
Abstract
Background: Obesity development is a complex
process which can be influenced by genetic predispo-
sition modified by environmental factors. Nowadays,
the problem of  overweight and obesity, including re-
lated complications, occurs in increasingly younger
children. Thus, there is a need for new genetic markers
of  increased risk of  excessive body mass. 
Objective: The aim of  the present study was to exam-
ine the relation between polymorphisms located in
promoter regions of  IL-1beta, IL-6, and TNF-alpha
genes and obesity development in children. Fifty obese
and 55 normal weighing children were enrolled into
the study. Genetic examination was performed using
PCR-RFLP technique. 
Results: We found a relation between G174C poly-
morphism in IL-6 gene and G308A in TNF-alpha
gene with the occurrence of  obesity. Allele A in
G308A was more frequent in the obese group than in
the control one (P=0.04). The presence of  allele C in
promoter region of  IL-6 gene was more frequent in
obese children and connected with a statistically signif-
icant increase in the sum of  10 skin fold thickness
measurements (P=0.03). 
Conclusions: The polymorphism C3954T in IL-1beta
gene showed no such relation. The examined poly-
morphisms of  proinflammatory cytokines play a role
in the regulation of  body mass through their influence
on metabolism and energetic homeostasis. 

Key words: IL-6, IL-1, gene polymorphism, diabetes,
inflammatory cytokines, obesity, TNF-alpha

INTRODUCTION

Obesity and related conditions constitute one of  the
most important social problems in developed societies
leading to increased incidence of  civilization diseases.
Obesity is a disorder determined multifactorially, in-
cluding a significant pathophysiological role of  genetic
factors. Genetic constitution may influence up to 40%
of  obesity causes, as numerous genes influence food
uptake and energy expending mechanisms [1, 2, 3]. 

Obesity may be described as an energetic home-
ostasis disorder caused by excessive energy supply in
relation to the organism’s demand. In consequence, it
leads to excessive energy storage in the form of  fat tis-

sue. Overweight and obesity are described as increase
of  body mass over accepted standards. The increase of
body fat amount is due to the hypertrophy of
adipocytes filled with triglycerides. Obesity may have
various etiology. Usually, both genetic predisposition
and environmental factors are involved.

A significant relation between genetic factors and
obesity development was confirmed in a representa-
tive group of  mono- and dizygotic twins as well as in
children and their biological parents. The correlation
between the mean BMI in monozygotic twins was
0.74, while in dizygotic twins it achieved 0.32. This ev-
idence has led to the hypothesis that hereditariness of
this feature ranges between 50 and 90% [4, 5].

The genetic factors are largely modified by environ-
mental factors, which seem to have a decisive effect on
individual phenotype [2]. No single gene responsible
individually and directly for obesity development has
been identified. Hence, the problem should be exam-
ined as a complex relation of  many genetic factors
which acting simultaneously can exert specific pheno-
typic outcomes. Apart from rare mutations, the com-
monest genetic changes are gene polymorphisms. Sin-
gle nucleotide change in both exons and promoter re-
gions can lead to gene transcription abnormalities and,
in consequence, to defects in protein function [6]. 

Proinflammatory cytokines (IL-1, IL-6, and TNF)
may substantially influence obesity development and
are associated with metabolic disorders such as type 2
diabetes [7]. These cytokines significantly regulate en-
ergetic homeostasis and lipid-carbohydrate metabo-
lism [8, 9]. A diverse expression of  these mediators
was found in subcutaneous and intraperitoneal
adipocytes [10, 11]. It is probable that the increase of
proinflammatory cytokines concentration associated
with obesity can be connected with polymorphic
changes in genes able to modify expression of  these
cytokines. It has been shown that IL-6 plays a signifi-
cant role in regulation of  lipid metabolism and influ-
ences energy expenditure processes. G174C polymor-
phism site is localized in promoter region and influ-
ences IL-6 expression level [10, 12]. TNF plays a simi-
lar role in adipose tissue metabolism. TNF concentra-
tion among others depends on polymorphic changes
in TNF genes. Allele A in G308A is related with two-
fold higher gene expression level, what results in in-
crease of  TNF production [11]. IL-1, another proin-
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flammatory cytokine, may play a role in body mass
regulation. Similarly to IL-6 and TNF, the influence of
IL-1 on lipid metabolism and energetic homeostasis
seems to be connected with cytokine level in the or-
ganism. Allele T (homozygotic) in +C3954T causes
four-fold higher IL-1beta production in comparison to
other alleles [8]. 

The aim of  the present study was to evaluate the in-
fluence of  polymorphism located in the promoter re-
gion of  proinflammatory cytokine genes (IL-6 G174C;
IL-1 C3954T; TNF-alpha G308A) on the development
of  obesity and related anthropomorphic characteris-
tics in children.

MATERIAL AND METHODS

SUBJECTS

The study protocol was approved by a local Ethics
Committee. All enrolled children and their parents
gave informant consent for the participation in the
study.

Fifty obese children with BMI (weight/height2)
>95th percentile for age and sex reference values who
were sequentially recruited from an outpatient en-
docrinology clinic at the Warsaw Medical University
Children’s Hospital were enrolled into the study. The
group consisted of  27 boys aged 10-17 years (mean
age 13.8 ±0.4SE) and 23 girls aged 10-17 years (mean
13.7 ±0.5). A control group consisted of  55 children
with normal weight (BMI <85th percentile for age and
sex reference values). The control group consisted of
age-matched 27 boys and 28 girls, who underwent rou-
tine control check-ups. 

GENETIC TESTS

Genomic DNA isolation was performed using Ge-
nomic Midi AX (A&A Biotechnology, Gdynia,
Poland). DNA fragments amplification was performed
using PCR method with appropriate starters. Polymor-
phisms were identified using PCR-RFLP technique
(see details in Table 1). PCR products were digested

with appropriate restriction enzymes: for IL-6 G174C
– LweI and for TNF-alfa G308A – NcoI (Table 2).

STATISTICAL ELABORATION

Frequency of  distribution analysis was performed with
Chi2 test. Significance of  differences was tested with
Kruskal-Wallis and Mann-Whitney U tests. Signifi-
cance was accepted at P<0.05. The results were
processed statistically using Statgraphics 4.0 plus and
Statistica 6.0 software. The Hardy-Weinberg equilibri-
um test was applied to evaluate genotype frequencies.  

RESULTS

Statistical analysis of  genetic data shows that two of
the three examined polymorphisms correlated with the
presence of  obesity in children. We found differences
in the frequency of  G308A polymorphism in the TNF
promoter region in obese children in comparison with
children with a normal body mass. Allele A in G/A
heterozygotes was more frequent in the obese group.
A significant correlation was found in all analyzed
groups (P=0.04) (Fig. 1) 

As far as G174C polymorphism in the IL-6 gene
promoter is concerned, C allele was more frequent in
obese children. The differences ranging from 10 to
20%, however, were statistically insignificant. In the
studied population, C3954C site in the IL-1 gene pro-
moter analysis showed no correlation with obesity de-
velopment. The analyzed polymorphisms did not sig-
nificantly influence the anthropomorphic parameters,
such as BMI, waist or hips circumference. However,
we found that changes in G174C polymorphic site in
the IL-6 gene in obese girls were related to the sum of
10 skin fold thickness measurements. The presence of
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Table 1. PCR conditions for each gene.

PCR stage IL-6 TNF IL-1

Initial denaturation 94°C 94°C 94°C
10 min 3 min 4 min

Denaturation 94°C 94°C 94°C
1 min 1 min 30 s

Annealing 55°C 60°C 63°C
35 s 1 min 30 s

Elongation 72°C 72°C 72°C
1 min 1 min 30 s

Cycles number 35 36 35

Final elongation 72°C 72°C 72°C
10 min 5 min 10 min

Table 2. Restriction enzymes digestion conditions.

Enzyme # of  units Time Temperature
(U) (hours) (°C)

LweI 1 24 37
NcoI 2 24 37
TaqI 2 3 65

Fig. 1. Frequency of  genotypes in G308A site of  the TNF
gene in the obese and non-obese children.



allele C in the promoter region of  IL-6 gene in both
C/C homozygotes and G/C heterozygotes was con-
nected to a significant increase in the sum of  10 skin
fold thickness measurements  in obese girls (P=0.03)
(Fig. 2).

DISCUSSION

In the present study, we examined the relation be-
tween three genetic polymorphisms in the promoter
regions of  IL-1, IL-6, and TNF, on one hand and the
obesity in children, on the other. The results seem to
confirm a hypothetical relation between the IL-6
genotype and obesity development [12]. The connec-
tion between G174C polymorphism and body mass
regulation is influenced by certain alleles affecting the
cytokine expression levels [13]. The analyzed polymor-
phism is localized in the promoter region, where tran-
scription factors frequently exert their functions.
G174C polymorphism influences the energy expendi-
ture processes in different ways. The process can be
regulated centrally via the IL-6 expression in the hypo-
thalamus. In vitro studies show that knock-out mice
for IL-6 gene increased their energy expenditure rate
several times after administration of  exogenous IL-6
to the central nervous system. Interestingly, the phe-
nomenon was not observed when IL-6 was adminis-
tered peripherally [14]. In humans, high level of  proin-
flammatory cytokines (including IL-6) and their high
expression in the brain lead to an increase in basal en-
ergy expenditure and may cause cachexia [15]. Periph-
eral administration of  IL-6 causes an increase in basal
metabolic rate and in the hypothalamus-pituitary-adre-
nal axis activity. The increase of  this activity is closely
related to the administered dose of  IL-6. This obser-
vation may indicate that the hypothalamic hormones,
through corticotropin release, can mediate both
processes [16]. The influence of  IL-6 on energy ex-
penditure can also be explained by enhanced adrener-
gic stimulation. It has been shown that IL-6 acceler-
ates heart rate, increases norepinephrine level, and
stimulates sympathetic nervous system, being the main
efferent pathway able to regulate energy expenditure
[17, 18, 19]. Moreover, sympathetic neurons are able
to produce IL-6. The IL-6 receptor is expressed on
their surface and hence they are susceptible to its
function [20]. In patients with renal cancer, IL-6 ad-

ministration causes an increase in norepinephrine level
and basal energy expenditure [21]. The parallel hy-
pothesis assumes that IL-6 function may also be en-
hanced by leptin [22].

Subsequently, the polymorphisms G308A in the
TNF gene promoter region may influence overweight
or obesity development. In obese children, A allele
was significantly more frequent in comparison with
the control group. A correlation between this poly-
morphism and obesity is probably caused by the influ-
ence of  the polymorphism on cytokine expression.
Some authors claim that TNF is able to impair lipid
metabolism leading to hypertriglyceridemia, decreasing
lipoprotein lipase activity, and inducing de novo syn-
thesis of  fatty acids in the liver [23]. Moreover, TNF is
able to impair carbohydrates metabolism via decreased
insulin-stimulated autophosphorylation and decreased
activation of  insulin-receptor tyrosine kinase in mus-
cles and in adipose tissue [24, 25]. This effect can be
interpreted as additional evidence confirming the cor-
relation between TNF and obesity.

The assessment of  the frequency of  C3954T poly-
morphic changes in the promoter region of  IL-1 gene
showed no direct connection between the polymor-
phism and obesity. Here, we found no significant dif-
ferences between the obese and control groups.

The mechanism of  a relationship between IL-1beta
gene polymorphisms and obesity development has not
been unambiguously determined to-date. Some au-
thors suggest that T allele heterozygotes, in +3954
site, are connected with a four-fold higher secretion of
IL-1 in comparison with C/C homozygotes [26, 27].
Nevertheless, the described correlation of  IL-1 and
body mass seems to be caused by an indirect effect of
this cytokine. The IL-1 can influence lipid metabolism
indirectly [28]. IL-1 secretion is regulated by TNF syn-
thesized by adipose tissue. An increase in TNF secre-
tion in overgrown adipose tissue can stimulate
adipocytes to produce IL-1beta. In turn, IL-1beta may
influence the TNF expression and it shows a synergis-
tic effect with TNF [29]. The effect of  IL-1 on lipid
metabolism depends on inhibition of  lipoprotein li-
pase activity [30]. In vitro studies show that this cy-
tokine is able to modify adipocytes function via inhibi-
tion of  their maturation and inhibition of  proteins in-
volved in fatty acids transport within adipose tissue
[31]. Another potential role of  IL-1beta in obesity is
related to its effect on leptin synthesis. Bruun et al.
[32] found that both TNF and IL-1 are able to regu-
late leptin expression and secretion. 

In conclusion, the examined polymorphisms of
proinflammatory cytokines play a role in the regula-
tion of  body mass through their influence on metabo-
lism and energy homeostasis. None of  the analyzed
factors can be used as an explicit marker of  the risk
for obesity. Nonetheless, mutual relations between
studied cytokines (IL-1, IL-6, and TNF) concerning
their expression and regulation are of  great impor-
tance.
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Fig. 2. Differences between the sums of  10 skin fold thick-
ness measurements in obese girls in relation to the genotype
in G174C polymorphic site.
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