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Abstract

Background Metabolic Syndrome (MetS) mainly comprises hyperglycemia, hypertension and dyslipidemia, and has been
proven to increase the risk for type 2 diabetes mellitus (T2DM) and cardiovascular disease. Studies have suggested that many
factors may be involved in the pathogenesis of MetS, but tumor necrosis factor alpha (TNF- o) may play a strong role as its gene
polymorphism was associated with insulin resistance and obesity. The aim of this study was to evaluate the possible association
of TNF-a-308 G > A (rs1800629) polymorphism with susceptibility of metabolic syndrome.

Methods a case-control study was conducted upon 128 participants recruited from Suez Canal University Hospital (Ismailia,
Egypt), divided into the MetS group (n = 64) and the control group (n = 64). Genotyping of the TNF--308 G > A (rs1800629)
polymorphism was performed by restriction fragment length polymorphism (PCR-RFLP).

Results The A allele was significantly higher among MetS patients (40%) than controls (11%) (p <0.0001). A significant
association was observed between the healthy and MetS groups under the influence of co-dominant, dominant and over-
dominant genetic models (p < 0.05). Also, there were positive correlations between TNF-x-308 (G/A) polymorphism and risk
factors of metabolic syndrome like body mass index (BMI); fasting blood sugar; cholesterol and low density lipoprotein (LDL)
(p <0.05). Regression analysis was done for predictors of MetS and the A allele was found to be a strong predictor (OR 2.752;
95% CI=1.106 to 6.847; p=10.03), as well as, BMI; triglyceride (TG); high density lipoprotein (HDL); LDL and cholesterol
(p <0.05).

Conclusions TNF-x-308 G> A (rs1800629) polymorphism may be play an important role in the development of metabolic
syndrome and A allele is a strong predictor in Egyptians.

Keywords Tumor necrosis factor alpha - Gene polymorphism - Metabolic syndrome - Polymerase chain reaction - Restriction
fragment length polymorphism
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Adipokines include pro-inflammatory mediators like;
(TNF-o) which may be responsible for the local inflammation
of adipose tissue and the further systemic inflammation that may
account for the range of morbidities comprising the MetS [2, 3].

The TNF-« paracrine properties include decreasing the in-
sulin sensitivity of fat cells via diminish insulin-stimulated
tyrosine phosphorylation of the insulin receptor substrate-1
and tyrosine kinase activity without affecting the number of
receptors or their insulin-binding capacity which leads to in-
activation of insulin receptors [3, 5, 6]. Serum TNFx levels
have been found to be elevated in MetS patients of different
racial origins [7, 8]. Thereby, the TNFo gene has been con-
sidered as a candidate gene for the MetS [9].

The TNF-o gene has been found within the human leuco-
cyte antigen I1I region, placed on chromosome 6p21 and with-
in the major histocompatibility complex in a position defined
as 250 kb near the center of HLA-B locus and about 850 kb
near the end part of HLA-DR locus [10]. Several SNPs have
been identified in the promoter region of the TNFo and are
believed to regulate its transcription [11]. A G/A substitution
at position 308 upstream from the transcription initiation site
has been identified and found to be associated with a higher
transcription rate and elevated levels of TNFa which in turn
play a role in the pathogenesis of metabolic syndrome [12].

Wilson et al; noticed that healthy carriers of the A allele have
higher levels of TNFx than the carriers of G allele [10], in
addition, Arbab et al; demonstrating that the presence of the
high-production A allele of the TNFo gene increases the bind-
ing of a transcription factor to the promoter region thus altering
its expression [13]. More than that, meta-analysis was done by
Sookoian et al; illustrating that G-308 A TNFx gene variant and
phenotypes were positively correlated with the occurrence of
obesity, hypertension and elevated insulin level. These results
support the hypothesis that the TNFo gene can be involved in
the pathogenesis of metabolic syndrome [14]. You et al; as well
as, Lann and LeRoith were found a relationship between high
TNF« levels and the presence of MetS [15, 16]. On the other

Fig. 1 Agarose gel
electrophoresis 3% stained with
ethidium bromide showing the
TNF gene amplification after
RFLP. First lane: Molecular
Marker (50 base), other lanes:
Heterozygous GA (107, 87 and
20 bp)
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hand, studies were done by Ranjith et al; and Pyrzak et al;
along with a meta-analysis was done by Feng et al; denoting
that there was no significant association between the TNF308
G/A polymorphism and risk for MetS [17-19]. Hand in hand
with these studies, Voiculescu et al; found that the metabolic
syndrome appeared to be independent of all five SNPs of
TNF« genes in Romanian population with psoriasis [20].

Because of the fact that incidence of MetS is increasing at
an alarming rate in developing countries [21] and despite the
evidence of a genetic component for the MetS from early
family studies [2, 22], the complexity of the MetS and the lack
of a unifying pathogenetic pathway to explain its various com-
ponents has made studying its genetic background challeng-
ing. As well as, genetic variability among different popula-
tions can be useful in understanding the course of the disease
and susceptibility to its complications [23]. So, in this study
we examined the TNFa 308G > A in a group of Egyptian
MetS patients, to identify the distribution of the SNP variants
as well as, their relationship and association with the individ-
ual components of the MetS.

Methods
Participants

This study was conducted upon 128 participants divided into
two groups; the MetS group and the control group. The MetS
group comprised 64 patients recruited from the Suez Canal
University Hospital (Ismailia, Egypt). MetS was diagnosed
according to the harmonized criteria proposed by Alberti
et al. [24] and three of the following five criteria should be
present in a patient for a diagnosis of MetS to be made:

—  WC: males >102 cm; females >88 cm
—  Serum HDL-cholesterol: males <40 mg/dl; females
<50 mg/dl

107

87

20
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Fig.2 Agarose gel electrophoresis 3% stained with ethidium bromide showing the TNF gene amplification after RFLP. Lane 7: wild GG (107 bp), Lanes
2, 3, 6: Heterozygous GA (107, 87 and 20 bp), Lane 4,5: Homozygous AA (87 and 20 bp), Lane 1: Molecular Marker (100 base)

—  Serum triglyceride: >150 mg/dl
— Fasting blood glucose: >100 mg/dl
— Blood pressure: >130/85 mmHg

Patients with co-existing typel diabetes mellitus (T1DM),
thyroid or hepatic disease, acute or chronic inflammation, acute
infections, or autoimmune disease were excluded from the
study. The control group consisted of 64 age and sex matched
healthy individuals with normal fasting blood glucose levels.

Anthropometric measurements

Weight and height were measured to calculate BMI. Blood
pressure readings were also acquired.

Biochemical analysis

All biochemical assays were performed by fully automated
analyzer (Cobas® 6000 Auto-analyzer, Roche Diagnostics,
Mannheim, Germany) using kits provided by the manufacturer.
Measurement of serum TG was based on the enzymatic deter-
mination of glycerol using the enzyme glycerol phosphate ox-
idase after hydrolysis by lipoprotein lipase. Total cholesterol
(TC) and HDL were evaluated by enzymatic colorimetric
method, according to the manufacturer’s standards. LDL was
estimated by the Friedewald’s formula: LDL =TC — HDL —
(TG/S), if the TG was less than 400 mg/dL and it was measured
by enzymatic colorimetric method, if the TG was more than or
equal 400 mg/dL. Fasting blood glucose levels were estimated
for all study participants by using hexokinase method.

Genotyping of the TNF-a-308 (G/A) polymorphism

DNA was extracted from peripheral blood leucocytes using
the QIAamp®DNA Blood Mini Kit (Cat No. /ID: 51104,
QIAGEN, Hilden, Germany). PCR-RFLP assay was used to
genotype the TNF-a-308 (G/A) polymorphism. The follow-
ing primers were used: 5~ AGGCAATAGGTTTTGAGGGC
CAT-3' (forward) and 5’-TCCTCCCTGCTCCGATTC CG-
3’ (reverse). PCR was performed in a final reaction volume of
25 ul, and included 5 pul genomic DNA, 12.5 ul Maxima Hot
Start Green PCR Master Mix (2X) (#K1062, Thermo Fisher
Scientific, Massachusetts, USA), 5.5 ul RNase free water, and
1 ul of each primer. Amplification was carried out in
Eppendorf® Mastercycler Personal (SIGMA-ALDRICH,
Missouri, USA) for 40 cycles, each comprising an initial de-
naturation at 95 °C for 4 min, denaturation at 95 °C for 30 s,
annealing at 50 °C for 30s and extension at 72 °C for 1 min,
followed by a final extension at 72 °C for 5 min.

Next, PCR products were digested using FastDigest Ncol
(FD0573, Thermo Fisher Scientific, Massachusetts, USA) and
incubated for 1 h at 37 °C. The digested products were then
separated by electrophoresis on 3% (w/v) agarose gel and the
DNA bands were visualized under UV light and photographed
using gel documentation system (Syngene, UK).

Comparing DNA bps by using DNA ladder (Figs. 1 and 2):

— Homozygous GG: represented by the presence of a single
band of 107 bp.

— Homozygous AA: represented by the presence of two
bands of 87 bp and 20 bp.
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— Heterozygous GA: represented by the presence of three
bands of size 107, 87 and 20 bp.

Statistical analysis

We performed descriptive statistics that were represented by
number, percentage (%), mean and standard deviation (SD).
Analytical statistics included Student’s t test that was used to
indicate the presence of any significant difference between
two groups of quantitative variable, Chi-square test and
Fisher’s exact test that were used to compare between two
groups or more regarding one qualitative variable. Spearman
correlation analysis was used to show strength and direction of
association. The odds ratios (ORs) with 95% confidence in-
tervals (ClIs) were calculated as a measure of the risk factors of
MetS with the TNF--308 alleles. The regression analysis of
genetic models also adjusted based on risk factors such as
hypertension and BMI. Hardy-Weinberg Equilibrium for con-
trol group was calculated and (P value =0.15). Regression
analysis was done to detect the predictors of MetS. P value,
was considered significant difference if p < 0.05. All statistics
were calculated by using the IBM SPSS for Windows version
16.0 (SPSS Armonk, NY: IBM Corp USA).

Results

In this study, we examined the TNF-x-308 G > A (rs1800629)
polymorphism in 64 MetS patients and 64 matched apparently
healthy controls. The mean age was 57.3 +8.5 years old. In
the MetS group there were 20 males (31.25%) and 44 females
(68.75%); which were matched with control group as the
males were 18 (28.1%) and females were 46 (71.9%).

As shown in (Table 1) the BMI was significantly higher in
the MetS group than in controls (p = 0.001). Also, the number
of hypertensive persons; mean fasting blood sugar; cholesterol
and LDL level in the MetS group were significantly higher
than in controls (p <0.001);as well as, the level of serum tri-
glycerides (p =0.001). The HDL level in MetS patients was
significantly lower than in controls (p < 0.001).

As presented in (Table 2), TNF-x-308 G/A gene polymor-
phism had significant association with MetS under the influ-
ence of co-dominant, dominant: G/A-A/A vs G/G and over-
dominant model (p < 0.05). The AA genotype were presented
in 9.4% in MetS group while in the healthy control it was only
3.1% (p < 0.0001). Also, both the GA and AA genotypes were
represented in 70.3% in MetS patients versus 18.7% in con-
trols. On the other hand, the GG genotype was presented in
81.2% of controls and only 29.7% of MetS patients.
Furthermore, there was a significant statistical difference be-
tween the MetS and control groups in the TNF-a-308 G/A
allele frequencies as the A allele was significantly higher
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Table 1 Clinico-demographic characteristics of the study population

Characteristics MetS (n=64) Control (n=64) P- value

Gender Male 20 (31.25%) 18 (28.1%) 0.699
Female 44 (68.75%) 46 (71.9%)

BMI, kg/m” 31.09£10.0  24.2+0.85 0.001

Hypertension ~ Yes 45 0 <0.001
No 19 64

Fasting blood sugar, mg/dl  193.6£63.0  90.16+8.66 <0.001

Serum triglycerides, mg/dl ~ 188.5£99.2  121.75+23.1 0.001

Serum cholesterol, mg/dl 196.8+40.3 161.67+13.2 <0.001

HDL-C, mg/dl 41.5+10.2 51.4+£9.8 <0.001

LDL-C, mg/dl 1159+38.0  85.47+12.62 <0.001

BMI body mass index, HDL-C high density lipoprotein cholesterol, LDL-
C low density lipoprotein cholesterol, MetS metabolic syndrome

Data are presented as mean number + standard deviation

P value <0.05 was considered significant

among MetS patients (40%) than healthy controls (11%)
(p<0.05) and people who carry the A allele are liable for
developing metabolic syndrome 2.75 times more than those
who carry G allele (adjusted OR 2.75; 95% CI=1.106 to
6.847; adjusted p = 0.03).

The correlation between TNF-«-308 G/A gene polymor-
phism and the different studied variables was done as shown
in (Table 3). There were positive correlations with BMI (p =
0.016); Fasting blood sugar (p <0.0001); Cholesterol (p =
0.017) and LDL (p = 0.026) but there were no correlation with
serum triglycerides or HDL (p > 0.05).

Univariate regression analysis was done for predictors of
MetS by crude odds ratios in (Table 4), The A allele was
found to be a predictor for MetS (OR 5.393; 95% CI1=2.792
to 10.417; p <0.0001), as well as, BMI (OR 1.267;95% Cl =
1.119 to 1.435; p=0.001), serum triglycerides (OR 1.030;
95% CI=1.018 to 1.042; p<0.0001), cholesterol (OR
1.049; 95% CI=1.029 to 1.070; p<0.0001),LDL (OR
1.044; 95% CI=1.025 to 1.063; p=0.001) and HDL (OR
0.906; 95% CI=0.869 to 0.945; p=0.001).

Discussion

Metabolic syndrome is a complex disorder of metabolism the
pathophysiology of which remains far from explained. A ge-
netic component for MetS has long been recognized, but ge-
netic studies have only been successful at demonstrating the
genetic association with individual components of MetS rath-
er than for MetS as a whole. TNF« is a pro-inflammatory
cytokine that has been implicated in the pathogenesis of sev-
eral diseases. The TNF-x-308 G > A (rs1800629) polymor-
phism is a single nucleotide substitution in the promoter
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Table 2  Genetic association of TNF-x-308 G/A gene polymorphism and allele frequencies with regression analysis of different models in metabolic

syndrome and control group

Model Genotype Controls (n= MetS (n= OR (95% CI) *Adjusted OR (95%  P-value Adjusted P-
64) 64) CD value
Codominant G/G 52 (81.2%) 19 29.7%) 1.00 1.00 <0.0001 0.049
G/A 10 (15.6%) 39 (60.9%) 10.67 (4.47-25.50) 4.16 (1.30-13.30)
A/A 2 (3.1%) 6(9.4%) 8.21(1.52-44.25) 2.60(0.21-32.14)
Dominant: G/A-A/A vs G/G G/A-A/A 12 (18.8%)  45(70.3%) 10.26 (4.50-23.43) 3.88 (1.29-11.70) <0.0001 0.017
G/G 52 (81.2%) 19 29.7%) 1.00 1.00
Recessive: A/A vs G/G-G/A A/A 2 (3.1%) 6(9.4%) 3.21(0.26-16.53) 1.85(0.15-22.26) 0.14  0.64
G/G-G/A 62 (96.9%) 58 (90.6%) 1.00 1.00
Over dominant: G/A vs G/G-  G/A 10 (15.6%)  39(60.9%) 8.42(3.63-19.53) 3.95(1.25-12.47) <0.0001 0.021
A/A G/G-A/A 54 (84.4%)  25(39.1%) 1.00 1.00
Allele G 114 (89%) 77 (60%) 1.00 1.00 <0.0001 0.03
A 14 (11%) 51 (40%) 5.393 2.752 (1.106-6.847)

(2.792-10.417)

MetS metabolic syndrome, N number

Data are presented as number (N) and frequency (percentage). P value <0.05 was considered significant

OR = Odds ratio
*Adjusted based on hypertension and BMI
95% CI=95% confidence interval

region of the TNF-« gene which is believed to affect the
TNF-« transcription levels. This polymorphism has 2 allelic
forms, the common form is the G allele, while the rare allele is
A. Although the A allele has been found to be associated with
higher spontaneous or stimulated expression levels of TNF-«
and individuals carrying the GA genotype have higher
amounts of TNF-o« mRNA, and serum protein levels, than
individuals with the GG genotype [25], the effect of the A
allele on TNF-« expression remains controversial. The
TNF-«-308 G/A polymorphism has been found to be associ-
ated with obesity, insulin resistance and hypertension.
However, some but not all studies have indicated the respon-
sibility of TNF-« gene polymorphism in the pathogenesis of
many components of metabolic syndrome and insulin resis-
tance [6, 12, 25].

Table 3 Correlation of TNF-x-308 G/A gene polymorphism with the
different studied variables

Characteristics r P- value
BMI 0.255 0.016
Fasting blood sugar 0.524 <0.0001
Serum triglycerides 0.086 0.426
Cholesterol 0.252 0.017
HDL -0.079 0.459
LDL 0.236 0.026

BMI'body mass index, HDL-C high density lipoprotein cholesterol, LDL-
C low density lipoprotein cholesterol

Correlation (r) by spearman’s rank correlation coefficient

P value <0.05 was considered significant

In the present study, significant results were obtained in the
clinico-demographic characteristics among healthy and meta-
bolic syndrome groups in all five MetS components according
to the diagnostic criteria of the International Diabetes
Federation (IDF) from 2009 [24] and that are matching hand
in hand with Gupta et al; [12] and Szkup et al.; [26] who
illustrated that control and study groups showed significant
results in most of the anthropometric and biochemical charac-
teristics. The genetic factors which responsible for the devel-
opment of MetS like the multiple genes’ variants whose ex-
pression are responsible for MetS components such as obesity
and high BMI; insulin resistance and carbohydrate metabo-
lism disorders; as well as dyslipidemia are the main causes for
the difference between the control and MetS group [27].

Table 4 Univariate regression analysis for predictors of metabolic
syndrome

Parameters Beta SE P-value OR (95% CI)

A allele 1.685 0.336 <0.0001 5.393 (2.792-10.417)
BMI 0.237 0.064 0.001 1267 (1.119-1.435)
Serum triglycerides ~ 0.029 0.006 <0.0001 1.030 (1.018-1.042)
Cholesterol 0.048 0.010 <0.0001 1.049 (1.029-1.070)
LDL 0.043 0.009 0.001 1.044 (1.025-1.063)
HDL —0.098 0.021  0.001  0.906 (0.869-0.945)

Beta (regression coefficient); CI: confidence interval; OR: odds ratio
Odds ratio (OR) is calculated at a 95% confidence interval (CI)
P value <0.05 was considered significant

BMI body mass index, HDL-C high density lipoprotein cholesterol, LDL-
C low density lipoprotein cholesterol
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Also, our study indicated that frequency of AA genotype
and A allele in MetS and control groups were significantly
different (p < 0.05). In line with these results were Gupta et al;
[12] who found that homozygous mutant genotype (AA)
(p<0.001: OR =3.24: 95% CI=2.15-4.89) and mutant allele
(A) (p<0.001: OR =3.04: 95% CI1=2.08-4.43) were signif-
icantly less frequently presented in the control population as
compared to MetS group. On the other hand, a study was done
by Lee SC et al; [6] who found that TNF- o gene G-308A
polymorphism was unlikely to play an important role in the
increase of metabolic syndrome in Chinese population, as well
as, Szkup et al.; [26] who illustrate the same result in a Poland
population. Also, Kabita et al; [11] illustrated that heterozy-
gote GA was found to be higher in hypertensive (7.82%) and
MetS (8.87%) cases than the healthy group (6.37%); but the
difference was not statistically significant and no mutant ho-
mozygotes of TNF-a 308G/A could be found among cases;
however, 0.27% were observed among controls.
Alternatively, Yong et al; [25] found that the genotypic and
allelic frequency of TNF-o 308G/A did not show significant
difference between asthmatic patients who have metabolic
syndrome and healthy controls. However, the frequency of
A allele was significantly higher in asthma group with Mets
(22.36%) than in controls (15.71%) (P =0.02; OR =0.647,
95% CI1=0.447-0.936). Substitution of G allele by the A
allele in the promoter or regulatory areas of TNF-x can act
as probable immune regulators by directing the expression of
it. There can be person to person discrepancies in TNF-o
levels depending upon the genetic coding as well as different
ethnicities resulting in dissimilar immune response [28].

In the current study we found that there were positive
correlations between TNFo 308G/A polymorphism and
BMI (p =0.016); fasting blood sugar (p < 0.0001); choles-
terol (» =0.017) and LDL (p = 0.026), while there were no
correlation between the gene polymorphism and both TG
and HDL (p>0.05). Kabita et al; [11] found that TNF«x
308G/A polymorphism was associated with high TC, high
very low density lipoprotein (VLDL) and TG in overall
population and only with high VLDL and TG among the
hypertensive cases, but there was no correlation with HDL
like our study. On the other hand, Yong et al; [25] found
that the level of LDL was significantly higher in the asth-
matic patients with Mets who carrying the GA and AA
genotypes than in the carriers of GG genotype (P =0.029,
P=0.022, P=0.043) respectively, but there was no corre-
lation between the gene polymorphism and TG; and these
results were matching with our results. The study conduct-
ed by Pausov et al; on rats suggests that TNFo (—308 (gene
has an impact on obesity, high glucose level, serum leptin
levels, and elevated blood pressure, but only when the rats
are given a riches fatty diet [29]. Also, de Luis et al,; found
that patients with the A allele had a higher BMI than the
carriers of the G allele who also showed a healthier
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metabolic reaction than those with the A allele [30]. The
findings in our study and the similar studies as well; may
be due to the presence of the mutant A allele which en-
hance the promoter region in chromosome 6 to increase the
transcription of TNF o and subsequent increase in serum
TNF« level in these populations which may plays a role in
the pathogenesis of MetS as mentioned earlier [2, 3] and
therefore A allele has also been associated with MetS com-
ponents like obesity, T2DM, insulin resistance as well as
coronary artery diseases and elevated serum CRP [31].
On calculating the crude Odds ratio for TNF--308 A al-
lele, about 5.4 folds increased risk was observed with meta-
bolic syndrome and it was a strong predictor (P <0.0001)
OR =5.393 (95% CI: 2.792-10.417). Hand in hand with our
results, Yong et al; [29] identified that TNF-x-308 A allele
was the risk factor for asthmatic patients with MetS in Hebei
population, China. As well as, Gupta et al; [12] who found
that A allele has about 3 folds increased risk in the MetS group
(P<0.001) OR=3.04 (2.08-4.43). On the other hands, al-
though Kabita et al; [11] found that about one fold increased
risk was observed with metabolic syndrome OR =1.37 (95%
CI: 0.65-2.87) but statistically it was not significant
(P>0.05), as well as, Zafar et al; who found that no signifi-
cant difference in the A allele between MetS and healthy
group (P=0.357). The difference in the response after
TNF--308 gene mutation between the Egyptians in the cur-
rent study and the other populations in the other studies maybe
due to different ethnicities and genetic considerations as that
different origins; Caucasians, Asians or Africans; might exert
considerable effects on between-study heterogeneity [32].

Conclusion

Our results suggest that the G-308 A polymorphism of the
TNF- « gene is associated with metabolic syndrome and A
allele is a strong predictor in Egyptian population.
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