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Abstract Tumor necrosis factor alpha (TNF-α) is a multi-
functional cytokine which plays an important role in the
human immune response against various pathogens, and
there may be a relationship between TNF-α 308 G/A poly-
morphism and cervical cancer risk. We performed a meta-
analysis to get a systemic assessment of the association
between TNF-α 308 G/A polymorphism and cervical cancer
risk. Electronic searches of PubMed, Embase, and Web of
Science were performed for all publications on the associa-
tion between TNF-α 308 G/A polymorphism and cervical
cancer risk through October 26, 2012. The pooled odds
ratios (ORs) with their 95 % confidence interval (95 %
CIs) were calculated to assess the association. Fifteen stud-
ies with a total of 3,743 cervical cancer cases and 4,096
controls were finally included into the meta-analysis. Over-
all, TNF-α 308 G/A polymorphism was significantly asso-
ciated with increased risk of cervical cancer under three
main genetic comparison models (A vs. G, OR 1.20, 95 %
CI 1.02–1.42, P=0.03; AA vs. GG, OR 1.31, 95 % CI 1.00–
1.72, P=0.048; AA vs. GG/GA, OR 1.30, 95 % CI 1.00–
1.71, P=0.05). Subgroup analysis by ethnicity further
showed that there was a significant association between
TNF-α 308 G/A polymorphism and increased risk of cervical
cancer in Asians (AA vs. GG, OR 1.83, 95 % CI 1.05–3.20,
P=0.034; AA vs. GG/GA, OR 1.84, 95 % CI 1.05–3.22,

P=0.032). The meta-analysis suggests that TNF-α 308 G/A
polymorphism is associated with increased risk of cervical
cancer, and TNF-α 308 G/A mutant allele A is a risk factor
of cervical cancer.
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Introduction

Cervical cancer is third most common cancer in both inci-
dence and mortality in females, accounting for 9 %
(529,800) of the total new cancer cases and 8 % (275,100)
of the total cancer deaths among females [1]. More than
85 % of these cases and deaths occur in developing
countries, which is a major public health threat and heavy
burden to the society [1, 2]. It has been well established that
human papillomavirus (HPV) infection plays a critical role
in the cervical carcinogenesis [3]. However, there are a large
number of females who are with HPV infection but never
develop cervical cancer, which suggests that genetic factors
are also involved in the progression of cervical precancerous
lesions to invasive cervical cancer [4–6]. Infection-
associated chronic inflammation plays an important role in
tumorigenesis of cervical cancer, and tumor necrosis factor
alpha (TNF-α) is a key player in both inflammation and
tumorigenesis [7–9]. TNF-α is a multifunctional cytokine
which plays an important role in the human immune re-
sponse against various pathogens [10, 11]. There are several
common single-nucleotide polymorphisms in the TNF-α
gene which can regulate the transcription and production
of TNF-α, such as including −238 G/A (rs361525) and
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−308 G/A (rs1800629) [10, 12]. TNF-α 308 G/A polymor-
phism is the most studied polymorphism, which is the G to
A transition in the promoter at position −308 [13]. Previous
studies reported that there was a possible association of the
TNF-α 308 G/A polymorphism with cervical cancer, but the
findings were conflicting, and it was still unknown whether
there was a genetic association between TNF-α 308 G/A
polymorphism and cervical cancer risk [14–23]. Therefore,
we performed a meta-analysis to get a systemic assessment
of the association between TNF-α 308 G/A polymorphism
and cervical cancer risk.

Methods

Search strategy

Electronic searches of PubMed, Embase, and Web of Sci-
ence were performed for all possible publications on the
association between TNF-α 308 G/A polymorphism and
cervical cancer risk through October 26, 2012. We used
the following keywords and subject terms: (“cervical carci-
noma,” “cervical cancer,” “cervix carcinoma,” or “cervix
cancer,” or cervical neoplasm, cervical lesions, cervical
lesion, cervical intraepithelial lesion, cervical intraepithelial
lesions, cervical dysplasia, and cervical intraepithelial neo-
plasia) and (“polymorphism” or “variant” or “genotype” or
“mutation”) and (“tumor necrosis factor” or “TNF” or “308
G/A” or “TNF-α” or “rs1800629”). There was no language
limitation in the literature search. All eligible studies were
retrieved, and their bibliographies were checked for other
relevant publications.

Eligible criteria

The following eligible criteria were used to select the in-
cluded studies: (1) case–control studies, (2) assessing the
association between TNF-α 308 G/A polymorphism and
cervical cancer risk, and (3) reporting genotype frequencies
of TNF-α 308 G/A polymorphism in both cases and con-
trols or providing the odds ratios (ORs) with their 95 %
confidence intervals (95 % CIs). If two or more studies
reported the same patients populations, only the most recent
or complete study was included into this meta-analysis.

Data extraction

The final eligible articles selected for meta-analysis were
carefully evaluated independently by two reviewers. Data
retrieved from the reports included first author’s name, year
of publication, ethnicity of study population (categorized as
Caucasians, Asians, and Africans), genotyping method,
number of cases and controls, genotype frequencies of

TNF-α 308 G/A polymorphism in cases and controls, and
the ORs with their 95 % CIs.

Statistical methods

The individual and summary estimates were obtained by
calculating the crude ORs with their 95 % CIs and the
corresponding P value (the P value being significant
if <0.05). The pooled ORs were estimated for the allele
model (A vs. G), the codominant model (AA vs. GG), the
dominant model (AA+AG vs. GG), and the recessive model
(AA vs. AG+GG). Heterogeneity between studies was
assessed by calculating the Q-statistic method [24]. The
fixed-effects model (Mantel–Haenszel method) was used
to calculate the pooled ORs when the P value for Q-
statistic was more than 0.10 [25]. Otherwise, the random-
effects model (DerSimonian–Laird method) was used to
calculate the pooled ORs [26]. Subgroup analysis was also
performed by the ethnicity of study population (categorized
as Caucasians, Asians, and Africans). Moreover, the funnel
plot was employed to assess the possible publication bias.
All analyses were conducted using STATA (version 11,
StataCorp, College Station, TX), and P values were two
sided.

Results

Characteristics of included studies

According to eligibility criteria and exclusion criteria, 15
studies with a total of 3,743 cervical cancer cases and 4,096
controls were finally included into the meta-analysis
[14–23, 27–31]. All those 15 studies were all reported in
English. The majority of those 15 studies were conducted in
Caucasian (eight ones) [15–18, 21, 23, 28, 29] and Asian
populations (five ones) [14, 19, 27, 30, 31]. Two of those
studies were from African population [20, 22]. Controls in
most of those 15 studies were derived from hospital-based
participants, and the DNA source for genotype determina-
tion of TNF-α 308 G/A polymorphism was mainly from
blood samples. The method for testing genotype frequencies
of TNF-α 308 G/A polymorphism in both cases and con-
trols was mainly the polymerase chain reaction-restriction
fragment length polymorphism method.

Overall analysis

Overall, TNF-α 308 G/A polymorphism was significant-
ly associated with increased risk of cervical cancer
under three main genetic comparison models (A vs. G,
OR 1.20, 95 % CI 1.02–1.42, P=0.03; AA vs. GG, OR
1.31, 95 % CI 1.00–1.72, P=0.048; AA vs. GG/GA,
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OR 1.30, 95 % CI 1.00–1.71, P=0.05) (Figs. 1, 2 and 3).
However, there was no significant association between
TNF-α 308 G/A polymorphism and cervical cancer risk
under the dominant model (AA/GA vs. GG, OR 1.16,
95 % CI 0.97–1.39, P=0.105) (Fig. 4).

Subgroup analysis

In the subgroup analysis of Caucasians, TNF-α 308 G/A
polymorphism was not significantly associated with risk of
cervical cancer under all four genetic comparison models in

Fig. 1 Forest plot for the meta-
analysis of TNF-α 308 G/A
polymorphism and cervical
cancer risk under the allele
comparison model (A vs. G)

Fig. 2 Forest plot for the meta-
analysis of TNF-α 308 G/A
polymorphism and cervical
cancer risk under the allele
comparison model under the
codominant model (AAvs. GG)
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Caucasian population (A vs. G, OR 1.12, 95 % CI 0.95–1.33,
P=0.187; AA vs. GG, OR 1.26, 95 % CI 0.91–1.76,
P=0.168; AA vs. GG/GA, OR 1.26, 95 % CI 0.91–1.75,
P=0.17; AA/GA vs. GG, OR 1.09, 95 % CI 0.89–1.32,
P=0.411) when those eight studies from Caucasians were
pooled into the meta-analysis.

In the subgroup analysis of Asians, TNF-α 308 G/A
polymorphism was also not significantly associated with
risk of cervical cancer in Asians under the allele model (A
vs. G) and the dominant model (AA+AG vs. GG) (A vs. G,
OR 1.47, 95 % CI 0.84–2.57, P=0.173; AA/GAvs. GG, OR
1.33, 95 % CI 0.75–2.38, P=0.331) when those five studies

Fig. 3 Forest plot for the meta-
analysis of TNF-α 308 G/A
polymorphism and cervical
cancer risk under the dominant
genetic model (AA vs. GG/AG)

Fig. 4 Forest plot for the meta-
analysis of TNF-α 308 G/A
polymorphism and cervical
cancer risk under the dominant
genetic model (AA/AG vs. GG)
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from Asians were pooled into the meta-analysis. But,
TNF-α 308 G/A polymorphism was significantly asso-
ciated with increased risk of cervical cancer in Asians
under the codominant model (AA vs. GG) and the
recessive model (AA vs. AG+GG) (AA vs. GG, OR
1.83, 95 % CI 1.05–3.20, P=0.034; AA vs. GG/GA,
OR 1.84, 95 % CI 1.05–3.22, P=0.032).

In the subgroup analysis of Africans, TNF-α 308
G/A polymorphism was also not significantly associated
with risk of cervical cancer under all four genetic com-
parison models in Africans (A vs. G, OR 1.19, 95 % CI
0.88–1.62, P=0.259; AA vs. GG, OR 0.75, 95 % CI
0.31–1.82, P=0.526; AA vs. GG/GA, OR 0.70, 95 %
CI 0.29–1.68, P=0.421; AA/GA vs. GG, OR 1.33,
95 % CI 0.94–1.88, P=0.109) when those two studies
from Africans were pooled into the meta-analysis.

Publication bias

Funnel plot was conducted to assess the publication bias of
the meta-analysis, and the shape of the funnel plots of all
genetic comparison models seemed symmetrical. As was
shown in the Fig. 5, the funnel plot of the allele comparison
model (A vs. G) was symmetrical, which indicated low risk
of publication bias in this meta-analysis (Fig. 5).

Discussion

There is no doubt that HPV infection plays a critical role in
the cervical carcinogenesis, but previous studies suggest that
genetic factors are also involved in the development of
invasive cervical cancer [4–6]. TNF-α not only has impor-
tant roles in the infection-associated chronic inflammation

but also has some vital roles in the cell apoptosis, prolifer-
ation, invasion, and angiogenesis [10]. Therefore, TNF-α
may play important roles in the development of various
diseases, such as immunologic, cardiovascular, and met-
abolic diseases [10, 13]. TNF-α has initially been dis-
covered as an antitumor factor, but it is now considered
as a universal effecter of innate signaling implicating its
key role in host defense and inflammation. Since accu-
mulating evidence suggests that inflammatory pathways
play an essential role in all stages in the tumorigenesis,
and it is easy to accept that the TNF-α plays important
roles in the in the cervical carcinogenesis [9].

TNF-α 308 G/A polymorphism is one of the most com-
mon polymorphisms in the TNF-α gene, and TNF-α 308
G/A polymorphism is associated with the functions of
TNF-α in human bodies. This transition has been shown
to influence the expression of TNF-α, and a position −308
allele A is associated with an about sixfold increased tran-
scriptional activity and higher levels of TNF-α. Previous
studies reported that there was a possible association of the
TNF-α 308 G/A polymorphism with cervical cancer, but the
findings were conflicting, and it was still unknown whether
there was a genetic association between TNF-α 308 G/A
polymorphism and cervical cancer risk [14–23]. Therefore,
we performed a meta-analysis of 15 studies with a total of
3,743 cervical cancer cases and 4,096 controls. By pooling
data from those studies, we found that TNF-α 308 G/A
polymorphism was significantly associated with increased
risk of cervical cancer under three main genetic comparison
models (Figs. 1, 2 and 3). Subgroup analysis by ethnicity
further showed that there was a significant association be-
tween TNF-α 308 G/A polymorphism and increased risk of
cervical cancer in Asians. Therefore, the meta-analysis sug-
gests that TNF-α 308 G/A polymorphism is associated with
increased risk of cervical cancer, and TNF-α 308 G/A
mutant allele A is a risk factor of cervical cancer.

There is increasing interests in the investigations regard-
ing associations of the TNF-α 308 G/A polymorphism and
susceptibility to various kinds of cancers. There are a large
number of studies performed to assess those possible asso-
ciations, but the findings from those studies are inconclu-
sive, which impel the researchers to get a systemic
assessment of the associations at a meta-analytical level.
Currently, TNF-α 308 G/A polymorphism has been proven
to be associated with increased risk of colorectal cancer,
gastric cancer, and hepatocellular carcinoma [32–34]. On
the contrary, other available studies suggest that there are no
obvious associations between TNF-α 308 G/A polymor-
phism and risk of lung cancer or breast cancer [35, 36].
The finding from current meta-analysis suggests that TNF-α
308 G/A polymorphism is associated with increased risk of
cervical cancer, and this finding further suggests the impor-
tant role of TNF-α in the cervical carcinogenesis.

Fig. 5 Funnel plot for the meta-analysis of the association between
TNF-α 308 G/A polymorphism and cervical cancer risk under the
allele comparison model (A vs. G)
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However, certain limitations in this study had to be
acknowledged. First of all, large inter-study heterogene-
ity was observed, which meant that interpretations of
our findings should be undertaken carefully. The obvi-
ous heterogeneity may be due to the differences such as
ethnicity variations, and different selection criteria of
controls. Secondly, there were only two case–control
studies published to investigate the association between
TNF-α 308 G/A polymorphism and cervical cancer risk
in Africans. The limited numbers of eligible studies
could cause the relatively small sample size and further
resulted in poor validation and increased the risk of
random error in the subgroup analysis of Africans.
Therefore, more well-designed studies with large sample
sizes are needed to further identify the association
among Africans. Finally, gene–HPV interactions were
not fully addressed in the meta-analysis for the lack of
relevant data. Both HPV infection and genetic factors
play critical roles in the cervical carcinogenesis, and
there is a high possibility of gene–HPV interactions in
the association between TNF-α 308 G/A polymorphism
and cervical cancer risk. Further studies with large sam-
ple size and well designed are needed to assess the
possible gene–HPV interactions in the association.

In summary, this meta-analysis suggests that TNF-α 308
G/A polymorphism is associated with increased risk of
cervical cancer, and TNF-α 308 G/A mutant allele A is a
risk factor of cervical cancer. Besides, further studies with
large sample size and well designed are needed to assess the
possible gene–HPV interactions in the association.
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