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Objective: Some studies have recently focused on the association between TNF-α
polymorphisms and cervical cancer; however, results have been inconsistent. In order to drive
a more precise estimation, the present systematic review and meta-analysis is performed to
investigate the relationship of the TNF-α rs1800629 and s1799724 polymorphisms with
cervical cancer risk.
Methods: An electronic search was conducted on PubMed, Web of Science, and Google
scholar databases, for papers that describe the association between TNF-α polymorphisms
and cervical cancer risk.
Results: A number of 24 case-control studies in 22 publications were identified according to
the inclusion criteria. The results showed that rs1800629 polymorphism was significantly
associated with the increased cervical cancer risk under four genetic models (A vs. G: OR =
1.277, 95% CI: 1.104-1.477, p = 0.001; AA vs. GG: OR = 1.333, 95% CI: 1.062-1.674, p =
0.013; AG vs. GG: OR = 1.307, 95% CI: 1.064-1.605, p = 0.011; and AA+AG vs. GG: OR =
1.324, 95% CI: 1.104-1.587, p = 0.002). In stratified analysis, there was a significant
association between rs1800629 polymorphism and cervical cancer risk in the subgroup of
Caucasians and African, but not in Asians. However, no statistically significant association
was observed between the s1799724 and cervical cancer risk under all genetic models.
Furthermore, stratification by ethnicity indicated no association between the s1799724 and
cervical cancer risk.
Conclusion: the present meta-analysis suggests that the rs1800629 polymorphism of the
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TNF-α gene was significantly associated with cervical cancer risk, but not s1799724.

 

Introduction
Cervical cancer is the third most common female cancer (after breast and colon cancer) worldwide
[1, 2], and the number-one cause of cancer-related death in women in developing countries [3, 4].
Cervical cancer is an important preventable cause of morbidity and mortality among women
worldwide [5]. It is divided into two types: Cervical squamous cell carcinoma, which is derived from
squamous cells and cervical adenocarcinoma, arising in the glandular cells of cervix. Cervical
cancer incidence varies widely in different countries, ranging from around 3 to over 40 per 100,000
[6]. The higher incidence rates are seen mainly in developing countries, particularly in Africa, and
the lowest rates occur in Western Europe and west Asia.

The major risk factor for cervical cancer is infection with human papillomavirus (HPV) [5].
However, several epidemiological studies have pointed out the importance of genetic risk factors in
cervical cancer. Evidence revealed that familial clustering of cervical cancer and its precursor
forms [7]. In 1999, Magnusson et al. reported a significant familial aggregation for cervical cancer
[8]. Genes of the immune response system have been studied to investigate the potential
association with cervical cancer as well as effect on the susceptibility toward HPV infection and the
persistence of the infection. Genetic predisposition to cervical cancer is related to HLA class II.
HLA, B7 and DQB1 are positively associated with cervical neoplasm [9]. However, several other
candidate genes in the MHC regions except of the HLA such as TNF [10], LTA [11], TAP and
TAP[12], which are part of different pathways, have been suggested to influence cervical cancer.
Then, cervical cancer is a complex disease that results from the interaction between gene
mutations and the environment [13].

TNF-α is one of the most intensively studied molecule in the field of immunology and cancer [14,
15]. TNF-α is an important pleiotropic inflammatory cytokine exerting both homeostatic and
pathophysiological function in the periphery and in the central nervous system (CNS), which plays
a critical role in the pathogenesis of several autoimmune diseases [16, 17]. The TNF-α gene is
located on the short arm of chromosome 6p21.1-p21.3 and various polymorphisms in this gene have
been identified with susceptibility to cancers such as TNF-α-308G>A (rs1800629), TNF-α -857T>C
(rs1799724), TNF-�� T-1031C (rs1799964) and TNF-α-238G>A (rs361525) [18]. In the past decade,
the several epidemiologic studies investigated TNF-α polymorphisms on cervical cancer
susceptibility. However, the results remain fairly inconsistent and inconclusive. To derive a more
precise estimation of the association between TNF-α polymorphisms and cervical cancer risk, we
conducted a meta-analysis of all available case-control studies relating the TNF-α rs1800629 and
rs1799724 polymorphisms to the risk of developing cervical cancer.

Materials and Methods
Search Strategy

A systematic search of eligible studies on the association between TNF-�� gene polymorphisms and
cervical cancer susceptibility was conducted in Medline, ISI Web of Science, Google Scholar, and
Embase databases up to the end of April 2017. The following terms were included in the search:
“cervical cancer’’, -308 G>A, s1799724, rs1800629, ‘’single nucleotide polymorphisms’’, ‘’SNPs’’,
“polymorphism”, “variant”, and “genotype”, “SNP”, and “allele”. The extracted publications were
limited to English. References of retrieved articles, review articles and similar meta-analysis were
screened for other additional original articles. If there were multiple reports of the same study or
overlapping data only the study with the largest sample sizes or the most recent one was include to
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the meta-analysis.

Inclusion and Exclusion Criteria

All studies included in this meta-analysis had to meet the following criteria: (1) full-text published
studies; (2) studies with case-control or cohort design; (3) a study evaluated the association of TNF-
α gene polymorphisms with cervical cancer risk; (4) available genotypes frequencies of TNF-α
polymorphisms were provided to estimate the odds ratios (ORs) with 95% confidence intervals
(CIs). The exclusion criteria were as follows: (1) the study was not conducted on cervical cancer; (2)
abstracts, case reports, letter to editor, and reviews; (3) studies with only case group (no control
group); (4) studies without detail genotype frequencies, which were unable to calculate ORs; and
(5) duplicate publications of data from the same study.

Data Extraction

Two independent authors extracted the information of each eligible study according to the inclusion
criteria using a pre-designed form. The following items were extracted from each study: the first
author, year of publication, number of cervical cancer patients and controls, genotype and allele
frequency, minor allele frequencies (MAFs) in control subjects, and Hardy-Weinberg equilibrium
test in control subjects. Any disagreements or conflicting evaluation were resolved by reaching a
consensus through discussion or the involvement of a third party.

Statistical Analysis

The strength of association between the TNF-α polymorphisms and the cervical cancer risk was
assessed by ORs with 95% CIs. The significance of pooled ORs was examined by Z-test. Five
different genetic models were used in the current meta-analysis for TNF-α rs1800629 including the
allelic model (A vs. G), the homozygote model (AA vs. GG), the heterozygote model (AG vs. GG), the
dominant model (AA+AG vs. GG), and the recessive model (AA vs. AG+GG). The pooled ORs for
TNF-α rs1799724 were performed in different genetic comparison models, including the allele
model (T vs. C), the homozygote model (TT versus CC), the heterozygote model (TC versus CC),
dominant model (TT+TC versus CC) and recessive model (TT versus TC+CC). Heterogeneity
assumption was checked by a chi-square-based Q test, and I2 statistics was calculated to quantify
the proportion of the total variation across studies due to heterogeneity [19, 20]. The heterogeneity
was considered significant if either the Q statistic had p < 0.1 or I2 > 50%. An I2 value of 0%
represents no heterogeneity, with values of 25%, 50%, 75%, or more represent low, moderate,
high, and extreme heterogeneity, respectively. A P value greater than 0.10 indicated a lack of
heterogeneity among studies, so the fixed effect model (Mantel-Haenszel method) was used to
calculate pooled OR. Otherwise, the fixed-effects model (Mantel-Haenszel approach) was used [20, 
21]. HWEs were calculated with goodness-of-fit tests (i.e., chi-square or Fisher’s exact tests). A
value of p < 0.01 signified a departure from HWE [22]. One-way sensitivity analyses were carried
out by consecutively omitting one study at a time to assess the power of the meta-analysis findings.
Publication bias was assessed both visually by using a funnel plot and statistically via Begg’s funnel
plots and Egger’s bias test (p < 0.05 was considered statistically significant), which measures the
degree of funnel plot asymmetry [23]. Sensitivity analysis was performed to evaluate the stability of
the results by removing the studies. All the statistical analyses were performed by comprehensive
meta-analysis (CMA) version 2.0 software (Biostat, USA). All p-values were two-tailed with a
significant level at 0.05.

Results
Through electronic search, a total of 38 relevant studies concerning TNF-α rs1800629 and
rs1799724 polymorphisms and cervical cancer risk were selected following an initial search, which
24 case control studies fit the inclusion criteria. Of the 14 excluded studies, two articles were
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reviews, seven were redundant studies, four were not involved with TNF-α polymorphism and one
study was excluded because did not report allele frequencies for controls used for calculating ORs
and 95% CIs. For the rs1800629 polymorphism, 4,780 cases and 4,620 controls were available from
four studies, whereas for the rs1799724 polymorphism, 828 cases and 871 controls were available
from six studies. Overall, eleven studies used Caucasians, ten used Asians, and three studies used
African populations. The countries of eligible studies included Korea (one study), USA (four
studies), Zimbabwe (one study), Portugal (one study), South Africa (one study), India (three
studies), China (six studies), Sweden (one study), Argentina (two studies), Tunisia (one study),
Poland (one study) and Mexico (one study). The results of HWE test for the distribution of the
genotype in healthy control populations are shown in Table 1 (Fig.1). The genotype distribution in
six case-control studies was not in agreement with HWE (p < 0.005).

Figure 1(Table 1). Characteristics of studies included in TNFα rs1800629 and rs1799724 polymorphisms and cervical
cancer. 

Quantitative Synthesis
TNF-α rs1800629

Table 2 (Fig.2) listed the main results of the meta-analysis of TNF-α rs1800629 polymorphism and
cervical cancer risk. When all the eligible studies were pooled into the meta-analysis of rs1800629
polymorphism, significantly increased risk of cervical cancer was observed in the allelic model (A
vs. G: OR = 1.277, 95% CI = 1.104-1.477, P = 0.001, picture3.1A), the homozygote model (AA vs.
GG: OR = 1.333, 95% CI = 1.062-1.674, P = 0.013), the heterozygote model (AG vs. GG: OR =
1.307, 95% CI = 1.064-1.605, P = 0.011), the dominant model (AA+AG vs. GG: OR = 1.324, 95% CI
= 1.104-1.587, P = 0.002), but not under the recessive model (AA vs. AG+GG: OR = 1.221, 95% CI
= 0.977-1.525, P = 0.079, picture3. 1B). (Fig. 3).

  Figure 2:(Table 2). The meta-analysis of TNFα rs1800629 polymorphism and cervical cancer risk.  

Stratified analysis by ethnicity showed no association between TNFα rs1800629 polymorphism and
cervical cancer risk in Asians under all genetic models. However, significantly increased autism
risk was observed in Africans (heterozygote model: AG vs. GG, OR = 1.670, 95% CI = 1.228-2.270,
P = 0.001 and dominant model: AA+AG vs. GG, OR = 1.453, 95% CI = 1.111-1.902, P = 0.006) and
Caucasians (allelic model: A vs. G, OR = 1.242, 95% CI = 1.043-1.478, P = 0.015; homozygote
model: AA vs. GG, OR = 1.586, 95% CI = 1.147-2.193, P = 0.005; recessive model: AA vs. AG+GG,
OR = 1.569, 95% CI = 1.137-2.165, P = 0.006).

  Figure 3:(Picture). Forest plots showed significant association between TNF-α rs1800629 and rs1799724 polymorphisms
and cervical cancer risk. A: rs1800629 (allele model: A vs. G), B: rs1800629 (recessive model: AA vs. AG+GG), C: rs1799724
(heterozygote model: TC vs. CC), D: rs1799724 (dominant model: TT+TC vs. CC). 

TNF-α s1799724

Table 3 (Fig.4) listed the main results of the meta-analysis of TNF-α s1799724 polymorphism and
cervical cancer risk. When all the eligible studies were pooled into the meta-analysis of s1799724
polymorphism, there was no significant association between TNF-α s1799724 and cervical cancer
under all five genetic models (allelic model: T vs. C, OR = 1.133, 95% CI = 0.452-2.838, P = 0.790;
homozygote model: CT vs. CC, OR = 0.735, 95% CI = 0.356-1.518, P = 0.405; heterozygote model:
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TT vs. CC, OR = 1.235, 95% CI = 0.430-3.551, P = 0.695, picture3. 1C; dominant model: TT+CT vs.
CC, OR = 1.106, 95% CI = 0.433-2.828, P = 0.833, picture3.1D; and recessive model: TT vs.
CT+CC, OR = 1.241, 95% CI = 0.306-5.045, P = 0.762). Stratified analysis by ethnicity showed no
association between TNF-α s1799724 polymorphism and cervical cancer risk in Caucasian and
Asian populations under all genetic models.

 

  Figure 4:(Table 3). The meta-analysis of TNFα rs1799724 polymorphism and cervical cancer risk. 

Heterogeneity test and sensitivity analysis

There was significant between-study heterogeneity for both TNF-α -308G>A and TNF-α -857T>C
polymorphisms (Table 2). We have also performed sensitivity analysis to explore the potential
influence of each individual study on the overall results by deleting one single study each time from
the pooled analysis. However, no substantial change was observed in the overall studies, indicating
that no individual study could affect the pooled OR significantly (data not shown).

Publication bias

To examine the publication bias of the currently available literature, both Begg’s funnel plot and
Egger’s test were used. The shape of the funnel plots did not reveal any evidence of obvious
asymmetry in all comparison models. Moreover, the Egger’s test was used to provide statistical
evidence for funnel plot symmetry. The results showed evidence of publication bias for TNF-α
-308G>A under allele model (PBeggs = 0.029 and PEggers = 0.025), but not for TNF-α -857T>C
(Fig. 5).

  Figure 5: Begg’s funnel plots of TNF-α rs1800629 polymorphism and cervical cancer risk under the allele model for
publication bias test. Each point represents a separate study for the indicated association. 

Discussion
This systematic review and meta-analysis aimed to explore the association of s1799724 and
rs1800629 polymorphisms of TNF-α and cervical cancer risk from 24 case-control studies with 5608
cases and 5491 healthy controls. Of the 24 included studies, only four involved TNF-α s1799724
with 828 cases and 871 controls. The present meta-analysis is the most comprehensive synthesis
concerning polymorphisms on TNF-α and susceptibility to cervical cancer. According to our results,
there was no an overall significant association of s1799724 polymorphism with cervical cancer risk
under all genetic models. Furthermore, stratification by ethnicity indicated no association between
the s1799724 and cervical cancer risk. However, the results showed that rs1800629 polymorphism
was significantly associated with the increased cervical cancer risk under four genetic models (A
vs. G: OR = 1.277, 95% CI: 1.104-1.477, p = 0.001; AA vs. GG: OR = 1.333, 95% CI: 1.062-1.674, p
= 0.013; AG vs. GG: OR = 1.307, 95% CI: 1.064-1.605, p = 0.011; and AA+AG vs. GG: OR = 1.324,
95% CI: 1.104-1.587, p = 0.002). In stratified analysis, there was a significant association between
rs1800629 polymorphism and cervical cancer risk in the subgroup of Caucasians and African, but
not in Asians. According to the current meta-analysis, there was a variety in terms of s1799724 and
rs1800629 polymorphisms of the TNF-α gene distribution in the different ethnicity. Compared to
the previously published meta-analyses [24, 25] there are more studies included in the current
meta-analysis, and the overall sample size is larger; therefore, our findings are more precise and
reliable. In addition, the present meta-analysis there is the only study that has assessed both
s1799724 and rs1800629 polymorphisms association with cervical cancer simultaneously.
Additionally, our results were not consistent with a meta-analysis by Jin et al., 2015 on rs1800629
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polymorphism with cervical cancer risk. They included 18 case–control studies with 2,775 cases
and 2,759 controls of rs1800629. Their results suggested that rs1800629 polymorphism was
associated with increased cervical cancer risk in both Asian and Caucasian populations.
Additionally, Jin et al., 2015 not performed further subgroup by ethnicity in the African populations
to detect significant difference [25]. In the present systematic review and meta-analysis, by
including 20 case-control studies with 4,780 cases and 4,620 controls for quantitative synthesis, we
found that the rs1800629 polymorphism was associated with cervical cancer risk in Caucasians and
Africans, but not Asian populations.

Heterogeneity is a potential problem that may affect the accuracy of the meta-analyses results [26, 
27]. Heterogeneity may be due to many factors, such as differences in the small sample size,
diversity in design, inclusion criteria, diverse genotyping method, characteristics of controls, and a
mixed population from different ethnicity [28, 29]. In present meta-analysis a significant
heterogeneity was found for rs1800629 (under allele, heterozygote and dominant models) and
rs1799724 (under allele, heterozygote, dominant and recessive models) polymorphisms in the
overall population. Thus, we conducted subgroup analysis by ethnicity and found a statistically
significant level of heterogeneity for rs1800629 in the Asian and Caucasian populations
heterogeneity is still exist in, but not in Africans. A similar result was found for rs1799724.
Therefore, both polymorphisms were the sources of the heterogeneity. It was suggested that
different allelic frequencies in different ethnic groups may account for these discrepancies [30].
Moreover, in the sensitivity analysis, we have not found significant after omitting each study at a
time, indicating the relative stability and credibility of the results of our meta-analysis.

This meta-analysis had significantly higher statistical power than the previous meta-analyses that
analyzed the association between the TNF-α polymorphism and cervical cancer risk, since the
cancer patients involved in our meta-analysis were higher as many as the previous one. However,
some limitation should be considered in this meta-analysis. First, the number of available studies
for TNF-α rs1799724 polymorphism was limited to the four case-control studies, and, due to the
limited sample size, the pooled results were less accurate and more studies with large sample size
and high quality are needed for further analysis. Second, in the present meta-analysis we have
included only published studies; therefore, publication bias might have occurred and the present
meta-analysis results may have a substantial risk of being affected by bias. Third, the heterogeneity
is difficult to exclude, in that it is influenced by complicated factors, such as age, sex, genetic
diversities, different lifestyle, and clinical characteristics. In this study, a significant between study
heterogeneity was found in most of the meta-analyses for both polymorphisms. Reduced
heterogeneity was observed in some ethnicity after subgroup analyses, especially in African
populations. However, due to the complexity of cervical cancer and potential confounding factors
such as age, infection with HPV, lifestyle, difference in clinical and/or environmental factors might
have contributed to the heterogeneity among individual studies. Finally, due to limited individual
data for the adjustments of major confounders, we did not conduct a more precise analysis on other
covariates such as age, lifestyle, HPV infection, and environmental factors.

In summary, this meta-analysis of 24 case-control studies suggested that the rs1800629
polymorphism of the TNF-α gene was significantly associated with cervical cancer risk, but not
s1799724. Moreover, compared with Asians, African and Caucasian female with A allele of the
TNFα rs1800629 had been found to have a greater susceptibility for the development of cervical
cancer. Additionally, due to the limited number of studies and sample size included for TNF-α
rs1799724 polymorphism, well-designed studies with large sample size and more ethnic groups are
required to further verify and confirm current meta-analysis results.
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