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Introduction

Obesity is one of the most serious public health issues. 
Obese children had a 20-year reduction in life expectancy 
if they remained obese into young adulthood (1). North 
African countries and the Middle East region, like other 
developing countries, are not immune to global issues (2). 
Obesity is caused by a complex interaction of genetic, me-
tabolic, social, cultural, and environmental variables. Obe-
sity prevalence in both children and adults has risen subs-
tantially in recent years, and the condition is now consi-
dered an epidemic. According to the Centers for Disease 
Control and Prevention, the United States has the highest 
rate of obesity, estimated at over 40% in 2010. This is 
comparable to the 38 percent incidence rate observed in 
Europe, but just 22% in Southeast Asia (1).

The adipose tissue of obese people is characterized by 
a lower level of inflammation and a higher level of specific 
cytokines. Seven studies have found a link between tumor 
necrosis factor (TNF)-a, interleukin (IL)-6, leptin levels, 
adipose mass, and body mass index (BMI) (3). TNF-a 
and IL-6 have been discovered to have the worst effects 
because they interfere with adipose tissue's normal func-
tion, impacting adipogenesis and contributing to obesity 
consequences (4).

Advances in human genome variation have led to the 
identification of genes that may have a role in obesity 
and other disorders; nevertheless, few researches have 
focused particularly on the connections between obesity 
and genetic polymorphism (5). Interleukin-6 (IL-6) is a 
pro-inflammatory immune modulator cytokine that regu-
lates the acute phase response (6). Obese patients, as well 
as those with chronic inflammatory diseases and aberrant 

blood lipid concentrations, had high IL-6 serum levels. In 
a state of obesity, adipose tissue has been proven to pro-
duce considerably more interleukin-6. Increased IL-6 le-
vels in obese people may lead to insulin resistance and an 
increased risk of cardiovascular disease (7).

The polymorphisms of IL-6 (especially174G/C) in-
fluence plasmatic levels of cytokines and their transcrip-
tional regulation, as shown in many population-based 
genetic studies that have been conducted to determine 
whether there is an association between obesity and IL-6 
(174G/C) polymorphisms, but the results were inconclu-
sive, with many controversies (8,9).

Obesity, particularly visceral obesity, is also reco-
gnized to be an independent risk factor for T2DM deve-
lopment. Adipose tissue, in reality, is an endocrine organ 
that governs the entire body's metabolism. It may make 
a range of cytokines (TNF-, IL-6, IL-1), as well as other 
bioactive substances including leptin, resistin, and mono-
cyte chemoattractant protein-1 (MCP-1/CCL2) (3). Pro-
inflammatory immune cells (CD8+ T lymphocytes, IFN-+ 
Th1 cells, B cells, mast cells, neutrophils, and M1 macro-
phages) are drawn to obese people's adipose tissue by che-
mokines produced by stressed adipocytes in response to 
lipid excess (10).

Single nucleotide polymorphisms (SNPs) in the regula-
tory regions of genes can influence the production of pro- 
and anti-inflammatory cytokines (8). Some research has 
looked into the link between TNF-, IL-6, and IL-10 gene 
polymorphisms and metabolic disorders (11,12). Despite 
these studies, there is still a lot of debate over the rele-
vance of inflammatory indicators and SNPs in cytokine 
genes in the development of diabetes (13).

The etiology of obesity in humans has been linked 
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to a number of potential genes. TNF- (tumor necrosis 
factor) is a cytokine produced predominantly by adipo-
cytes, and high levels of this cytokine have been related 
to obesity and insulin resistance. The TNF-messenger 
Human RNA levels are favourably linked with BMI, fat 
mass, and insulinemia and are inversely correlated with 
lipoprotein lipase activity in skeletal muscle and adipose 
tissue (14). On the short arm of chromosome 6, there is 
a gene that codes for human TNF- α (15). Recently, two 
nucleotide polymorphisms in the TNF-gene promoter 
region have gotten a lot of attention: G A replacements 
at 308 and 238 respectively. TNF- is a key regulator of 
gene expression that has been linked to both obesity and 
obesity-related diseases. By reducing lipase activity and 
boosting de novo fatty acid synthesis in the liver, TNF-a 
affects lipid metabolism and can lead to hypertriglyceri-
demia (16). TNF-a 308 G>A increases the expression of 
this cytokine in adipose tissue, which affects gene expres-
sion (a modulator of this gene). Because the A allele of 
this gene is more common in obese children, it is the gene 
polymorphism that has received the most attention (17). 

Materials and Methods

Forty-two obese males with BMI≥ 30 were included in 
this study.  Their age interval was (16-45) years. Controls 
include 42 males with normal BMI≤25 and age group (16-
45) years were selected. The consent form was confirmed 
by the participants of the study.  Seven milliliters of venous 
blood was withdrawn from the antecubital vein and col-
lected from each participant. Levels of serum IL-10, IL-6 
and TNF-α were determined by enzyme-linked immune 
sorbent assay (ELISA) and the Cloud Clone Corp kit was 
used according to the manufacturer’s protocol.  

Using the manufacturer’s instruction for the QLAmp 
DNA mini kit (Qiagen, Hilden, Germany), peripheral 
blood mononuclear cells were used to obtain genomic 
DNA for both patients and control groups. IL-10, IL-6 and 
TNF-α genotype, the amplification refractory mutational 
system method (ARMS-PCR) was utilized. The assays 
were performed in a 20 µL reaction volume containing 
40 ng genomic DNA, 1.5 Mm dNTPs, 25Mm MgCl2, 1 
µL of 10 pmol each primer and 0.4 units of Tag polyme-
rase (Fermentas, Maryland, USA) in 1 X Reaction Buf-
fer. The primer sequences were as follows:  IL -10 gene-
ric primer, 5′-CAGTGC-CAACTGAGAATTTGG-3′, IL 
-10 (G) Allele Primer 5′-CTACTAAGGCTTCTTTGG-
GAG- 3, and IL -10 (A) Allele Primer 5′-ACTACTA-AG-
GCTTCTTTGGGAA-3.  The PCR reaction was carried 
out in a thermal cycler (PX2) with the following cycling 
conditions:  95°C for 3 minutes, followed by 35 cycles 
at 95°C for 45 seconds, 58°C for 40 seconds, 72°C for 
1 minute, and finally a 7-minute extension at 72°C. The 
primer sequences were as follows: IL -6 generic primer, 
5 ́-GCCTCAGAGACATCACCAGTC C-3 ́, IL -6 (G) Al-

lele Primer 5 ́-CCCCTAGTTGTGTCTTGC G-3 ́, and IL 
-6 (C) Allele Primer 5 ́-CCCCTAGTTGTGTCTTGCC-3 
́. Cycling conditions were as follows: 1 minute at 95ºC, 
followed by 10 cycles of 15 seconds at 95°C, 50 seconds 
at 58°C, 40 seconds at 72 ̊C, followed by 20 cycles of 
20 seconds at 95 ̊C, 50 seconds at 54°C and 50 seconds 
at 72°C, with 5 minutes at 72 ̊C as the final extension.   
For TNF-α common primer 5’-TCC TCCCTGCTC-
CGATTCCG-3’; TNF-α (A) Allele Primer 5’-CAA-
TAAGTTTTG AGGGGCATGA-3’; TNF-α (G) Allele 
Primer 5’-CAATAAGTTTTGAGGGGC ATG G-3’ with 
cycling conditions: 95 C for 2 minutes, followed by 35 
cycles at 95 C for 45 seconds, 58 C for 40 seconds, 72 C 
for 1 min, and finally a 7 minutes extension at 72 C. The 
amplicon size for IL-10 was 258bp, IL-6 was 230bp and 
for TNF-α was 104bp. The amplified products were ana-
lyzed on 2% agarose gel. 

All statistical analyses were performed using an SPSS 
19.0 (SPSS Inc., Chicago, IL, USA) statistical package. 
Normally distributed variables were expressed as mean ± 
SD as appropriate. A P value˂0.05 was considered to be 
statistically significant. Between-group comparisons were 
assessed for categorical variables with the (ANOVA) test 
was used for the variables and serum cytokine concentra-
tion.

For IL-10, IL-6 and TNF-α gene polymorphism, the 
allele was counted by direct allele counting. The Hardy–
Weinberg equilibrium was assessed with the χ2-test. Des-
criptive data are presented as means ± standard deviations 
(SDs). Genotype and allele frequencies were compared 
between groups using a χ2-test of independence with 2x2 
contingency tables and the z statistics. Statistical signifi-
cance of the variables was established at the level P˂0.05.

Results

Results of the present study showed that the serum 
level of the studied cytokines IL-10 and IL-6 were signifi-
cantly increase in the obese participants in comparison to 
control, p<0.05. Whereas the TNF- α level was dropped no 
significantly (p=0.96, Table 1).

Regarding the IL-10-1082GA gene polymorphism the 
results revealed that the GG genotype carriers were less in 
obese than control, the OR: 0.19, (C.I:0.07-0.51), and this 
genotype was protective against obesity. The GA genotype 
was found more than 4-folded in obese than control with 
the OR: 4.71, (C.I: 1.86-11.91) and the carrier were consi-
dered as risk factor to obesity. The AA genotype was found 
exact recordings in obese and control, and there was no 
effect for this genotype on obesity. About the allele car-
riers, the G allele showed to be protective for the obesity 
and the A allele was thought to be a risk factor for being 
obese (Tables 2 and 3). 

The IL-6-174GC gene polymorphism the findings were 
revealed that GG was found increased 2- folded in obese 

Cytokine
Cytokine Serum Mean Level ± S.D. (pg/ml)

P value
Obese (No. = 42) Control (No. = 42)

IL-10 30.73±5.5 5.7±0.85 0.001
IL-6 35±4.75 2.02±0.56 0.0001

TNF-α 2.12±0.61 5.6±0.59 0.96

Table 1. Serum level of IL-10, IL-6, TNF-α, obese and controls.
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Discussion

Based on experimental data on mice, several scientists 
studied the relationship between polymorphisms in the 
IL-6 gene and obesity and found that they had an impact 
on fat mass, fat metabolism, and body mass, as well as the 
development of obesity (8). Yu et al. (18) discovered that 
the IL-6 (174 G/C) polymorphism was similarly linked to 
obesity after reviewing 48 research with results compa-
rable to ours.

The identified C allele in both C/C homozygotes and 
G/C heterozygotes of the IL6 (174 G/C) gene was linked 
to a substantial increase in the total of 10 skinfold thic-
kness measures in obese girls in research by Popko et al. 
(19). The G allele at C-174 was shown to be more pre-
valent in lean people by Ibrahim et al (8), whereas the C 
allele was found to be linked with obesity indices. These 
findings contradict the findings of our study, which found 
that in the obese group, the GC heterozygote genotype 
predominated and the GG genotype was less prominent 
than in the healthy weight group. This is due to the fact 
that it was a pilot research with a limited sample size. 

significantly, the OR: 2.91, C.I: (1.16-7.31), and it was 
remarkably risk factor for obesity. The GC producers were 
decreased significantly in obese individuals compared to 
control, OR: 0.22, (C.I: 0.08-0.63), hence, this genotype 
has protective effect on obesity. Genotype CC carriers 
were increased in obese and there was double folded risk 
to get obesity, OR: 2.11, (C.I: 0.37-11.92). Allele frequen-
cy for this genotype showed that the G allele was risky for 
being obese for male and the C allele was considered as 
protective against the obesity (Tables 4 and 5).

Results of the present study for TNF-α-308GA polymor-
phism were the GG genotype was decreased significantly 
in obese male, the OR: 0.15, (C.I: 0.06-0.40). However, 
this genotype was protective to obesity in male. The GA 
genotype carriers were found increased more than 6-folded 
in obese participants, OR: 6.4, (C.I: 2.49-16.47), and it was 
risk factor for obesity. Moreover, the AA genotypes were 
found similar in both groups of the participants, and this 
genotype has no effect on obesity according to the results 
of our study. So presence of G allele was protective against 
obesity and A allele was at risk to obesity (Tables 6 and 7). 

Groups
IL10-1082 Genotype or Allele H-W

P ≤GG GA AA G A

Obese

(N=42)

Observed
No. 8 32 2 48 36

Significant
%

Expected
No. 13.7 20.6 7.7

Not Estimated
%

Controls

(N=42)
Observed

No. 23 17 2 63 21

Not significant
%

Expected
No. 23.6 15.8 2.6

Not Estimated
%

Table 2. Observed numbers and percentage frequencies and (H-W) equilibrium of IL10-1082 genotypes and alleles in obese and controls.

IL10-1082
Genotype or 

Allele

Statistical Evaluations

Relative
Risk

Etiological Or 
Preventive Fraction

Fisher’s Exact 
Probability

95%
Confidence
Intervals

GG 0.19 0.44 Significant 0.07 to 0.51
GA 4.71 0.6 Significant 1.86 to 11.91
AA 1 ref Non-Significant 0.14 to 7.27
G 0.44 0.42 Significant 0.23 to 0.85
A 2.1 0.24 Significant 1.17 to 4.32

Table 3. Statistical evaluations of associations between IL10-1082 genotypes or alleles and obese.

Groups
IL6-174 Genotype or Allele H-W

P ≤GG GC CC G C

Obese

(N=42)

Observed
No. 32 6 4 70 14

Significant
%

Expected
No. 29.15 11.7 1.15

Not Estimated
%

Controls

(N=42)
Observed

No. 22 18 2 62 22

Not significant
%

Expected
No. 22.9 16.2 2.9

Not Estimated
%

Table 4. Observed numbers and percentage frequencies and H-W equilibrium of IL6-174 genotypes and alleles in obese and controls.
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Saxena et al. (12) earlier observed that the CC genotype 
was extremely uncommon in their research. Similarly, 
to our findings, an Iranian research of 242 people found 
that obese people had more G alleles, but the difference 
was statistically insignificant (20). Another meta-analysis 
found no significant correlations between IL6 (174G/C) 
genotypes and waist-to-hip ratio, waist circumference, or 
central obesity, indicating that this polymorphism may not 
play a role in obesity (21).

Carriers of the C allele for the IL-6 polymorphism 
G174C have a higher BMI, according to a study. Because 
the G174C gene polymorphism is thought to impact IL-6 
production and physiological control, it may also affect 
obesity and insulin sensitivity (8).

The significance of TNF-, IL-6, and IL-10 levels in 
obesity, as well as their relationship with gene polymor-
phisms, was investigated in this study. IL-10 is an anti-in-
flammatory cytokine that regulates the immune system by 
decreasing cytokine production, tissue factor expression, 
matrix-degrading metalloproteinase inhibition, and lym-
phocyte phenotypic flipping to the Th2 phenotype (22). 
T-cells, B-cells, monocytes, and macrophages all gene-

rate this cytokine, and 75 percent of the variance in IL-10 
production is thought to be hereditary (23). An important 
research found that IL-10 levels were lower in people with 
impaired glucose tolerance or T2DM compared to people 
with normal glucose tolerance and that IL-10 levels were 
inversely related to BMI (24).

BMI, waist circumference, hs-CRP, and IL-10 levels 
were all positively associated with IL-6 levels. hs-CRP, 
on the other hand, revealed a substantial positive associa-
tion. BMI, waist circumference, hs-CRP, and IL-10 levels 
were all positively associated with IL-6 levels. hs-CRP, on 
the other hand, revealed a substantial positive association  
(25).

The TNF-a 308 G>A gene polymorphism is a key re-
gulator of metabolism and has been linked to metabolic 
problems in both adults and children. Although there have 
been several genetic research on the TNF-a 308 G>A gene 
polymorphism in adult populations, only a few have fo-
cused on metabolic diseases and only a few of them have 
highlighted the possible significance of the TNF-a gene in 
metabolic syndrome (26). The role of the TNF-a 308 G>A 
gene polymorphism on obesity and inflammatory state is 

IL6-174
Genotype or 

Allele

Statistical Evaluations

Relative
Risk

Etiological
or

Preventive Fraction

Fisher’s Exact 
Probability

95%
Confidence
Intervals

GG 2.91 0.5 Significant 1.16 to 7.31
GC 0.22 0.33 Significant 0.08 to 0.63
CC 2.11 0.05 Non-Significant 0.37 to 11.92
G 1.77 0.36 Non-Significant 0.84 to 3.75
C 0.56 0.11 Non-Significant 0.27 to 1.19

Table 5. Statistical evaluations of associations between IL6-174 genotypes or alleles and obese.

Groups
TNF-α -308Genotype or Allele H-W

P ≤GG GA AA G A

Obese

(N=42)

Observed
No. 9 32 1 50 34

Significance
%

Expected
No. 14.9 20.2 6.9

Not Estimated
%

Controls

(N=42)
Observed

No. 27 14 1 68 16

Not significance
%

Expected
No. 27.5 13 1.5

Not Estimated
%

Table 6. Observed numbers and percentage frequencies and H-W equilibrium of TNF-α-308 genotypes and alleles in obese and 
controls.

TNF-α-308
Genotype or 

Allele

Statistical Evaluations

Relative
Risk

Etiological
or

Preventive Fraction

Fisher’s Exact 
Probability

95%
Confidence
Intervals

GG 0.15 0.54 Significant 0.06 to 0.40
GA 6.4 0.64 Significant 2.49 to 16.47
AA 1 ref Non-Significant 0.06 to 15.99
G 0.35 0.53 Significant 0.17 to 0.69
A 2.89 0.27 Significant 1.44 to 5.78

Table 7. Statistical evaluations of associations between TNF-α-308 genotypes or alleles and obese.
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little understood. 10 Obesity is generally known to be an 
inflammatory disease, but TNF-a has also been linked to 
other inflammatory disorders in children, including gas-
tritis (27). Nonetheless, numerous TNF-a gene polymor-
phisms, including TNF-a 308 G>A and TNF-a 238 G>A, 
have been linked to nutritional problems in children and 
adults. Only the TNF-a 308 G>A gene polymorphism has 
been linked to obesity among these gene polymorphisms. 
As a result of the foregoing findings, the current research 
focuses on the TNF-a 308 G>A gene polymorphism (28). 
One study (16), which looked at the association between 
TNF-a levels and patient age and BMI, found that the G/G 
genotype was linked to increased TNF-a levels in men of 
normal weight, but had no impact in men with a BMI of 
more than 25 kg/m2. In terms of age, the same research 
found a steady decline in TNF-a levels between the ages 
of 5 and 17,8, but Arican et al. (29) in 2005 found a rise 
in TNF-a levels in the 5e10 year age group, followed by a 
drop in the 10e15 year age group.

In addition to TNF-a, El-Mikkawy et al (30) investi-
gated the connection between IL-6 secretion and obesity, 
concluding that obese patients had insufficient IL-6 secre-
tion. Because of the small number of patients included 
in the study, there was no significant difference in age or 
gender between the control and overweight groups in this 
study; nevertheless, our major objective is to expand our 
inquiry in the future. Dalziel et al. (31) also discovered 
that obese TNF-a 308 A allele carriers exhibited a net rela-
tionship between insulin resistance and HDL cholesterol, 
indicating that dyslipidemia plays a larger role in the de-
velopment of insulin resistance in these individuals. The 
current study, however, showed no statistically significant 
relationship between the TNF-a 308G>A gene polymor-
phism and any of the biochemical variables investigated 
(p > 0.05). Chang et al. also found that the TNF-a-308 
G>A gene polymorphism was linked to obesity (32), but 
Włodarczyk et al. (33) found that the AA and GA geno-
types of TNF-a 308 G>A were linked to a greater risk of 
obesity in men, but only the AG genotype was linked to a 
higher risk of obesity in women. The AA and GA homo-
zygotes were also shown to have an increased risk of deve-
loping obesity-related metabolic disorders (34). Hedayati, 
on the other hand, found no link between the TNF-a 308 
G>A gene polymorphism and obesity in an Iranian popu-
lation (16). Women with the variant genotype of the TNF-
a 308 G>A gene polymorphism who had poor adherence 
to the Mediterranean diet had a 3.5-fold increased risk of 
becoming overweight/ obese, according to Barchitta et al. 
(35), similar to those with a low socioeconomic status who 
also had a higher risk of obesity. Brand et al., on the other 
hand, postulated that the G-308 G>A polymorphism of 
the TNF-a gene was linked to BMI, therefore serving as 
a genetic marker for greater obesity susceptibility in the 
Caucasian population (36).

The above discussion demonstrates that the literature's 
evidence on the link between the TNF-a 308 G>A gene 
polymorphism and obesity is inconsistent. Other evidence 
has also been found that supports a significant negative as-
sociation between A-allele carriers and BMI (31), a result 
supported by the current finding that the variant genotype 
(GA or AA) of the TNF-a 308 G>A gene polymorphism 
was more common among normal-weight children than 
overweight children. As a result, genotypes of the TNF-a 
308 G>A gene polymorphism have been shown to play a 

role in the likelihood of becoming overweight or obese in 
people (32). However, further research is needed to de-
termine if these variant genotypes have a detrimental or 
beneficial influence, as well as to pinpoint the mechanism 
behind such an effect. The majority of research claims that 
these genotypes increase the chance of becoming obese; 
nevertheless, there are contradicting findings in the lite-
rature, which, like the current findings, emphasize the 
detrimental influence of these genotypes on weight status. 
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