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Abstract

Background: Growing studies revealed the association between polymorphisms in Tumor Protein 7P73 (TP73)
and susceptibility to cancer, especially with gynecological cancers. but, the results remained inconsistent. This meta-
analysis was carried out to examine the relationship of the 7P73 G4C14-to-A4T14 polymorphism (hereafter, G4C14-
to-44T14) with susceptibility to cervical cancer globally and by ethnicity. Methods: Eligible studies were collected
by retrieving PubMed, Scopus, Web of Science, Embase, Wan Fang, and CNKI published before 25 October, 2023.
The pooled odds ratios (ORs) with 95% confidence intervals (CIs) were used to assess the strength of such association.
Results: A total of 10 case-control studies with 1804 cervical cancer cases and 2433 healthy controls were included
to this study. The pooled results showed that TP73 G4C14-to-A4T14 polymorphism was not associated with cervical
cancer risk in overall. in terms of stratified analyses by ethnicity, this polymorphism was not associated with risk of
cervical cancer among East-Asian women. however, there was a significant association based source of control among
hospital-based studies.Conclusions: Inconsistent with previous meta-analyses, our pooled results revealed that 7P73
G4C14-to-A4T14 polymorphism might not be a risk factor for development of cervical cancer globally and among
East-Asian women. Moreover, further studies examining the effect of gene-gene and gene-environment interactions
may eventually provide a better knowledge.
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Introduction

Cervical cancer is a major public health issue and the
third most frequent cancer and the fourth leading cause of
cancer death among women globally [1-3]. It is estimated
57000 new cases and 311000 deaths in 2018 and will cause
474,000 women per year by 2030 [4, 5]. About 90% of

low- and middle-income countries. It was estimated that
the rate of cervical cancer was between 0.36 and 3.73
per 100,000 women among Iranian women [6], which
most of them are unaware of screening tests and Pap
smears test [7, 8]. However, it seems that prevalence of
this cancer in Iran is less than that of western countries
[9, 10]. A retrospective cohort study by using data of

the new cases and deaths worldwide in 2020 occurred in ~ Iranian National Cancer Registry System from 2008 to
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2014 showed that the mean age of the cervical cases was
51.91 years and their 5- and 10-year survival rates were
58% and 50%, respectively [11, 12].

The primary and main causative factor of cervical
cancer is the high-risk oncogenic human papillomavirus
(HR-HPV) [13-15]. More than 90% of patients with
cervical cancer show a positive long-lasting infection with
certain types of HPV especially in western countries [16-
18]. Family history is beyond control when assessing the
risks for cancer, but if the mother or sister of a patient has
had cervical cancer, the likelihood of developing cancer
increases by two to three times [10, 19, 20]. Genetic
factors contributing to the development of cervical cancer
are largely unknown. There were reported a few familial
clustering of cervical cancer cases indicating that high-
penetrance germline variants are rare in this cancer and
heritable risk of cervical cancer may be accounted for
by low- and intermediate-penetrant genetic factors [21,
22]. However, some evidence from epidemiological
studies have been shown that a genetic background could
predispose to cervical cancer, and that some of the genes
likely to be involved are /RF3, TLR2, EXOI, CYBA,
XRCCI and FANCA, OAS3, SULF1, IFNG, DUT, DMCI,
GTF2H4, EVERI1/2, ERAPI, LMP7, TAP2, TP53, TERT
and IL-17 [23, 24]. Several studies showed that 7P73
expression is up-regulated in cervical cancer tissues in
comparison in normal cervical squamous epithelium, and
negatively associated with clinical progression in cervical
cancer patients [25, 19].

Tumor Protein 7P73 (TP73) is an essential member
of a gene family that comprises 7P63 (p63) and the well-
characterized tumor suppressor 7P53 (p53) [26-28]. TP73
is plays important roles in embryonic development and
differentiation, and located on chromosome 1p36-33,
mapping on a region often deleted in different cancers
[25,27]. two single polymorphisms G4A (1s2273953) and
C14T (rs1801173) in the 5'-UTR of exon 2 of the TP73
gene is reported. These polymorphisms are in complete
disequilibrium with each other and are jointly referred to
as G4C14-A4T14[29, 30]. This set of polymorphisms are
located above the translation initiation site and has been
shown to affect TP73 gene expression levels by forming
a stem-loop-like structure and therefore have functional
outcomes [31, 3].

In recent years, TP73 G4C14-A4T14 polymorphism
have been reported implicated in the development of
cervical cancer [32, 25]. Nevertheless, data arising from
these published case-control studies were not consistent.
With the rapid growth of literatures, there is increasing
need to make meaningful inferences from a comprehensive
and complex body of evidence, a thorough meta-analysis
of the literature helps to explore more evidence of
association between TP73 G4C14-A4T14 polymorphism
and cervical cancer risk. thus, we performed this meta-
analysis to examine the relationship of the TP73 G4C14-
to-A4T14 polymorphism with susceptibility to cervical
cancer globally. To the best of our knowledge, this is the
most comprehensive meta-analysis regarding the 7P73
G4C14-A4T14 polymorphism and its association with
cervical cancer risk.
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Materials and Methods

Search Strategy

The need for obtaining informed consent from
participants was not applicable because no participants
were involved in this meta-analysis. We systematically
searched PubMed, EMBASE, Wed of Science, Elsevier,
Google Scholar, Cochrane Library, SciELO, SID,
WanFang, VIP, Chinese Biomedical Database (CBD)
and Chinese National Knowledge Infrastructure (CNKI)
comprehensively for all publications regarding the
association 7P73 G4C14-A4T14 polymorphism and
cervical cancer risk up to November 10, 2019. The
combination of following keywords and terms were used:
(“’Uterine Cervical Neoplasm®”> OR “’Cervix Cancer”
OR “’Cervical Cancer” OR “’Cervical Neoplasm” OR
“’Cervical Carcinoma’) AND (“°“TP73” OR ““TP73° OR
“G4C14-A4T14” Or “rs2273953” OR “’rs1801173”)
AND (“Polymorphism” OR “Mutation” OR “Genotype”
OR “Allele” OR “Variation” OR “Variant™). Meanwhile,
hand searching of the references in retrieved reviews and
eligible articles were performed as sources to find other
relevant publications. Languages were limited to English
and Chinese.

Including and Excluding Criteria

We set these inclusive criteria for recruited publications:
a) studies with case-control or cohort design; 2) published
studies in English, Chinese and Farsi; 3) studies evaluated
the association of TP73 G4C14-A4T14 polymorphism
with risk of cervical cancer; and 4) enough and available
data to figure out odds ratios (ORs) and 95% confidence
intervals (CIs). In addition, we also restricted these
exclusive criteria: 1) studies without control group (case
only studies); 2) insufficient data offered to analyze
or unavailable data; 3) studies were carried out based
on animals and in vitro studies; 4) studies evaluated
the association of other polymorphisms at 7P73 genes
with cervical cancer; 5) case reports, case series, letters,
comments, reviews, and previous meta-analyses 6)
overlapped data or duplication.

Data extraction

Eligible studies containing the required data were
selected and the data were organized for further analysis
by comprehensive screening. All recruited studies had
to be seriously scanned by two individual researchers
separately. If there was a dispute between the two
researchers, they would reach a consensus by discussing or
a third researcher. We extracted the following information
from eligible studies: name of the first author, year of
publication, country of origin, ethnicity of participants,
genotyping methods, source of controls, total numbers
of cases and controls, genotyping method, genotypes
frequencies of cases and controls, minor allele frequencies
(MAFs) and Hardy-Weinberg equilibrium test in control
subjects.

Statistical Analysis
An ethical approval was not necessary as this study was
a meta-analysis based on previous studies. The strength
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Table 2. Summary Risk Estimates for Association between 7P73 Polymorphism and Risk of Cervical Cancer

Subgroup  Genetic Model Type of Heterogeneity Odds Ratio (OR) Publication Bias
Model I (%) , OR _9s%Cl 7z, P, P, P

Overall Bvs. A Fixed 46.4 0.052 1.09 0.980-1.213 1.0586 0.113 0.531  0.085
BB vs. AA Fixed 26.73 0.198 1.112 0.840-1.473 0.742 0.458 0.325 0.503
BAvs. AA Random 62.11 0.005 1.208 0.954-1.530 1.57 0.116 0.788  0.059
BB+BAvs.AA  Random 55.56 0.016 1.199 0.976-1.474 1.725 0.085 0.928 0.038
BB vs. BA+AA Fixed 32.85 0.145 1.095 0.828-1.439 0.622 0.534 042 0312

Ethnicity

Asian Bvs. A Random 52.09 0.033 1.161 0.978-1.380 1.701 0.089 0.531  0.087
BB vs. AA Fixed 34.87 0.139 1.112 0.830-1.490 0.711 0477 0.404 0.528
BAvs. AA Fixed 66.35 0.003 1.238 0.954-1.607 1.609 0.108 0.676  0.06
BB+BAvs.AA  Random 60.18 0.01 1226 0.976-1.540 1.75 0.08 0.834 0.039
BB vs. BA+AA Fixed 40.3 0.099 1.09 0.817-1.453 0.584 0.559 0.531 0.337

Chinese Bvs. A Random 56.52 0.024 1.154 00951-1.401 145 0.147 0.804 0.117
BB vs. AA Fixed 39.14 0.118 1.148 0.850-1.552 09 0368 0322 0.67
BA vs. AA Random 65.04 0.006 1.19 0.903-1.568 1.237 0.216 0.804 0.065
BB+BAvs.AA  Random 60.74 0.013 1.192 0.933-1.524 1405 0.16 0.804 0.051
BB vs. BA+AA Fixed 41.47 0.102 1.137 0.845-1.529  0.85 0395 0.457 0.484

SOC

HB Bvs. A Fixed 3 0.378 1.28 1.082-1.516 2.872 0.004 0.734 0.215
BB vs. AA Fixed 39.86 0.173 1.652 1.079-2.529 231 0.021 0.089 0.084
BA vs. AA Random 67.23 0.027 1.212 0.824-1.785 0.976 0.329 0.089  0.14
BB+BA vs. AA Fixed 32.89 0.154 1.292 1.050-1.591 2.418 0.016 0.308 0.444
BB vs. BA+AA Fixed 56.29 0.076 1.574 1.037-2.391 2.129 0.033 0.308  0.127

PB Bvs. A Fixed 36.53 0.163 0979 0.853-1.124 -0.301 0.764 0.85  0.084
BB vs. AA Fixed 0 0.921 0.821 0.565-1.192 -1.038 0.299 1 0.694
BA vs. AA Random 62.47 0.021 1.209 0.876-1.669 1.156 0.248  0.85  0.049
BB+BAvs.AA  Random 57.17 0.04 1.142 0.857-1.521 0907 0.365 0.85  0.055
BB vs. BAtAA Fixed 0 0.935 0.821 0.568-1.187 -1.048 0.295 0.573  0.256

SOC, Source of Controls; HB, Hospital Based; PB, Population Based.

High resolution melt analysis (HRM) and TagMan. The
genotype, allele and minor allele frequency (MAF) in each
study are shown in Table 1. Moreover, the distribution of
genotypes in the controls was in agreement with Hardy-
Weinberg equilibrium (HWE) for all selected studies,
except for one study.

Evidence synthesis

Table 2 listed the main results of the meta-analysis of
TP73 G4C14-A4T14 polymorphism and cervical cancer
risk. We pooled all the 10 case-control studies together to
assess the overall association between this polymorphism
and risk of cervical cancer. Pooled analysis did not show
a significant association between TP73 G4C14-A4T14
polymorphism and cervical cancer risk under all the five
genetic models (Figure 2A-2E). The studies were further
stratified based on the ethnicity or country. When subgroup
analysis by ethnicity was performed, a significant
association between TP73 G4C14-A4T14 polymorphism
and cervical cancer risk not found among Asian and
Chinese women. The meta-analysis results for the Asian
and Chinese women are listed in Table 2. Moreover, in the
stratified analysis by source of controls, results revealed
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that the IL TP73 G4C14-A4T14 polymorphism was
associated with cervical cancer risk in HB group under
four genetic models, i.e., allele (AT vs. GC: OR= 1.280,
95% CI 1.082-1.516, p=0.004), homozygote (AT/AT vs.
GC/GC: OR= 1.652, 95% CI 1.079-2.529, p=0.021),
dominant (AT/AT+ GC/AT vs. GC/GC: OR=1.292, 95%
CI 1.050-1.591, p=0.016), and recessive (AT/AT vs. GC/
AT+GC/GC: OR=1.574,95% CI 1.037-2.391, p=0.033),
but not among PB group.

Heterogeneity test

Based on the results, there was a moderate level of
heterogeneity was found between the included studies
under two genetic models, i.c., heterozygote (GC/AT
vs. GC/GC: I’=62.11 and PH=0.005) and dominant
(AT/AT+ GC/AT vs. GC/GC: I’=55.56 and PH=0.016).
Thus, a subgroup analysis was conducted to explore the
predefined possible source of heterogeneity. Subgroup
analyses showed that ethnicity was not significant source
of heterogeneity in this meta-analysis (Table 2).

Sensitivity Analysis
Sensitivity analyses were performed after sequential
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Figure 1. Flow Diagram of the Study Selection Process

removal of each eligible study to examine the influence
of a single study on pooled results on pooled data of 7P73
G4C14-A4T14 polymorphism and cervical cancer risk
by calculating the ORs before and after exclusion of the

A

article. No outlying study was observed to significantly
change the pooled ORs after it was removed which
confirmed our results were stable under all five genetic
models. Moreover, the test of HWE was conducted in

Study name Statistics for each study

Odds Lower Upper

ratio  limit limit Z-Value p-Value
Niwa 2004 1243 0.886 1.744 1257 0.209
Liu 2007 0.808 0.664 0984 2.125- 0.034
Zheng 2008a 1.206 0693 2.099 0.663 0507
Zheng 2008b 1.207 0674 2.163 0.633 0.527
Craveiro 2012 1.026 0.688 1.530 0.127  0.899
Jha 2012 1206 0.693 2099 0663 0507
Sun 2012 1.255 0.927 1.700 1468 0.142
Guo 2016 1.108 0.791 1551 0595 0.552
Feng2017 1171 0.826 1660 0.888 0.374
Guo 2021 1630 1.176 2258 2936  0.003

1.090 0.980 1.213 1.586 0.113
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Figure 2. Forest Plots for the association of TP73 G4C14-A4T14 Polymorphism with Risk of Cervical Cancer. A:

allele model
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B
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio  limit limit Z-Value p-Value weight
Niwa 2004 0646 0.187 2231 0691- 0.490 5.13
Liu 2007 0.747 0447 1.248 1.114- 0.265 29.87
Zheng 2008a 0.542 0.096 3.052 0.694- 0.488 2.64
Zheng 2008b 0.664 0.118 3.749 0.464- 0643 _—r 2.63
Craveiro 2012 1.113 0.414 2996 0213  0.831 8.04
Jha 2012 0.542 0.096 3.052 0.694- 0488 1 2.64
Sun 2012 1.097 0.465 2585 0.211 0.833 10.72
Guo 2016 2241 1013 4.956 1993 0.046 12.51
Feng 2017  1.006 0.410 2467 0.013 0.989 9.80
Guo 2021 2381 1181 4802 2424 0.015 == 16.02
1.112  0.840 1.473 0742 0458
0.01 0.1 1 10 100
C
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio  limit limit Z-Value p-Value weight
Niwa 2004 1.642 1.073 2513 2284 0.022 11.03
Liu 2007 0.772 0602 0.989 2.051- 0.040 14.46
Zheng 2008a 1.598 0.821 3.110 1.380 0.168 7.26
Zheng 2008b 1.537 0.762 3.102 1.200 0.230 6.82
Craveiro 2012 0.992 0599 1.641 -0.033 0974 9.64
Jha 2012 1598 0.821 3.110 1.380 0.168 7.26
Sun 2012 1495 1.012 2209 2020 0.043 11.70
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D
Study name Statistics for each study Odds ratio and 95% Cl
Odds Lower Upper Relative
ratio  limit limit Z-Value p-Value weight
Niwa 2004 1515 0.998 2298 1952 0.051 10.78
Liu 2007 0.768 0.607 0972 2.194- 0.028 15.38
Zheng 2008a 1.415 0.752 2.661 1.076  0.282 6.87
Zheng 2008b 1.385 0.712 2696 0.960 0.337 6.41
Craveiro 2012 1.011  0.630 1.622 0.045 0.964 9.567
Jha 2012 1415 0.752 2661 1.076  0.282 6.87
Sun 2012 1.443 0990 2105 1907 0.057 11.71
Guo 2016 0.866 0.569 1.317 0.673- 0.501 10.73
Feng 2017 1291 0846 1972 1.184 0.236 10.64
Guo 2021 1.619 1.080 2428 2.331 0.020 11.08
1.199 0976 1474 1725 0.085
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E
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Odds Lower Upper Relative
ratio  limit limit Z-Value p-Value weight
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Liu 2007 0.817 0492 1.356 0.782- 0.434 29.75
Zheng 2008a 0.485 0.087 2.709 0.825- 0410 2.58
Zheng 2008b 0.600 0.107 3.361 0.581-  0.561 2.57
Craveiro 2012 1.116 0419 2972 0220 0.826 197
Jha 2012 0485 0.087 2709 0.825- 0.410 b 2.58
Sun 2012 0.921 0397 2135 0.192- 0.848 10.81
Guo 2016 2574 1182 5604 2382 0.017 - 12.62
Feng 2017 0.804 0.374 2184 0225 0.822 9.81
Guo 2021 2121 1068 4213 2148 0.032 - = 16.22
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Figure 2. Forest Plots for the association of 7P73 G4C14-A4T14 Polymorphism with Risk of Cervical Cancer. B:
homozygote model; C: heterozygote model; D: dominant model; and E: recessive model.
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this study, results of which indicate that results remain
unchanged.

Publication Bias

The Begg’s funnel plot and Egger’s test were
performed to assess the publication bias. The shapes of
the Begger’s funnel plots did not show any evidence of
publication bias, except under dominant (AT/AT+ GC/
AT vs. GC/GC: PBeggs =55.56 and PEggers =0.016). Thus, we
applied the Duval and Tweedie non-parametric ““trim and
fill” method to the publication bias (Figure 3). The results
showed that the current meta-analysis with and without
“trim and fill” did not draw different results, indicating
that our results were statistically reliable. Overall, the
results suggest this meta-analysis is not affected by
publication biases.

Discussion

It is well known that single nucleotide polymorphisms
(SNPs) are the most common sources of human genetic
variation, which may contribute to an individual’s
susceptibility to cancer [50, 11, 28]. Here, we have carried
out a meta-analysis based on 10 case-control studies
with 1804 cases and 2433 controls to obtain a more
conclusive result on relationship between 7P73 G4C14-
A4T14 polymorphism and cervical cancer. To the best
of our knowledge, this is so far the most comprehensive
meta-analysis on assocition between TP73 G4C14-A4T14
polymorphism and cervical cancer. Pooled analyses
indicated that 7P73 G4C14-A4T14 polymorphism was not
correlated with cervical cancer in overall and ethnicity.
Moreover, when we stratified data by source of controls,
we noticed that significant associations between G4C/4-
A4T14 polymorphism and cervical cancer were only
existed in controls with hospital-based.

Jafrin et al., in a meta-analysis based 55 case-control

studies including eight studies on cervical cancer
examined the role of TP73 G4C14-A4T14 polymorphism
with development of different cancers. Their pooled
data revealed that this variant significantly associated
with increased risk of cancer, especially in Caucasian
and African populations, and specifically predisposes
individuals to gynecological, colorectal, oral, and head
and neck cancers [27]. In 2018, Meng et al., in a published
pooled data based on 36 case-control studies with 9493
cancer cases and 13,157 controls (6 studies on cervical
cancer) evaluated the association of 7P73 G4C14-A4T14
polymorphism with susceptibility to different cancer. Their
results reveled that this polymorphism causes an upgrade
cancer risk, especially in Caucasian population. Moreover,
they have shown that G4C14-A4T14 polymorphism might
be associated with risk of cervical cancer and colorectal
cancer [29]. In 2017, Liang et al., elucidated the role of
TP73 G4C14-A4T14 polymorphism on cervical cancer
development by performing a meta-analysis. Their pooled
data included a total of 635 cases and 998 control subjects,
and showed that 7P73 G4C14-A4T14 polymorphism was
associated with susceptibility to cervical cancer [51]. In
the same year, Feng et al., in a meta-analysis based on three
studies indicated that this variant at TP73 gene might be
associated with an increased risk of cervical cancer [25].

Our meta-analysis has some advantages which
these advantages strongly guaranteed a more accurate
and reliable conclusion. First, we attempted to find as
many published studies by means of various searching
approaches, which may enhance the authenticity and
reliability of the analysis. Second, the well-designed
search and selection method significantly increased the
statistical power of this meta-analysis and the number of
included studies and sample sizes were greatly enlarged
than previous meta-analyses. Third, sensitivity analysis
also revealed that the our results were not influenced by
any individual study. Finally, the subgroup analysis is
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sufficient and performed under different subgroups.

In summary, our pooled results revealed that 7P73
G4C14-to-A4T14 polymorphism was not associated with
an increased risk of cervical cancer globally and among
Asian and chinese women. Future studies with large
sample size are encouraged to validate our results and to
prove the clinical relevance of TP73 G4C14-to-A4T14
polymorphism in the development of cervical cancer.
Moreover, further studies examining the effect of gene-
gene and gene-environment interactions may eventually
provide a better knowledge.
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