysiology of vascular diseases,
through the lipid metabolism, obesity and influences the
insulin resistance. Nowadays obesity itself can be a critical
risk factor, because lipid tissue produces TNF-α, which
affects on the vascular wall directly or influences the insulin
metabolism [10, 12, 13]. In the development of the metabolic
syndrome the cytokines, especially the tumornecrosis factor-α
were found to have a great importance [14].

It is cleared that the elevated TNF-α level has role in the
development of the myocardial ischemia and infarction [4,
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15]. Due to the progression of the atherosclerotic plaque the
fibrotic cap increases, on the surface the enzyme activity
(like TNF-α) is getting higher, so the thrombocyta adhesion
will be intensified, thrombus can develop.

Since the genetical factors temper with the TNF-α
expression level, it is important to know its polymorphisms,
can be found in its promoter region.

In this study our aim was to determine the TNF-α
308GA polymorphism in atherosclerotic non-diabetic,
atherosclerotic diabetic patients and in healthy control
samples. We found a connection between the occurrence
of TNF-α 308GA polymorphism and the diabetes, athero-
sclerosis related stroke and MI.

Materials and Methods

In the examination data of 992 people’s were inspected, 608
of them were treated on the Cardiovascular Department of
the Semmelweis University. A 250 of them TNF-α
polymorphism were checked. All clinical and laboratorial
data were recorded. They all underwent different vascular
surgical treatments, and received the compulsory thrombo-
cyte antiaggregation treatment and statins. The patient
group was divided into two groups: one group had both
the atherosclerosis and diabetes, the other group had not
such metabolical disease. MI and stroke can be mentioned
as the endpoint of the atherosclerosis, we observed its
frequency in the different groups. Four subgroups were
formed, such as a./ diabetes + MI, b./ diabetes + stroke, c./
atherosclerosis + MI, d./ atherosclerosis + stroke. The
control sample comes from the National Institute of
Oncology they were all healthy people, who had undergone
a complete screening examination.

The data were statistically analysed by a two-side Student
t-probe, Odds ratio counting, Fischer’s exact test, chi-square-

probe, average and scatter measurement (SD), graphical
presentment. Those difference were considered as significant,
where the statistical deviance were *p<0,05, and **p<0,005.

DNA Isolation

For the DNA isolation 3–6 ml of periferial blood in EDTA-
containing tubes was used. It was kept on −20°C until the
separation. For the isolation Wizard Genomic DNA
Purification Kit (Promega) was used.

Genotype and SNP Analysis

For the TNF-α 308GA polymorphism determination the
following PCR was used:

5′-AGGCAATAGGTTGAGGGCCAT-3′ and 5′-
TCCTCCCTGCTCCGATTCCG-3′

The 308GA polymorphism determination was performed
due to F. Real method [16].

Results

Regarding ages there was no great difference between the
groups. The mean age was 70 years in the atherosclerotic
diabetic and 68 years in the atherosclerotic non-diabetic
group. The youngest patient was 40, the oldest 93 years
old. Half of the diabetic patients got per os medication
(NIDDM), one third of them received insulin (IDDM), the
others followed a diet.

The frequency of MI was similar in the two main groups,
38,9% in the atherosclerotic diabetic and 39% in the
atherosclerotic non-diabetic group. The stroke prevalence
was much higher in the atherosclerotic diabetic group (38%
versus 20%).

Study group TNF-α TNF-α TNF-α
Homozygote Heterozygote Homozygote
Mutant Mutant Normal
308 AA 308 GA 308 GG
% % %

1. Control (n=184) 1,6 21,7 76,7

3/184 40/184 141/184

2. ASO + DM+ MI (n=65) 9,2 * 26,2 64,6

6/65 17/65 42/65

3. ASO + DM + Stroke (n=65) 7,7** 30,7 61,6

5/65 20/65 40/65

4. ASO + MI (n=75) 10,7** 28 61,3

8/75 21/75 46/75

5. ASO + Stroke (n=45) 11,1* 28,9 60,0

5/45 13/45 27/45

Table 1 TNF-α gene polymor-
phism frequency atherosclerotic
diabetic and atherosclerotic
non-diabetic patient group,
combined with MI or Stroke

ASO artherosclerosis obliterans,
DM diabetes mellitus, MI
myocardial infarction

*p<0,05, **p<0,005 vs. control
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We examined the frequency of different TNF-α poly-
morphisms in various illness-combinations. The 308 mutant
homozygote AA, the normal homozygote GG and the
heterozygote GA prevalence were checked in case of MI
and stroke in the atherosclerotic diabetic and atherosclerotic
non-diabetic patient groups (Table 1).

Our present findings suggest that the prevalence of
mutant AA genotype in the control group is low, 1,6%,
since in the diabetic + MI group it is 7,7% (p<0,005). In
atherosclerotic + MI group 10,7%, (p<0,005), in the
atherosclerosis + stroke group 11,1% and that is also
significant compared to the control group (p<0,005). The
frequency of heterozygote GA genotype does not deviate
significantly in the relation of the control (Fig. 1).

At the Odds ratio measurement we found that in the case
of homozygote mutant AA genotype the frequency of all
type diseases is significantly high. In the atherosclerotic-
diabetic group the MI risk is high, OR 6,71 (1,72–25,55),
even the stroke is elevated, OR 5,87 (1,48–23,21). In the
atherosclerotic non-diabetic group the risk of MI is high,

also, OR 8,17 (2,24–29,55), but the stroke risk is the
highest OR 8,71 (2,15–34,98).

Discussion

The development of the atherosclerosis is a multifactorial
process, where the clinical pattern is determined by
environmental and genetic factors. Except for the classical
risk factors of the atherosclerosis (hypertension, lipid-
metabolic disorders, diabetes, smoking) the clinical signs
can be influenced by the genetic variants (polymorphisms)
of the enzymes which are responsible for the endothelial
cells function and for the thrombotic factors. It is cleared,
that the diabetes elevates the risk for cardiovascular
diseases. There are several facts which ensure that the
inflammatory cytokines play a key role in the process [17].

In an earlier study we examined the importance of eNOS
298GA (nitrogen oxide synthase) and MTHFR 677CT
(methylentetrahydrofolate reductase) polymorphisms in

TNF-α polymorphisms
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Fig. 1 The frequency of the
TNF-α polymorphisms in the
five examined groups. The
prevalence of the mutant 308
AA homozygote genotype in
the atherosclerotic non-diabetic
MI and in the atherosclerotic
diabetic stroke group is signifi-
cantly higher to the control
group (*p<0,05, **p<0,005).
(DM diabetes mellitus,
MI myocardial infarction,
ASO atherosclerosis obliterans,
AA homozygote mutant allele,
GA heterozygote mutant allele,
GG homozygote normal allele)
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Fig. 2 The correlation of the
TNF-α polymorphisms in
healthy control, atherosclerotic
diabetic, atherosclerotic non-
diabetic patient groups, made the
groups by alleles. In the patients
groups the mutant AA allele
elevation was the highest in per-
centage in comparison with the
controls. (DM diabetes mellitus,
MI myocardial infarction,
ASO atherosclerosis obliterans,
AA homozygote mutant allele,
GA heterozygote mutant allele,
GG homozygote normal allele)
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several patient groups. The higher risk affected those
patients, who were Asp298 homozygote (TT), they had
four times higher risk for cardiovascular diseases than those
who were Glu298 homozygote (GG). In the relation of the
MTHFR we proved that even the heterozygote CT and also
the homozygote mutant TT allele caused significantly, three
times higher cardiovascular risk compared to the control
healthy group [18].

Among the cytokines the tumornecrosis factor plays a
key role. Simvastatin and atorvastatin, which are used to
cure hyperlipidemia and hypercholesterinemia reduce the
level of TNF-α [19]. TNF-α takes part in the mechanism of
vasodilatation, through the synthesis of the free radicals and
the nitrogen oxide (NO) level control [20]. It has a great
importance in the development of cardiovascular diseases.
The expression level of the TNF-α is influenced by the
308GA polymorphism, located in the promoter region of its
gene. In the case of the mutant 308 AA homozygote and
308 GA heterozygote allele the TNF-α effect is elevated.

In this study we investigated 184 healthy controls, 65
atherosclerotic diabetic and 75 atherosclerotic non-diabetic
samples. We analysed TNF-α 308 GA polymorphism in
different illness combination. We established, that in
healthy control population the wild-type TNF-α 308 GG
allele occurrence is 76,7%, the heterozygote 308 GA is
21,7%, while the 308 mutant AA is 1,6%.

We established, that at atherosclerotic diabetic patient
with MI (2. examination group) the 308 AA mutant allele
occurrence is elevated to 9,2% compared to the control
group 1,6% (p<0,05). In the 3. examination group (DM+
Stroke) the mutant AA allele prevalence is 7,7% (against
the control 1,6% it is significantly high, p<0,005), while
the GA heterozygote is 26,2%, the wild GG is 64,6%.

Those patients, who carried the A allele, had a highest
TNF-α level, that increased their risk for cardiovascular
diseases [21].

In the 4. and 5. examination group there were the
atherosclerotic non-diabetic patients. The 4. group with MI,
in the 5. group with stroke. The high-risk-causing AA allele
occurs significantly more frequently (10,7%, 11,1%), than
in the control group (1,6%) (p<0,005). The occurance of
heterozygote 308 GA allele is also higher (28%, 28,9%),
than the occurrence in control (21,7%) but it is not
significant.

Earlier studies showed that in France and North-Ireland’s
population the TNF-α 308AA genotype occurred often in
patient with myocardial infarction [22]. Other studies
verified correlation between the TNF-α level and the
atherosclerosis only at young patients [23]. Our graphic
shows the different genotype prevalence among average
Hungarian population (Fig. 2).

The TNF-α seems to have an important role in the
development of the stenosis of the arteries [11]. Its affects

the atheroscerotical process in several points. Blocking its
biosynthesis the plaque evolution and the development of
neointima will be slower [11, 13, 19]. Different poly-
morphisms of this gene have different cardiovascular risk—
the highest is in the case of AA mutant allele.

Screening the endangered or genetically high risk groups
is to be considered on the long run—an early detection of a
susceptibility of the disease gives better chances for
prevention and treatment. Understanding the inflammatory
mechanisms of the atherosclerosis gives new therapeutical
targets to pharmacologists.
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