

[image: image1]
Association Between CST3 Gene Polymorphisms and Large-Artery Atherosclerotic Stroke












	
	ORIGINAL RESEARCH
published: 13 October 2021
doi: 10.3389/fneur.2021.738148






[image: image2]

Association Between CST3 Gene Polymorphisms and Large-Artery Atherosclerotic Stroke

Yarong Ding1,2,3,4, Zhe Xu1,2,3,4, Yuesong Pan1,2,3,4, Xia Meng1,2,3,4, Xianglong Xiang1,2,3,4, Hao Li1,2,3,4, Liping Liu1,2,3,4 and Yongjun Wang1,2,3,4* on behalf of the CNSR-III Study Group


1Department of Neurology, Beijing Tiantan Hospital, Capital Medical University, Beijing, China

2China National Clinical Research Center for Neurological Diseases, Beijing, China

3Center of Stroke, Beijing Institute for Brain Disorders, Beijing, China

4Beijing Key Laboratory of Translational Medicine for Cerebrovascular Disease, Beijing, China

Edited by:
Wen-Jun Tu, Chinese Academy of Medical Sciences and Peking Union Medical College, China

Reviewed by:
Huihui Liu, Second Affiliated Hospital of Soochow University, China
 Chenghe Fan, Peking University First Hospital, China

*Correspondence: Yongjun Wang, yongjunwang@ncrcnd.org.cn

Specialty section: This article was submitted to Neurological Biomarkers, a section of the journal Frontiers in Neurology

Received: 08 July 2021
 Accepted: 07 September 2021
 Published: 13 October 2021

Citation: Ding Y, Xu Z, Pan Y, Meng X, Xiang X, Li H, Liu L and Wang Y (2021) Association Between CST3 Gene Polymorphisms and Large-Artery Atherosclerotic Stroke. Front. Neurol. 12:738148. doi: 10.3389/fneur.2021.738148



Objective: Cystatin C, a marker of atherosclerosis, is encoded by CST3. We aimed to evaluate whether two single-nucleotide polymorphisms (SNPs) of CST3 are correlated with large-artery atherosclerotic stroke (LAAS) and prognosis.

Methods: This subgroup analysis of the Third China National Stroke Registry (CNSR-III) enrolled acute ischemic stroke (AIS) patients within 7 days from August 2015 to March 2018 in China. rs13038305 and rs911119 of CST3 were selected based on the strong association with cystatin C concentration.

Results: Two loci of CST3 (rs13038305 and rs911119) were analyzed in 3,833 ischemic stroke patients. Carriers of T allele in rs13038305 and C allele in rs911119 tend to have lower serum cystatin C levels (p < 0.05). Compared with C/C as a reference in rs13038305, odds ratio (OR) of T/T was 0.486, 95% CI 0.237–0.994, p = 0.048. Per C allele of rs13038305 also showed an increased level of low-density lipoprotein cholesterol (LDL-C), β (95% CI) was 1.335 (1.008–1.250), p = 0.044. No correlation was found between the selected SNPs and stroke prognosis (functional outcome, recurrence, and mortality).

Conclusions: Carriers of the T allele in rs13038305 tend to have a lower proportion of LAAS. rs13038305 and rs911119 polymorphisms were likely to affect cystatin C concentration independently of kidney function.
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INTRODUCTION

Cystatin C (CysC, encoded by CST3 on 20p11.21) is a candidate marker of glomerular filtration rate (1, 2). As a competitive inhibitor of cysteine proteases, CysC is also involved in the process of atherosclerotic plaque remodeling (3) and independently associated with cerebral artery stenosis and prognosis in stroke patients (4). The imbalance expression between CysC and cysteine proteases is a key factor of atherosclerosis. Although the effects of CysC on metabolic syndrome and atherosclerosis-related factors have been confirmed in observational studies (5), the underlying mechanism is still unclear (2, 6). The causal involvement or directionality of any causal effect on artery stenosis and ischemic stroke is yet to be proven (7).

Cerebrovascular disease is one of the leading causes of death in China, especially for ischemic stroke (IS) (8, 9). Intracranial and extracranial large-artery stenotic disease is one of the most common causes of ischemic stroke worldwide (10, 11). Large-artery atherosclerotic stroke (LAAS) was the most frequent subtype based on the Trial of Org 10 172 in Acute Stroke Treatment (TOAST) system (12), which was typically caused by intracranial artery stenosis (ICAS) and extracranial artery stenosis (ECAS). The stenosis of intracranial or extracranial arteries is also an important indicator of atherosclerosis. CysC has been proposed to participate in the process of atherosclerosis, thereby influencing the risk of cardiovascular disease (13). However, its role as a marker of atherosclerosis is still controversial. In this study, we aimed to assess whether two selected single-nucleotide polymorphisms (SNPs) of the CST3 gene are correlated with LAAS and large-vessel stenosis as well as stroke prognosis.



METHODS


Study Design and Subjects

This study was conducted based on the Third China National Stroke Registry (CNSR-III), a nationwide, multicenter, prospective registry study launched in China between August 2015 and March 2018, aiming to evaluate etiology, imaging, and biological markers of acute ischemic stroke (AIS). Detailed descriptions of the CNSR-III study have been reported previously (14). Blood samples were collected from 171 study sites for this prespecified biomarker subgroup analysis. We selected two SNPs of the CST3 gene (rs13038305 and rs911119) as the robust association with the circulating concentration of CysC based on the previous study. Of note, these two SNPs were reported not associated with creatinine-based measures of renal function (15, 16). Finally, 3,833 subjects were included in our analysis. The protocol of the CNSR-III study was approved by the ethics committee of Beijing Tiantan Hospital.



Data Collection and Blood Sample Test

Blood samples were collected on the first day of enrollment and transported through the cold chain to the central laboratory in Beijing Tiantan Hospital, where all serum specimens were stored at −80°C until testing was performed. Blood samples were sent to the laboratory to extract serum, plasma, and white blood cells and tested uniformly in the central laboratory of Beijing Tiantan Hospital according to the standardized methods.

The value of CysC was measured by the immunoturbidimetric method (Roche Cobas c501 analyzer with CysC assay); coefficient of variation (CV) of CysC was 2%. SNP analysis was accomplished by Kompetitive allele-specific polymerase chain reaction (KASP) method, which is also called allele-specific quantitative polymerase chain reaction (AQP)-based genotyping assay. To verify the accuracy of the KASP method and sample numbers, the quality controls required that the consistency between KASP and first-generation sequencing results in verified loci was >99%. The laboratory indices [including high-sensitivity C-reactive protein (hs-CRP), creatinine, high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglyceride (TG), total cholesterol(TC), and creatinine] were tested by the central laboratory of Beijing Tiantan Hospital after admission. All measurements were performed by laboratory personnel blinded to the study status. Stroke subtypes are classified according to the TOAST system. The degree of stenosis was assessed according to computed tomographic angiography (CTA), magnetic resonance angiography (MRA) imaging, or conventional ultrasonography. More than 50% caliber reduction of the intracranial and extracranial artery was defined as ICAS and ECAS, respectively. To ensure the diagnosis standard was consistent, all images were independently evaluated by two trained neuroradiologists blinded to clinical information. A third neuroradiologist was involved for additional assessment if there was disagreement in certain cases.



Outcome Assessment

The primary objective was to explore the impact of SNPs on LAAS and large-vessel stenosis. Additionally, we evaluated the association between individual SNPs and the poor functional outcome of modified Rankin scale (mRS 3–6) score, stroke recurrence, all-cause mortality, and the combined vascular events during 1 year of follow-up. The outcomes were obtained through clinic or telephone in 1-year follow-up. Assessment of endpoints was completed by trained research coordinators who were blinded to patients' baseline clinical information.



Statistical Analysis

Haploview analysis software (http://www.broadinstitute.org/haploview) was used to perform Hardy–Weinberg equilibrium analysis. Pearson's χ2-test or Fisher's exact test was used for comparisons of LAAS and control group (indicating an etiological diagnosis of non-LAAS based on the TOAST system). Logistic regression and Cox regression analyses were performed to compute odds ratios (ORs) and hazard ratio (HR) with 95% confidence intervals (CIs) after adjusting the covariates to assess the correlation between CST3 gene polymorphisms and outcomes in an addictive and dominant model. We also performed the ordinal logistic regression analysis between per major allele of the selected SNPs and atherosclerosis risk factors including CysC. Effect sizes (β) are presented as standard deviations of each trait per major allele to facilitate comparison between traits. Statistical analyses were performed using SAS software (version 9.4; SAS Institute, Cary, NC, USA). The level of significance was defined as p < 0.05 (two-sided).




RESULTS


Baseline Characteristics

As a subgroup analysis of CNSR-III, two loci of the CST3 gene (rs13038305 and rs911119) were analyzed in 3,833 ischemic stroke patients. Characteristics of enrolled patients compared with the entire CNSR-III cohort are shown in Supplementary Table 1. Patients enrolled in our analysis have more proportion of ischemic stroke, coronary artery disease, and higher National Institutes of Health Stroke Scale (NIHSS).

The distribution of alleles and genotypes of the two groups follows the Hardy–Weinberg equilibrium (rs13038305, p = 0.853; rs911119, p = 0.331). Figure 1 shows the organ diagram of CysC content in different genotype groups. Median CysC concentrations per genotype for rs13038305 were as follows: 1.012 mg/l (C/C), 0.990 mg/l (C/T), and 0.969 mg/l (T/T); for rs911119 were as follows: 1.014 mg/l (T/T), 0.988 mg/l (T/C), and 0.971 mg/l (C/C). Table 1 summarizes the clinical characteristics of enrolled LAAS patients and control subjects. There were no differences between the two groups in the clinical characteristic aspects of age, sex, body mass index (BMI), medical history of hyperlipidemia, smoking, alcohol drinking, creatinine-calculated estimated glomerular filtration rate (eGFRcr), and concomitant medication of antiplatelets and anticoagulants. NIHSS scores at admission are higher in the LAAS group (p < 0.001). Besides, the LAAS group showed more proportion of ischemic stroke, coronary artery disease, diabetes mellitus, and hypertension (p < 0.05).


[image: Figure 1]
FIGURE 1. Cystatin C content in different genotype groups.



Table 1. Characteristics of enrolled patients.
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Association Between Two Single-Nucleotide Polymorphisms of the CST3 Gene and Large-Artery Atherosclerotic Stroke

The distributions of the alleles and genotypes were following Hardy–Weinberg equilibrium in both groups (rs13038305, χ2 = 0.317, p = 0.853; rs911119, χ2 = 2.206, p = 0.331). Table 1 shows that carriers of the T allele of the SNP rs13038305 tend to have a lower rate of LAAS. Compared with C/C as a reference, the CST3 allelic frequency OR of T/T in the univariate analysis is 0.494, 95% CI 0.242–1.009, p = 0.053. After adjusting for covariate in multivariate analysis, adjusted OR was 0.486, 95% CI 0.237–0.994, p = 0.048. Carriers of the C allele of the SNP rs911119 tend to have a lower rate of LAAS. However, no statistically significant differences between genotypes and allele frequencies were found for SNP rs911119 between LAAS and control group (Table 2).


Table 2. Genotype and allelic frequencies of CST3 SNPs in LAAS and control subjects.
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Association Between Two Single-Nucleotide Polymorphisms of the CST3 Gene and Intracranial Artery Stenosis or Extracranial Artery Stenosis

Table 3 shows the correlation between the two selected SNPs and large-artery stenosis. There was no association between the two SNPs and either ICAS or ECAS.


Table 3. Genotype and allelic frequencies of CST3 SNPs in ICAS or ECAS group.
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Genetic Variant and Cardiovascular Risk Factors

In the regression analyses, rs13038305 and rs911119 were all related to the content of serum CysC (p < 0.05; Figures 2, 3). Of note, per C allele of rs13038305 also showed an increased level of LDL cholesterol (LDL-C), β was 1.335, and 95% CI 1.008–1.250 after adjustment [adjusted for age, sex, CysC, eGFRcr, HDL cholesterol (HDL-C), TG, TC, LDL-C, hs-CRP, smoking, alcohol drinking, ischemic stroke, coronary artery disease, hyperlipidemia, diabetes mellitus, and hypertension]. However, rs13038305 and rs911119 showed no significant association with other cardiovascular risk factors and traits in the increase of per major allele in the adjusted model. Besides, there is no correlation between these two SNPs and creatinine, but they are strongly correlated with the content of CysC.


[image: Figure 2]
FIGURE 2. Association of the genetic variant (rs13038305 polymorphisms) with cardiovascular risk factors and traits. Effect sizes (β) are presented as standard deviations of each trait per major allele to facilitate comparison between traits. Adjusted for age, sex, CysC, eGFRcr, HDL-C, TG, TC, LDL-C, hs-CRP, smoking, alcohol drinking, ischemic stroke, coronary artery disease, hyperlipidemia, diabetes mellitus, and hypertension. BMI, body mass index; CysC, cystatin C; eGFRcr, creatinine-calculated estimated glomerular filtration rate; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglyceride; TC, total cholesterol; hs-CRP, high-sensitivity C-reactive protein; CI, confidence interval.
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FIGURE 3. Association of the genetic variant (rs911119 polymorphisms) with cardiovascular risk factors and traits. Effect sizes (β) are presented as standard deviations of each trait per major allele to facilitate comparison between traits. Adjusted for age, sex, CysC, eGFRcr, HDL-C, TG, TC, LDL-C, hs-CRP, smoking, alcohol drinking, ischemic stroke, coronary artery disease, hyperlipidemia, diabetes mellitus, and hypertension. BMI, body mass index; CysC, cystatin C; eGFRcr, creatinine-based estimated glomerular filtration rate; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG triglyceride; TC, total cholesterol; hs-CRP, high-sensitivity C-reactive protein; CI, confidence interval.




Clinical Outcomes in Different CST3 Polymorphisms

We evaluated the risk prediction of genotype (rs13038305 and rs911119) for stroke prognosis during 1 year of follow-up (Table 4). No statistically significant association between the polymorphism rs13038305 or rs911119 and any outcome was observed.


Table 4. Clinical outcomes in different CST3 polymorphisms.
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DISCUSSION

Previous observational studies on CysC have confirmed that it was not simply a marker of renal function to affect cardiovascular and stroke outcomes (17–19). CysC might change metabolic status and promote the progress of metabolic disorders (20). Besides, since CysC is a potent competitive inhibitor of cysteine proteases (3) and involved in the progression of atherosclerosis, the balance cysteine protease and protease inhibitor (CysC) plays an important role in the pathogenesis of cerebral injury and functional rehabilitation (21). However, underlying mechanisms remain to be fully elucidated.

Our previous study has proven the relationship between CysC levels and poor functional outcome independent of renal function in 1 year after ischemic stroke (22). In this study, we selected two SNPs that have been reported to be strongly related to serum CysC level and tried to investigate the impact of SNPs on LAAS and large-vessel stenosis. We found that carriers of the T allele of SNP rs13038305 tend to have a lower proportion of LAAS. However, no correlation was found between the two SNPs and either ICAS or ECAS. The possible reason is that large-artery stenosis is not the only factor leading to LAAS, and our classification method to assess intracranial and extracranial large-vessel stenosis may miss some detailed information about the degree of vascular stenosis and the state of atherosclerotic plaque. T allele of the SNP rs13038305 tends to have a lower CysC level and higher CysC-based eGFR (eGFRcys) (6, 23). The minor allele of rs911119 was also associated with decreased serum CysC (2, 24). Consistent with previous research, we reported a strong association between the CysC concentration and the two SNPs. A lower CysC level may also indicate a lower risk of atherosclerosis and therefore a lower LAAS proportion. Besides, per major allele (C) of rs13038305 seems related to higher LDL-C concentration, which may cause changes in metabolic status. The observational study also found that the effect of CysC on prognosis might be modified by LDL-C level because of a potential interaction between lipids and CysC (25, 26). Our research indicated that CysC might be an important marker in determining subclinical atherosclerosis.

Although elevated CysC concentration was associated with cardiovascular risk factors and prognosis (17, 27, 28), Mendelian randomization studies based on the two selected SNPs revealed that genetic CST3 seems not to be a causal risk factor of cardiovascular disease in the population-based prospective cohort study (2, 6, 29). In our study, we failed to find any association between these two SNPs and stroke outcome at 1 year. Previous studies have also confirmed that although the epidemiological relationship between plasma CysC level and coronary heart disease exists and is statistically independent of other risk factors such as atherosclerosis and renal function, there is insufficient genetic evidence. Even if the two selected SNPs were associated with increased CysC level, our study did not find that the genetic polymorphisms of these two loci resulted in impaired renal function, nor did it affect other risk factors that may cause impaired renal function. However, the specific functions of these two SNPs and the causal relationship between CysC concentration remain to be elucidated.

Although this subgroup analysis was based on the data from a large, multicenter, progressive cohort study, there were still several limitations. First, MRA, CTA, and ultrasonography are not the gold standards for assessing intracranial and extracranial stenosis; hierarchical evaluation of 50% instead of the detailed value of stenotic severity might be less accurate to some extent. Second, since there is a fluctuant level of inflammatory and metabolic markers, a one-time examination of plasma level might confound the mediator concentration. The concentration peak of biomarkers might be missed, and the variation could not be observed as well. However, even if we conducted plasma level examination for one time, the SNP frequency was consistent under normal circumstances. The variation of CysC levels might have less impact on the primary outcome. Third, the investigated cohort of ischemic stroke patients only enrolled a proportion of patients in China; thereby, the results are not necessarily applicable to a general population. The correlation between CST3 and ischemic stroke needs further exploration.



CONCLUSIONS

In conclusion, our study indicated that carriers of the T allele of the SNP rs13038305 tend to have a lower proportion of LAAS. rs13038308 and rs911119 polymorphisms were likely to affect CysC concentration independently of kidney function. Per major allele (C) of rs13038305 related to higher LDL-C concentration. However, no correlation was found between stroke prognosis and the polymorphisms at rs13038305 or rs911119.
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SNPs, single-nucleotide polymorphisms; ICAS, intracranial artery stenosis; ECAS extracranial artery stenosis; Cl, confidence interval; OR, odds ratio.
*Control group indicating patients without intracranial and extracranial artery stenoses.
1 Adjusted covariates including sex, age, smoking and drinking, hyperlipidemia, diabetes mellitus, hypertension, ischemic stroke, and coronary artery disease history.
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SD, standard deviation; LAAS, large-artery atherosclerosis stroke; CysC, cystatin C; NIHSS, National Institutes of Health Stroke Scale; BMI, body mass index; hs-CRR, high sensitivity
C-reactive protein; TG, triglyceride; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; eGFRcr, creatinine-calculated estimated glomerular filtration rate.
*Variables were presented as median (interquartile range) or counts (percentages) unless otherwise indicated.

*tControl group indicating etiological diagnosis of non-LAAS based on The Trial of Org 10 172 in Acute Stroke Treatment (TOAST) system.
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SNPs, single-nucleotide polymorphisms; Cl, confidence interval; HR, hazard ratio; mRS, modified Rankin Scale.
*Model 0 was unadjusted.
tModel 1 was adjusted for age (in year, continuous) and sex (male or female).
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