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Background: The relationship of TP53 codons 72, IVS3 16 bp, and IVS6+62A > G polymorphisms with breast cancer (BC) risk has been analyzed in seventeen published meta-analyses. However, the credibility of statistically significant associations was ignored and many new studies have been reported on these themes.
Objectives: To explore whether TP53 codons 72, IVS3 16 bp, and IVS6+62A > G polymorphisms are associated with BC risk and the clinical phenomena.
Methods: To comprehensively search the data (through October 25, 2021), we provided a clear search strategy and reviewed the references of published meta-analyses. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) were used.
Results: The current meta-analysis had a larger sample size than the previous ones: 99 studies with 43,951 BC and 48,479 controls for TP53 codon 72 polymorphism, 35 studies with 8,705 BC and 7,516 controls for IVS3 16 bp polymorphism, and 25 studies with 12,222 BC and 12,895 controls for IVS6+62A > G polymorphism. Five gene models were used to explore the association between the three polymorphisms and BC risk, and partial positive results were similar to published meta-analyses results. However, a large number of significant results were considered to be unreliable after correcting with Bayesian false-discovery probability (BFDP), except for the association between TP53 IVS3 16 bp polymorphism and BC risk in overall analysis (GG vs. CC: BFDP = 0.738), matched studies (GG vs. CC: BFDP = 0.173; GG vs. CC + CG: BFDP = 0.447), and tumor size below 2 cm (GG vs. CC: BFDP = 0.088; GG + CG vs. CC: BFDP = 0.730; GG vs. CC + CG: BFDP = 0.311). These unreliable results were confirmed again without new solid results emerging in further sensitivity analysis (only studies in compliance with the quality assessment standard).
Conclusion: After considering the quality of the included studies and the reliability of the results, the present meta-analysis suggested that TP53 codons 72, IVS3 16 bp, and IVS6+62A > G polymorphisms were not significantly associated with the BC risk. Those results which prove that these three polymorphisms increase BC risk are more likely to be false-positive results due to various confounding factors.
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INTRODUCTION
According to the latest global cancer burden data released by the International Agency for Research on Cancer (IARC) of the World Health Organization, the number of new cases of BC in the world has surpassed lung cancer as the most commonly diagnosed cancer with 2.26 million (Sung et al., 2021) (https://gco.iarc.fr/today/home). Estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) are currently recognized as biomarkers affecting treatment decisions in BC patients (Voduc et al., 2010; El-Deiry et al., 2019). These markers can be used to predict BC response to treatment and to guide treatment plans. Determining ER, PR, and HER2 status was recommended for all newly diagnosed invasive BCs and any recurrence when feasible (Zardavas et al., 2015; Du et al., 2021). Some personal habits and environmental factors have been shown to be associated with the initiation of BC, such as smoking and radiation-related work (Jagsi, 2014; Siegel et al., 2021). But not all women who are exposed to these risk factors will develop BC. Therefore, there must be some intrinsic factors that make the women more likely to develop BC, such as specific genetic polymorphisms (Fachal et al., 2020).
Owing to its important role in cell mutation, tumor-suppressor gene TP53 located on 17p13 is a persistent research hotspot in the field of life science (Fukasawa et al., 1997; Negrini et al., 2010; Levine, 2020). In general, according to the latest research, the function of TP53 has been proved to involve in the regulation of almost all cellular biological processes, including cell apoptosis, aging, differentiation, migration, metabolism, autophagy, and so on (Mercer et al., 1982; Donehower, 2009; Oren and Rotter, 2010; Kastenhuber and Lowe, 2017; Mantovani et al., 2019). However, TP53 is often inactivated by missense mutations in the DNA-binding domain. When TP53 gene is mutated, due to spatial conformation changed, TP53 not only loses tumor suppression functions, but also promotes cancer (Hingorani et al., 2005; Kim and Lozano, 2018). In a mutation study of 560 Malaysian breast tumors, compared with breast tumors in Caucasian women, they found that ER+ Asian breast tumors had a higher prevalence of TP53 somatic mutations and Asian women showed an increased prevalence of HER2-positive molecular subtypes (Pan et al., 2020). HER2 subtypes and abundant immune scores were associated with improved survival, whereas the presence of TP53 somatic mutations was associated with worser survival in ER+ tumors (Pan et al., 2020). A new study found that wild-type TP53 and mutant TP53 completely played opposite roles in the cGAS-STING pathway, and the mutant TP53 promoted the initiation of tumors by inhibiting innate immune signaling pathways, while inhibiting immune surveillance function (Ghosh et al., 2021). They provide a novel molecular mechanism of mutant TP53 in the cancer-promoting and a new potential therapeutic target for BC associated with mutant TP53.
Since single-nucleotide polymorphisms (SNPs) of tumor-suppressor gene TP53 are proved to relate to the susceptibility of BC (Shiovitz and Korde, 2015), exploring the distribution of TP53 genotypes in the population becomes a helpful procedure to provide a reference for the prediction of BC. Therefore, we selected three well-characterized SNPs in the TP53 gene at codon 72 of exon 4 (rs1042522), IVS3 16 bp (rs17878362), and IVS6+62A > G (rs1625895) for this study. Codon 72 polymorphism is the variant encoding a proline rather than an arginine residue (Matlashewski et al., 1987), IVS3 16 bp is an insertion polymorphism between a 16-base pair (bp) in intron 3 (Lazar et al., 1993; Runnebaum et al., 1994), and IVS6+62A > G is a SNP, a CCGG to CCAG transition, located in 61 bp of intron 6 downstream of exon 6 (Chumakov and Jenkins, 1991). Although these three polymorphisms have been reported by 108 studies, the relationship between the three SNPs and BC risk remains unclear, because of small sample size and contradictory results. Furthermore, seventeen meta-analyses (Dunning et al., 1999; Suspitsin et al., 2003; Zhuo et al., 2009; Hu et al., 2010a; Hu et al., 2010b; Zhang et al., 2010; Francisco et al., 2011; He et al., 2011; Ma et al., 2011; Cheng et al., 2012; Dahabreh et al., 2013; Hou et al., 2013; Sagne et al., 2013; Wu et al., 2013; Gonçalves et al., 2014; Diakite et al., 2020a; Diakite et al., 2020b) have been published and tried to describe the connection between TP53 codons 72, IVS3 16 bp, and IVS6+62A > G polymorphisms and BC risk, but their results tended to be contradictory and heterogeneous. Moreover, TP53 polymorphisms based on patient clinical characteristics were not considered in all these published meta-analyses. Therefore, based on the previous meta-analysis studies and to make the final results more robust, we performed an updated systematic review and meta-analysis to address the above issues by improving data collection and evaluation methods and refining statistical evaluation methods.
MATERIALS AND METHODS
All processes for the current systematic review and meta-analysis were based on the PRISMA guidelines.
Search Strategy
We conducted a systematic literature search using PubMed, China National Knowledge Infrastructure (CNKI), and Wanfang Database. Combinations of the following keywords and their synonyms were used: “TP53,” “polymorphism, genetic,” “breast,” “arg72pro,” “IVS3 16 bp,” “IVS6+62A>G.” The full search strategy was available in Supplementary Appendix. In addition, two TP53-specific databases were also used: the International Agency for Research on Cancer TP53 database (Hainaut et al., 1998; Hainaut et al., 1997) (http://www-p53.iarc.fr/) and the p53 website (Béroud and Soussi, 2003; Hamroun et al., 2006) (http://p53.free.fr/), and the search process for both databases followed the annotated bibliography lists provided by the database itself. There were no language restrictions for eligible studies here. Meanwhile, additional studies were screened out from the references of published reviews and meta-analyses. All qualified studies were determined by reading the title, abstract, and full text of the literature. In addition, if necessary, we contacted the corresponding authors for more information by e-mail. All searches were updated to October 25, 2021.
Inclusion and Exclusion Criteria
Studies were included if only they met the following criteria: 1) case-control, nested case-control, or cohort studies; 2) genotype frequency or odds ratios (ORs) and 95% confidence intervals (CIs) were available; 3) studies discussed the association between TP53 codon 72 (rs1042522), IVS3 16 bp (rs17878362), or IVS6+62A > G (rs1625895) polymorphisms and BC risk; 4) studies population were female.
In the case of multiple overlapping research populations, we only included the latest study with the largest sample in the present analysis, and excluded data from other overlapping reports. Overlapping characteristics of study populations were determined by comparing authors, study centers, demographic characteristics, and recruitment periods. We did not consider the studies that the population was a mix of men and women. And studies with significant heterogeneity, such as cases and controls that were not in the same continent, were excluded. Eventually, editorials, narrative reviews, or other manuscripts that do not report major research findings were excluded.
Data Extraction and Quality Assessment
Based on the inclusion and exclusion criteria listed above, the two authors (Zhao and Yin) independently screened the abstracts and full texts and carefully extracted information from all the eligible studies searched. The following data were collected from each study: first author, year of publication, sample country, geographic region and ethnicity, sample size, source of controls, source of cases, with what technique to ascertain cancers and controls, source of TP53 genotyping material of case (tumor tissue or other DNA sources), type of controls, whether cases and controls were matched (case-control studies), whether genotyping was done blindly and/or quality controlled, whether the association between genotypes and BC was assessed with appropriate statistics and adjustment for confounders, and genotype distribution.
The quality scores of the included studies were evaluated respectively by two authors (Zhao and Yin) following the Supplementary Table S1 criteria. These assessment criteria were applied based on a comprehensive consideration for the quality of the characters of the included researches (e.g., HWE, source of participants, matching of controls, sample size, research method, and so on), which had been used by the previous studies (Klug et al., 2009; Thakkinstian et al., 2011). In the control group, the goodness-of-fit chi-square test was used to test the Hardy-Weinberg equilibrium (HWE) of every study with complete genotype data. Significant bias was considered if the p-value was less than 0.05 (Thakkinstian et al., 2005). The highest score was 23, and a study that met both scoring >16, 16 and HWE compliant was regarded as high-quality. Similarly, the disagreement in scores was assessed by a superior author.
Statistical Analysis
Crude ORs and 95% CIs were pooled to evaluate the association between TP53 codon 72, IVS3 16 bp and IVS6+62A > G polymorphisms, and the susceptibility of BC. We performed ORs with the corresponding 95% CIs following five genetic models: 1) heterozygote model (CG vs. CC), 2) homozygote model (GG vs. CC), 3) dominant model (CG + GG vs. CC), 4) recessive model (GG vs. CC + CG), and 5) allele model (G vs. C). The C allele was the major or wild allele, and the G allele was the rare or mutant allele.
The heterogeneity test was carried out based on the chi-square Q-test (Davey Smith and Egger, 1997) and I2 test (Higgins and Thompson, 2002; Higgins et al., 2003). The result was interpreted as no obvious heterogeneity if p > 0.10 and I2 ≤ 50%, and a fixed-effects model was used (Mantel and Haenszel, 1959). Otherwise, we applied a random-effects model (DerSimonian and Laird, 1986; Higgins et al., 2009). If a significant heterogeneity was present, we might apply a meta-regression analysis to search for the sources of heterogeneity. Moreover, subgroup analyses were performed by stratifying studies with following characteristics: matching of controls, blindly and/or quality control genotyping, HWE condition, source of controls, geographic region, and ethnicity. According to the scoring result and the HWE condition, we performed a sensitivity analysis with only high-quality (>16,16) and fit HWE research. To evaluate the publication bias, we carried out Begg’s rank correlation test, Begg’s funnel plot (Begg and Mazumdar, 1994), and Egger’s linear regression test (Egger et al., 1997). The result was considered no obvious publication bias when the quantitative method showed Begg’s and Egger’s test (p > 0.05), and Begg’s funnel plots were symmetrical by visualizing. If a significant publication bias existed, we might use the nonparametric “trim and fill” method to correct and identify funnel plot asymmetry caused by publication bias, and meanwhile estimate the true value of the quantitative synthesis (Duval and Tweedie, 2000). Additionally, the BFDP, a further credibility calculation, was used to evaluate the credibility of significant results in the present analysis. As long as the BFDP value proved under 0.8 with a prior probability of 0.001 (Wakefield, 2007), the credibility of positive results was considered to be affirmative. All statistical analyses in the current study were performed by using Stata version 12.0 (Stata Corporation, College Station, TX, United States).
RESULTS
Study Characteristics
Figure 1 showed a detailed flow diagram for identifying and incorporating studies. In summary, a total of 108 articles (see Supplementary Appendix) were eligible for the current study. Then, 11 studies were excluded because their data were redundant with other 9 studies. The details of the redundancy are shown in Supplementary Appendix. One study (Siddique et al., 2005) was excluded because cases and controls were not from the same continent, which may lead to significant heterogeneity, and one study (Syeed et al., 2010) was excluded because of mixed gender participants. Finally, 99 articles were involved in this analysis. Of these, because several articles reported more than one locus and study, 99 studies (including 43,951 BC cases and 48,479 controls) described TP53 codon 72 polymorphism, 35 studies (including 8,705 BC cases and 7,516 controls) on IVS3 16 bp polymorphism, and 25 studies (including 12,222 BC cases and 12,895 controls) belong to IVS6+62A > G polymorphism. Supplementary Table S6 lists the detailed characteristics of the included studies and Supplementary Table S7 displays the data of TP53 polymorphisms based on the clinicopathological characteristics of BC, and the cells with red color indicated HWE in violation in these tables.
[image: Figure 1]FIGURE 1 | Flow diagram for searching included articles.
According to the evaluation criteria in Supplementary Table S1, we sorted the concise characteristics of the included studies with respect to these three polymorphisms (Table 1). As is shown in Table 1, studies with relatively high-quality characteristics accounted for more than 60% of the total included studies. However, the proportion of matched studies and blindly and/or quality-controlled genotyping studies were relatively low, especially those involved in TP53 codon 72 and IVS3 16 bp polymorphisms.
TABLE 1 | Concise characterization of the studies included from 99 articles in present meta-analysis.
[image: Table 1]Meta-Analysis Results
TP53 Codon 72 Polymorphism
The results of pooled analyses and ethnicity distribution are shown in Table 2 and Figure 2. It was indicated that TP53 codon 72 polymorphism and BC risk did not have a strong link in overall analysis. In subgroup analyses, the quantitative syntheses of HWE-compliant studies (GG + CG vs. CC: OR = 1.06, 95% CI = 1.00–1.12; G vs. C: OR = 1.05, 95% CI = 1.00–1.10) and HWE in violation studies (G vs. C: OR = 0.84, 95% CI = 0.73–0.96) showed opposite conclusions. In both subgroup analyses of matched studies and subgroup analyses of controls with blood donors or volunteers (BV) source, the results showed increased risk of BC. In the analysis of clinical presentations, the expression of TP53 codon 72 polymorphism was increased in subgroups of tumor grade I, premenopausal status, distant metastases negative, distant metastases positive, while the expression of TP53 codon 72 polymorphism was decreased in the subgroups of PR-negative, tumor stage II, patients younger than 50 years and right localization.
TABLE 2 | Pooled results on the association between the TP53 codon 72 (rs1042522) polymorphism and BC risk.
[image: Table 2][image: Figure 2]FIGURE 2 | Forest plot of the association between TP53 codon 72 polymorphism and BC risk in ethnicity subgroup analysis (GG vs. CC + CG) [(A): Overall analysis; (B): Sensitivity analysis].
However, none of the above significant results could be considered robust after the BFDP test. For significant heterogeneity observed in this study, a meta-regression analysis was conducted to explore the source of heterogeneity from 13 items (including geographic region, ethnicity, sample size, source of controls, source of cases, ascertainment of cancer, ascertainment of control, matching, source of genotyping material of case, whether genotyping was done blindly and/or quality control, HWE, association assessment with appropriate statistics, and adjustment for confounders and quality score). The source of heterogeneity was only found in the geographic region of p53 codon 72 polymorphism (CG vs. CC: p = 0.017, GG vs. CC: p = 0.034, GG + CG vs. CC: p = 0.005, G vs. C: p = 0.004). In other subgroup analyses (blinding and/or quality control, different ethnicity, various geographic region, ER status, HER-2 status, any tumor size, histological subtypes, and lymph node metastasis) and final sensitivity analyses (Figure 2), we found no association between p53 codon 72 polymorphism and BC risk. Sensitivity analysis on clinical presentations could not be performed due to the lack of high-quality studies. There was no significant publication bias confirmed by Egger’s test and Begg’s funnel plot (Figure 7).
IVS3 16 bp Polymorphism
Table 3 and Figure 5 show the association between TP53 IVS3 16 bp polymorphism and BC risk and the distribution of this polymorphism in different ethnic groups. It is indicated that TP53 IVS3 16 bp polymorphism increased BC risk in overall population (Figure 3). This polymorphism significantly increased BC risk as shown in the quantitative syntheses of the following subgroup analyses: matched studies (Figures 3, 4), neither blinding nor quality control, blinding and/or quality control, HWE-compliant studies, controls of population-based (PB) source, controls of BV source, controls of not reported (NR) source, Caucasians, Indian, women in Asia, women in Europe, tumor stage 0 or I, tumor stage II, tumor stage III or Ⅳ, tumor grade I, tumor size below 2 cm, and ductal carcinoma subtype.
TABLE 3 | Pooled results on the association between the TP53 IVS3 16bp (rs17878362) polymorphism and BC risk.
[image: Table 3][image: Figure 3]FIGURE 3 | Forest plot of the association between TP53 IVS3 16 bp polymorphism and BC risk in stratification analysis (GG vs. CC).
[image: Figure 4]FIGURE 4 | Forest plot of the association between TP53 IVS3 16 bp polymorphism and BC risk in matched subgroup analysis (GG vs. CC + CG).
However, when we used BFDP to redress the above significant results, an association remained significant only in overall analysis (GG vs. CC: BFDP = 0.738), matched studies (GG vs. CC: BFDP = 0.173; GG vs. CC + CG: BFDP = 0.447), and tumor size below 2 cm (GG vs. CC: BFDP = 0.088; GG + CG vs. CC: BFDP = 0.730; GG vs. CC + CG: BFDP = 0.311). No source of heterogeneity was found in the 13 items mentioned above by meta-regression analysis. Then, in sensitivity analyses (Figure 5), an association with BC risk was found again in overall analysis (GG vs. CC: OR = 1.63, 95% CI = 1.18–2.25; GG vs. CC + CG: OR = 1.64, 95% CI = 1.19–2.26), Caucasians subgroup (GG vs. CC: OR = 1.95, 95% CI = 1.15–3.31; GG vs. CC + CG: OR = 1.99, 95% CI = 1.15–3.43), and women in Europe subgroup (GG vs. CC: OR = 2.15, 95% CI = 1.11–4.14; GG vs. CC + CG: OR = 2.18, 95% CI = 1.11–4.29), but the BFDP of these results were higher than 0.8. Egger’s test and Begg’s funnel plot confirmed that there was no publication bias in these polymorphism analyses (Figure 7).
[image: Figure 5]FIGURE 5 | Forest plot of the association between TP53 IVS3 16 bp polymorphism and BC risk in ethnicity subgroup analysis (GG vs. CC + CG) [(A): Overall analysis; (B): Sensitivity analysis].
IVS6+62A > G Polymorphism
Table 4 and Figure 6 show the association between TP53 IVS6+62A > G polymorphism and BC risk and the distribution of this polymorphism in different ethnic groups. The quantitative syntheses showed that IVS6 + 62 polymorphism was not associated with BC risk in all analyses, except in controls of BV source subgroup (GG vs. CC: OR = 1.74, 95% CI = 1.05–2.91; GG vs. CC + CG: OR = 1.73, 95% CI = 1.04–2.88), which the correction results showed BFDP >0.8. In the analysis of relevant clinical features, some significant results emerged, such as ER negative, ER positive, and premenopausal status, but the quality of these pooled studies makes it hard to trust the statistical results of their data. The results of meta-regression analysis showed that the source of heterogeneity did not come from the 13 items (mentioned above), and Egger’s test and Begg’s funnel plot showed no publication bias here (Figure 7).
TABLE 4 | Pooled results on the association between the TP53 IVS6+62A > G (rs1625895) polymorphism and BC risk.
[image: Table 4][image: Figure 6]FIGURE 6 | Forest plot of the association between TP53 IVS6+62A > G polymorphism and BC risk in ethnicity subgroup analysis (GG vs. CC + CG) [(A): Overall analysis; (B): Sensitivity analysis].
[image: Figure 7]FIGURE 7 | Begg’s funnel plot to assess publication bias on the combined effects of TP53 polymorphisms with BC risk in overall population (GG vs. CC + CG) [(A): codon 72 polymorphism; (B): IVS3 16 bp polymorphism; (C): IVS6+62A > G polymorphism].
Results of Published Meta-Analyses
The results of the published meta-analyses on the association between TP53 codon 72, IVS3 16 bp, and IVS6+62A > G polymorphisms and BC risk in different ethnic groups are shown in Supplementary Table S5 and the cells highlighted with red color indicated significant results. Two studies (Dunning et al., 1999; Diakite et al., 2020b) showed that the codon 72 polymorphism increased BC risk in overall analysis. In the ethnic subgroup analyses of the association between codon 72 polymorphism and BC risk, one study (Gonçalves et al., 2014) found that the polymorphism significantly increased BC risk in Asians, and another study (Diakite et al., 2020b) indicated an obviously increased BC risk in Caucasians. With respect to the TP53 IVS3 16 bp polymorphism, 6 studies (Dunning et al., 1999; Hu et al., 2010a; Hu et al., 2010b; He et al., 2011; Sagne et al., 2013; Wu et al., 2013; Diakite et al., 2020a) found an obviously increased BC risk in overall analysis. No published meta-analyses found significant association between IVS6+62A > G polymorphism and BC risk. However, when we used BFDP correction, the association of BC risk remained significant only in the overall analysis (GG vs. CC: BFDP = 0.738), matching subgroup (GG vs. CC: BFDP = 0.173; GG vs. CC + CG: BFDP = 0.447), and tumor size below 2 cm subgroup (GG vs. CC: BFDP = 0.088; GG + CG vs. CC: BFDP = 0.730; GG vs. CC + CG: BFDP = 0.311) of TP53 IVS3 16 bp polymorphism. More importantly, none of these published meta-analyses pooled clinical data of the patients and the polymorphisms for more deeper insights into BC risk were still unknown.
DISCUSSION
TP53 was first discovered in 1979, and was initially thought to be an oncogene (DeLeo et al., 1979; Bishop, 1985; Finlay et al., 1989). It was later realized that TP53 was one of the tumor-suppressor genes most associated with human tumorigenesis so far (Donehower et al., 2019). In brief, when DNA damage was detected, TP53 slowed down the cell cycle to allow the cell to repair the damage, and it induced the cell apoptosis when the damage was too severe. An experiment using 16 distinct genetically engineered mouse models of BC found that the loss of TP53 in cancer cells induced the secretion of WNT ligand, which in turn stimulated the increase in IL-1β produced by tumor-associated macrophages, and further drove systemic inflammation and ultimately promoted the progression of metastasis (Wellenstein et al., 2019). These new studies demonstrated the important role of the TP53 gene in BC suppression. At this point, with a total of 99 articles filtered out, we performed the current study and provided some evidence for the association between TP53 codon 72, IVS3 16 bp, and IVS6+62A > G polymorphisms and BC risk.
In total, when analyzing TP53 codon 72 polymorphism, the overall analysis showed that codon 72 polymorphism did not affect BC risk. In subgroup analyses, the combined results of studies in HWE-compliant and HWE in violation groups showed opposite conclusions. The matched studies subgroup, HWE-compliant subgroup, and studies with controls of BV source subgroup showed that codon 72 polymorphism significantly increased BC risk, whereas no significant results were found in other subgroup analyses as well as final sensitivity analyses, indicating that pooled data of relatively high-quality studies tend to suggest that codon 72 polymorphism increased BC risk. We did not find any susceptibility of BC with codon 72 polymorphism in any ethnicity or region. Although 99 studies have described the association between codon 72 polymorphism and BC risk, more high-quality studies are needed to draw a more convincing conclusion. For example, significant heterogeneity was found in the analysis of studies with controls of NR source subgroup (including 25 studies), with I2 > 75% in all five genetic models, which indicated that quantitative synthesis mixed with low-quality data would affect the credibility of the final result. In overall analysis, TP53 IVS3 16 bp polymorphism significantly increased BC risk, especially in Caucasians, Indians, and women living in Asia and Europe. Additionally, in stratified analyses of the subgroups, matched studies, neither blinding nor quality control, blinding and/or quality control, HWE-compliant studies, controls of PB source, controls of BV source, and controls of NR source once again proved the association between IVS3 16 bp polymorphism and BC risk. In further sensitivity analysis, IVS3 16 bp polymorphism was again found to be associated with BC risk in the overall analysis as well as Caucasians and women in European subgroups. For TP53 IVS6+62A > G polymorphism, there were no significant results to demonstrate an association between IVS6+62A > G polymorphism and BC risk, except that a significantly increased BC risk was found in controls of BV source subgroup analysis.
In the current meta-analysis, it was carried out with data collection and statistics for TP53 polymorphisms on the clinical characteristics of BC (Tables 2–4 and Supplementary Table S7). The codon 72 polymorphism was relatively less expressed in PR-negative patients, but did not show a significant association for the patients with different statuses of ER and HER2. Reduced mutation frequency of codon 72 polymorphism was found in the patients with age less than 50 years and tumor localized in right. Codon 72 polymorphism was significantly increased in patients with negative distant metastasis, suggesting that codon 72 polymorphism may inhibit distant metastasis of tumor. The expression of TP53 codon 72 polymorphism and IVS3 16 bp polymorphism was significantly increased in BC grade I. Increased expression of TP53 IVS3 16 bp polymorphism was seen in all tumor stages. The expression of TP53 IVS3 16 bp polymorphism was significantly improved in tumor size smaller than 2 cm, in ductal carcinoma subtypes, and in ER-negative BC, respectively. Only one study (Eskandari-Nasab et al., 2015), about IVS3 16 bp polymorphism in different statuses of HER2, reported that IVS3 16 bp polymorphism was frequent in HER2-positive patients; however, this conclusion is not affirmative because the control group of the sample did not comply with HWE as well as other limitations in the studied procedures. Owing to the limited number of clinical studies on IVS6+62A > G polymorphism, the pooled result of three studies showed increased IVS6+62A > G polymorphism in premenopausal women, while the data from one study (Sprague et al., 2007) suggested IVS6+62A > G polymorphism associated with low risk in women younger than 50 years of age.
Given the vast amount of genomic data currently being generated, Wakefield. (2007) proposed an accurate Bayesian approach to measure false-positive reports in genetic epidemiology studies. Using BFDP for the correction, of all the significant results we found above, only the association between TP53 IVS3 16 bp polymorphism and BC risk was observed in overall analysis (GG vs. CC: BFDP = 0.738), matched studies subgroup (GG vs. CC: BFDP = 0.173; GG vs. CC + CG: BFDP = 0.447), and tumor size below 2 cm (GG vs. CC: BFDP = 0.088; GG + CG vs. CC: BFDP = 0.730; GG vs. CC + CG: BFDP = 0.311). However, further correcting the significant results of the sensitivity analysis with BFDP, there was no significant correlation in overall analysis and any subgroup analyses. On account of the limitation of sufficient number of studies, we could not carry out the sensitivity analysis on clinical characteristics and the results should only be interpreted as an indication that is ,the results of TP53 codon 72, IVS3 16 bp and IVS6+62A > G polymorphisms on BC clinical presentations. Hence, there are no reliable results to prove the association between TP53 codon 72, IVS3 16 bp, and IVS6+62A > G polymorphisms and BC risk.
Supplementary Table S5 shows the published meta-analysis results of the association between TP53 codon 72, IVS3 16 bp and IVS6+62A > G polymorphisms and BC risk. Published meta-analyses (Dunning et al., 1999; Gonçalves et al., 2014; Diakite et al., 2020b) indicated that the TP53 codon 72 polymorphism significantly increased BC risk in overall analysis, Asians, Caucasians (cells highlighted with red color in Supplementary Table S5). Previous meta-analyses (Dunning et al., 1999; Hu et al., 2010a; Hu et al., 2010b; He et al., 2011; Sagne et al., 2013; Wu et al., 2013; Diakite et al., 2020a) had only reported TP53 IVS3 16 bp polymorphism with an increased BC risk in overall analysis and only one study (Wu et al., 2013) performed the analyses stratified by ethnicity. Three published meta-analyses (Dunning et al., 1999; Hu et al., 2010b; He et al., 2011) showed no significant association between IVS6+62A > G polymorphism and BC susceptibility. It could be seen that there were significant inconsistencies in ethnic classification in published meta-analyses in studies from the United States, India, Egypt, Pakistan, Tunisia, Iran, Arabia, and Brazil (cells colored in red in Supplementary Tables 2–4). In addition, published meta-analyses involved some studies with overlapping data and many unnecessary data. Moreover, no study adjusted positive results for multiple comparisons by using correction tools, such as BFDP.
Published meta-analyses with largest sample size were performed in 2013 to detect the relationship of TP53 codon 72 (59 studies including 29,801 cases and 35,436 controls) and IVS3 16 bp (19 studies including 4,479 cases and 4,683 controls), and in 2011 for IVS6+62A > G (14 studies including 8,787 cases and 9,869 controls) with BC risk (He et al., 2011; Dahabreh et al., 2013; Wu et al., 2013). The number of studies and sample size in the current meta-analysis (99 studies including 43,951 BC cases and 48,479 controls for codon 72, 35 studies including 8,705 BC cases and 7,516 controls for IVS3 16 bp, 25 studies including 12,222 BC cases and 12,895 controls for IVS6+62A > G) were larger than published meta-analyses. Compared to the current study, previous studies had several limitations. First, except for two articles (Francisco et al., 2011; Dahabreh et al., 2013) that established the epidemiological design criteria, none of the previous meta-analyses carried out literature quality assessment. Second, three meta-analyses (Dunning et al., 1999; Suspitsin et al., 2003; Gonçalves et al., 2014) did not report HWE of the included studies, and only four pieces (Zhuo et al., 2009; He et al., 2011; Ma et al., 2011; Cheng et al., 2012) excluded the studies that HWE in violation. Furthermore, only four previous meta-analyses (He et al., 2011; Cheng et al., 2012; Dahabreh et al., 2013; Hou et al., 2013) checked the duplicate of studies. Third, all previous meta-analyses (Dunning et al., 1999; Suspitsin et al., 2003; Zhuo et al., 2009; Hu et al., 2010a; Hu et al., 2010b; Zhang et al., 2010; Francisco et al., 2011; He et al., 2011; Ma et al., 2011; Cheng et al., 2012; Dahabreh et al., 2013; Hou et al., 2013; Sagne et al., 2013; Wu et al., 2013; Gonçalves et al., 2014; Diakite et al., 2020a; Diakite et al., 2020b) did not adjust positive results for multiple comparisons and did not conduct subgroup analysis with clinical presentations. Fourth, some published meta-analyses did not perform sensitivity analyses. In addition, included studies in published meta-analyses were incomplete due to improper retrieval strategies and a large number of updated original studies (Supplementary Tables 2–4). Finally, there were significant inconsistencies in the ethnic classification, especially for those from the United States, India, Brazil (the blue cells in Supplementary Tables 2–4).
Therefore, we performed an updated meta-analysis to further explore the association between TP53 codon 72, IVS3 16 bp and IVS6+62A > G polymorphisms and BC risk. In the current meta-analysis, we used a larger sample size. In addition, we carried out a quality assessment of the relevant studies and considered the epidemiological characteristics of the included studies in this meta-analysis (Table 1 and Supplementary Tables 6, 7). Moreover, meta-regression analysis has been used to explore the source of heterogeneity from 13 items (including in geographic region, ethnicity, sample size, source of controls, source of cases, ascertainment of cancer, ascertainment of control, matching, source of genotyping material of case, whether genotyping was done blindly and/or quality control, HWE, association assessment with appropriate statistics and adjustment for confounders and quality score). Furthermore, we performed stratified analyses based on the epidemiological characteristics of the studies, especially sensitivity analyses that selected high-quality studies after comprehensive consideration of the processes of studies, with high composite scores and HWE-compliant (to avoid random errors and confounding bias that may distort the results of molecular epidemiological studies). In addition, subgroup analysis with clinical presentation was carried out in the present meta-analysis. Finally, the BFDP method has been used to correct significant results.
Although multiple strategies were used to ameliorate the issues of previous studies, there were still some limitations in this study. First, only published articles were browsed, so the omission of some research results may be inevitable. Second, there were less studies involved in some subgroup analyses, for example, there are only two studies for TP53 codon 72 polymorphism and BC risk in African and only three studies on IVS3 16 bp polymorphism and BC risk in Asian, and there was only one study on IVS6+62A > G polymorphism and BC risk in African and Asian, respectively. In addition, high-quality studies were inadequate for sensitivity analysis of clinical presentations in this study. Third, the rating scales of research characteristics (Supplementary Table S1) that were used in this meta-analysis still have some defects. Although this assessment criteria had been used before (Klug et al., 2009; Thakkinstian et al., 2011), this rating scale may not be detailed enough, and the formulating score was simply calculated without weighted according to the importance of each item. Fourth, Table 1 displays the characters proportion of included studies in this meta-analysis included some of low-quality studies with small samples accounted for a certain proportion, which may affect the results of the overall analysis. Therefore, more accurate analysis should be carried out when sufficient data become available in the future.
CONCLUSION
In summary, there are no robust significant results to confirm the association between TP53 codon 72, IVS3 16 bp and IVS6+62A > G polymorphisms and BC risk. Other evidence about the increased BC risk associated with these three polymorphisms may most likely be due to false-positive results. Significant associations should be explained with caution and it is crucial that future analyses should be based on the quality of studies to effectively identify the impact of genetic variants on BC risk, particularly for the combined effects, such as gene–body status and gene–environment. The clinical findings presented in this meta-analysis are suggestive simply for the clinic, and more reliable and meaningful conclusions will depend on the development of more high-quality original studies and the statistical analysis for additional data in the future.
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Lobular 7 @35/ 081 00565510 - 085 0035558 - 066 000/697 - 136 0202296 - -
1847) 047, (028, 034, (086,
139 252 1.30° 2.13)
Lymph node
Negative 6634/ - 00077 - 132 0009675 - - ooouE2 - 126 0182340 - -
1045) ©.70, 091,
2,507 173)
Posiive 8370/ 105 0074458 - 104 0085441 - 105 0047509 - 099 0166/828 - 103
1403) ©75, 062, 75, 70, 080,
1.49° 1758 148 140) 133
Distant metastases
Negative 2(205/226) 159 0075685 - 234 080500 0988 174  0161/49.1 0989 187 057400 0996 159
075, (132, (118, (1.10, (120,
3397 447) 2.56) 320) 2.41)
Posiive 2(15/226) 065 0218065 - 480 0117/593 - 159 0107616 - 500  0216/347 0904 232
©18, 051, 020, (1.68, 048,
273 44,897 12.78)" 15.38) 11397
Sensitivty analysis
Overal 31(30675/ 102 <0001/518 - 101 0002478 - 102 0001584 - 100 0139219 - 101
34821 (097, 092, 097, 094, 097,
1.08 1109 108" 105) 105
Ethricty
Asian 78928/ - <0001/751 - - <o001834 - - <oo0i825 - 092 0003/693 - -
4732) 75,
1138
Cawcasan ~ 21(23972/ 100 0085314 - 100 0852500 - 100 0065341 - 100 070000 - 1.00
26425 (095, 093, 095, 098, 097,
106 1.07) 106 107) 1.08)
Mixed 3780/ 106 0060644 - 114 065400 - 106 0103561 - 141 055600 - 1.06
3,664) 88, 093, 080, 91, 097,
129 1.39) 125 135) 1.14)
Geographic region
Asia 78,928/ - <0001751 - - 0001834 - - <o00825 - 092 0003693 - -
4732) 75,
1138
Europe 202319/ 100 00661344 - 101 082500 - 100 0048373 - 101 072800 - 1.00
24571) (095, 094, 095, 094, 096,
1.06)° 1.08) 1.06" 1.08) 1.08)°
NohAmerica 4 (4433 104 0120470 - 104 036360 - 104 04750894 - 102 0330425 - 1.03
5518) (098, 088, 096, 087, 096,
113) 122) 1.13) 119) 1.10)

“Random-effects model was used i the pooked data.
Note: The bold valses indicate signficant results. CC, wilc-type; CG, heterazycotes: GG, homozygous mutant: HWE, the Hardy-Weinberg ecuilbrium: PB, pooulation-based: BV, blood donors or volinteers; HB, hospital-bas
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codon 72 (rs1042522) 1S3 16bp 1VS6+62A > G (s1625895)

total (rs17878362) total
29 total 35 25

Source of case
Selected from population or cancer registry 27 (27.3%) 10 (28.6%) 11 (44.0%)
Selected from hospital 56 (56.6%) 21 (60.0%) 10 (40.0%)
Selected from pathology archives, but without description 5(5.1%) 1@7) 1 (4.0%)
Not described 11 (11.1%) 3(86%) 3(12.0%)
Source of control

Population-based 37 (37.4%) 16 (45.7%) 13 (52.0%)

Blood donors or volunteers 20 (20.2%) 9(25.7%) 4(16.0%)

Hospital-based 18 (18.2%) 4(11.4%) 3(12.0%)

Not described 24 (24.2%) 6(17.1%) 5 (20.0%)
Ascertainment of cancer

Histological or pathological confimation 54 (54.5%) 23 (65.7%) 15 (60.0%)

Diagnosis of BC by patient medical record 29 (20.3%) 8 (22.9%) 8 (32.0%)

Not described 16 (16.2%) 4(11.4%) 2(8.0%)
Ascertainment of control

Controls were tested to screen out BC 1 (11.1%) 2(5.7%) 0(0.0%)

Controls were subjects who did not report BC, no objective testing 82 (82.8%) 29 (82.9%) 20 (88.0%)

Not described 6(6.1%) 4(11.4%) 5 (20.0%)
Matching

Controls matched with cases by age 43 (43.4%) 18 (51.4%) 13 (62.0%)

Not matched or not described 56 (56.6%) 17 (48.6%) 12 (48.0%)

Source of genotyping material of case

Appropriate DNA sources (such as peripheral blood, buccal swabs, saliva, and 77 (77.8%) 29 (82.9%) 21 (84.0%)

0 on)

Tumor tissue 11 (11.1%) 4 (11.4%) 2 (8.0%)

Not described 11(11.1%) 2(5.7%) 2(8.0%)
Genotyping examination

Genotyping done biindly and qualty control 13 (13.1%) 5(14.3%) 6 (24.0%)

Only genotyping done blindly or quality control 24 (24.2%) 6(17.1%) 5 (20.0%)

Unblinded and without qualty control 62 (62.6%) 24 (68.6%) 14 (56.0%)
HWE

HWE in the control group 79 (79.8%) 31 (88.6%) 21 (84.0%)

Hardy-Weinberg disequilbrium in the control group 20 (20.2%) 4(11.4%) 4(16.0%)
Association assessment

Assess association between genotypes and BC with appropriate statistics and 25 (25.3%) 10 (28.6%) 5 (20.0%)

adjustment for confounders

Assess association between genotypes and BC with appropriate statistics without 71 (71.7%) 23 (65.7%) 18 (72.0%)

adjustment for confounders

Inappropriate statistics used 3(3.0%) 2(6.7%) 2(8.0%)
Total sample size

>1000 24 (24.2%) 3(8.6%) 5(20.0%)

500-1000 20 (20.2%) 9 (25.7%) 7 (28.0%)

200-500 38 (38.4%) 17 (48.6%) 7 (28.0%)

<200 17 (17.29%) 6(17.1%) 6 (24.0%)

HWE: Hardy-Weinberg equilbrium, BC: breast cancer.
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Yes 10314/ 1.08 0.104/ = 0.98 0514/ -~ 1.05 (0.95, 0.078/ = 097 0.565/0.0 L] 1.04 (0.95,
10,237) (0.96, 1.11) 369 (0.80, 1.20) 0.0 1.16f" 40.7 (0.80, 1.19) 1.14)"
HWE
In violation 44624/ 1.08 o128 - 079 0869/ - 101 o1y - 079 089000 - 099
6,185) 0.94,1.14) 473 (059, 1.05) 00 0.92,1.11) 494 0.59, 1.05) (0.91,1.08)
Complant 217598 100085 <0001/ - 102 0129 - 100085, <0001 - 105 0482000 - 1.00(087,
6,710) 1187 64.6 (0.83, 1.26) 273 118" 68.0 (0.86, 1.29) 1157
Source of control
] 18801 106092, 0044/ - 090 0725/ - 105091, 0028/ - 0% 078300 - 1020091,
6,958) 1219 44.2 0.72,1.13) 0.0 1217 47.7 (0.74,1.14) 1.15)"
BV 41,882/ 1.04 (0.73, 0011/ b 1.74 0549/ 0.997 1.07 (0.76, 0.009/ £ 173 0.598/ 0997 1.08 (0.80,
1692) 1.46)" 731 (105,291 00 151 74.1 (104,289 00 146"
HB 3(2871/ e <0.001/ = a*: 0010/ o W <0.001/ £ 0.75 0.154/ L =
3,580 920 781 932 052,108 465
NR 5 (668/662) 1.09 0.424/0.0 - 1.08 0670/ & 1.08 0.454/0.0 - 1.08 0.669/0.0 = 1.06
(083, 1.41) 059,199 0.0 (084, 1.39) (057,1.88) (0.85, 1.32)
Ethicty
Affcan 10680 825075, - - omEes - - 289088, - - 035 - - 137
14.02) 18.60) 12.35) (002, 7.64) (0.56,3.32
Asian 1(83/268) 1.02 ® = 0.46 = " o091 » = 0.45 L] = 083
(0.44,2.37) (0.02, 891) (040, 2.09) (0.02, 8.88) (0.37,1.83)
Caucasian 19 (10,552/ 1.01(0.88, <0.001/ - 0.94 (0.70, 0051/ = 1.00 (0.87, <0.001/ £ 0.94 0.253/ a 1.00 (0.88,
11,861) 115 68.0 125 37.4 118 7.4 078,113 165 1129
Indian 3 (993/346) 0.99 0.144/ b 0.96 0.604/ e 101 0.187/ = 1.07 0.933/0.0 = 1.02
(0.70, 1.40) 485 (0.49, 1.89) 00 (0.73, 1.40) 40.3 {0.66, 1.75) (0.80, 1.32)
Mixed 1(578/390) 1.06 € |4 1.07 5 - 105 = 3 1.05 = = 1.08
(0.78, 1.41) (0.46, 2.49) (0.79, 1.40) (0.45, 2.45) (0.81, 1.35)
Geographic region
Asa 901628/ 0760048, <000V - ot 014 - - 0001/ - 084 057800 -  082(089,
1,057) 1229 728 0.47,106) 346 751 (059, 1.20) 1158
Europe 118,369/ 1.05 (0.94, 0.036/ - 1.05 0.305/ e 1.05(0.94, 0.035/ - 1.04 0.326/ - 1.05 (0.95,
9,417) 1.18° 483 (0.84, 1.30) 146 1187 48.5 (0.83, 1.29) 124 1167
North America 5(25 109075, 002/ - 085 0447/ - 109074, 0010/ - 085 050800 - 106076,
2,421) 1.58° 64.7 (0.58, 1.23) 00 1628 70.1 (0.59, 1.24) 1498
ER status
Negative 2 (121/300) 072 & & 359 (0.32, & 6 078 5 & 8.60 (297, 0.430/ 0.961 087
039, 132) 40.14) 043, 1.41) 24.91) 00 (051,149
Positive 2 (243/300) 123 L = 3.13(0.32, ® -~ 127 = ® 10.32 (4.31, 0.224/ 0.265 127
(0.78, 1.94) 30.42) (0.81,2.00) 24.72) 324 (0.84,1.92)
Tumor grade
Grade | 2 (79/796) 123 # -4 071 % o 117 = #* - 0.009/ -4 110
(0.65,2.31) (0.09, 5.46) (0.63,2.17) 855 (0.63, 1.90)
Grade Il 2 (95/796) 092 - * 030 = e 082 “ - - 0.002/ - 0.74
048, 178) 002.504) 042,158 89.4 (040,1.38
Grade Il 2 (80/796) 0.94 = L 069 = > 092 " = e 0.025/ e 0.90
(0.47, 1.88) (0.09, 5.33) (0.47,1.78) 80.1 (0.49, 1.64)
Menopausal status
Postmenopausal 3 (382/240) 0.65 (0.30, 0139/ - 098 0833/ - 0.68 (0.33, 0.156/ b 3.27 (047, 0.035/ B 0.79
1410 543 019,515 00 139" 503 22628 702 052,119
Premenopausal 3 (201/270) 120 0.631/0.0 = 3.00 (0.59, 0624/ = 130 0.678/0.0 - 7.30 (154, 0.134/ 0.998 136
0.72,201) 15.30) 00 0.79, 2.15) 34.58)°" 50.3 (0.87,2.14)
Age
<50 years. 2 (513/528) 0.57 = 0.924 062 2 = 058 ® 0.900 = <0.001/ £ 0.62
(0.41,0.78) (0.26,1.53) (0.42,0.78) 95.0 (0.47,
082)
250 years 2(1058/961) 1.02 = = 1.05 = 6 102 = = g <0.001/ £ 1.02
(0.82,1.27) (0.57, 1.94) (0.82,1.26) 95.1 (0.84,1.23
Sensitivity analysis.
Overall 6(4,341/ 1.01 0.338/ & 1.07 0.580/ - 101 0.282/ = 1.07 0.625/0.0 & 101
3,983) 091,1.11) 120 079,144 00 092,1.12) 201 (080, 1.44) (093, 1.11)
Ethnicity
Caucasian 53,763/ 1.00 023 - 107 0435 - 100 ol - 107 048000 - 101
3509  (090,111) 284 ©078,147) 00 ©090,1.12) 352 (078, 1.47) ©092,1.11
Mixed 1(678/390) 105 - - 107 - - 105 - 105 - - 105
(0.78, 1.41) (0.46, 2.49) (0.79, 1.40) (0.45, 2.45) (0.81,1.35)
Geographic region
Europe 5(3,763/ 1.00 0.233/ # 1.07 0435/ -~ 1.00 0.187/ ® 1.07 0.480/0.0 # 101
3,503 090, 1.11) 28.4 (0.78, 1.47) 0.0 0.90, 1.12) 35.2 (0.78, 1.47) (0.92,1.11)
North America 1 (578/390) 1.05 & = 1.07 & ek 105 = & 1.05 - - 1.05
078, 1.41) 046, 249) 079, 1.40) (045, 2.45) 081,135

*Random-effects model was used i the pooked data.
Note: The bold values indicate significant results.
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