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Introduction: Metabolic Syndrome is attracting a lot of scientific and
commercial interest as the factors defining the syndrome are all
associated with increased morbidity and mortality in general and there
is still lot of controversy in definitions as well as pathophysiology due
to multifactorial etiology. Inflammation and genetic factors play
important role along with other factors.

Aim: To study the association of TNF-a gene (308G/A) promoter
region polymorphism with metabolic syndrome and to study inter
genotypic variation of TNF a levels in cases and controls.

Materials and Methods: A total of 93 subjects (46 Cases & 47
Controls) were enrolled into the study with informed consent. All
subjects were above 25 years of age & cases had metabolic syndrome
diagnosed according to IDF 2006 criteria (for Asian population) while
controls were age- and sex-matched healthy subjects not fitting into
IDF 2006 criteria. TNF-o levels were estimated by Sandwich ELISA
and promoter region polymorphism was studied by DNA extraction
followed by Polymerase Chain Reaction and Restriction fragment
Length Polymorphism.

Results: TNF-o level among cases (16.48+6.68 pg/mL) was
significantly higher than controls (1.90+0.80 pg/mL). In cases, GG
genotype was found in 63 % (29); GA in 33% (15), followed by AA in
4% (2). Among controls GG genotype was present in 85% (40) and GA
in 15% (7) and no subject had AA genotype. The genotype distribution
was in Hardy Weinberg Equilibrium (x>~ 6.653, df = 2, p < 0.05). The
difference was found statistically significant (p < 0.001). Allelic
Frequency difference between the two groups was also significant (p <
0.05). Intergenotypic variations in the levels of TNF-a came
significantly different (p<0.05) by ANOVA and T Test

Conclusion: We conclude that inflammation is involved in
etiopathogenesis of MetS and GA and AA genotype is associated with
increased transcription of TNF-a suggesting their regulation at genetic
level.
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Introduction:-

The metabolic syndrome (MetS) is a cluster of interrelated risk factors of metabolic origin including abdominal
obesity, atherogenic dyslipidemia, elevated blood pressure, elevated plasma glucose level, and prothrombotic and
proinflammatory states that promote development of atherosclerotic CVD and type 2 diabetes mellitus(T2DM) [1].
MetS has reached epidemic proportions worldwide. The prevalence of obesity and metabolic syndrome is rapidly
increasing in India and other South Asian countries, leading to increased mortality and morbidity due to CVD and
T2DM. [2.3] Approximately about one third of urban South Asians have evidence of the metabolic syndrome.[4]
The etiology of the metabolic syndrome is complex, determined by the interplay of both genetic and environmental
factors. Pathways leading to the clinical manifestations of the metabolic syndrome involve a number of metabolic
risk factors, as well as mediators of the inflammatory response [5]

Tumour necrosis factor-alpha (TNF-a) is a pro inflammatory cytokine released by inflammatory leucocytes as well
as vascular endothelial and smooth muscle cells. It plays a key role in orchestrating the complex events involved in
inflammation and immunity. It is also a key cytokine in the inflammation process of atherosclerosis. Through its
effects on lipid metabolism, insulin resistance and endothelial function, it might be involved in coronary heart
disease (CHD) [6]

TNF-a gene is located in the chromosomal region 6p21.1-21.3, next to the major histocompatibility complex, coding
for a 157-amino acid polypeptide processed from a 233-amino acid precursor [6]. A biallelic polymorphism within
the promoter region of TNF-a locus at the position -308 has been reported to be associated with TNF-a production.
A G/A substitution at position -308 upstream from the transcription initiation site in the promoter region of the gene
have been identified [7]. In vitro experiments have demonstrated that this DNA Ncol restriction fragment length
polymorphism increases transcriptional activation of the TNF-a gene [8]. Although controversial, the majority of the
data support a direct role for this biallelic polymorphism in the elevated TNF-a levels observed in homozygotes for
the -308 A allele [9]. Some, but not all studies have indicated a key role for the 308G/A variant of the TNF-o gene
in the pathogenesis of various components of the metabolic syndrome and insulin resistance [10, 11].

So, this study was aimed at finding association if any between TNF-a gene (308G/A) promoter region variant
(polymorphism) in the cases of metabolic syndrome and the controls ,in north Indian population and the effect of
this polymorphism on levels of TNF o .

Material and Methods:-

The study was carried out in the department of Biochemistry in collaboration with the department of Medicine, Lady
Harding Medical College and Smt. Sucheta Kriplani Hospital, New Delhi. The study group consisted of 93 subjects
with informed consent. Case group had 46 patients of both the sex and above 25 years of age with Metabolic
Syndrome according to IDF 2006(12) (for Asian population). Exclusion criteria for cases was, history of any acute
inflammatory disease in past 2 month, any history of ongoing chronic inflammatory pathology (including patients of
TB on treatment, rheumatoid arthritis. systemic lupus erythromatosus, pelvic inflammatory disease, inflammatory
bowel disease, connective tissue disorders), any history of chronic lung disease (COPD), chronic liver disease
(Cirrhosis), chronic renal disease, any type of debilitating illness (cancer). Control group consisted of 47 age- and
sex-matched healthy controls.

Detailed clinical history with special reference to metabolic syndrome risk factors was taken. Estimation of TNF-a
level in all subjects was done by commercial Sandwich ELISA kit (DIACLONE). Study of TNF-a 308G/A
promoter region gene polymorphism was done by extracting DNA from whole blood followed by PCR, and RFLP.
The DNA Extraction was done using Himedia HiPurAtm Blood Genomic DNA Miniprep Purification Kit for whole
blood. In extracted DNA, concentration was ascertained by spectrophotometric measurement of optical density at
260 nm. The amount of DNA was quantified by using relation 1 OD at 260 nm = 50 ng/ul. Purity of DNA was
ascertained by calculating A260/A280 ratio. The ratio for pure DNA was in range of 1.5-1.8. The extracted genomic
DNA was amplified by PCR using flanking polymorphic region of TNF-o gene. Primer pair used was as follows:
Forward Primer: 5-AGGCAATAGGTTTTGAGGGGCAT-3' (23bp) and Reverse Primer: 5'-
TCCTCCCTGCTCCGATTCCG-3' (20bp)

1100



ISSN: 2320-5407 Int. J. Adv. Res. 5(12), 1099-1105

PCR assay targeting TNF-a. Gene was done in a total volume of 50ul of reaction mixture. Preparation of reaction
mixture was done taking all necessary precaution to avoid any contamination. Reaction cocktail was prepared using:
30ul PCR master mix + 10pl DNA sample + 5l Forward Primer + 5ul Reverse Primer. Mixed properly by vortex
gently and then centrifuging. [PCR Master Mix (In-Vitrogen): 22 U/ml Taq DNA polymerase, Tagq Antibody,
22mM Tris-HCI(pH 8.4) ,55mM KCl, 1.65mM MgCl2, 220uM of each dGTP ,dATP, dTTP , dCTP, Stabilizers].

PCR programme used in thermocycler : Initial Denaturation at 94°C X 3 min, Cycle Denaturation at 94°C X 1
min, Cycle Annealing at 66°C X 1 min, Cycle Extension at 72°C X 1 min and Final Extension at 72°C X 5 min.
PCR products along with 50 bp DNA ladder were electrophoresed on 2% agarose gel to confirm the presence of the
products (Figure 1) The resulting PCR product (10 pl) was digested with Sunits of Ncol restriction enzyme at 37 °C
overnight and electrophoresed on 2% agarose gel. Ncol-RFLP was detected by ethidium bromide staining which
revealed a two-allele polymorphism that produced three bands of different sizes: a set of 87 and 20 bp corresponding
to the presence of the restriction site which is wild type (G-allele) and 107-bp fragment corresponding to the absence
of restriction site which is a mutant type(A-allele) (Figure 2). The identified genotypes were named accordingly, GG
for homozygous wild, GA for heterozygous and AA for homozygous mutant.

Statistical Analysis: All the analysis for the clinical and laboratory data was performed with the SPSS version 19
software programme. Values were expressed as percentage, mean, and standard error of mean. Frequencies of
Genotype were compared with chi-square tests and Fischer’s exact test. A p-value of < 0.05 was considered as
significant.

Results:-
The mean TNF-a level among cases is 16.48+6.68 pg/mL and among controls is 1.90+0.80 pg/mL with statistically
significant (p<0.05) difference between two groups as shown in Table I.

Table-1:- Plasma TNF-a levels among cases (N=46) and controls (N=47)

GROUPS
CASES (N=46) CONTROLS (N=47)
TNF-a (pg/mL) Mean S.E.M Mean S.EM P Value
16.48 6.68 1.90 0.80 0.031*

*p <0.05: significant.

For genotypic distribution, GG genotype was found in 29 subjects (63%) among cases and in 40 subjects (85%)
among controls. GA genotype was found in 15 subjects (33%) among cases and in 7 subjects (15%) among controls.
AA genotype was found in 2 subjects (4%) among cases only and none among controls. The genotype distribution is
in Hardy Weinberg Equilibrium (x? = 6.653, df = 2, p < 0.05, Significant). The frequency of G allele was in 80%
among cases and 92% among controls. The frequency of A allele was in 20% among cases and 8% among controls.
Allelic difference between the two groups is significant (p < 0.05) as shown in Table II.

Table-11:- Distribution of genotypes and alleles of TNF-o among cases (N=46) and controls (N=47)

CASES CONTROLS Level of Significance
Genotye (N=46) (N=47)
N Frequency (%) N Frequency (%)
GG 29 63% 40 85% Pearson y = 6.653
p=0.036 (df =2)
GA/AA LR =7.500
17 37% 7 15% p=0.024
Alleles
G 74 80% 87 92% p = 0.009**
A 18 20% 7 8%

** P < 0.01: Highly significant.
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Figure 1:- Ethidium Bromide Stained Gel Picture of PCR Product (107bp)

AMPLIFIED PCR PRODUCTS

Figure 2:- Ethidium bromide—stained Agarose gel showing Ncol digested PCR products (RFLP) with primers
flanking Promoter Region of TNF-a 308 gene.
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The mean plasma TNF-a level of GG genotype among cases is 0.448+0.256 pg/mL while among controls is
0.563+0.464 pg/mL. The mean plasma TNF-a level of GA genotype among cases is 25.1334+9.819 pg/mL while
among controls is 9.571+3.657pg/mL. The mean plasma TNF-a level of AA genotype among cases is 184.0+61.0
pg/mL while among controls there was no AA genotype. Intergenotypic variation of plasma TNF-a level among
cases is highly significant (p < 0.001) as illustrated by ANOVA analysis. Intergenotypic variation of plasma TNF-o
level among controls is highly significant (p<0.001) T-TEST as graphically represented in Figure 3.
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Figure 3:- Intergenotypic variation of plasma TNF-a level among cases (N=46) and controls (N=47)
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Discussion:-

In present study 97 subjects were included out of which 46 were diagnosed cases of metabolic syndrome (IDF 2006
criteria for MetS) [12] including both the sexes and 47 age- and sex-matched healthy controls were taken. The mean
age of cases was 50.30 + 1.37 years and for controls it is 49.04 £ 0.73. The study population consisted of 74%
Females and 26% Males. The study population included majority of females as Lady Hardinge medical college and
Smt. Sucheta kriplani hospital where this study was done has a very high input of female patients because of old
reputation of high quality services and patient care in obstetrics and gynaecology. According to history taken 76% of
females were post-menopausal. There are studies showing increased prevalence of metabolic syndrome in
postmenopausal women [13].

We found that mean TNF-a level among cases is 16.48+6.68 pg/mL and among controls is 1.90+0.80 pg/mL with
statistically significant (p<0.05) difference between the two groups. TNF is a pro-inflammatory cytokine secreted by
monocyte, macrophages and endothelial cells, and also to a large extent by adipocytes. Several studies have shown
that levels of TNF-a are an important regulator of insulin sensitivity which is known to be impaired in metabolic
syndrome. [14] In human subjects, TNF-a messenger RNA (mRNA) and protein positively correlate with body
adiposity and decrease in obese subjects with weight loss. [15]

The first demonstration that TNF-o may be relevant to metabolic diseases associated with over-nutrition (such as
obesity-related T2D) was made by Hotamisligil and colleagues, who showed that TNF-a is elevated in adipose
tissue from obese diabetic rodents and is a mediator of obesity-related insulin resistance and T2D [16]. Significantly
higher levels of TNF-a in MetS cases also suggest that inflammation has major role in the etiopathogenesis of the
same.

In our study GG genotype was found in 29 subjects (63%) among cases and in 40 subjects (85%) among controls.
GA genotype was found in 15 subjects (33%) among cases and in 7 subjects (15%) among controls. AA genotype
was found in 2 subjects (4%) among cases only and none among controls. The genotype distribution was in Hardy
Weinberg Equilibrium (x*~ 6.653, df = 2, p < 0.05, Significant). The difference was found significant (p < 0.05).The
frequency of G allele was in 80% among cases and 92% among controls. The frequency of A allele was in 20%
among cases and 8% among controls. Allelic difference between the two groups is significant (p < 0.05).

The TNF-a 308G/A polymorphism in the promoter of the TNF-a gene has been studied extensively in several
populations with conflicting results. [17] The TNF-o. 308A variant, which is associated with human leukocyte
antigens A1, B8, and DR3 alleles, is a much more powerful transcription activator, compared with the TNF-a 308G
of allele, explaining the increased TNF-a production found in these individuals [18]. Based on these previous studies
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and because the rate transcription is an important regulator of TNF-o expression, genetic variation within regulatory
regions of the TNF-a gene could contribute to altered expression of the cytokine in adipose cells. Our study also
shows a significant association of TNF-a level with mutant (A) allele of TNF-o 308G/A polymorphism. The
association of variants in the promoter of the TNF-a gene with obesity and insulin resistance is controversial, and
there have been both negative and positive[19] reports for these associations over the last years.

Not many studies have been done in India regarding 308G/A TNF-a polymorphism in the promoter region in
metabolic syndrome cases. A study with similar result in agreement to our study was carried out by Vani Gupta et
al. They found distribution of GG, GA, AA genotypes in cases 62.3%, 33.83%, 3.34% respectively and allelic
frequency of G and A allele were 79.74% and 20.26% respectively among cases. [20] Also their study showed 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% CI = 2.08-4.43) of TNF-a was significantly less frequently observed in the control
population as compared to study group similar to the findings in our study. [20]

The mean plasma TNF-a level of GG genotype among cases was 0.448+0.256 pg/mL while among controls was
0.563+0.464 pg/mL. The mean plasma TNF-a level of GA genotype among cases was 25.1334+9.819 pg/mL while
among controls was 9.571+3.657pg/mL. The mean plasma TNF-o level of AA genotype among cases was
184.0+61.0 pg/mL while among controls none of the subjects had AA genotype. The difference between the groups
as analysed by ANOVA and T-test was statistically significant (p < 0.05). These findings suggest GA and AA
genotype is associated with increased transcription of TNF-a involved in the inflammatory process in MetS.

So, we can say that TNF-a promoter region gene 308G/A polymorphism by affecting TNF-a levels may be
associated with Metabolic Syndrome. TNF-a levels and its promoter region polymorphism may prove to be helpful
in risk assessment for early diagnosis of Metabolic Syndrome so that appropriate interventional measures can be
taken at right time to prevent its future complications: the Type 2DM and CVD, for which it serves as the early
predictor.

The findings of the present study are a small step put forward. Further studies are necessary to confirm, evaluate and
replicate this study in a larger sample size with different ethnicities

Conclusion:-

Our study supports the view that inflammation is involved in the etiopathogenesis of MetS .We also found that
inflammatory markers are being regulated at genetic level. Mutated genotype (TNF-o 308G/A) which leads to
increased transcription of the pro-inflammatory marker TNF-a. is thereby involved in the pathogenesis of MetS and
its future complication.

Our study limitation was small sample size. So we recommend that similar study should be conducted in various
parts of the world with different ethnicities and environmental conditions including more number of subjects. This is
because etiology of the metabolic syndrome is complex, determined by the interplay of both genetic and
environmental factors. Understanding the links between the components of the metabolic syndrome,
proinflammatory markers, endothelial dysfunction, along with the genes involved will enable physicians and
scientists to approach the phenotypic problems (hypertension, diabetes, dyslipidemia, obesity) in a more rational and
mechanism-based manner.
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