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ne variants on ischemic
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Abstract
Previous studies have indicated that muscle RAS oncogene homolog (MRAS) gene played an important role in cardiovascular
diseases. However, the effect of MRAS genetic variations on ischemic stroke (IS) is still not clear. The aim of the current study was to
investigate the association between the MRAS polymorphism and IS risk in Han populations.
Three SNPs (rs40593, rs751357, rs6782181) at MRAS were selected for genotyping in a sample of 240 IS patients and

430 controls. Logistic regression was performed to evaluate the association of 3 SNPs with IS and IS subgroups.
No association ofMRAS SNPs with IS risk was observed, while G allele of rs40593 was associated with increased risk of cerebral

infarction area. Compared with carriers of the AA genotype, the risk of carriers of the AG+GG genotype increased, with an OR
(95%CI) of 2.337 (1.175–4.647), P= .016. In relation to lipid profile, rs40593, rs751357, rs6782181 were associated with increased
total cholesterol (TC) levels.
Summarily, this study suggested thatMRAS rs40593 may contribute to the increased risk of area of cerebral infarction of IS in Han

population. rs40593, rs751357, and rs6782181 were associated with higher serum TC levels.

Abbreviations: BMI = body mass index, BP = blood pressure, CAD = coronary artery disease, CI = confidence interval, CT =
computed tomography, GLU = glucose, GWAS = genome-wide association studies, HDL-C = high density cholesterol, HS =
hemorrhagic stroke, HWE = Hardy-Weinberg equilibrium, IS = ischemic stroke, LDL-C = low density lipoprotein-cholesterol, MRAS
=muscle RAS oncogene homolog, MRI =magnetic resonance imaging, OR = odds ratio, PCR = polymerase chain reaction, TC =
total cholesterol , TG = triglyceride, TNF-a = tumor necrosis factor-alpha.
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1. Introduction

Stroke is a major public health disease that has largely contributed
to the global burden of disease.[1] According to the Global burden
of disease study 2017, the number of stroke patients has grown
rapidly from 83million in 2016 tomore than 100million in 2017,
becoming a major disease threatening human health.[2] The
available dates suggest that the prevalence of stroke is severe.
Stroke is a result of highly complex interaction between lifestyle
and genetic factors. Previous studies have confirmed conventional
risk factors for stroke, including hypertension, diabetes mellitus,
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hyperlipidemia, obesity, tobacco use, as well as alcohol
drinking.[3–7] In recent years, several genome-wide association
studies (GWAS) studies in European populations have successfully
identified a new cardiovascular disease risk gene, the muscle
RAS oncogene homolog (MRAS).[8,9]

The MRAS gene is located on the 3q22.3 chromosome and
encodes a member of the ras super-family of GTP-binding
proteins, which acts on multiple processes of signal transduction,
including cell growth and differentiation.[10,11] It is widely
distributed in all tissues, especially in the cardiovascular
system.[12] Studies have shown that the protein encoded by the
MRAS plays an important role in the tumor necrosis factor-alpha
(TNF-a) and MAP kinase adhesion signaling pathways, while
vascular adhesion molecules involves in atherosclerotic disease
by mediating the cellular and intercellular adhesion mecha-
nisms.[13,14] This evidence indicates a potentially pivotal role of
MRAS in cardiovascular function.
Alshahid et al reported that the MRAS rs6782181SNP was

associated with increased risk of coronary artery disease (CAD),
obesity, hypercholesterolemia, hyperlipidemia and low high
density cholesterol (HDL-C) levels in the Saudi population.[11] In
the Han population, rs6782181was also found to be associated
with elevated serum levels of total cholesterol (TC), triglyceride
(TG) and low density lipoprotein-cholesterol (LDL-C).[15] In
contrast, another study of Chinese data suggested that theMRAS
loci might have a minor effect in conferring susceptibility to
CAD.[16] It is well recognized that hyperlipidemia and high LDL-
C levels are risk factors for stroke[17] and increased stroke
mortality.[18] However, the report onMRAS and stroke was rare.
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Therefore, it is necessary to investigate genetic effect of theMRAS
SNP on stroke susceptibility.
Stroke can be divided into 2 primary categories: ischemic

stroke (IS) and hemorrhagic stroke (HS), of which approximately
79% are IS patients.[2,19] In the present study we evaluate the
associations of 3 tagging polymorphisms at MRAS with IS risk in
Chinese Han population.
2. Materials and methods

2.1. Study population

We conducted a case-control study involving 240 IS patients with
an age >18 years and 430 age group-(3 years) matched subjects
free of stroke. The IS cases were consecutively selected from
patients admitting to the People’s Hospital of Jieshou City in
Fuyang (Anhui, China) with a diagnosis of stroke fromMarch to
September 2017. The control group was resided in the same
communities where the cases were selected from, and were
determined to be free of stroke and peripheral atherosclerotic
arterial disease based on their medical history, clinical exami-
nations, and electrocardiography.
Approval for this study was granted by the ethics committee of

People’s Hospital of Jieshou City. Written informed consents
were obtained from all subjects or their caregivers.
2.2. Diagnosis of stroke and stroke subtype classification

All first-episode stroke cases were diagnosed in accordance with
the World Health Organization criteria[20] and confirmed using
brain computed tomography (CT) or magnetic resonance
imaging (MRI). IS subtypes were determined by Adama criteria
system with MRI/CT evidence including large infarction, small
infarction and lacunar infarction.[19] Large infarctionwas defined
as cerebral infarction area >30mm2, and involving more than 2
brain anatomical parts of the large blood vessel main blood
supply area; small infarction was defined as cerebral infarction
area between (15 and 30]mm2, and involving 1 small vascular
branch occlusion in an anatomical site; lacunar infarction was
defined as a lacunar lesion measuring �15mm2.

2.3. Data collection

The clinical information including the age, sex, smoking and
drinking status, body mass index (BMI; weight (kg)/height (m)2),
medical history and blood pressure (BP) were collected from the
subjects’ medical records. Hypertension was defined as a systolic
blood pressure of higher than 140 mmHg, and/or a diastolic
blood pressure of higher than 90 mmHg, or use of antihyperten-
sive prescription. Hypercholesterolemia was defined as serum
total cholesterol >5.2 mmol/L or treatment with a lipid-lowering
drugs. Smoking was defined as at least 20 cigarettes per week for
3 months per year. Drinking was defined as at least 2 times per
week for 6 months per year.
Peripheral venous blood samples were drawn from subjects after

10hours of fasting and samples were collected into EDTA tubes.
Measurements of TC, LDL-C,HDL-C, TGand glucose (GLU)were
performedusing commercial kits fromBIOSINO(Shanghai,China).
2.4. SNP genotyping

The DNA was isolated from peripheral blood leukocytes by a
standard protein precipitator method. DNA concentration and
2

purity of each sample were measured using the Thermo Scientific
NanoDrop 2000 spectrophotometer. Three MRAS tagSNPs
(rs40593, rs751357, rs6782181) were genotyped by using
TaqMan-based allelic discrimination assay on the platform of
ABI 7900 polymerase chain reaction (PCR) system (Applied
Biosystems, Foster City, CA). The nucleotide sequences of
primers and fluorogenic probes were presented in supplement
Table 1, http://links.lww.com/MD/D417.
2.5. Statistical analysis

Quantitative and Categorical variables differences between cases
and controls were evaluated by unpaired Student’s t test and x2

tests, respectively. Hardy-Weinberg equilibrium (HWE) in
control group was identified by x2 tests. One-way ANVOA
was used to assess the serum lipid levels among SNP different
genotypes. The associations between signal SNP and stroke in
case-control study were determined by binary logistic regression
analysis, and the odds ratio (OR) and 95% confidence interval
(CI) were calculated.Multivariate logistic regression analysis was
used to compare the difference between SNP and IS subtypes risk.
A P value <.05 was considered statistically significant. The
statistical analysis was performed with SPSS18.0 (Chicago, IL).
3. Results

3.1. Demographic and clinical characteristics of
participants

The demographic and clinical characteristics of subjects were all
presented in Table 1. Of the 240 IS patients, 119 were large
infarction, 71 were small infarction and 50 were lacunar
infarction. The control group was younger (the mean age of
controls was 61.48±9.64 years) comparedwith IS cases (63.04±
9.1 years). As expected, the traditional stroke risk factors such as
hypertension frequency, hypercholesterolemia, TG, LDL-C and
BMI levels in cases were significantly higher than controls while
HDL-C levels was lower in cases (P< .05).

3.2. Association analyses of the case-control study for
MRAS SNP and IS

In this study, the genotype distributions of 3 SNPs were in
accordance with HWE (P> .05) in the control population.
Results of logistic regression analysis showed no association
between the MRAS SNPs and IS (all P> .05, Table 2).
Additionally, we also conducted the genetic analyses in each IS
subgroups. The G allele of rs40593 was observed to be associated
with the increased area of cerebral infarction. Compared with
carriers of the AA genotype, risk of carriers of the AG+GG
genotype increased [(OR (95%CI): 2.337 (1.175–4.647), P
= .016)]. After adjustment of age, gender, TC, TG, HDL-C, LDL-
C, GLU, BMI, drinking and smoking status, the association was
still significant (P= .032, Table 3).

3.3. Correlation analysis of MRAS SNP and serum lipid
levels

We further assessed the TC, TG, LDL-C and HDL-C levels
among the SNPs genotypes. After excluding the population who
were taking lipid-lowering drugs, 621 people were analyzed
finally. Variants of rs40593, rs751357, and rs6782181 were
associated with TC levels, but no differences were observed with
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Table 2

Association analyses of MRAS and IS.

Genotypes OR (95%CI)

SNP Group WT/HT/MT Additive Dominant Recessive P-HWE

rs40593 Control 235/170/25 1.082 (0.838–1.398) 1.054 (0.768–1.448) 1.314 (0.701–2.46) .426
(A>G) Case 128/94/18 P= .544 P= .743 P= .394
rs751357 Control 226/174/30 1.092 (0.851–1.402) 1.09 (0.794–1.494) 1.212 (0.672–2.185) .655
(A>G) Case 121/99/20 P= .49 P= .595 P= .522
rs6782181 Control 227/173/30 1.054 (0.82–1.354) 1.046 (0.763–1.435) 1.146 (0.631–2.084) .703
(C>T) Case 124/97/19 P= .683 P= .78 P= .654

HT=heterozygote, MT=mutant type, WT=wild type.
∗
Adjusted for age, gender, TC, TG, HDL-C, LDL-C, GLU, BMI, drinking, and smoking.

Table 1

Demographic and clinical characteristics of the case-control study of stroke.

Controls IS
Characteristic Group n=430 n=240 t/x2 P

Age (yr) 61.48±9.64 63.04±9.1 2.043 .041
Gender (%) Male 226 (52.6) 129 (53.8) 0.088 .767

Female 204 (47.4) 111 (46.3)
TC (mmol/L) 4.3±1.01 4.17±1.51 1.194 .233
TG (mmol/L) 1.45±1.05 2.05±1.66 5.112 <.001
HDL-C (mmol/L) 1.19±0.42 1.1±0.31 3.136 .002
LDL-C (mmol/L) 2.41±0.69 2.54±0.77 2.172 .03
GLU (mmol/L) 5.77±2.08 5.97±2.09 1.195 .232
BP (mmHg) SBP 135.3±21.2 146.86±22.3 6.643 <.001

DBP 81.9±12.42 87.32±14.88 7.786 <.001
BMI (kg/m2) 23.25±2.63 23.87±3.17 2.571 .01
Hypertension history (%) No 194 (45.1) 34 (14.2) 65.722 <.001

Yes 236 (54.9) 206 (85.8)
Hypercholesterolemia (%) No 365 (84.9) 184 (76.7) 7.028 .008

Yes 65 (15.1) 56 (23.3)
Smoking status (%) No 270 (62.8) 136 (56.7) 2.419 .12

Yes 160 (37.2) 104 (43.3)
Drinking status (%) No 241 (56.0) 126 (52.5) 0.782 .377

Yes 189 (44.0) 114 (47.5)

Table 3

Association between MRAS and IS subgroups.

Large infarction
∗

Small infarction
∗

SNP Genotypes N=240 OR (95%CI) P P† OR (95%CI) P P†

rs40593 AA 128 1 (reference) 1 (reference)
AG 94 2.2 (1.074–4.508) .031 .063 1.341 (0.610–2.948) .465 .532
GG 18 3.361 (0.701–16.118) .13 .127 2.012 (0.367–11.044) .421 .468

AG+GG 2.337 (1.175–4.647) .016 .032 1.42 (0.67–3.010) .36 .428
rs751357 AA 121 1 (reference) 1 (reference)

AG 99 2.019 (0.988–4.126) .054 .092 1.298 (0.595–2.833) .512 .62
GG 70 1.587 (0.464–5.425) .462 .787 0.962 (0.238–3.893) .956 .641

AG+GG 1.933 (0.987–3.784) .055 .117 1.231 (0.591–2.564) .579 .773
rs6782181 CC 124 1 (reference) 1 (reference)

CT 97 1.937 (0.951–3.947) .068 .13 1.341 (0.616–2.919) .459 .583
TT 19 2.105 (0.545–8.126) .28 .394 1.325 (0.294–5.979) .715 .937

CT+TT 1.964 (0.999–3.859) .05 .108 1.339 (0.64–2.80) .438 .609
∗
Lacunar infarction was set as a reference.

† Adjusted for age, gender, BMI, TC, TG, LDL-C, HDL-C, GLU, hypertension, smoking, and drinking status.
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Figure 1. Serum total cholesterol (TC) levels among rs40593, rs751357, and rs6782181 genotypes in the 621 subjects with taking no lipid-lowering drugs. TC
levels were plotted around the median as box plots, where the dots represented individual data. Diamonds and the whiskers represented the mean and SD of TC
levels. Figure (A), (B), and (C) presented correlations among rs40593, rs751357, and rs6782181 genotypes, respectively.
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TG, LDL-C and HDL-C levels (Supplement Table 2, http://links.
lww.com/MD/D418). For the 3 SNPs, carriers of the minor allele
genotypes showed higher TC levels, P was .015, .003, and .008,
respectively (Fig. 1).

4. Discussion

The associations between MRAS polymorphisms and cardiovas-
cular diseases have been a matter of interest in recent years. A
GWAS research of European populations has revealed a new
susceptibility locus for CAD in the region of MRAS gene,
rs9818870.[8] Similar finding was observed by Mehta et al.[21]

Some researchers have suggested that impairment of endothelial
function might be a relevant cause for the reported association of
rs9818870 with CAD risk; however, this explanation failed to be
confirmed.[22] More recently, Alshahid et al has reported that
anotherMRAS SNP (rs6782181)was associatedwith an increased
riskofCAD in the Saudipopulations.[11]An inconsistent result that
the MRAS loci might have a minor effect in conferring
susceptibility to CAD was also observed in a Chinese study.[16]

Hubacek et al demonstrated that the rs9818870 variant was not
associatedwith acute coronary syndromeormortality in theCzech
Slavonic populations.[23] Despite the plenitude of descriptive data
4

on genetic predisposition to CAD, the association study ofMRAS
and stroke was limited.
In the current study, we assessed the relationship between 3

variants (rs40593, rs751357 and rs6782181) at MRAS and IS
risk. No association was found between MRAS and IS, while the
G allele of rs40593 was observed to be associated with the
increased area of cerebral infarction in IS group. After adjustment
of age, gender, TC, TG, HDL-C, LDL-C, GLU, BMI, drinking
and smoking status, the association was still significant. SNP
rs40593 is localized in the 3’-UTR of MRAS close to a cluster of
regulatory miRNA binding sites, which is increasingly considered
to regulate theMRAS expression, translation and MRAS protein
levels. It is well known thatMRAS has been shown to be involved
in adhesion signaling, which indicates an important relevance in
the atherosclerotic process.[24] The mechanism seems to be
that rs40593 combines with miRNA, leading to changes in the
level of MRAS.
Additionally, in order to better understand the biological

characteristics of these loci, we studied whether the SNPs are
related to traditional stroke risk factors, or associated with other
human disease traits. To the best of our knowledge, the
association between the MARS and serum lipid levels is little
known. The variant rs6782181GG genotype has been associated
with the risk of hypercholesterolemia, hypertriglyceridemia and
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low HDL-C levels.[11] In the Han population, rs6782181 was
found to be associated with elevated serum levels of TC, TG,
LDL-C in males, and higher serum TC and LDL-C levels in
Mulao populations.[15] Our work partly confirmed the results
that carriers of rs6782181 variant had higher TC levels.
Furthermore, rs40593 and rs751357 variant presented positive
correlation with TC levels in current study. It is well recognized
that TC level elevation is a major health problem associated with
an increased risk of cardiovascular diseases.[25,26] These findings
provided a potential mechanism for the association between
MRAS and cardiovascular diseases.
Several limitations need to be considered. Firstly, none of the

SNPs showed a statistically significant association with IS risk in
this study, and relatively small sample size may be responsible for
the lack of association. Secondly, we were incapable of measuring
the MRAS protein levels which made us could not deeply
investigate the relationship between SNPs mutation and protein
levels. Thirdly, no biological function of MRAS variants was
investigated.
In summary, this study provides an evidence that MRAS

rs40593 variant may contribute to the risk of increased area of
cerebral infarction of IS in Han population. Variants of rs40593,
rs751357, and rs6782181 were associated with higher serum TC
levels. Further independent studies with large sample size are
needed to confirm our findings.
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