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Background: Coronary artery disease (CAD) remains the leading cause of mortality worldwide, and its susceptibility is closely associated with genetic modifications. The association between inflammation and CAD has been investigated in detail. This meta-analysis was conducted based on the PRISMA guidelines to evaluate the association between the tumor necrosis factor superfamily member 4 (TNFSF4) gene polymorphisms (rs3861950 T > C and rs1234313 A > G) and the risk of CAD.

Methods: The selected criteria included 11 eligible articles containing 18 studies (nine studies included 7,395 cases and 5,296 controls for rs3861950 and nine studies with 6,951 cases and 4,959 controls for rs1234313). Correlations between the two polymorphisms and CAD were estimated by pooling the odds ratios (ORs) with 95% confidence interval (95% CI) in allelic, dominant, recessive, heterozygous, and homozygous models.

Results: The pooled analyses demonstrated that the rs3861950 T > C polymorphism was significantly associated with an increased risk of CAD in the Asian population in the allelic model, dominant model, and homozygous model. Furthermore, subgroup analysis based on disease type showed that TNFSF4 rs3861950 T > C had a robust correlation with increased risk of cerebral infarction (CI) in the allelic model, dominant model, heterozygous model, and homozygous model. However, the rs1234313 A > G polymorphism mostly tended to decrease the risk of CAD in the Asian and Caucasian populations in the allelic and dominant model. This single nucleotide polymorphism (SNP) had a close relation to myocardial infarction (MI) susceptibility in the allelic model, dominant model, and heterozygous model.

Conclusion: This meta-analysis identified two novel SNPs in TNFSF4 significantly associated with CAD susceptibility.
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INTRODUCTION

Coronary artery disease (CAD) is a severe condition caused by the accumulation of plaque in the coronary arteries that leads to dysfunction of coronary arteries endothelial cells at an early stage (Marenberg et al., 1995; Kessler et al., 2016). Epidemiological and translational medical research has improved our understanding the mechanism underlying CAD (Khera and Kathiresan, 2017). However, CAD remains the leading cause of mortality worldwide. An increasing number of studies demonstrated that age, race, gender, smoking status, blood pressure, diabetes, obesity, and an unhealthy lifestyle are associated with an increased risk of CAD (Kessler et al., 2016). High-throughput sequencing and functional studies have confirmed that the susceptibility of CAD is regulated by a combination of genetic and environmental factors. Moreover, family-based studies indicated that the heritable variation was closely associated with CAD susceptibility (Marenberg et al., 1995). Therefore, there is a current need to identify robust genetic markers for the precise diagnosis of CAD in a specific population.

The close association between atherosclerosis and inflammation is well-known as the pathological basis of CAD(Christodoulidis et al., 2014). Furthermore, many well-established inflammatory mediators were thought to be potential clinical biomarkers of CAD. For example, TNFSF4, also called OX40L, belongs to the tumor necrosis factor superfamily and it is a membrane-bound protein predominantly expressed on antigen-presenting cells, CD4/8-positive T cells, and vascular endothelial cells (Baum et al., 1994). TNFSF4 has been suggested to bind to its receptor TNFRSF4 and improves the proliferation and development of memory T cells (Van Wanrooij et al., 2007; Kaur and Brightling, 2012). Previous studies have found that a high expression of TNFSF4 may play a vital role in atherosclerotic lesions and the accumulation of plagues in the arteries (Van Wanrooij et al., 2007). Therefore, there is a current need to improve our understand of the association between TNFSF4 variations and CAD risks. Single nucleotide polymorphisms (SNPs) are associated with disease susceptibility by altering gene expression or function. Human TNFSF4 gene maps to chromosome 1q25 and many SNPs have been found in the TNFSF4 gene (Baum et al., 1994). Furthermore, case-control studies have already shown a robust association between some TNFSF4 SNPs and CAD, such as rs17568, rs3861950, rs1234314, rs1234313, and rs3850641(Wang et al., 2019). Recently, a meta-analysis has reported the SNPs of TNFSF4 and evaluated the associations between several SNPs and CAD risk(Wang et al., 2019). However, conclusions were drawn from insufficient data, and this caught our attention. Considering that no significant association was found between TNFSF4 rs3861950 T > C and rs1234313 A > G polymorphisms and CAD ris, there is a need to re-evaluate the potential risks of CAD based on additional case-control studies.



METHODS


Protocol and Registration

The implementation of this meta-analysis was completed in accordance with the “Preferred Reporting Items for Systematic Reviews and Meta-Analyses” (PRISMA) guidelines (Moher et al., 2009). The PRISMA checklist is provided in Supplementary Table 1.



Literature Search Strategy

A systematic and comprehensive literature search based on the Participant, Intervention, Comparison, Outcomes, and Studies (PICOS) framework was performed in PubMed, EBSCO, Web of Science, and CNKI databases to collect the relevant articles published prior to February 2020 without language restrictions using the following terms and keywords: (tumor necrosis factor superfamily member 4” OR “TNFSF4” OR “OX40L”) AND (“polymorphism*” OR “variant*”) AND [“coronary artery disease” OR “CAD” OR “coronary heart disease” OR “CHD” OR “ischemic heart disease” OR “IHD” OR “angina pectoris” OR “myocardial infarction (MI)” OR “MI” OR (“coronary” AND “atherosclerosis”) OR “acute coronary syndrome”]. Moreover, the references cited by these articles were also evaluated to include additional relevant articles. Two investigators (S Liu and X Wang) independently read and checked the associated articles and retrieved articles separately.



Eligibility Criteria

PICOS inclusion criteria were used for this meta-analysis (Supplementary Table 2). Briefly, studies were included if they met the following criteria: (1) association of TNFSF4 polymorphisms (rs3861950 T > C and rs1234313 A > G) with susceptibility to CAD; (2) CAD diagnosis by using coronary angiography and international validated criteria; (3) case-control or cohort studies; (4) availablility of original data and sufficient genotype data provided; (5) human studies; and (6) studies subjected to the Hardy-Weinberg equilibrium (HWE), (p > 0.05). Additionally, the exclusion criteria were as follows: (1) duplicate studies and repetitive data; (2) reviews, meeting abstracts, and meta-analysis; (3) studies on the association between other gene polymorphisms and CAD risks; and (4) family-based and case-only studies. The χ2-test was used to determine whether the observed genotype frequencies conformed to HWE, and p < 0.05 was considered statistically significant (Thakkinstian et al., 2005; Bowden et al., 2011).



Literature Quality Assessment

The Newcastle-Ottawa scale (NOS) was applied to assess article quality, which consists of three perspectives: selection, comparability, and exposure. A total score of five or above was considered a high-quality study, while scores lower than five were further excluded (Stang, 2010). The scores of NOS range from 0 to 9 and the scores of each study are listed in Supplementary Table 3.



Data Extraction

The following variables for the rs3861950 T > C and rs1234313 A > G polymorphisms were extracted from the eligible studies by two investigators (S Liu and X Wang) independently: first author, publication year, type of diseases, country and ethnicity of the study population, sample size of cases and controls, genotyping methods, percentage of males and mean age of the study population, number of genotypes and alleles in both groups, and study design. All investigators participated in the discussion to reach a consensus.



Statistical Analysis

The allele frequencies of the polymorphism from each study were calculated from genotype distributions or from the minor allele frequencies (MAF) provided in the studies. The association between the two TNFSF4 polymorphisms and susceptibility to CAD was assessed from the odds ratios (ORs) and their corresponding 95% confidence intervals (95% CIs) for each study in five genetic models: allelic, dominant, recessive, heterozygous, and homozygous models. Complete and subgroup analyses based on ethnicity and diseases were performed. A p < 0.05 was considered to be statistically significant. The Cochran's Q statistical test and I2-values were used to evaluate the heterogeneity of the eligible studies, and the pooled OR and its 95% CI were obtained by using either the fixed-effect model (p > 0.1 and I2 ≤ 50%) or the random-effect model (p ≤ 0.1 or I2 > 50%)(Bowden et al., 2011). Considering the large heterogeneity, meta-regression analyses were carried out. The following variables were considered to determine the potential source: publication year, population ethnicity (Asian or Caucasian), disease type, genotype methods, source of controls, and the case sample size (defined as >500 or <500 cases);

p < 0.05 was considered to be statistically significant. Begg's funnel plot and the Egger's test were used to determine the publication bias with p < 0.05 being statistically significant (Begg and Mazumdar, 1994; Egger, 1997). The robustness of results was tested by using sensitivity analysis. STATA version 12.0 was used to perform all statistical analyses (Thakkinstian et al., 2005).




RESULTS


Characteristics of the Included Studies

A total of 161 papers were initially obtained from PubMed, Web of Science, EBSCO, CNKI, and Google Scholar using the keywords search before February 2020. Among these studies, 150 articles were further excluded using the selection criteria described above and 11 of the articles (Wang et al., 2005; Koch et al., 2008; Chen et al., 2011; Cheng et al., 2011, 2015; Ria et al., 2011; Feng et al., 2013; Huang et al., 2014, 2016; Jiang et al., 2019; Huang) were included for quality assessment and evaluation of the Hardy-Weinberg equilibrium (HWE) (Thakkinstian et al., 2005). Finally, the 11 eligible articles containing nine studies of rs3861950 T > C and nine studies of rs1234313 A > G were included based on NOS scores >5 (Supplementary Table 3). The overview of the study selection and exclusion process based on the PRISMA diagram is shown in Figure 1, and the main characteristics of the eligible studies are shown in Table 1.


Table 1. Main characteristics of the eligible studies included in this meta-analysis.
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FIGURE 1. Flow diagram of the study selection process based on PRISMA guidlines.




Overall and Subgroup Meta-Analyses

Nine studies with 7,395 cases and 5,296 controls for rs3861950 T > C and nine studies with 6,951 cases and 4,959 controls for rs1234313 A > G were analyzed. The overall and subgroup meta-analyses based on ethnicity and type of disease of the association between the two TNFSF4 SNPs and CAD risk were performed in allelic, dominant, recessive, heterozygous, and homozygous models. The results were summarized in Table 3.



Association Between TNFSF4 rs3861950 T > C Polymorphism and CAD Risk

Six and three studies in the Asian and Caucasian populations, respectively, were included for rs3861950 T > C. Our overall analysis showed no significant correlation between the TNFSF4 rs3861950 T > C polymorphism and CAD risk under the five genetic models (Table 2). However, we observed an increased risk of CAD risk in the Asian population in the allelic model (C vs. T, OR = 1.33, 95% CI: 1.04–1.70, p = 0.021), dominant model (CCCT vs. TT, OR = 1.34, 95% CI: 1.00–1.78, p = 0.046) and homozygous model (CC vs. TT, OR = 2.07, 95% CI: 1.12–3.81, p = 0.020), but not in the Caucasian population (Figure 2A and Table 2). Furthermore, subgroup analysis based on types of disease demonstrated that in TNFSF4 rs3861950 T > C polymorphism there is a robust correlation with increased risk of cerebral infarction (CI) in the allelic model (C vs. T, OR = 1.63, 95% CI: 1.33–1.99, p = 0.000), dominant model (CCCT vs. TT, OR = 1.55, 95% CI: 1.22–1.96, p = 0.000), heterozygous model (CT vs. TT, OR = 1.35, 95% CI: 1.06–1.74, p = 0.017) and homozygous model (CC vs. TT, OR = 3.42, 95% CI: 1.91–6.12, p = 0.000) (Figure 2B and Table 2). These results indicated that TNFSF4 rs3861950 T > C polymorphism was a risk factor for CAD, specifically in the Asian population, and this SNP increases cerebral infarction susceptibility.


Table 2. Overall and stratified analyses of the association between TNFSF4 rs3861950 T > C and coronary artery disease risk.
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FIGURE 2. (A) ORs with their 95% CI for the association between TNFSF4 rs3861950 T>C polymorphism and the susceptibility to CAD in the overall population stratified by ethnicity in the random-effects model (allelic model: C vs. T); (B) ORs with their 95% CI for the association between TNFSF4 rs3861950 T>C polymorphism and the susceptibility to CI in the fixed-effects model (allelic model: C vs. T).




Association Between TNFSF4 rs1234313 A > G Polymorphism and CAD Risk

Overall, this meta-analysis revealed a significant association between TNFSF4 rs1234313 A > G polymorphism and decreased risk of CAD in the allelic model (G vs. A, OR = 0.94, 95% CI: 0.89–1.00, p = 0.034) and dominant model (GGGA vs. AA, OR = 0.93, 95% CI: 0.86–1.00, p = 0.049) (Figure 3A and Table 3). Additionally, it showed that this SNP was a protective factor in the Caucasian population in the dominant model (GGGA vs. AA, OR = 0.89, 95% CI: 0.80–1.00, p = 0.045) and heterozygous model (GA vs. AA, OR = 0.89, 95% CI: 0.79–1.00, p = 0.048), but not in the Asian model (Figure 3B and Table 3). Subgroup analysis based on types of disease showed that this SNP was also a favorable marker for decreased risk of myocardial infarction (MI) in the allelic model (G vs. A, OR = 0.91, 95% CI: 0.84–0.98, p = 0.018), dominant model (GGGA vs. AA, OR = 0.88, 95% CI: 0.79–0.97, p = 0.012) and heterozygous model (GA vs. AA, OR = 0.88, 95% CI: 0.79–0.98, p = 0.019) (Figure 3A and Table 3). These results indicated that TNFSF4 rs1234313 A > G polymorphism was a protective factor for CAD risk.
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FIGURE 3. ORs with their 95% CI for the association between TNFSF4 rs1234313 A>G polymorphism and the susceptibility to CAD in the overall population stratified by disease (allelic model: G vs. A) (A) and ethnicity (dominant model: GGGA vs. AA) (B) both in the fixed-effects model.



Table 3. Overall and stratified analyses of the association between TNFSF4 rs1234313 A > G and coronary artery disease risk.
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Evaluation of Heterogeneity and Sensitivity Analysis

No heterogeneity was observed for rs1234313 A > G polymorphism in the five genetic models analyzed in our meta-analysis (Table 3). However, although a significant association between rs3861950 T > C polymorphism and CAD risk was established under the allelic, dominant, and homozygote models in the Asian population, a large heterogeneity among studies was also observed (Table 2). Therefore, a meta-regression analysis was carried out to observe the source of heterogeneity in the general variables using data from the allelic model under the random-effects model. However, our results showed that the year of publication, population ethnicity, type of disease, genotype methods, source of controls, and the case sample size were not all associated with the large heterogeneity (p > 0.05). The sensitivity analysis was next conducted to determine the stability of the results. This process involved omitting one study at a time to obtain a further pooled ORs. Our results showed a significant association between rs3861950 T > C polymorphism and CAD risk remained constant in the Asian population under the homozygote model in the random-effects model (Figure 4A), which demonstrated the robustness of the results. The stability of the results was established from the sensitivity analysis of the rs1234313 A > G polymorphism in the overall population under the allelic model in the fixed-effects model (Figure 4B).


[image: Figure 4]
FIGURE 4. Sensitivity analyses for TNFSF4 rs3861950 T>C (A) and rs1234313 A>G (B) polymorphisms respectively, in the Asian population (homozygous model: CC vs. TT) in random-effects model and overall (allelic model: G vs. A) population in the fixed-effects model.




Publication Bias

The Egger's test and Begg's funnel plot were used to assess the publication bias of the studies involved in this meta-analysis for rs3861950 T > C and rs1234313 A > G polymorphisms (Begg and Mazumdar, 1994; Egger, 1997). The results showed that there was no statistically significant evidence of publication bias for rs3861950 T > C (Egger's test: t = −0.00, p = 0.996>0.05; Begg's test: z = 0.38; p = 0.707>0.05) (Figures 5A,B) in the Asian population and rs1234313 A > G (Egger's test: t = −1.16, p = 0.285>0.05; Begg's test: z = 0.94; p = 0.348>0.05; Figures 5C,D) in the overall population.


[image: Figure 5]
FIGURE 5. Publication bias analyzed by Egger's regression and Begg's funnel plot for TNFSF4 rs3861950 T>C (A,B) and rs1234313 A>G (C,D) polymorphisms, respectively, in the Asian population (allelic model: C vs. T) in random-effects model and overall population (allelic model: G vs. A) in fixed-effects model.





DISCUSSION

Because CAD is a complex metabolism-related disease, multiple separate factors should be considered for the treatment of CAD in different geographical regions. Gene sequencing studies have identified many promising biomarkers for CAD. For example, the inactivating mutant of LDLR (Do et al., 2015), LPL (Nioi et al., 2016), and APOA5 (Do et al., 2015) has been conferred to increase the risk of CAD. In contrast, PCSK9 (Cohen et al., 2006), NPC1L1, APOC3 (Jørgensen et al., 2014), and ANGPTL4 (Dewey et al., 2016) inactivating mutants have been reported to decreased CAD susceptibility. Drug therapy for specific gene mimics such as Alirocumab, Evolucumab (Cohen et al., 2006), and Ezetimibe (Nioi et al., 2016) have been approved by the Food Drug Administration (FDA) and the European Medicine Agency (EMA), but these drugs may have side effects and have shown partial toxicity in animal models (Desai et al., 2007; Dewey et al., 2016). Therefore, additional systematic analyses of the genetic function are needed to identify alternative biomarkers for diagnosis and drug development of CAD.

Previous studies revealed that TNFSF4 expression was higher in atherosclerotic lesions, and both in vivo and in vitro studies found that SIRT6 decreased TNFSF4 gene expression by binding to and deacetylating the H3K9 at TNFSF4 gene promoter and had a protective effect against endothelial dysfunction and atherosclerosis (Van Wanrooij et al., 2007; Xu et al., 2016), which provoked us to consider whether TNFSF4 expression and the SNPs in TNFSF4 are closely correlated with CAD risk. TNFSF4 rs3861950 T > C is located in the 2nd intron prior to the 3rd exon and rs1234313 A > G is located in the region of 1st intron between the 2nd and 3rd exon (Baum et al., 1994). Even though the location of the two SNPs are in the non-coding intron region, the bioinformatics analysis performed by mining the GTEx (https://gtexportal.org/home/) and HaploReg v4 (https://pubs.broadinstitute.org/mammals/haploreg/haploreg.php) databases showed that rs3861950 had little effect on TNFSF4 expression. However, eQTL studies showed rs1234313 may have the potential to promoted the cis expression of TNFSF4 via enhancer epigenetic regulation, but the mechanistic details need further experimental validation (Ward and Kellis, 2012). Wang et al. have assessed the associations between rs3861950 T > C and rs1234313 A > G polymorphisms with CAD risk (Wang et al., 2019). Six studies were evaluated in Wang's meta-analysis for rs3861950 T > C (Wang et al., 2005; Koch et al., 2008; Chen et al., 2011; Cheng et al., 2011, 2015; Feng et al., 2013) and another six for rs1234313 A > G (Wang et al., 2005; Koch et al., 2008; Chen et al., 2011; Cheng et al., 2011, 2015; Huang et al., 2014, 2016). However, sufficient data was only available in 4 studies, both for rs3861950 T > C (Koch et al., 2008; Chen et al., 2011; Cheng et al., 2011; Feng et al., 2013) and rs1234313 A > G (Koch et al., 2008; Chen et al., 2011; Cheng et al., 2011; Huang et al., 2014). Therefore, it was necessary to reassess their associations using a greater number of studies. The conclusions in our meta-analysis based on additional available studies revealed that rs3861950 T > C increased the risk of CAD in the Asian population under allelic, dominant, and homozygous models (Figure 2A and Table 2). In addition, analyses according to disease type showed that it could also contribute to CI risk (Figure 2B and Table 2). These results indicated that rs3861950 T>C polymorphism might be a specific risk factor in the Asian population. The genetic function of rs3861950 and the difference between Asians and other ethnicities is worth investigating further. The meta-analysis of rs1234313 A>G polymorphism in this study revealed that this SNP is significantly associated with a decreased risk of CAD. This result indicated that the rs1234313 A>G polymorphism might serve as a novel clinical biomarker for CAD diagnosis.

Furthermore, the rs1234313 A>G polymorphism was sensitive to myocardial infarction (MI) susceptibility, and ethnic subgroup analysis obtained from present data showed that this SNP might be a more promising biomarker in Caucasians than in Asians. In summary, this meta-analysis revealed that two novel SNPs in TNFSF4 have a robust association with CAD susceptibility in different races, which may lay a foundation for precise CAD diagnosis, and provided theoretical support for personalized CAD treatment. Nevertheless, there were still some limitations that need to be addressed in this meta-analysis. First, the number of studies for each SNP in the different regions included was not abundant, and more independent studies were needed to evaluate our conclusion. The difference between ethnicities was smaller due to the limited number of studies included. Second, the number of studies for certain types of disease was not enough to perform further impartial analysis. Third, the effects of gender, age, smoking status, lifestyle, and other environmental factors on CAD were not considered in this meta-analysis due to the limitations or unavailable data. Moreover, the genotyping methods for SNPs identification were also inconsistent; all methods were based on PCR, such as PCR-RFLP, Taqman, and PCR-LDR, and each method had its own merits and limitations, so more appropriate methods and guidelines for SNPs identification needed to be discussed. Fourth, significant heterogeneity among studies on the association between rs3861950 and CAD risk in the Asian population was observed. However, the source of heterogeneity was not found in the meta-regression analysis, but the sensitivity analysis confirmed a robust association between the two. Therefore, more case-control studies with larger sample sizes and more available data are necessary to obtain a more defined conclusion in the future.



CONCLUSION

Herein, this meta-analysis identified two novel gene polymorphisms of TNFSF4, rs3861950, and rs1234313, which may affect the predisposition to CAD in different genetic models, suggesting that these two SNPs of TNFSF4 may potentially be used as biomarkers for CAD diagnosis.
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