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Background: Several studies including some genome-wide association studies (GWAS) had shown that BAK1 gene rs210138 polymorphisms might be associated with testicular germ cell tumors (TGCT). Here we tried to sum up the association through a systematic review and meta-analysis.

Methods: Studies associated with BAK1 rs210138 and TGCT was systematically searched in databases. The effect size was pooled according to ORs and 95% CIs.

Results: Our systematic review and meta-analysis comprised 14 articles. Significantly increased risk of TGCT was found in eligible GWAS and follow-up studies, in overall group and its Caucasian subgroup.

Conclusions: Compared with adenine (A), BAK1 rs210138 guanine (G) is associated with increased risk of TGCT. Well-planned studies with larger sample size and more subgroups are needed to verify the risk identified in our systematic review and meta-analysis.
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BACKGROUND

More than 90% of cancers of the testicle develop in germ cells. Testicular germ cell tumor (TGCT) manly consist of seminomas and non-seminomas (1). The protein encoded by BCL2 antagonist/killer 1 (BAK1) gene belongs to the BCL2 protein family. BAK1 protein localizes to mitochondria, and functions to promote apoptosis. In a kind of Bak(−/−) mice, 60% mice harbored high-grade tumors within the testis (2). Several studies including some genome-wide association studies (GWAS) (3) had shown that BAK1 gene rs210138 polymorphisms might be associated with TGCT. Here we tried to sum up the association through a systematic review and meta-analysis.



METHODS


Identification of Eligible Studies

Independently, two researchers systematically searched these databases: GWAS Catalog, Wanfang, CNKI, clinicaltrials.gov, Cochrane Library, PubMed, Embase. Term “rs210138” was used in GWAS Catalog. And in other databases, these terms were used without limitation: “BAK1” AND “cancer of testis OR carcinoma of testis OR testicular cancer OR testis cancer OR ball cancer OR testicular germ cell tumors OR TGCT” AND “polymorphisms OR polymorphism.” The last search update was on Nov 30, 2018. For additional studies, we made a manual search in reviews and references of related studies.



Inclusion and Exclusion Criteria

Independently, two researchers made the selection according to the following inclusion criteria: (1) evaluation of the association between BAK1 rs210138 and TGCT susceptibility; (2) case-control study; (3) studies focusing on tissues of human beings; (4) elaborate genotype data in non-GWAS study or enough data in GWAS study could be acquired. Exclusion criteria: (1) duplication of previous publications (When there were multiple publications from the same population, only the largest study was included); (2) review, comment, and editorial; (3) study without enough data; (4) studies focusing on cell lines. Dissertation thesis were included in the analysis. We took experience and inspiration from the article we have published recently (4), in which the inclusion and exclusion criteria was mature and rigorous.



Data Extraction

Data of the eligible studies were extracted by two investigators independently. Conflict was solved by discussion. The third investigator would be involved if necessary. Try to get detailed genotype data by contacting the author.

The following contents were collected: year of publication, the characteristics of cases and controls, first author's surname, ethnicity, Hardy-Weinberg equilibrium, source of control groups, country of origin, genotyping method, number of cases, and controls.



Methodological Quality Assessment

According to Newcastle-Ottawa Scale (NOS) (5), two investigators evaluated qualities of included studies independently. Quality scores range from 0 to 10, and higher scores means better quality of the study. The most important factor was “age, gender, and country.” Conflict was solved by discussion.



Statistics Analysis

This meta-analysis complied with the PRISMA checklists (6). Pooled ORs and 95% CIs were calculated to evaluate the strength of the association between BAK1 gene rs210138 polymorphisms and TGCT susceptibility. Evaluation of Hardy-Weinberg equilibrium (HWE), OR and 95% CIs, heterogeneity, sensitivity, and publication bias were performed according to methods in our published article (4). In addition, I–V random effects model was used in total to get all data shown in Table 4 except overall subgroup. Sensitivity analyses and potential publication bias were not performed in Table 4. Stata 12.0 software (StataCorp, College Station, Texas, USA) were used in all statistical analyses. We regarded two-tailed P < 0.05 as significant except for specified conditions, where a certain P-value was declared.




RESULTS


Characteristics of Studies

In total, we captured 66 articles from databases (PubMed = 13, Embase = 18, Cochrane = 0, clinicaltrials.gov = 0, CNKI = 22, Wanfang = 3, GWAS Catalog = 5, other sources = 5). Figure 1 displayed the selection process. One full-text article was excluded for not about rs210138. Finally, 14 records (7–20) were included in our systematic review and meta-analysis. Tables 1, 2 displayed characteristics of each study. The control group of study Poynter et al. (7) and Dantsev et al. (10) had shown significant departure from HWE.


[image: Figure 1]
FIGURE 1. Flow chart of study selection.



Table 1. Characteristics of studies about BAK1 rs210138 included in the systematic review and meta-analysis.
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Table 2. Characteristics of cases and controls.
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Meta-Analysis Overall

In overall group and its Caucasian subgroup, significantly increased risk of TGCT was found in all genetic models of BAK1 rs210138 (Table 3 and Figure 2). And the results showed stability in sensitivity analyses in four genetic models (Table 3). In heterozygote comparison (AG vs. AA), when study NO 1.2 was excluded, statistically different results were obtained (Table 3). No significant publication bias was found in Egger's test or Begg's test in either genetic models of overall group. Publication bias was not performed in Caucasian subgroup because of scanty data.


Table 3. Summary of pooled ORs in the meta-analysis with detailed genotype.
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FIGURE 2. Forest plot with a fixed effects model for the association between BAK1 rs210138 and TGCT in allelic comparison (G vs. A) overall. For each study, the estimate of OR and its 95% CI is plotted with a box and a horizontal line. Rhombus: pooled OR and its 95% CI.




Meta-Analysis in Total

In our eligible GWAS and follow-up studies, we could not retrieve elaborate genotype data. Without elaborate genotype data, sensitivity analyses and potential publication bias were not performed. We tried to perform a meta-analysis based on OR and 95% CIs by using Stata 12.0 software in allelic comparison (G vs. A) (Figure 3), and I–V random effects model was used to get all data shown in Table 4 except overall group. Significantly increased risk of TGCT was found in all groups in Table 4.


[image: Figure 3]
FIGURE 3. Forest plot with an I–V random effects model for the association between BAK1 rs210138 and TGCT in allelic comparison (G vs. A) in total. For each study, the estimate of OR and its 95% CI is plotted with a box and a horizontal line. Rhombus: pooled OR and its 95% CI.



Table 4. Summary of pooled ORs in the meta-analysis in total.
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DISCUSSION

Above all, we found BAK1 rs210138 guanine (G) was associated with increased risk of TGCT in most genetic models in the meta-analysis of single case-control studies. In GWAS studies, follow-up studies and their meta-analysis based on OR and 95% CIs, BAK1 rs210138 guanine (G) also showed association with increased risk of TGCT in allelic comparison, which was consistent with the results in the meta-analysis of single case-control studies.

Meanwhile, our meta-analysis had several limitations which should be mentioned. Up to now, number of eligible studies for our meta-analysis were small. There was inadequate data for subgroup analyses. Omission of studies in other languages or unpublished studies might happened. In our eligible GWAS and follow-up studies, we could not retrieve elaborate genotype data. With those limitations, the study provided some insights on the potential association between BAK1 rs210138 and TGCT susceptibility.



CONCLUSION

Our results suggested that: Compared with adenine (A), BAK1 rs210138 guanine (G) is associated with increased risk of TGCT. Well-planned studies with larger sample size and more subgroups are needed to verify the risk identified in our systematic review and meta-analysis.
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