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Background

Although numerous case-control studies have explored the association between CC cytokine ligand-4 (CCL4) expression and cancer susceptibility, their results have been conflicting. This study aimed to determine the still-unknown connection of CCL4 rs10491121 and rs163450 polymorphisms with cancer susceptibility.





Methods

Several databases, such as Web of Science, PubMed, and EMBASE, were searched for papers published since the creation of the database until November 2, 2022. Using RevMan 5.4 and StataMP 17 softwares, meta-analysis and subgroup analysis were performed after article screening and data extraction. For sensitivity analyses, one-by-one exclusion method was used, and then, the comprehensive effect was estimated and compared with that before exclusion. Trial sequential analysis (TSA)was performed using TSA 0.9.5.10 beta software.





Results

Seven case-control studies encompassing 3559 cases and 4231 controls were included. The P value was greater than 0.05 for all models, indicating the absence of an evident relationship of CCL4 gene rs10491121 and rs1634507 polymorphisms with cancer susceptibility. However, in the subgroup analysis of rs10491121, the P values in all models studied by us except GA vs. AA were <0.05 considering the Chinese subgroup, suggesting that the G allele is a risk factor for cancer in the Chinese population. Besides, in the subgroup analysis of rs1634507 considering oral cancer, the co-dominant model GG vs. TT, dominant model GG + GT vs. TT, and allele model G vs. T groups showed OR < 1 and P < 0.05, indicating that the G allele was a protective factor of oral cancer. However, for other cancer types, all the models studied by us except GG vs. GT showed OR > 1 and P < 0.05, indicating that the G allele was a risk factor for these other cancers. Despite the statistically significant results, sensitivity analysis had some stability limitations, and TSA results suggested the possibility of false positives.





Conclusion

For rs10491121, we identified an association between the G allele and increased cancer risk in the Chinese population. For rs1634507, the G allele was not found to be associated with reduced risk of oral cancer and increased risk of other cancers studied by us.
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1 Introduction

C-C chemokine ligand (CCL) 4, also called macrophage inflammatory protein 1, belongs to the subfamily of CC chemokines and binds with various CC chemokine receptors (CCR) (1). The CC cytokine ligand-4 (CCL4) gene is located on chromosome 17, particularly q11-q21. Generally, CCL4 secretion is due to antigen stimulation or mitotic signals (2, 3). CCL4 can bind to CC chemokine receptor 5 (CCR5) and participate in various important processes. For example, CCL4 and CCR5 are crucial in atherosclerosis development (4) and in cancer development and immune system execution (5).

Among the many human gene mutation types, the most predominant are single nucleotide polymorphisms (SNPs), accounting for 90% of the gene mutations (6). SNPs introduce a difference of a single base in the DNA sequence (7). Thus far, many studies have explored the relationship of SNPs with cancer. For example, the SNP of rs763110 in the gene that encodes FasL will lead to changes in FasL expression such that increased FasL expression and decreased Fas expression will help cancer cells escape tumor immune response, leading to gynecological and other types of cancers (8). Besides, the SNP of the TLR3 gene at rs5743305 are suggested to be linked to increased breast cancer risk, whereas the SNP of the TLR3 gene at rs3775291 are reportedly linked to breast cancer recurrence (9). Furthermore, the SNP of the cadherin gene at rs9929218 can cause colorectal cancer (10). Therefore, SNPs can often contribute to the occurrence and development of cancer.

Notably, mutations at the two classical mutation sites of the CCL4 gene, namely rs1634507 and rs10491121, are reportedly closely related to many cancers. For example, rs1634507 has a certain role in predicting oral cavity carcinoma, and rs10491121 is closely associated with the tumor size of oral invasive squamous cell carcinoma (11). In addition, the SNP of rs10491121 is reportedly closely correlated with reduced hepatocellular carcinoma risk (12). In breast cancer patients, the probability of cancer metastasis to lymph nodes is lower in patients with the genotype AG or GG of rs10491121 than in those with genotype AA of rs10491121 (13). The risk of developing lung cancer is higher in individuals with genotype GT or TT of rs1634507 than in those with genotype AA of rs1634507 (14).

Evidently, there are many SNPs of rs1634507 and rs10491121, and different SNP combinations will lead to different results, particularly with respect to changes in cancer susceptibility. SNPs may aggravate or slow down the development and metastasis of cancer cells or may even not have any effect on cells of some cancer types. Recently, several case-control studies have been conducted on rs1634507 or rs10491121 polymorphisms and cancer risks. However, due to interference factors, the results of the abovementioned original studies have been conflicting, with some failing to show statistical significance. Therefore, the relationship of the SNPs of rs1634507 and rs10491121 with cancer is worth exploring using a meta-analysis.




2 Method



2.1 Study inclusion criteria

(1) Study content: to evaluate the correlation of cancer susceptibility with CCL4 SNPs at rs10491121 and rs1634507. (2) Study design: published case-control studies. (3) Participants: case group with pathologically and clinically diagnosed cancer patients; control group with general healthy population. Race, sex, age, and medical history were excluded from the analyses. (4) Original researches with reliable data quality, accurate application of statistical methods, and clear expression of results with available data on the number of people of each genotype in case and control groups.




2.2 Exclusion criteria

(1) Studies with incomplete data analysis or missing data wherein the author was unreachable to obtain the required information. (2) Non-human studies. (3) If the literature is repeatedly published by the same author, we selected the literature with the largest sample size.




2.3 Retrieval strategy

Web of Science, EMBASE, PubMed, CNKI, CBM, Wanfang, and VIP databases were searched for papers published since the creation of the database until November 2, 2022. A combination of subject words and free words was used in the retrieval process. The following were the terms searched: CC cytokine ligand-4, cancer, CCL4, malignant tumor, carcinoma, lymphoma, neoplasm, variants, and polymorphism. Table 1 lists specific search strategies using PubMed as an example.


Table 1 | The retrieval strategy using the PubMed database.






2.4 Article screening and data extraction

Two investigators independently extracted, screened, and cross-checked the literature. Problems encountered during article screening and data extraction were handled by consulting the third author. The existing literature was first screened by title. After excluding evidently irrelevant literature based on the title, the remaining literature was checked for validity by reading the Abstract and full text. If necessary, the original study author was contacted by phone or email to procure important information that was not provided in the publication. The data extraction process comprises several parts, including the basic information contained in the study, the year of publication, the first author of the study, study location, and the cancer type studied. Furthermore, it includes the number of pathologies contained in the case and control groups and the number of pathologies corresponding to each genotype.




2.5 Statistical methods

For meta-analysis, we used StataMP 17 and RevMan 5.4 were used in this study, and for trial sequential analysis (TSA), we used the TSA 0.9.5.10 beta software. The chi-square test was used for heterogeneity analyses (test level: α = 0.05). If no heterogeneity was identified in the results, the fixed effects model was used for meta-analysis. Conversely, if heterogeneity was identified in the results, a random effects model was adopted. The odds ratio (OR) value and 95% confidence interval (95% CI) of the allele as well as genotype frequency in each study were calculated. For subgroup analysis, the fixed effects model was used (15). A P value of <0.05 reflects statistical significance. In addition, subgroup analyses were performed by population and cancer type. We used the one-by-one exclusion method for sensitivity analyses, and the combined effects were estimated and then compared those before exclusion. We used the Begg’s and Egger’s tests to evaluate the publication bias of the included studies.





3 Result



3.1 Literature search and study characteristics

We retrieved a total of 152 relevant papers and finally included seven case-control studies after a stratified screening process. These seven studies encompassed 3559 cases and 4231 controls (11–14, 16–18). Among them, CCL4 rs10491121 polymorphisms were discussed in all seven studies and CCL4 rs1634507 polymorphisms were discussed in five case-control studies, encompassing 2109 cases and 3021 controls. Four studies were conducted on Chinese populations, and the other three studies on American, Iranian, and Swedish populations. Figure 1 shows the literature selection process using PubMed as an example. Tables 2 and 3 shows the basic characteristics of each included literature.




Figure 1 | Study selection flow chart.




Table 2 | Basic characteristics of included studies on the relationship between CCL4 rs10491121 polymorphism and cancer susceptibility.




Table 3 | Basic characteristics of included studies on the relationship between CCL4 rs1634507 polymorphism and cancer susceptibility.






3.2 Meta-analysis results



3.2.1 Relationship between rs10491121 polymorphism of the CCL4 gene and cancer susceptibility

According to the findings of our meta-analysis, there were no significant differences in cancer susceptibility among the recessive model GG vs. GA + AA group [OR = 1.13, 95% CI (0.92, 1.39), P = 0.26, I2 = 70%], the dominant model GG + GA vs. AA group [OR = 1.14, 95% CI (0.85, 1.54), P = 0.37, I2 = 83%], and the co-dominant model GG vs. AA group [OR = 1.21, 95% CI (0.86, 1.72), P = 0.28, I2= 83%]. Furthermore, the OR values were as follows — GA vs. AA group: 1.12 [95% CI (0.85, 1.47), P = 0.41, I2= 77%], GG vs. GA group: 1.08 [95% CI (0.92, 1.26), P = 0.36, I2 = 44%], and G vs. A group: 1.10 [95% CI (0.92, 1.32), P = 0.30, I2 = 85%] (Figure 2). The P values in all of the above models were > 0.05, indicating no significant association of the rs10491121 G/A polymorphism of the CCL4 gene with cancer susceptibility.




Figure 2 | Meta-analysis of the correlation between rs10491121 polymorphism of the CCL4 gene and cancer susceptibility (G vs. A).






3.2.2 Relationship between rs1634507 polymorphism of the CCL4 gene and cancer susceptibility

According to the findings of our meta-analysis, there were no significant differences in cancer susceptibility among the recessive model GG vs. GT + TT group [OR = 1.01, 95% CI (0.72, 1.41), P = 0.97, I2 = 84%], the dominant model GG + GT vs. TT group [OR = 1.03, 95% CI (0.61, 1.71), P = 0.92, I2 = 83%], and the co-dominant model GG vs. TT group [OR = 1.02, 95% CI (0.53, 1.97), P = 0.95, I2 = 88%]. Furthermore, the OR values were as follows — GT vs. TT group 1.04 [95% CI (0.71, 1.52), P = 0.84, I2 = 67%], GG vs. GT group: 1.00 [95% CI (0.77, 1.30), P = 0.98, I2 = 70%], and G vs. T group: 1.00 [95% CI (0.74, 1.35), P = 1.00, I2 = 89%] (Figure 3). The P values in all of the above models were > 0.05, indicating no significant association of the rs1634507 G/A polymorphism of the CCL4 gene with cancer susceptibility.




Figure 3 | Meta-analysis of the correlation between rs1634507 polymorphism of the CCL4 gene and cancer susceptibility (G vs. T).






3.2.3 Subgroup analysis



3.2.3.1 Relationship between rs10491121 polymorphism of the CCL4 gene and cancer susceptibility

Table 4 shows our findings of subgroup analyses of rs10491121 classified by country. The co-dominant model GG vs. AA [OR = 1.28, 95% CI (1.09, 1.51), P = 0.003]and GG vs. GA group [OR = 1.16, 95% CI (1.00, 1.35), P = 0.04], dominant model GG + GA vs. AA group [OR = 1.19, 95% CI (1.04, 1.35), P = 0.01], recessive model GG vs. GA+AA group [OR = 1.20, 95% CI (1.05, 1.38), P = 0.008], and allele model G vs. A group [OR = 1.15, 95% CI (1.05, 1.25), P = 0.001] suggested that the G allele was a risk factor for cancer in the Chinese population. However, this association was not significant in any genetic model for non-Chinese populations.


Table 4 | Subgroup analysis of CCL4 rs10491121 polymorphism and cancer susceptibility.






3.2.3.2 Relationship between rs1634507 polymorphism of the CCL4 gene and cancer susceptibility

Subgroup analysis of rs1634507 classified by cancer type was performed (Table 5). The allele model G vs. T group [OR = 0.85, 95% CI (0.74, 0.97), P = 0.01], dominant model GG + GT vs. TT group [OR = 0.70, 95% CI (0.51, 0.95), P = 0.02], and co-dominant model GG vs. TT group [OR = 0.66, 95% CI (0.48, 0.91), P = 0.01] revealed the G gene as a protective factor of oral cancer. However, for other cancer types studied by us, the dominant model GG + GT vs. TT group [OR = 1.41, 95% CI (1.11, 1.77), P = 0.004], co-dominant model GG vs. TT group [OR = 1.51, 95% CI (1.18, 1.95), P = 0.001], recessive model GG vs. GT + TT group [OR = 1.19, 95% CI (1.01, 1.40), P = 0.04], and GT vs. TT group [OR = 1.30, 95% CI (1.01, 1.66), P = 0.04] and allele model G vs. A group [OR = 1.20, 95% CI (1.06, 1.35), P = 0.003] suggested that presence of the G allele as a risk factor for cancer.


Table 5 | Subgroup analysis of CCL4 rs1634507 polymorphism and cancer susceptibility.







3.2.4 Sensitivity analysis

Taking the rs10491121 group GG + GA over AA as an example, the minimum and maximum combined ORs were 1.01 [95% CI (0.86, 1.19)] and 1.24 [95% CI (0.91, 1.69)], respectively, after excluding one study. Sensitivity analyses indicated that meta-analysis results were vulnerable to changing significantly from the inclusion or exclusion of a single study.




3.2.5 Publication bias analysis

Tables 6 and 7 show the results of publication bias analyses of CCL4 rs10491121 and rs1634507 polymorphisms. After the Begg’s test, we drew a funnel plot of GG + GA vs. AA genotypes at the locus rs10491121. The seven studies included appeared completely on the chart, distributed around the combined OR value. The pattern showed a symmetrical trend and an inverted funnel shape, indicating the absence of publication bias. Because few studies with single SNP sites were included in the meta-analysis, quantitative findings of the Begg’s test were Z = 0.00 and P = 1.000 (>0.05). Findings of the Egger’s test were t = -0.14, P = 0.896 (>0.05), and 95% CI of -7.52 to 6.75, suggesting no publication bias (Figure 4).


Table 6 | Publication bias analysis of the rs10491121 gene polymorphism of CCL4 and cancer susceptibility.




Table 7 | Publication bias analysis of the rs1634507 gene polymorphism of CCL4 and cancer susceptibility.






Figure 4 | Publication bias analysis results (considering the GG + GA vs. AA genotype of rs10491121 and cancer susceptibility as an example). (A)Begg's test. (B) Egger's test.






3.2.6 Trial sequential analysis

We used TSA to calculate the sample size required to draw definitive conclusions and analyze random error problems in repeated updates of meta-analyses, such as false negatives and false positives. Taking the example of rs10491121 G vs. A, the accumulated information size is too small to reach the required information size, and the Z curve tends to almost intersect with the TSA boundary (Figure 5A). As shown in Figure 5B, the result of rs1634507 G vs. T group also had a similar tendency. The results revealed that the possibility of false positives still persisted (19). Therefore, to further verify this result, more follow-up case-control studies are warranted.




Figure 5 | Trial sequential analysis results of G vs. A of the rs10491121 group and G vs. T of rs1634507 group. (A) G vs. A of rs10491121. (B) G vs. T of rs1634507.








4 Discussion

Our results showed that cancer susceptibility was not significantly differently exacerbated by the polymorphisms of CCL4 gene at rs10491121 and rs1634507 at the macroscopic level. However, subgroup analysis revealed an association between the G allele and increased cancer risk for rs10491121 in the Chinese population. For rs1634507, there was an association between the G allele and reduced risk of oral cancer and increased risk of other cancers studied by us.

CCL4 is also known as macrophage inflammatory protein 1 beta (2). It can bind to CCR5, a seven-transmembrane G protein coupled receptor, on the cell surface (3). CCL4 is essential for inflammation, tumorigenesis, and other immune responses, particularly tumor growth, metastasis, angiogenesis, and invasion (20–23), thus making it closely related to the pathogenesis of various cancers (14). CCL-4 expression reportedly increases on the surface of prostate cancer cells, which causes changes in the integrin pathway and exacerbates the development and metastasis of prostate cancer. It can also accelerate prostate cancer development via signal translator and activator of transfer 3 (STAT3)-dependent signal transduction (24). Besides, tumor-infiltrating granulocytes and monocellular myeloid-derived suppressor cells can release CCL4 in surplus to act on CCR5 receptors on melanoma and lymphoma cancer cells, thus recruiting a large number of T regulatory cells and promoting the generation, growth, and metastasis of cancer (25). In addition, the CCL4–CCR5 interaction can regulate the interaction of fibroblasts with cancer cells in the bone cavity to promote bone metastasis of breast cancer (26). Serum CCL4 levels are reportedly significantly higher in patients with squamous cell carcinoma of the head and neck than in controls. The situation is observed in patients with hepatocellular carcinoma (HCC) (11). However, in patients with esophageal squamous cell carcinoma, the increased CCL4 expression may also improve the prognosis by altering the cancer microenvironment and recruiting CD8+ T cells to strengthen cancer immunity (27). In the case of inflammation, CCL4 secretion will be promoted by CD4+ cells forming a complex with dendritic cells and antigens. CCL4 release promotes the interaction between CD4+ cells and the CCR5 receptors present on CD8+ cells. This process is associated with increased cross initiation between lymphocytes; this can lead to CD8+ T lymphocytes flowing out of lymph nodes and reaching the cancer cells, providing a strong and long-term immune response (18, 28). In this way, increased CCL4 expression may lower the risk of cancer and provide a better prognosis. For example, for esophageal squamous cell carcinoma patients, a high CCL4 level indicates prolonged survival (27). However, there is a paucity of research on the relationship between CCL4 levels and cancer susceptibility, possibly because it is difficult to measure CCL4 levels in the “carcinogenic niche,” which comprises inflammatory cells and their released cytokines in the tumor microenvironment. Genetically determined differences in cytokine and chemokine gene transcript levels have been identified and demonstrated between tumor-susceptible and -resistant animal models (29). Rs1634507 is located in the promoter region of CCL4 (12), and its mutation markedly affects CCL4 expression. Therefore, it is reasonable to speculate that polymorphisms that cause changes in expression level and activity contribute of CCL4 to cancer susceptibility in patients. Additionally, CCL4 expression level affects different cancers differently. The differences in characteristics of this mutation in oral cancer and other cancers studies by us may be attributed to different gene expression levels affecting different cancers differently, and a better understanding in this regard warrants further exploration.

CCL4 interaction with CCR5 can enhance the anti-tumor immune effect by making γδT cells enter cancer tissues from peripheral blood (30). HCC-C2 is a type of hepatocellular carcinoma that particularly affects Asians and occurs in Chinese and Asian American individuals but not in Europeans. γδT cells are highly expressed in this type of liver cancer (31). Therefore, the mutation of rs10491121 possibly affects γδT cell recruitment by CCL4, thus causing a higher level of γδT cells in Chinese individuals with cancer and consequently reducing cancer susceptibility and improving tumor immunity of Chinese individuals. However, to gain a better understanding of the potential carcinogenic and anti-tumor mechanisms of rs10491121, more pertinent laboratory researches are warranted required. Furthermore, the discovery that capecitabine can reduce CTLA-4 expression in CRC cells suggests that traditional chemotherapy can influence the immune response (32), which may also apply to CCL4. Therefore, further research into the relationship between CCL4 polymorphism and the efficacy of standard anticancer therapy is warranted.

Begg’s and Egger’s test findings revealed no publication bias in this study, thus upholding the credibility of our results. Despite this, the study has some limitations. First, all studies involved herein were from published articles written in English or Chinese. Therefore, our results may be prone to a language bias. Second, given that rs10491121 and rs1634507 polymorphisms of the CCL4 gene and cancer susceptibility are not widely studied topics, few studies were available for reference, thus limiting the number of included cases and controls and the number of subgroup analysis studies and affecting the representativeness of the findings, as shown by the TSA results. Furthermore, the scope of the study was limited to published case-control studies, and studies with incomplete or missing data analysis were excluded. This selection criterion may have resulted in a smaller sample size, thus lowering the statistical power of the meta-analysis. Besides, confounding factors like race, gender, age, and medical history were not considered in the study. These variables may have influenced the relationship between cancer susceptibility and CCL4 SNPs. Consequently, although the study does offer significant insights into the association between CCL4 SNPs and cancer susceptibility, caution should be exercised when interpreting the findings. Further studies are required to validate and confirm these results.

Taken together, according to the above results, cancer susceptibility was not significantly differently exacerbated by the polymorphisms of CCL4 gene at rs10491121 and rs1634507 at the macroscopic level. However, subgroup analysis revealed that for rs10491121, an association of the G allele with increased cancer risk existed in the Chinese population. For rs1634507, the G allele was found to be associated with reduced risk of oral cancer and increased risk of other cancers studied by us. For a more informative meta-analysis, more multi-center case-control studies with large sample sizes are warranted in the future.
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