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Introduction

Stroke is the second most common cause of death, and the 
major cause of disability worldwide.1,2 In mainland China it is 

estimated that about 1.5-2.0 million new cases occur each 
year,3 and cerebrovascular diseases (CVDs) were reportedly 
the leading cause of death in 2008.4 In developed countries 
67.3-80.5% of strokes are reportedly ischemic in origin, while 
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Background and PurposezzAtherothrombotic cerebral infarction [atherothrombotic stroke 
(ATS)] shares common risk factors and pathophysiological mechanisms with coronary artery 
disease (CAD), and both diseases appear to have common susceptibility loci. The muscle RAS 
oncogene homolog gene (MRAS) has been identified as a susceptibility locus for CAD and is 
implicated in atherosclerosis. The aim of this study was to elucidate whether the single-nucleotide 
polymorphisms (SNPs) and haplotypes of MRAS are associated with increased risk of ATS in a 
population of Han Chinese.

MethodszzA case-controlled association study was conducted in which only patients with ATS 
(identified as a major subtype in the Korean modification of the Trial of Org 10172 in Acute 
Stroke Treatment classification) were enrolled. Subgroup analyses were carried out to determine 
whether the effect of the MRAS polymorphism was specific to age and gender among the subjects.

ResultszzIn total, 194 ATS and 186 control subjects were included in the present study. Two tag-
ging SNPs were identified in MRAS (rs40593 and rs3755751). A multivariate regression analysis 
revealed a positive association between rs40593 and ATS under dominant and additive models 
after adjustment for covariates. Subgroup analyses revealed that there were no gender differences 
with respect to allele or genotype frequencies between the groups. The AG genotype for rs40593 
(p=0.028), the CT genotype for rs3755751 (p=0.036), and G-allele carriers (AG plus GG) for 
rs40593 (p=0.015) exhibited a significant protective effect among those aged ≥45 years. For 
the haplotype analysis, ATS subjects aged ≥45 years had a higher frequency of the ACAC haplo-
type (76.0%) than the controls (68.1%; p<0.05); that haplotype was associated with an increased 
risk of ATS.

ConclusionszzThe obtained data suggest a positive association between MRAS and ATS among 
the Han Chinese. Further studies should be performed with larger sample and among different 
ethnic populations, and gene-gene or gene-environment interactions should be considered.
 J Clin Neurol 2013;9:223-230
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the proportion in China is 43.7-78.9%.3

Ischemic stroke (IS) is considered to be a heterogeneous, 
multifactorial disease that is caused by any or a combination 
of the traditional risk factors such as hypertension, diabetes, 
smoking, dyslipidemia, atrial fibrillation (AF), and obesity.5 
However, these risk factors explain only approximately 60% 
of cases.6 Various studies involving families, twins, and ani-
mal models have suggested that genetic background contrib-
utes to a predisposition toward IS.5 IS is caused mainly by 
thromboembolic occlusion of the brain arteries secondary to 
atherosclerosis.7 Atherosclerotic stroke shares common risk 
factors and pathophysiological mechanisms with coronary ar-
tery disease (CAD),7-9 another well-known atherosclerotic dis-
ease, and they appear to have common susceptibility loci. 
For example, sequence variants on chromosome 9p21.3 were 
identified as susceptibility loci for CAD,10 and were also 
proven to be associated with IS, especially large-artery stroke 
(atherosclerotic stroke).11,12 A variant [single-nucleotide poly-
morphism (SNP) rs9818870] in the muscle RAS (M-ras) on-
cogene homolog gene (MRAS) on chromosome 3q22.3 was 
recently identified as a susceptibility locus for CAD in a ge-
nome-wide association study, with compelling statistical evi-
dence.13 The M-ras protein (encoded by MRAS) was also 
found to play an important role in atherosclerosis.14 Thus, it is 
plausible that MRAS also plays a role in atherosclerotic stroke, 
as a result of a stronger genetic component in IS patients 
younger than 70 years of age and in the Han Chinese popula-
tion, which accounts for 90% of the population in China.15 
Therefore, the main focus of the present study was the possi-
ble association between MRAS and the risk of atherosclerotic 
stroke in a population of Han Chinese aged 19-70 years.

Methods

Study population
Study subjects were recruited from consecutive patients ad-
mitted with a first-ever IS to the Nanchong Central Hospital, 
which is affiliated with the North Sichuan Medical College, 
between August 2010 and December 2011. IS was defined 
according to the World Health Organization (WHO) defini-
tion16,17 and confirmed by a brain computed tomography and/
or magnetic resonance imaging scan showing a recent brain 
infarct corresponding to the clinical presentation within 2 
weeks of the event. Patients with nonsymptomatic cerebral 
infarction, hemorrhage after infarction, and intracranial hem-
orrhagic diseases were excluded from the study. IS is a het-
erogeneous phenotype composed of different entities, and 
hence the inclusion of all IS cases in the analyses may ob-
scure genetic effects restricted to a certain IS subtype. Some 
studies have highlighted the need to evaluate the genetic ef-

fect on each IS subtype.18,19 The Trial of Org 10172 in Acute 
Stroke Treatment (TOAST) classification is used extensively 
in genetic studies of IS; however, the Korean modification of 
the TOAST classification is more sensitive than the original 
TOAST classification for the diagnosis of atherosclerotic 
stroke.20 The present study included only subjects with an 
atherothrombotic cerebral infarction [atherothrombotic stroke 
(ATS)] diagnosed in accordance with the Korean modified 
TOAST classification of Han et al.20 in 2007.

All of the ATS subjects were Han Chinese patients with no 
history of CVDs, and with no consanguinity relationships 
among them. Strokes occurring in the course of systemic con-
ditions such as immunological disorders, coagulopathies, thy-
roid disease, tuberculosis, or malignant tumor were excluded 
in order to assure the solely atherosclerotic etiology of the IS. 
ATS patients with liver/kidney disease, AF, thrombolytic 
therapy, or pregnancy were also excluded. The control sub-
jects were randomly selected from inpatients with minor ill-
ness from the ophthalmology, gastroenterology, and otorhi-
nolaryngology departments of the hospital, and nonfamily 
visitors to hospitalized patients, who were free of neurologi-
cal diseases, as evidenced by clinical manifestations and phys-
ical examination, following the same exclusion criteria as the 
ATS subjects. The study was approved by the Ethics Commit-
tee of Nanchong Central Hospital, and all eligible subjects 
provided written informed consent to participate.

Baseline examination
A detailed medical history was obtained from each subject 
through an interview and physical examination. Demographic 
features, clinical features, biochemical parameters, and estab-
lished risk factors for stroke were recorded. A blood sample 
was obtained from all subjects for genetic analysis.

A history of coronary heart disease (CHD; i.e., angina pec-
toris, unstable angina, myocardial infarction, or heart failure), 
as well as heart valve disease and arrhythmias was assessed 
by a questionnaire and relevant medical confirmation. Ciga-
rette smoking was defined as having smoked at least one cig-
arette per day for 1 year or more. Former smokers who had 
stopped smoking more than 5 years previously were not in-
cluded.21 The presence of alcohol consumption was defined 
as drinking alcohol at least 12 times during the past year.21 Hy-
pertension was defined as present if subjects had previously 
been diagnosed according to the WHO/International Society 
of Hypertension guidelines (systolic or diastolic blood pres-
sure ≥140 mm Hg or ≥90 mm Hg, respectively)22 and were 
routinely receiving antihypertensive therapy. Diabetes melli-
tus (DM) was characterized by recurrent or persistent hyper-
glycemia, and was diagnosed by the presence of 1) fasting 
plasma glucose ≥7.0 mM, 2) plasma glucose ≥11.1 mM at 2 
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hours after a 75.0-g oral glucose challenge, or 3) random 
plasma glucose ≥11.1 mM, or if a history of DM was reported 
(including patients with antidiabetic medication; WHO).23 
Dyslipidemia was diagnosed using Chinese criteria published 
in 2007:24 1) a serum total cholesterol level of > or =5.18 
mM (200 mg/dL), 2) a low high-density lipoprotein choles-
terol of <1.04 mM (<40 mg/dL), 3) a low-density lipoprotein 
cholesterol level of ≥3.37 mM (130 mg/dL), and 4) a serum 
triglyceride concentration of ≥1.70 mM (150 mg/dL). The 
baseline body mass index (BMI) was calculated as the weight 
divided by the height squared, with a BMI of 24 kg/m2 taken 
as the cutoff point for being overweight.25,26

Selection of SNPs
Data were sourced from the National Center for Biotechnol-
ogy Information Bulletin 36 (NCBI). Tagging SNPs were se-
lected using the genotype data obtained from unrelated Han 
Chinese in Beijing in the HapMap database (HapMap Data 
Phase III/Rel#2, Feb09, on NCBI36 B36 assembly, dbSNP 
b126)27 with an r2 threshold of 0.8 and a minor allele frequen-
cy of 5%. The SNPs located in 5ʼ- and/or 3ʼ-flanking or un-
translated regions (UTRs) were also selected for analysis.

Two tagging SNPs (rs40593 and rs6782181) were identi-
fied within a 32.67-kb region spanning MRAS (including 2.0 
kb upstream and 0.5 kb downstream; chromosome three, po-
sitions 139, 574, 397-139, 607,065). An additional two SNPs 
were also included in the current study: rs9818870, which was 
located in the 3ʼ UTR of MRAS in close proximity to a cluster 
of miRNA binding sites (an association with CAD has been 
noted previously),13 and rs3755751, which was located in the 
5ʼ-flanking region.

DNA isolation and genotyping
Venous blood samples were collected from all subjects in 
EDTA-treated evacuated tubes. Genomic DNA was extracted 
from blood samples according to standard procedures by us-
ing a TIANamp Genomic DNA kit (TIANamp Blood DNA 
Kit, DP318, TIANGEN Biotech, Beijing, China). All DNA 
fragments were subjected to electrophoresis on 2% agarose 
gels and visualized under ultraviolet light after staining with 
ethidium bromide.

The four MRAS SNPs were genotyped using the ABI mul-
tiplex SNaPshot method (Applied Biosystems, Foster City, 
CA, USA) with the technical support of Shanghai Generay 
Biotech (http://www.generay.com.cn/). The process used by 
the manufacturer is briefly described below.

The forward (F) and reverse (R) primers used for the poly-
merase chain reaction (PCR) and the extension reaction were 
as follows:

1. For rs40593: F, 5ʼ-AAT AAA AGG CAG CAC AGC 

TGG-3ʼ; R, 5ʼ-GTA GCA GAA TCA TTC TCC AGC-3ʼ; 
extension primer, 5ʼ-TTT TTT TCC TCG GCA AGA TCA 
CCA GC-3ʼ.

2. For rs6782181: F, 5ʼ-GAA TTC ACA CGC ACA GTT 
CAG-3ʼ; R, 5ʼ-AGG CAA ATC CAT AAA GGC AGG-3ʼ; 
extension primer, 5ʼ-TTT TTT TTT TTG CAG GGT TGG 
GGA TGA ATA-3ʼ.

3. For rs9818870: F, 5ʼ-TGG GTT TCT CAG ATC TGT 
CTC-3ʼ; R, 5ʼ-GCT TAT AGA GGT GGT AGT CAG-3ʼ; 
extension primer 5ʼ-TTT TTT TTT GAC GTG TCA GTG 
TAT TC-3ʼ.

4. For rs3755751: F, 5ʼ-CCT CAA TGA CTT AGA ACC 
AGC-3ʼ; R, 5ʼ-TCT ACA GGG TCT TTG GAG CAG-3ʼ; 
extension primer, 5ʼ-TTT TTT TTT TTT TTT AGG AAG 
CCT GCA TGG GATT-3ʼ.

Polymerase chain reaction was performed in a total vol-
ume of 15.0 μL containing 1.5 μL of 10× buffer, 1.8 μL of 25 
mM MgCl2, 0.4 μL of each of dATP, dCTP, dTTP, and dGTP 
[R0192, Fermentas, Thermo Fisher Scientific (China) Co., 
Ltd, Beijing, China], 0.3 μL of Taq polymerase [EP0406, Fer-
mentas, Thermo Fisher Scientific (China) Co., Ltd, Beijing, 
China], 1.0 μL of genomic DNA, and 0.1 μL (20 pmol) of 
each primer. The program used was an initial denaturation 
step of 95°C for 3 minutes followed by the first 11 cycles of 
denaturation at 94°C for 15 seconds, annealing at 60°C for 
15 seconds (the annealing temperature was decreased by 0.5°C 
in each consecutive cycle), and elongation at 72°C for 30 sec-
onds, followed by the second 24 cycles of denaturation at 
95°C for 15 seconds, annealing at 54°C for 15 seconds, and 
elongation at 72°C for 30 seconds, and a final extension step 
at 72°C for 3 minutes. To avoid the affect of primers and un-
incorporated dNTPs from the preliminary PCR reaction on 
the subsequent primer extension reaction, the PCR products 
were subsequently purified in 7.0-μL reaction volumes. Brief-
ly, 3.0 μL of PCR products was incubated with 0.2 μL of Exo 
I [EN0582, Fermentas, Thermo Fisher Scientific (China) Co., 
Ltd, Beijing, China], 0.8 μL of FastAP thermosensitive alka-
line phosphatase [FastAP, EF0652, Fermentas, Thermo Fish-
er Scientific (China) Co., Ltd, Beijing, China], and 0.7 μL of 
ExoI buffer at 37°C for 15 minutes and then at 80°C for 15 
minutes.

The product was then processed according to the ABI 
SNaPshot protocol. The extension reaction was performed in 
a total volume of 6.0 μL, containing 2.0 μL of purified PCR 
product, 0.8 μL of SNaPshot multiplex mix containing Taq 
polymerase and fluorescently labeled dideoxy-NTPs (Applied 
Biosystems, Foster City, CA, USA), 2.0 μL of mixed exten-
sion primer, and 1.2 μL of H2O. The initial denaturation was 
performed at 96°C for 1 minute, and then the samples were 
subjected to 28 cycles of denaturation at 96°C for 10 seconds, 
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annealing at 52°C for 5 seconds, and elongation at 60°C for 
30 seconds. To remove the cycling unincorporated fluorescent 
dNTPs, 6.0 μL of the extension product was incubated with 0.5 
μL of FastAP [EF 0652, Fermentas, Thermo Fisher Scientific 
(China) Co., Ltd, Beijing, China] at 37°C for 15 minutes and 
then at 80°C for 15 minutes. An 8.0-μL volume of deionized 
formamide was mixed with 1.0 μL of the purified extension 
product and electrophoresed on an ABI 3730XL genetic ana-
lyzer (Applied Biosystems). The parameters suggested in the 
SNaPshot protocol were used. The separated products were 
analyzed using GeneMapper Software v4.0 (Applied Biosys-
tems, Foster City, CA, USA).

Statistical analysis
Continuous variables are expressed as mean±SD values. The 
normality of the sample distribution of each continuous vari-
able was tested with the Kolmogorov-Smirnov test. Differenc-
es between continuous variables were evaluated by the inde-
pendent-samples t-test or the Mann-Whitney U-test, depending 
on the shape of the distribution curves. Potential confounders 
were identified by performing univariate analyses. The chi-
square test was employed to test for qualitative variables, gen-
otypes/alleles frequencies, and Hardy-Weinberg equilibrium 
(HWE) of the polymorphisms.

Four genetic models (dominant, recessive, additive, and al-
lelic comparison) were assumed while performing statistical 
analyses.28 Namely, for an SNP with minor allele a and major 
allele A, a dominant model means A/A versus both a/A and a/a 
combined, a recessive model means a/a versus a combined 
count of both a/A and A/A genotypes, a/A or a/a versus A/A 
for the additive model, and a versus A for allelic comparison. 
Multivariate logistic regression analysis with adjustment of 
traditional risk factors (e.g., age, sex, diabetes, hypertension, 
dyslipidemia, smoking, and alcohol consumption) was used 
to estimate the odds ratio (OR) and 95% confidence interval 
(CI) for the risk genotypes, and variables with p<0.10 on uni-
variate analysis were included in a regression model. Subgroup 
analyses were also performed by stratifying the subjects ac-
cording to sex and age (<45 years and ≥45 years).29 Haplo-
type construction was performed using the genetic statistical 
software SHEsis.30,31

All statistical analyses were performed with the SPSS 13.0 
package, unless indicated otherwise. A probability value of 
p<0.05 (two tailed) was considered significant.

Results

General characteristics of the subjects
In total, 823 IS patients were admitted to Nanchong Central 
Hospital during the study period. Among them, 431 (52.4%) 

were classified with ATS under the criteria of the modified 
TOAST classification,20 39 (4.7%) with cardioembolism, 210 
(25.5%) with small-artery disease (small-vessel disease), 18 
(2.2%) with stroke of other determined etiology, and 125 
(15.2%) with stroke of undetermined etiology. Of the 431 
ATS subjects, 229 were excluded from the study because they 
had a history of CVD (n=107), were receiving thrombolytic 
therapy (n=17), suffered from liver or kidney disease (n=77), 
were pregnant (n=3), or had other severe systematic diseases 
(n=25). A control group of 188 unrelated individuals was re-
cruited during the same period, of whom 28 were visitors to 
hospitalized patients, 48 were inpatients with cataract or con-
junctivitis from the Department of Ophthalmology, 79 were 
inpatients with acute or chronic appendicitis from the Divi-
sion of Gastroenterology, and 33 were patients from the De-
partment of Otorhinolaryngology with acute or chronic rhi-
nitis, pharyngitis, or laryngitis.

Ultimately, 202 subjects with ATS and 188 controls were 
recruited for the present study. However, genotyping was un-
successful for eight of those in the ATS group and for two of 
the controls. Therefore, 194 ATS and 186 control subjects were 
included in the further analyses. The subjects were aged 
60.59±8.18 years in the ATS group (the median was 62 years 
due to the nonnormal distribution of the data) and 56.44±11.43 
years for the controls (median, 58 years). Women accounted 
for 35.6% of the ATS group (n=69) and 47.3% of the controls 
(n=88). As well as being more likely to be male and older, the 
ATS subjects had a higher prevalence of hypertension, dia-
betes, CHD, smoking, and drinking. The demographic and 
clinical characteristics of the ATS and control groups are pre-
sented in Table 1.

Individual SNP association analysis

The association between SNPs and ATS in general 
samples
The distribution of all SNP genotypes among the controls was 
consistent with the HWE model (p>0.05). There were no 
significant differences in four SNPs with respect to allele or 
genotype frequencies between the ATS and control groups in 
general samples for all genetic comparisons. These data are 
summarized in Table 2. However, the multivariate logistic re-
gression analysis revealed a positive association between 
rs40593 and ATS under the dominant and additive models 
after adjustment for covariates [adjusted OR=1.673, 95% 
CI=1.031-2.715, and p=0.037 for the dominant model; and 
adjusted OR=0.585, 95% CI=0.356-0.962, and p=0.035 for 
the additive model (AG/AA), respectively] (Table 2). No as-
sociation was found between the other three SNPs and ATS 
in all genetic models after adjustment for covariates.
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Subgroup analyses
To reduce possible confounding effects of differences in age 
and sex distributions between the ATS and control groups, 
subgroup analyses were performed according to gender and 
age (<45 years and ≥45 years). In univariate analysis the mi-
nor allele G of SNP rs40593 was found to be significantly 
associated with ATS in males (OR=0.625, 95% CI=0.403-
0969; p=0.035); however, no differences were detected for the 
other SNPs for all genetic comparisons. There was also no ev-

idence of any significant differences between the ATS and 
control groups with regard to the distribution of alleles and 
genotypes for all SNPs in females (data not shown).

After adjustment for confounding variables such as age, 
dyslipidemia, CHD, alcohol, hypertension, and diabetes, the 
logistic regression analysis revealed no significant differences 
between the two groups with regard to genotypes frequen-
cies for all SNPs and all genetic comparisons in either males 
or females.

Table 1. Characteristics of the atherothrombotic stroke (ATS) and control subjects included in this study. Unless stated otherwise, data are 
presented as n or mean±SD values

Variable ATS (n=194) Control (n=186) OR, 95% CI* p
Age (years) 60.59±8.18 56.44±11.43 - -
Age (years) 62 58 - 0.001
Age: ≤44/45–64/≥65 years (n) 10/104/80 32/96/58 - 0.001
Sex: M/F (n) 125/69 98/88 1.627, 1.078-2.455 0.020
BMI (kg/m2) 23.52±2.57 23.32±2.18 - 0.413
Overweight 76 60 - 0.160
Smoking 63 38 1.873, 1.175-2.986 0.008
Alcohol 49 29 1.829, 1.097-3.052 0.020
Hypertension 117 35 6.555, 4.110-10.455 0.000
Diabetes 40 10 4.571, 2.212-9.447 0.000
Dyslipidemia 74 61 - 0.276
CHD 14 4 3.539, 1.143-10.957 0.020
*OR, 95% CI listed only if p<0.05.
BMI: body mass index, CHD: coronary heart disease, F: female, M: male, OR: odds ratio, 95% CI: 95% confidence interval.

Table 2. Distribution of the alleles and genotypes for the four single-nucleotide polymorphisms (SNPs) in the ATS and control groups

SNPs
Genotypes/

minor allele (n)
ATS

(n=194)
Control
(n=186)

Comparison models p Adjusted p†

rs40593 AA 123 101 Additive AG/AA 0.115 0.035
GG/AA 0.196 0.314

AG 64 74 Dominant AA/(AG+GG) 0.071 0.037
GG 7 11 Recessive GG/(AA+AG) 0.290 0.521
G 78 96 Allelic G/A 0.061 -

rs9818870 CC 189 182 Additive CT/CC 0.785 0.525
TT/CC - -

CT 5 4 Dominant CC/(CT+TT) 1.000* 0.439
TT 0 0 Recessive TT/(CC+CT) - -
T 5 4 Allelic T/C 1.000* -

rs6782181 AA 114 94 Additive AG/AA 0.129 0.137
GG/AA 0.403 0.894

AG 71 81 Dominant AA/(AG+GG) 0.107 0.207
GG 9 11 Recessive GG/(AA+AG) 0.578 0.825
G 89 103 Allelic G/A 0.132 -

rs3755751 CC 117 97 Additive CT/CC 0.117 0.164
TT/CC 0.541 0.703

CT 68 79 Dominant CC/(CT+TT) 0.109 0.255
TT 9 10 Recessive TT/(CC+CT) 0.742 0.475
T 86 99 Allelic T/C 0.153 -

*Value with continuity correction, †Adjusted for age, gender, smoking, alcohol, hypertension, diabetes, and CHD.
ATS: atherothrombotic stroke, CHD: coronary heart disease.
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When the subjects were divided into two groups according 
to age (<45 years or ≥45 years), only subjects in the older age 
group were included in analyses because there were only 10 
ATS subjects and 32 control subjects in the younger age 
group. Three SNPs (rs6782181, rs40593, and rs3755751) 
were found to be significantly associated with ATS in the al-
lelic comparison, and in additive and dominant models in in-
dividual SNP analyses. The minor G allele or G-allele carri-
ers for rs6782181 and rs40593, as well as the minor T allele 
or T-allele carriers for rs3755751 played a protective role in 
IS risk (Table 3). After adjusting for covariants, the AG geno-
type for rs40593 (OR=0.557, 95% CI=0.331-0.938; p=0.028), 
the CT genotype for rs3755751 (OR=0.579, 95% CI=0.347-
0.966; p=0.036), and the G-allele carriers (AG plus GG) for 
rs40593 (OR=0.535, 95% CI=0.324-0.886; p=0.015) still ex-

hibited a significant protective effect; however, the associa-
tion between T-allele genotypes and rs3755751 was only mar-
ginally significant (OR=1.637, 95% CI=0.999-2.681; p=0.05). 
In contrast, there was no significant association between 
rs6782181 and ATS (Table 3).

Haplotype analysis
All four loci were analyzed for constructing haplotypes. 
Nine haplotypes were observed in the general population, fe-
male subjects, and subjects aged ≥45 years, and eight haplo-
types were observed among the male subjects. No statistically 
significant differences were detected between ATS and con-
trol subjects with respect to haplotype distribution in either 
the general samples or in different gender groups.

Among those aged ≥45 years, the frequency of subjects car-

Table 3. Distribution of alleles and genotypes for the four SNPs in ATS and control subjects aged ≥45 years

SNP
Genotype/

minor allele (n)
ATS

(n=184)
Control
(n=154)

Comparison models p Adjusted p† (OR, 95% CI)‡

rs40593 AA 118 80 Additive AG/AA 0.029 0.028 (0.557, 0.331-0.938)

AG 61 64 Dominant AA/(AG+GG) 0.017 0.015 (0.535, 0.324-0.886)

GG 5 10 Recessive GG/(AA+AG) 0.260 0.245
G 71 84 Allelic G/A 0.020 -

rs9818870 CC 179 150 Additive CT/CC 1.000* 0.583
CT 5 4 Dominant CC/(CT+TT) 1.000* 0.583
TT 0 0 Recessive TT(CC+CT) - -
T 5 4 Allelic T/C 1.000* -

rs6782181 AA 110 72 Additive AG/AA 0.029 0.061
AG 67 72 Dominant AA/(AG+GG) 0.017 0.059
GG 7 10 Recessive GG/(AA+AG) 0.260 0.760
G 81 92 Allelic G/A 0.020 -

rs3755751 CC 114 74 Additive CT/CC 0.015 0.036 (0.579, 0.347-0.966)

CT 63 71 Dominant CC/(CT+TT) 0.010 0.05 (1.637, 0.999-2.681)

TT 7 9 Recessive TT/(CT+CC) 0.379 0.773
T 77 89 Allelic T/C 0.016 -

*Value with continuity correction, †Adjusted for gender, smoking, alcohol, hypertension, diabetes, and CHD, ‡OR, 95% CI listed only if 
p<0.05.
ATS: atherothrombotic stroke, CHD: coronary heart disease, SNP: single-nucleotide polymorphism.

Table 4. Estimated four-locus haplotype frequencies in ATS and control subjects aged ≥45 years

Haplotype* ATS (freq.) Control (freq.) Fisherʼs p Pearsonʼs p OR, 95% CI†

ACAC 279.83 (0.760) 209.83 (0.681) 0.010945 0.010935 1.635, 1.118-2.392
ACAT 4.09 (0.011) 5.16 (0.017) - - -
ACGT 7.05 (0.019) 5.02 (0.016) - - -
ATGC 1.01 (0.003) 1.03 (0.003) - - -
ATGT 3.99 (0.011) 2.97 (0.010) - - -
GCAC 3.07 (0.008) 1.02 (0.003) - - -
GCGC 6.06 (0.016) 7.13 (0.023) - - -
GCGT 61.86 (0.168) 75.85 (0.246) 0.010945 0.010935 0.612,0.418-0.895
ACGC 1.02 (0.003) 0.00 (0.000) - - -

*The haplotype is listed in the order rs40593-rs9818870-rs6782181-rs3755751, †OR, 95% CI listed only if p<0.05, ‡ATS (freq.): it means the 
number of cases estimated to have ACAC haplotype, and this haplotypeʼs frequency in Case; analogous meaning for other cells.
ATS: atherothrombotic stroke.
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rying the ACAC haplotype (for markers rs40593-rs9818870-
rs6782181-rs3755751), which was associated with an in-
creased risk of ATS, was significantly higher in the ATS group 
(76.0%) than in the control group (68.1%; p<0.05). In con-
trast, the frequency of the GCGT haplotype (for markers 
rs40593-rs9818870-rs6782181-rs3755751) was significantly 
lower in the ATS group than in the controls (16.8% vs. 24.6%, 
p<0.05), demonstrating a significant protective effect against 
ATS (Table 4).

Discussion

The results of this study suggest that two SNPs (rs40593 and 
rs3755751) and haplotypes (ACAC and GCGT) at four loci 
are significantly associated with the risk of ATS. That is, the 
AA genotype of rs40592 significantly increases the ATS risk, 
with the association being particularly significant in subjects 
aged ≥45 years. On the other hand, among those aged ≥45 
years, carriers of the CC genotype of rs3755751 were more 
prone to ATS than were carriers of the CT genotype, and the 
haplotypes constructed by the risk alleles (ACAC) exhibited 
a significantly elevated risk for ATS. In contrast, no evidence 
was found to support the hypothesis that the other MRAS 
SNPs play roles in ATS risk in the present population. To the 
best of our knowledge, no other studies have examined si-
multaneously the relationship between MRAS and ATS.

In humans, MRAS is located on chromosome 3q22.3, 
which comprises five exons and spans 33 kb (MIM608435). 
The M-ras protein belongs to the Ras superfamily of GTP-
binding proteins. It is widely expressed in all tissues, includ-
ing mouse and human aorta and heart tissues, which are po-
tentially involved in atherosclerosis.13 Moreover, it has been 
demonstrated previously that activated M-ras potently induc-
es the cell aggregation mediated by lymphocyte function-as-
sociated antigen 1.31 More importantly, there is evidence that 
M-ras plays a crucial role in adhesion signaling.32 It has been 
demonstrated that the initial stage of atherosclerosis requires 
interplay between various cell adhesion molecules and im-
mune cells to trigger leukocyte and lymphocyte migration 
from the circulating blood into the arterial intima.33 Vascular 
adhesion molecules were also found to play a vital role in the 
atherosclerosis process, and are now recognized as critical 
factors in the initiation and progression of atherosclerotic dis-
ease.14 Therefore, MRAS may contribute to IS by promoting 
atherosclerosis.

The present study demonstrated the association between 
MRAS and ATS in a population of Han Chinese. However, 
the results should be interpreted with caution due to some lim-
itations in both the data and methodology. First, the mean age 
was significantly lower in the control group than in the ATS 

group. Since stroke is a late-onset disease, the chances of mis-
classification as “stroke-free” was not excluded, which might 
have affected the results. The second possible limitation lies in 
the inclusion of a relatively small number of ATS and control 
subjects. In addition, performing multiple analyses may have 
increased the likelihood of spurious results. Nevertheless, cor-
rections for multiple testing, which were considered appro-
priate for hypothesis-testing studies, were not applied. Since 
any genetic association study that includes only a small num-
ber of polymorphisms should generally be regarded as explor-
atory in character,34 such corrections were considered overly 
conservative for this exploratory study.34

This is the first report of an association between MRAS and 
ATS (the most important subtype of IS) in a population of 
Han Chinese. It is important to perform further genetic stud-
ies involving other ethnic populations, such as other Asian as 
well as Caucasian and African populations, in order to clarify 
the role of MRAS in IS. Moreover, since IS is a complex and 
multifactorial disease caused by a combination of vascular 
risk factors such as environmental and genetic factors, gene-
gene and gene-environment interactions must also be consid-
ered in future studies.

Conclusion
The present study demonstrated a positive association between 
MRAS and ATS in a population of Han Chinese. Further func-
tional studies are needed to define the mechanisms by which 
these loci translate into a higher risk of IS, and to explore 
whether this information can be used to improve the preven-
tion, prediction, or treatment of this common disease. Future 
studies should be performed with large samples and among 
different ethnic populations, with gene-gene and gene-envi-
ronment interactions being considered.
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