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A genome-wide association study (GWAS) reported PLCL2 on chromosome 3p24. 3 (rs4618210:A>G) as a novel susceptibility locus for myocardial infarction in the Japanese population. As the most common pathological process, atherosclerosis leads to metabolic syndrome (MetS)-related ischaemic stroke (IS) and myocardial infarction. Hypothesizing that polymorphisms of the PLCL2 gene might be associated with the onset and prognosis of IS in MetS patients, we performed the following study in a Chinese Han population. A total of 709 cases (patients with MetS plus IS) and 711 controls (patients with MetS) were enrolled. A fine-mapping strategy was adopted to identify tagged single nucleotide polymorphisms (SNPs) of the PLCL2 gene, and improved multiplex ligation detection reaction (iMLDR) technology was used to genotype the selected SNPs. Logistic regression was used to analyse the values of the selected SNPs for the risk of IS between the cases and controls, adjusting for sex, age, hypertension, dyslipidaemia, hyperglycaemia, smoking and drinking. To compare the mean age of IS onset among different risk score groups, a genetic risk score was constructed for each case. The cumulative risk of IS events in the case group was presented using a cumulative incidence curve. All cases were followed up for 3 months, and functional outcomes were recorded prospectively. Two SNPs (rs4685423 and rs4618210) were significantly related to the risk of IS in MetS patients. For rs4685423, patients who were AA homozygotes were less likely to suffer from IS than C-allele carriers (OR 0.718; 95% CI 0.567–0.909; multivariate-adjusted, P = 0.006). For rs4618210, A-allele carriers were less likely to develop IS than patients who were GG homozygotes (OR 0.679; 95% CI 0.548–0.841; multivariate-adjusted, P < 0.001). As the genetic risk score increased, the mean age at IS onset decreased (log-rank P = 0.010). There was no statistically significant difference in the distribution of the 90-day modified Rankin Scale (mRS) outcomes across the rs4685423 (P = 0.319) or rs4618210 polymorphisms (P = 0.148). Our findings suggested that genetic polymorphisms of PLCL2 might be associated with the onset of MetS-related IS. Further studies are warranted to validate our findings in other ethnic populations.

Keywords: ischaemic stroke, PLCL2 gene, polymorphism, metabolic syndrome, prognosis


INTRODUCTION

Metabolic syndrome (MetS) encompasses a group of interrelated metabolic, physiological, biochemical and clinical factors, including hypertension, dyslipidaemia, insulin resistance, glucose intolerance and hyperglycaemia (1). These factors accelerate the onset of stroke, type 2 diabetes mellitus, cardiovascular disease, and certain cancers (2, 3). As a complex condition, the development of MetS depends on genetic and environmental (e.g., lifestyle and sex) factors (4–6).

Stroke is a complex disease, and multiple genes interact with environmental risk factors, increasing the risk (7, 8). As the predominant type of stroke, ischaemic stroke (IS) has a multifactorial pathogenesis, with an estimated heritability of ~40% (8, 9). However, identification of the underlying genes has proven challenging. Genome-wide association studys (GWAS) have been remarkably successful in identifying loci that contribute to such complex diseases. More than 1 million single nucleotide polymorphisms (SNPs) spanning the whole genome can be genotyped with microarrays in a single GWAS (10, 11).

A previous GWAS reported that in the PLCL2 gene, rs4618210 was associated with myocardial infarction (12). Furthermore, in our earlier case-control study, we discovered a significant relationship between rs4618210 and rs4685423 and susceptibility to large artery atherosclerotic stroke (13). Because atherosclerosis is the most common pathological change in stroke and myocardial infarction, we hypothesized that associations between PLCL2 gene polymorphisms and IS may exist in MetS patients. Therefore, based on previous GWASs, we used a fine-mapping strategy to determine the relationship between PLCL2 gene polymorphisms and the onset and short-term functional outcome of IS in MetS patients in a Chinese Han population in this investigation. Considering that age is a major risk factor in IS development, we analyzed the effects of the variants in PLCL2 on the mean age of IS onset.



MATERIALS AND METHODS


Ethics Statement

The institutional review board of the participating hospitals approved all study documents and procedures. Informed consent was provided by participants or by relatives as legally required, in accordance with the guidelines of the Helsinki Declaration.



Study Subjects

Cases were identified from the Wenzhou Stroke Registry Programme (WSRP) between April 2014 and December 2018. The details of the WSRP have been described previously (14). The patients were enrolled if they (a) were of Chinese Han nationality; (b) had their first-ever IS with large-artery atherosclerosis or small-artery occlusion according to the TOAST (Trial of Org 10172 in Acute Stroke Treat-ment) criteria (15); (c) were hospitalized within 7 days; (d) were diagnosed with MetS; and (e) were older than 18 years.

To reduce the influence of sex and age, the cases and the controls were matched for age and sex using pair matching. The age of the controls was increased or decreased within a 2-year range compared with the age of the cases. Controls were local residents who underwent physical examinations in hospitals. For the controls, inclusion criteria included (a) Chinese Han nationality; (b) a diagnosis of MetS; (c) no history of stroke or cardiovascular diseases; and (d) age over 18 years.

By asking for medical history or inquiring about the patient's previous written medical record, subjects with autoimmune and inflammatory disorders, severe heart, kidney, or liver dysfunction or malignancies were excluded from this study.



MetS Definition

MetS was defined according to the revised criteria of the AHA/NHLBI statement (16). The data on waist circumference were not available in the current investigation; thus, BMI ≥ 25 was adopted as a proxy for central obesity (17). When ≥3 of the following criteria were met in a subject, MetS was diagnosed: (a) BMI ≥ 25; (b) blood pressure ≥ 130/85 mmHg or antihypertensive medication use; (c) triglyceride level ≥ 1.70 mmol/L or lipid-lowering medication use; (d) high-density lipoprotein cholesterol level <1.03 mmol/L in men and <1.30 mmol/L in women or medication use; and (e) fasting plasma glucose level ≥ 5.6 mmol/L or antidiabetic medication use. Metabolic syndrome score (MMS) was used to evaluate the severity of the metabolic syndrome (18).



Isolation of DNA and Genotyping

Genomic DNA was extracted from peripheral blood with a Magen DNA isolation Kit (China). Improved multiplex ligation detection reaction (iMLDR) technology was adopted for genotyping PLCL2 gene polymorphisms (13). For quality control, ~10% of samples were randomly subjected to repeated genotyping, resulting in 100% concordance. Shanghai Genesky Biotechnology Company (Center for Human Genetics Research) supported the entire experimental course according to standard experimental procedures.



Fine-Mapping Strategy

A fine-mapping strategy was used to identify the tagging SNPs (tSNPs). Briefly, we used HapMap release 27 of merged phase III (http://www.hapmap.org) to identify a linkage disequilibrium (LD) block of 157.5 kb in the PLCL2 gene (chr3: 16 949 586..17 107 089) in Han Chinese individuals and then used Haploview software (version 4.2; USA) to analyze the fine-mapping of the tSNPs based on their possibility of tagging the surrounding variants. For the selected SNPs, the inclusion criteria were as follows: (a) a minor allele frequency (MAF) > 0.05, (b) a P-value for Hardy-Weinberg equilibrium (HWE) test > 0.05, (c) linkage disequilibrium as assessed by r2 ≥ 0.8, and (d) overall rate of genotyping ≥ 75%. Based on the previous study, rs4618210 was also included (12). As a result, a total of 8 SNPs were selected for this study (Supplementary Table 1).



Follow-Up and Outcome

After the index stroke, the cases were prospectively followed up for 3 months via telephone interview or clinical visit. Follow-up was performed by trained physicians who were blinded to the baseline data. The modified Rankin Scale (mRS) was used to assess the functional outcome, and the mRS score at 3 months after stroke onset was tracked.



Statistical Analysis

Baseline characteristics and clinical features were compared between the cases and controls. The chi-square test was used to analyse the distributions of enumeration data, and the independent samples t-test was used to assess measurement data with a normal distribution. HWE was used to evaluate the genotypic distributions of the SNPs in the controls. The values of the selected SNPs for indicating the risk of IS were evaluated using logistic regression between the cases and the controls. The variables adjusted for included sex, age, hypertension, dyslipidaemia, hyperglycaemia, smoking and drinking. In logistic regression analysis, all the selected SNPs were assessed by three genetic models: a co-dominant model, a dominant model and a recessive model. Bonferroni correction was performed to control the false positive error rate in the multiple comparisons, and a P-value < 0.05/24 (0.002) was deemed to be statistically significant. Power and Sample Size Program version 3.1.2 was used to estimate the power analyses. Because humans are diploid, the sample size (allele) was doubled in both the case and control groups. A type I error probability of 0.05 was used to estimate the power. One-way ANOVA was conducted to assess the mean age of IS onset for the variants of the selected SNPs. To analyse the mean age of IS onset among different risk score groups, a genetic risk score was constructed for each IS patient. The cumulative risk of IS events according to the variants of the selected SNPs in the cases is presented with a cumulative incidence curve, and comparisons were performed using the log-rank test. Event-free survival time was defined as the time from birth until first-ever IS. All analyses were performed by IBM SPSS Statistics (Version 20.0; IBM Corporation, USA) and two-sided values of P < 0.05 were deemed statistically significant.




RESULTS


Baseline Characteristics and Clinical Features of the Study Subjects

In the present study, 2 patients refused to provide blood samples. Finally, a total of 709 eligible patients with IS plus MetS and 711 eligible patients with MetS only were recruited in the current investigation. The baseline characteristics and clinical features of the participants are summarized in Table 1. The cases and controls were comparable in both age (P = 0.909) and sex (P = 0.917). The cases had a higher prevalence of dyslipidaemia (P = 0.002) and hypertension (P = 0.001) than the controls. Furthermore, the admission systolic blood pressure (P = 0.020), diastolic blood pressure (P = 0.003) and fasting glucose level (P = 0.009) were much higher in the cases than in the controls.


Table 1. Baseline characteristics of participants.
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PLCL2 Genetic Variation and Its Association With IS in MetS Patients

Table 2 shows the effect of PLCL2 genetic variation on the risk of IS in MetS patients. In the crude model, 2 SNPs (rs4685423 and rs4618210) were found to be significantly related to the risk of IS in MetS patients (P < 0.002) after Bonferroni correction. Regarding rs4685423, patients with the AA genotype were less likely to have IS than patients with the CC or CA genotype (recessive model, OR 0.684; 95% CI 0.546–0.856; P = 0.001). Regarding rs4618210, patients with the AA or GA genotype were less likely to suffer from IS than patients with the GG genotype (dominant model, OR 0.641; 95% CI 0.519–0.791; P < 0.001). In the multivariate model, after adjusting for potential confounders, rs4685423 (recessive model, multivariate-adjusted, P = 0.006) and rs4618210 (dominant model, multivariate-adjusted, P < 0.001) were still significantly associated with the risk of IS in MetS patients.


Table 2. Association between PLCL2 and risk of IS plus MetS.
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In the power analyses, the ORs for rs4685423 and rs4618210 were 0.759 and 0.727, respectively. Based on the sample size, the statistical power of the present study achieved 95.30 and 98.10% for rs4685423 and rs4618210, respectively.



Effects of the Two Variants in PLCL2 on the Mean Age of IS Onset

We evaluated whether the rs4685423 and rs4618210 polymorphisms affected the age of IS onset in the cases. For rs4685423, patients with the AA genotype had a much higher mean age of IS onset than patients with the CC or CA genotype (P = 0.003; Figure 1A). The mean ages of onset for the CC genotype, CA genotype and AA genotype were 63.61 ± 10.84, 65.15 ± 11.16 and 67.65 ± 11.82, respectively (P = 0.003; Table 3). The rs4685423 polymorphism was significantly related to the mean age of IS onset (log-rank P < 0.001; Figure 1B). The mean ages of onset for the GG, GA and AA genotypes in rs4618210 were 65.06 ± 11.50, 65.33 ± 11.13, and 68.02 ± 11.27, respectively (P = 0.079; Figure 1C; Table 3). No association was found between the rs4618210 polymorphism and age of stroke onset (log-rank P = 0.113; Figure 1D).


[image: Figure 1]
FIGURE 1. Effects of the polymorphisms of rs4685423 and rs4618210 on the age of ischaemic stroke onset in the cases. (A) Box plot of age at onset among ischaemic stroke patients with the CC genotype, CA genotype and AA genotype in rs4685423 (P = 0.003); (B) Cumulative incidence curve of ischaemic stroke patients with the polymorphisms of rs4685423 (log-rank P < 0.001); (C) Box plot of age at onset among ischaemic stroke patients with the GG genotype, GA genotype and AA genotype in rs4618210 (P = 0.079); (D) Cumulative incidence curve of ischaemic stroke patients with the polymorphisms of rs4618210 (log-rank P = 0.113).



Table 3. Association between the rs4685423 and rs4618210 polymorphisms and genetic risk score with mean age at ischaemic stroke onset.
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Because of the potential interactions of the PLCL2 variants with age at onset, we combined the rs4685423 and rs4618210 polymorphisms according to the number of risk genotypes (i.e., rs4685423 CC/CA and rs4618210 GG). As a result, the mean age was 69.16 ± 11.45 years for those with no risk genotype (rs4685423 AA and rs4618210 GA/AA), 65.70 ± 11.25 years for those with one risk genotype (rs4685423 CC/CA or rs4618210 GG), and 64.24 ± 11.31 years for those with two risk genotypes (rs4685423 CC/CA and rs4618210 GG) (P = 0.006; Figure 2A; Table 3). The mean age at IS onset decreased with increasing genetic risk score (log-rank P = 0.010; Figure 2B).


[image: Figure 2]
FIGURE 2. Effects of the genetic risk score on the age of ischaemic stroke onset. (A) Box plot of age at onset in three genetic risk score groups (P = 0.006). (B) Cumulative incidence curve of patients by genetic risk score (log-rank P = 0.010).




Association Between the Two Variants in PLCL2 and 3-Month Functional Outcome

After a 3-month follow-up, 9 IS patients with MetS were lost to follow-up. The remaining 700 IS patients with MetS were analyzed for the relationship between the rs4685423 and rs4618210 polymorphisms and 3-month functional outcome.

The mRS scores at 3 months in IS patients with MetS across the rs4685423 and rs4618210 polymorphisms are presented in Figure 3. There was no statistically significant difference in the distribution of the mRS scores across the rs4685423 (Figure 3A; P = 0.319) or rs4618210 (Figure 3B; P = 0.148) polymorphisms.


[image: Figure 3]
FIGURE 3. Scores on the modified Rankin Scale at 3 months in ischaemic stroke patients with metabolic syndrome across the polymorphisms of rs4685423 and rs4618210. There was no significantly different shift in the distribution of the mRS scores across the polymorphisms of rs4685423 (A, F = 1.146, P = 0.319) or rs4618210 (B, F = 1.919, P = 0.148).





DISCUSSION

In this study, we investigated the relationship of the polymorphisms of the PLCL2 gene with the onset and short-term prognosis of IS with MetS. The results showed that MetS patients with the rs4685423 AA genotype and the rs4618210 AA/GA genotype had a decreased risk of IS. Notably, the rs4685423 AA genotype was significantly correlated with later age of IS onset. As the genetic risk score increased, the mean age of IS onset decreased. These findings provide insights into the genetic basis of MetS-related IS and suggest a novel therapeutic approach that may be applicable for future stroke prevention.

MetS is a rapidly progressing global socioeconomic problem because of increasing obesity and age (19, 20). It is related to endothelial dysfunction and a pro-inflammatory state that places subjects at a high risk of atherosclerosis. Moreover, data from previous studies showed that MetS elevated the risk of stroke, cardiovascular disease, stroke recurrence, and all-cause mortality (21–23).

As the most common pathological process, atherosclerosis leads to MetS-related IS and cardiovascular diseases. Atherosclerotic plaques are formed of necrotic cores, accumulated modified lipids, calcified regions, leukocytes, inflamed smooth muscle cells, foam and endothelial cells (24). These abovementioned features indicate that the immune system and many components of the vascular and metabolic systems are involved in the atherosclerosis process (25).

Phospholipase C (PLC) proteins are significant intercessors of the calcium-protein kinase C signaling pathway. PLCL2, a novel catalytically inactive PLC-like protein, is expressed in haematopoietic cells. The PLCL2 gene is located on chromosome 3p24.3 and has been identified as a novel susceptibility site for myocardial infarction in Japanese populations (12). A case-control study in Iran also found rs4618210A>G polymorphism in PLCL2 gene contribute to MI etiology (26). Experimental data showed (27) that (a) in PLCL2-deficient mice, mature B cells were hyperproliferative in response to B-cell receptor cross-linking and had a more intense T-cell-independent antigen reaction and that (b) in PLCL2-deficient B cells, calcium influx accumulation in nuclei was increased, and extracellular signal-regulated kinase movement was reinforced. All these data indicated that PLCL2 is a passive regulator of immune responses and B-cell receptor signaling. Mature B cells undergo FAS-reconciled apoptosis (28), and PLCL2 expression is indirectly affected by FAS (29). Thus, we speculate that rs4685423 and rs4618210 may be directly or indirectly associated with the serum level of PLCL2, which is not only related to the management of B-cell maturation, resulting in the formation of atherosclerotic lesions, but also associated with IS in MetS patients. Our speculation is consistent with that of GeneCards (http://www.genecards.org), which supports that PLCL2 plays a key role in the pathogenesis of atherosclerosis.

In the current study, patients with the rs4685423 AA genotype had a much higher mean age of IS onset than patients with the CC or CA genotype. Furthermore, as the genetic risk score increased, the age of IS onset decreased. The mechanism underlying the associations is unclear, and further investigations are required to determine the effect of this mutation and its connected effects with other mutations on age at IS onset.

The potential limitations of this investigation warrant consideration. First, waist circumference data were not available and we used BMI instead. However, an earlier study reported that both waist circumference and BMI can be used for the prediction of central obesity in Chinese adults (30). Second, all patients in the present study were Han Chinese. As genetic influence is strongly relevant to ethnic background, the results in our study may not compliant with other races and ethnic groups. Third, the serum level of PLCL2 was not tested. Hence, we did not assess the relationship between different genotypes of rs4685423 and rs4618210 and the serum levels of PLCL2, which restricted our analyses. Fourth, the signaling pathway and the function of PLCL2 in atherosclerosis remain largely unknown. Thus, molecular and cellular experiments should be designed to further elucidate the mechanism involved.

In summary, our findings imply that rs4618210 and rs4685423 of the PLCL2 gene might contribute to the development of IS in MetS patients. Subsequent investigations are needed to verify whether the PLCL2 gene can be a target for a novel therapeutic way to prevent stroke.
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IS, ischaemic stroke; MetS, metabolic syndrome; SNP, single nucleotide polymorphism; OR, odds ratio; Cl, confidence interval.
aAdjusted for age, sex, hypertension, hyperglycaemia, dyslipidaemia, smoking, and drinking.

Multivariate model®

95% ClI

1.069-1.943
0.200-6.089

0.847-1.359
0.845-1.774

0.934-1.834
0.087-2.671

0.674-1.343
0.619-1.279

0.837-1.346
0.618-1.952

0.567-0.932
0.618-1.982

0.590-1.070
0.432-0.836

0.534-0.845
0.507-0.968

0.906-1.758
0.665-1.293
0.849-1.338
0.603-0.970
0.543-0.964
0.548-0.841
0.191-4.841
0.834-1.644
0.084-2.587
0.738-1.163
0.610-1.912
0.681-2.162
0.567-0.909
0.625-1.149

P-value

0.017
0.991

0.562
0.285

0118
0.403

0.778
0.528

0.622
0.750

0.012
0.733

0.130
0.003

0.001
0.031
0018
0.430
0.169
0.658
0.585
0.027
0.027
< 0.001
0.961
0.362
0.383
0.511
0.793
0513
0.006
0.287





OPS/images/fneur-12-743169-t003.jpg
Variants

rs4685423 cCc CA
141/63.61 371/66.15

154618210 GG GA
357/65.08 261/65.33

Genetic risk score® 0 1
70/69.16 395/65.70

Mean age in different groups (N/mean age)

AA
197/67.65
AA
91/68.02
2
244/84.24

Overall
0.003
Overall
0.079
Overall
0.006

Comparison of mean age in different groups (P-value)

CCvs. CA CCuvs. AA CAvs. AA
0.169 0.001 0.012
GG vs. GA GG vs. AA GAvs. AA
0.773 0.026 0.051
Ovs. 1 Ovs. 2 1vs. 2
0.018 0.001 0.114

aThe number represents the numbers of risk genotypes within the combined genotypes; the risk genotypes used for the calculation were rs4685423 CC/CA and rs4618210 GG.
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15, ischaemic stroke; MetS, metabolic syndrome; BMI, body mass index; SBR systolic blood pressure; DB, diastolic blood pressure; HDL-C, high-density ipoprotein cholesterol; MSS,
Metabolic syndrome score.
*P-value < 0.05 was considered statistically significant.
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