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Abstract Rheumatoid arthritis (RA) is a severely disabling
chronic autoimmune disorder that leads to progressive inflam-
mation of the joints and surrounding tissues. TNF-α, a potent
proinflammatory cytokine, plays a pivotal role in the patho-
genesis of RA. The endogenous formation of TNF-α may be
influenced by TNF-α promoter polymorphisms. Hence, the
present study was designed to explore any possible associa-
tion between genetic polymorphism of TNF-α -308 G/A,
messenger RNA (mRNA) expression, serum levels of
TNF-α, and inflammatory markers in North Indian RA pa-
tients. A total of 214 controls and 187 RA patients were re-
cruited according to the revised American College of
Rheumatology 2010 criteria. TNF-α -308 G/A genetic poly-
morphism within promoter region was analyzed by using
PCR-RFLP. Levels of inflammatory markers and serum
TNF-α were estimated by ELISA. The mRNA expression of
TNF-α gene was measured by quantitative real-time PCR.
Higher levels of autoantibodies (RF and anti-CCP) were pres-

ent in RA patients as compared to controls. We found a pos-
itive and significant correlation of circulating TNF-α levels
with RF (r = 0.18), anti-CCP (r = 0.16), and mRNA expres-
sion of TNF-α gene (r = 0.57) in RA patients. The mRNA
expression levels of TNF-α was 4.5-fold higher in patients
with RA as compared to controls. The heterozygous mutant
variants (G/A) and homozygous mutant variants (A/A) were
found to be significantly associated with RA as compared to
control (OR = 1.52 and 3.02, respectively). Our observations
illustrated a significant association of allele -308 A TNF-α
with progression of RA. Significant and positive correlation
of TNF-α levels with mRNA expression and inflammatory
marker levels suggests that serum TNF-α may be a suscepti-
bility marker for RA.
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Introduction

Rheumatoid arthritis (RA) is one of the most common autoim-
mune disorders of unknown etiology and it is a destructive ar-
thropathy. It is characterized by inflammation of synovial mem-
brane and erosion of bones and cartilages which lead to the
progressive destruction of joints. The prevalence rate of RA is
about 0.5–1% worldwide [1]. In India, it is about 0.8%, almost
equal to the world prevalence rate [2]. HLA-DRB1 gene is the
major genetic susceptibility locus for RA, and it has been con-
firmed by linkage as well as association studies of this gene [3].
The non-HLA genes have also been implicated in the suscepti-
bility of RA, e.g., PTPN22, TNFAIP3, STAT4, TRAF1/C5,
IL2RB, AFF3, CD40, CTLA4, MMEL1, and PADI4 [4].

The other genetic factors that might be associated with the
susceptibility or progression of RA are cytokine genes [5].
Cytokines are small molecular weight regulatory proteins
and act as intercellular mediators in the production and control
of immune and inflammatory responses [6]. Tumor necrosis
factor-alpha (TNF-α) plays a pivotal role in the pathogenesis
of RA. TNF-α, a potent proinflammatory cytokine, is the
prime mediator of inflammation, which is upregulated in the
joints of RA patients, and its blood concentration is correlated
with the disease activity [7]. TNF-α is secreted by different
types of cells, but mainly by macrophages [8] and is reported
to stimulate cytokine production and enhances the expression
of adhesion molecules to increase the neutrophil activation
[9]. It also regulates many important cellular processes such
as proliferation, differentiation, growth, and the immune re-
sponses [10].

Gene encoding TNF-α is located in the class III region of
the major histocompatibility complex between the HLA-B
and HLA-DR genes on chromosome 6 [11]. TNF-α is report-
ed to have contradictory roles associated with genetic poly-
morphisms in the genes regulating its production and the poly-
morphisms in the TNF locus [12]. It has been reported that
transgenic mice that overexpress the human TNF gene devel-
op polyarthritis similar to RA [13]. It has been reported that
anti-TNF therapy considerably improves the arthritis in these
patients [14]. TNF-α activates the chondrocytes and induces
proteolytic and metalloproteinase enzymes which lead to car-
tilage destruction. On activation of osteoclasts, there is bone
resorption and destruction of subchondral bone [15]. Thus,
TNF-α may be a susceptibility gene for RA.

There are many promoter polymorphisms of TNF-α rela-
tive to the transcription start site, but the one most studied is
TNF-α -308 (G/A) gene polymorphism. The genetic variant
guanine (G) defines the common variant (wild), and the pres-
ence of adenine (A) defines the less common variant (mutant).
In this SNP, a guanine is substituted by an adenine. The en-
dogenous formation of serum TNF-α may be influenced by
affecting the messenger RNA (mRNA) and protein expression
levels by TNF-α promoter polymorphisms.

Numerous studies have addressed the issue of TNF-α gene
promoter SNPs in RA patients from various ethnic popula-
tions but some contradictory results emerged. Polymorphism
of the TNF-α gene within the promoter region -308 (G/A) has
been studied worldwide but the reports are conflicting. To the
best of our knowledge, there are no studies available regarding
-308 (G/A) polymorphism reporting the association with in-
flammatory markers, mRNA, and protein expression levels in
North Indian RA patients. Hence, the present study was de-
signed to explore any possible association between genetic
polymorphism of TNF-α -308 (G/A), gene expression, serum
cytokine levels, and inflammatory markers in North Indian
RA patients.

Material and methods

Recruitment of subjects The present case-control study was
carried out at the Department of Biochemistry, UCMS and
GTB Hospital, Dilshad Garden, Delhi. After obtaining the
informed consent of subjects, a total number of 187 cases,
according to the revised American College of Rheumatology
(ACR, 2010) (Aletaha et al. 2010) guidelines were recruited,
and it was ensured that patients were not on any treatment
including NSAIDS, DMARDs, and anti-TNF-α drugs prior
to recruitment. A total number of 214 healthy controls were
also enrolled by voluntary participation for the study. Subjects
who are smokers, alcoholic, diabetic, and having endocrine
disorders, acute infections, and COPD with emphysema, and
pregnant women were excluded from the study. All the sub-
jects included in the study were selected from the same ethnic
group of North India. The study was approved by the
Institutional Ethical Committee for Human Research (IEC-
HR).

Laboratory assessment

Sample collection About 5.0 ml of peripheral venous blood
was collected in fasting state (12 h) from the patients and
controls in plain and EDTA vials for the estimation of bio-
chemical parameters specific to RA, serum cytokine levels,
genotyping, and gene expression study. Blood serum was
freshly separated and stored in aliquots at −80 °C before cy-
tokine determination.

Diagnostic and inflammatory markers of RA Erythrocyte
sedimentation rate (ESR) was measured by the modified
Westergren method. Rheumatoid factor (RF), anti-cyclic
citrullinated peptide antibody (anti-CCP), and C-reactive pro-
tein (CRP) were measured by standard ELISA kits (Omega
Diagnostics Ltd., Alva, UK) using a microplate reader
(Thermo Scientific, Hudson, NH, USA) as per the
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manufacturer’s instructions. All standards, RA samples, and
control samples were run in duplicate.

Cytokine assay TNF-α was quantified by standard ELISA
kits (Omega Diagnostics Ltd., Alva, UK) using a microplate
reader (Thermo Scientific, Hudson, NH, USA) as per manu-
facturer’s protocol. All standards, RA samples, and control
samples were run in duplicate.

Polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) for screening
of TNF-α promoter polymorphism

DNA extraction Genomic DNA was extracted using DNA
extraction kit Prolab (Zymo research, USA). The quality of
the extracted DNAwas assessed by agarose gel electrophore-
sis and quantified by NanoDrop (Thermo Scientific). The ex-
tracted DNA was stored at −20 °C for the analysis of poly-
morphisms. PCR was performed for TNF-α gene by PCR-
RFLP method using the Thermocycler (Eppendorf AG,
Hamburg, Germany). Amplification of TNF-α -308 promoter
was performed by PCR using the forward primer F:5′
AGGCAATAGGTTTTGAGGGCCAT-3′ and reverse primer
R:5′-TCCTCCCTGCTCCGATTCCG-3′. PCR conditions in-
cluded denaturation at 95 °C for 5 min followed by 35 cycles
of denaturation at 95 °C for 35 s, annealing at 54 °C for 45 s
and extension at 72 °C for 1 min. The PCR was completed
with a final extension step of 7 min at 72 °C. The PCR product
of 107 bp was size-matched on 2% agarose gel (Lonza,
Switzerland) stained with ethidium bromide bromide (Sigma
Aldrich, USA). The PCR product of 107 bp was digested by
using 1.5 units of restriction nuclease, NcoI enzyme
(Fermentas, Germany), and incubated at 37 °C for 16 h. The
restriction pattern was observed on 4% agarose gel electro-
phoresis, and the bands were visualized in UVPDIGI DOC IT
Gel Documentation System (UVP, Upland, CA, USA) under
UV light after staining with ethidium bromide.

Electrophoretic restriction patterns of TNF-α genotype In
TNF-α -308 polymorphism after digestion, the resulting frag-
ments 87 + 20 bp were diagnostic for wild-type genotype
(GG). The remaining uncut resulting in a single 107-bp frag-
ment represents the homozygous mutant genotype (A/A)
whereas heterozygous mutant (G/A) produced all the three
bands (107 + 87 + 20 bp). The genotypic analysis was repeat-
ed at least 20% of the samples to rule out genotypic error.

RNA extraction and reverse transcription to study the
TNF-α gene expression RNA extraction was done by
Trizol method as per manufacturer’s protocol. Total RNA
was extracted by using Trizol (Invitrogen, Thermo Fisher
Scientific, USA).

Quantification of RNAThe total RNAwas quantified using
NanoDrop (Thermo Fisher Scientific, USA) by measuring the
optical density value at 260/280 and the concentration in ng/
μL. The extracted RNA had an optical density 260/280 ratio
between 1.9 and 2.0. The integrity of the extracted RNAwas
corroborated by agarose gel electrophoresis. The samples with
low quality and degraded RNAwere excluded from the study.
Complementary DNA (cDNA) synthesis was done by using
Maxima First Strand cDNA Synthesis kit (Verso, Thermo
fisher scientific, USA) according to manufacturer’s protocol.

Quantitative real-time polymerase chain reaction The ex-
periment was conducted to measure the expression levels of
mRNA of cytokine gene TNF-α. The reactions were per-
formed on a quantitative real-time PCR thermo cycler
(LC480-Roche, Basel, Switzerland) by using fluorescent dye
SYBR green (Thermo Fisher Scientific, USA) to assess ex-
pression levels of mRNA of TNF-α gene. Reaction for the
real-time PCR consisted of 3.0 μl of template cDNA,
12.5 μl of pyrostart master mix SYBR Green Master Mix
(2X), and 0.5 μM of forward and reverse primers. A duplicate
of each sample along with no template control wells were set
aside for PCR amplification. The primer sequence for target
gene (TNF-α) and constitutive genes (β-actin and 18s) were
as follows: TNF-α, F:5′CTTCTCCTTCCTGATCGTGG3′
and R:5′GCTGGTTATCTCTCAGCTCCA3′;β-actin, F:5′
GCA CCA CAC CTT CTA CAA TG3′ and R:5′TGC TTG
CTG ATC CAC ATC TG3′; and 18s, F:5′CGG AGG TTC
GAA GAC GAT CAG ATA3′ and R:5′TTG GTT TCC
CGG AAG CTG CC3′. The PCR thermoprofile was initial
denaturation for 3 min at 95 °C, 39 cycles of 20 s at 94 °C
denaturing, 30 s at 58 °C, 30 s at 72 °C extension, and final
extension for 3 min. Cumulative fluorescence was measured
at the end of the extension phase of each cycle. The product of
amplification was confirmed for specification by melt curve
analysis. Throughout thermal cycling, the emission of fluores-
cence from each sample was recorded and LC480 Roche soft-
ware processed the fluorescence data to produce threshold
cycle (Ct) value. The constitutive genes β-actin and 18s were
used for internal normalization. The expression levels of
mRNA of TNF-α gene were quantified by ΔCt value. ΔCt

value explains the expression levels as the lower the ΔCt

value, the higher the expression levels. ΔCt value was calcu-
lated as Ct value (target gene) − Ct value (constitutive gene).
To examine the expression pattern, relative quantification was
done. The fold change or relative expression level was calcu-
lated by 2−(ΔΔCt).

Statistical analysis

Statistical analysis was carried out using standard statistical
methods by SPSS software (version 17.0). Demographic data
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and routine biochemical parameters between the study groups
were analyzed using one-way analysis of variance (ANOVA).
Association of inflammatory markers with TNF-α polymor-
phism among RA patients was analyzed using ANOVA
followed by post hoc Tukey’s test. Data were expressed as
mean ± standard deviation. Pearson’s correlation analysis
was done in RA subjects to determine the association of in-
flammatory markers and levels of serum protein TNF-α and
of mRNA expression of TNF-α gene. Concerning the evalu-
ation of TNF-α gene polymorphisms, the significance of dif-
ferences from Hardy–Weinberg equilibrium (HWE) was test-
ed using theχ2 test. The frequency of the TNF-α SNPs among
RA patients was found compatible with Hardy–Weinberg
equilibrium (p > 0.05). The power of the sample size for the
SNP at the 5% significance level and 80% power were calcu-
lated by using genetic power calculator, and the sample size
was set accordingly. The comparison of the prevalence of
different genotypes in different subject groups, the odds ratios,
and relative risk (RR) at 95% confidence interval was com-
puted by using logistic regression analysis. Etiological frac-
tion was calculated by the formula (1-RR/RR). p values less
than 5% were considered significant.

Results

Characteristics of the study subjects The demographic pro-
file, clinical characteristics, and biochemical parameters of the
control subjects and RA patients are presented in Table 1.
There was no significant difference in the age or sex distribu-
tion between the study groups. Regarding the clinical charac-
teristics, the average number of painful joints was found to be
14.5 ± 2.7 in RA patients. Rheumatoid nodules were observed
in 13 RA patients. Seventy percent of patients reported fatigue
and anemia was observed in 5.9% of patients with RA. The
average time of morning stiffness was around 62 ± 17.6min in
RA patients. Among the lipid profile, the serum levels of total
cholesterol, VLDL, LDL, and triglycerides were higher and
levels of HDL were significantly lower in RA patients as
compared to controls. Serum levels of ALT, ALP, and albumin
were also significantly higher in RA patients as compared to
control subjects. Hb was significantly lower in patients with
RA as compared to controls.

Serum inflammatory markers, serum TNF-α, and mRNA
expression levels The levels of serum inflammatory markers
in the studied subjects are presented in Table 2. We found
significantly higher levels of autoantibodies (RF and anti-
CCP) in RA patients as compared to control subjects which
confirmed the positive test for the patients enrolled. Anti-CCP
has good sensitivity and superior specificity to RA. The acute
phase reactants serum CRP, ESR, and TNF-α were also sig-
nificantly higher in RA subjects as compared to control

Table 1 Demographic, clinical, and biochemical parameters among
control subjects and RA patients

Control subjects (214) RA patients (187)

Age (years) 38.4 ± 10.1 37.6 ± 9.1

Sex (male/female) 30/184 22/165

Duration of disease (months) 0 6.8 ± 2.9

Number of painful joints 0 14.5 ± 2.7

Rheumatoid nodules 0 (13) 6.9%

Fatigue 0 (131) 70%

Anemia 0 (11) 5.9%

Morning stiffness (min) 0 62 ± 17.6

Cutaneous vasculitis 0 0

Systemic vasculitis 0 0

Ocular manifestations 0 0

Cardiac manifestations 0 0

Urea (mg/dL) 23.6 ± 6.1 24.7 ± 6.0

Creatinine (mg/dL) 0.8 ± 0.18 0.9 ± 0.3

Uric acid (mg/dL) 3.98 ± 0.95 6.5 ± 2.1a

Conj bil (mg/dL) 0.36 ± 0.27 0.32 ± 0.57

Total bil (mg/dL) 0.64 ± 0.20 0.63 ± 0.34

ALT (U/L) 30.78 ± 9.1 34.17 ± 9.5a

ALP (U/L) 57.4 ± 14.1 155.9 ± 12.4a

Protein (mg/dL) 7.3 ± 0.69 7.4 ± 0.77

Albumin (mg/dL) 3.92 ± 0.67 4.18 ± 0.76a

TC (mg/dL) 167.9 ± 15.24 229.47 ± 20.76a

HDL (mg/dL) 50.0 ± 7.55 35.63 ± 3.85a

VLDL (mg/dL) 19.92 ± 5.52 30.43 ± 3.62a

LDL (mg/dL) 90.74 ± 13.3 146.5 ± 12.16a

TG (mg/dL) 101.56 ± 17.36 158.71 ± 10.35a

Hb (g/dL) 12.5 ± 1.47 10.61 ± 1.82a

Data are presented as mean ± SD. Comparison between the groups was
performed with one-way ANOVA

ALT alanine aminotransferase, ALP alkaline phosphatase, TC total cho-
lesterol, HDL high density lipid, VLDL very low density lipid, LDL low
density lipid, TG triglycerides, Hb hemoglobin
a p < 0.01, RA subjects vs. healthy subjects

Table 2 Diagnostic and inflammatory markers among control subjects
and RA patients

Control subjects RA patients

ESR (mm/h) 6.56 ± 3.43 36.46 ± 11.25a

RF (U/ml) 58.3 ± 17.5 127.3 ± 21.3a

Anti-CCP (U/ml) 0.6 ± .0.7 17.8 ± 8.3a

CRP (mg/L) 0.5 ± 0.29 17.86 ± 7.10a

TNF-α (pg/ml) 15.54 ± 6.6 36.7 ± 10.91a

Data are presented as mean ± SD. Comparison between the groups was
performed with one-way ANOVA

ESR erythrocyte sedimentation rate, RF rheumatoid factor, anti-CCP anti-
cyclic citrullinated peptide, CRP C-reactive protein
a p < 0.001, RA subjects vs. healthy Controls
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subjects. The mRNA expression levels of TNF-α assayed by
quantitative real-time PCR was 4.5-fold higher (constitutive
gene, β-actin) and 4.2-fold higher (constitutive gene, 18s) in
RA patients as compared to control subjects.

Correlation of inflammatory markers and the mRNA ex-
pression and circulating serum protein levels of TNF-α in
RA patients Correlation analysis was carried out to evaluate
the association of serum TNF-α levels with inflammatory
markers and fold change of mRNA in RA patients. We found
positive correlation of circulating TNF-α levels with ESR and
CRP, positive and significant (p < 0.05) correlation with RF
(r = 0.18), and anti-CCP (r = 0.16) in RA patients. To find out
the dependence of mRNA expression of TNF-α with serum
TNF-α levels, we carried out the Pearson’s correlation and
found significant positive correlation between mRNA expres-
sion with serum TNF-α levels (r = 0.57) in RA patients
(Table 3).

TNF-α -308 G/A promoter gene polymorphism The geno-
type and allele frequency distribution of SNP TNF-α -308 G/
A are presented in Table 4. The frequency of -308 A was
higher in RA as compared to controls. In TNF-α -308 G/A
promoter polymorphism, wild-type genotype (GG) was found
to be significantly lower in the RA group as compared to
control subjects. Both the heterozygous mutant variants
(G/A) and homozygous mutant variants (AA) were signifi-
cantly associated with RA (OR = 1.52, p < 0.05) and
(OR = 3.02, p < 0.05), respectively. For evaluation of associ-
ation at the genotype level, the mutant groups (GA + AA)
were combined together and logistic regression analysis was
carried out. The association still persisted (OR = 1.64,
p < 0.05) (Table 5).

Association of inflammatory markers with TNF-α genetic
variants among RA patients The levels of inflammatory
marker serum TNF-α, RF, anti-CCP, CRP, and ESR were
not significantly associated with the genetic variants of
TNF-α -308 G/A promoter polymorphism in RA patients
(Table 6).

Discussion

Rheumatoid arthritis is a severely disabling chronic autoim-
mune disorder that leads to progressive inflammation of the
joints and surrounding tissues resulting in erosion of bones
and cartilages. Genome-wide association studies exhibit sev-
eral polymorphisms associated with susceptibility to RA [16].
There are a number of different inflammatory cells, such as
macrophages and T lymphocytes in inflammatory synovitis.
These cells communicate via a network of small molecular
regulatory proteins known as cytokines. Some of these exert

proinflammatory actions and the others provide anti-
inflammatory or immunoregulatory effects. In normal physi-
ology, these cytokines are maintained in balance; however, in
RA, the balance shifts in favor of the proinflammatory cyto-
kines [17]. TNF-α is a pleomorphic cytokine and intervenes a
wide variety of effector functions that are of prime importance
in the pathogenesis of RA such as endothelial cell activation
and chemokine amplification [18]. Hence, quantification/
assessment of cytokine gene and serum protein expression is
essential to understand the autoimmunity [19].

The present study was undertaken in order to investigate
any possible association between genetic polymorphism of
TNF-α -308 G/A, gene expression, serum protein TNF-α,
and inflammatory markers in North Indian RA patients. A
total of 401 subjects (187 RA cases and 214 control subjects)
were recruited for the study. In RA cases, there were 22 males
and 165 females (M/F = 0.133) and the control group
consisted of 30 males and 184 females (M/F = 0.163). Lipid
profile was found to be deranged in RA patients similar to
earlier reports [20, 21] (Table 1). Dyslipidemia commonly
occurs in RA patients and may be the secondary impact of
chronic inflammation as observed in these patients. The pa-
tients with RA are considered to be genetically predisposed to
RA development related to deranged lipid profile.

Rheumatoid factor is the first well-known immunological
and biochemical marker of RA [22] and plays a pivotal role in
the differential diagnosis of polyarthritis. In healthy subjects,
the prevalence rate of RF is less than 5%, and in RA patients,
this increases to 70–90% [23]. In our study, the serum levels of
RF were significantly higher in RA patients than in controls
and were positively and significantly correlated with the se-
rum levels of TNF-α indicating a clear association with higher
levels of disease activity [24]. The serum levels of anti-CCP
were significantly higher in RA patients than in controls and
may be associated with higher inflammatory activity, poorer
radiologic outcome [25], and higher frequency of extra-
articular manifestations such as painful joints and rheumatoid
nodules as observed in our study (Table 1). Similar result has
been reported in Kashmiri population [26]. Increased levels of
RF and a-CCP are associated with persistent joint inflamma-
tion [27]. C-reactive protein (CRP) is an acute-phase protein
synthesized by the hepatocytes in response to stimulation by
proinflammatory cytokines [28] and is used to discriminate
systemic inflammatory disorders such as RA from non-
inflammatory diseases such as osteoarthritis. The observed
significantly high CRP levels (Table 2) in RA patients com-
pared to controls are correlated with disease activity [29].
Erythrocyte sedimentation rate is an acute-phase reactant
and is extensively used to monitor active RA, and it is higher
in these patients. As expected, we found significantly higher
ESR in RA patients as compared to healthy controls [30].
TNF-α is the major proinflammatory cytokine involved in
immunopathogenesis [31] and mediates the subchondral
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erosion process in RA [32]. In the present study, the serum
levels of TNF-α were significantly higher in RA patients than
in controls (Table 2). The mRNA expression levels of TNF-α
were higher in patients with RA in comparison to control
subjects (4.5-fold higher with reference to constitutive gene
β-actin and 4.2-fold higher with reference to constitutive gene
18s). Our results are in agreement with earlier reports in
Mexican population [33].

The levels of TNF-α were positively correlated with the
levels of ESR and CRP and positively and significantly cor-
related with the levels of RF, anti-CCP, and mRNA expression
levels of TNF-α among RA patients (Table 3). The distribu-
tion of polymorphic alleles was according to the Hardy–
Weinberg equilibrium for both the groups (p > 0.05). We
observed a significant difference in genotype and allelic fre-
quencies in the TNF-α -308 G/A promoter gene polymor-
phism between RA patients and controls. The allele -308
BA^ may lead to the development of RA as indicated by the
odds ratios and relative risk (RR = 1.44, p < 0.05)
(Tables 4and 5). The etiological fraction calculated was 0.29
(E.F. = 0.29). The levels of RF, anti-CCP, CRP, ESR, and
serum TNF-α were not found to be significantly associated
with the different genotypic variants of TNF-α -308 G/A
(Table 6).

A thorough survey of literature revealed that although there
are many studies which have reported the association of ge-
netic polymorphisms of the TNF-α -308 G/A gene with sus-
ceptibility to RA, the results are contradictory for different
ethnic populations. A study carried out in Argentinean popu-
lation reported that TNF-α -308 G/A was associated neither
with susceptibility to RA nor with the variables related to the
course and outcome of the disease [34]. Another study carried
out by Gambhir et al. 2010 found that TNF -308 A was less
prevalent among RA patients in comparison to control

subjects [35]. It has been reported that the frequency of allele
BA^was higher in RA patients than in controls (15 vs. 5.8%,
respectively) in a cohort study of Punjab population indicating
that it may increase susceptibility to RA [36]. Our results are
in agreement with this report as we have also observed that the
frequency of allele BA^ is higher in RA patients than in con-
trols (24 vs. 17%). In Tunisian population, -308 A allele and -
308 A/A genotype were positively associated with erosion in
RA [37], whereas in Han Chinese population from Hunan,
susceptibility to RAwas increased in patients with BG^ allele,
especially in the female carrier of genotypes and TNF-α -308
A allele might play a positive role in reduction of RA risk in
males [38]. Polymorphisms in cytokine genes are highly in-
fluenced by ethnicity. It is well known that frequency and
distribution of gene polymorphisms in India are substantially
different from other populations and ethnic groups.

Our results show that genotype TNF-α -308 A/A was
higher in RA patients than in controls, indicating its role in
disease development. The single nucleotide polymorphism in
TNF-α promoter regionmaymodulate mRNA expression and
circulating levels of TNF-α production, which in turn may
have an impact on inflammatory responses and disease ex-
pression. The possible mechanism may be that the allele
BA^ of promoter region positively activates gene expression
and increases the circulating serum levels of TNF-α as ob-
served in our study and further confirmed by the positive and
significant correlation of serum TNF-α and mRNA expres-
sion levels in RA patients (Table 3).

In conclusion, we found significant association of -308 G/
A TNF-α polymorphism with susceptibility/risk of RA.
Further, the serum TNF-α levels were positively and signifi-
cantly correlated with the levels of autoantibodies (RF and
anti-CCP) and mRNA expression levels of TNF-α in RA
patients. To the best of our knowledge, we report here for
the first time the association between TNF-α -308 G/A SNP,

Table 3 Correlation of TNF-α
with inflammatory markers and
the mRNA expression levels of
TNF-α gene among RA patients

ESR RF Anti-CCP CRP Fold change

(β-actin)

Fold change (18s)

TNF-α levels (r) 0.067 0.18b 0.16a 0.07 0.57a 0.79a

a Correlation is significant at the 0.01 level (2-tailed)
b Correlation is significant at the 0.05 level (2-tailed)

Table 4 Percent distribution of allelic and genotypic frequency of
TNF-α -308 polymorphism among the study groups

Control subjects (N = 214) RA Patients (N = 187)

GG 68.7% 57.5%

GA 29% 36.9%

AA 2.3% 5.35%

G allele 83% 76%

A allele 17% 24%

Table 5 Odds ratio for the presence of different genotypes in TNF-α -
308 polymorphism between control subjects and RA patients

Genotype Odds ratio 95% confidence interval p value

GA vs. GG 1.52 1.00 to 2.33 0.04

AA vs. GG 3.02 1.02 to 8.95 0.04

AA + GAvs. GG 1.64 1.09 to 2.47 0.02
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mRNA expression, serum TNF-α levels, and inflammatory
markers in North Indian RA patients.
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