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Abstract. – OBJECTIVE: The aim of this study 
was to explore the correlation between muscle 
RAS oncogene homolog (MRAS) gene polymor-
phism and the onset risk of atherosclerosis (AS). 

PATIENTS AND METHODS: A total of 135 AS 
patients diagnosed and treated in our hospital 
from November 2017 to October 2018 were ran-
domly enrolled in the observation group. Mean-
while, 150 healthy adults were selected as control 
group. Venous blood was withdrawn from all the 
subjects, and DNAs were extracted. MRAS gene 
loci rs9818870 and rs3755751 were analyzed by 
the multiplex SNaPshot method, and their cor-
relations with the onset risk of AS were explored.  

RESULTS: No statistically significant differ-
ences in the frequencies at gene loci were ob-
served between the two groups (p>0.05). Sub-
jects with genotype TT at rs9818870 exhibited 
significantly higher risk of AS (p=0.041<0.05). 
The recessive model of rs9818870 (GG + AG/
AA) in AS patients with coronary heart disease 
was correlated with AS (p=0.048<0.05). Similar-
ly, the dominant model of rs3755751 (TT/TC+CC) 
in those with hypertension was associated with 
AS (p=0.027<0.05). 

CONCLUSIONS: MRAS gene is correlated with 
the onset of AS to a certain degree.
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phism, Correlation.

Introduction

Atherosclerosis (AS) is a cardiovascular and 
cerebrovascular disease that can involve large and 
middle arteries, such as coronary artery, cervical 
artery, and cerebral artery. AS may affect their 
elasticity, further leading to lipid deposition, fi-
brous tissue hyperplasia, and even plaques1. AS is 
caused by the synergy of multiple factors, whose 
complex pathogenesis remains to be fully clarified. 
The major risk factors for AS include hypertension, 

hyperlipidemia, heavy smoking, diabetes mellitus, 
obesity, and genetics2. Gene polymorphism can 
explain the differences in the risks of diseases in 
different people due to varying base sites3. Now, 
it has been confirmed that there are many suscep-
tibility genes related to the development of AS. A 
relevant study has found that AS and coronary ar-
tery disease (CAD) share similar risk factors and 
pathophysiological mechanisms. Meanwhile, their 
susceptibility genes may be the same4. Therefore, 
the range of research on genes affecting the onset 
of AS will be greatly widened. Muscle RAS on-
cogene homolog (MRAS)-encoded M-ras protein 
has recently been confirmed to be closely associ-
ated with the development of hypertension, AS, 
cerebral infarction, and ischemic stroke5. Howev-
er, there have been few reports on the correlation 
between MRAS gene and the onset risk of AS in 
Han Chinese population. Therefore, in this study, 
the genomes of Han Chinese population were first 
collected. MRAS gene polymorphic sites were 
subjected to ABI multiplex SNaPshot genotyping 
to explore the relationship between gene polymor-
phism and the onset risk of AS. Our findings might 
provide basis for the diagnosis and treatment of AS 
from the genetic aspect.

Patients and Methods

Patients
A total of 135 AS patients diagnosed and treat-

ed in our hospital from November 2017 to Octo-
ber 2018 were randomly enrolled as observation 
group. Meanwhile, 150 healthy adults were select-
ed as control group. There were statistically sig-
nificant differences in age, sex, overweightness, 
smoking, drinking, hypertension, coronary heart 
disease, and diabetes between the two groups 
(p<0.05), suggesting that AS was correlated 
with the above factors (Table I). This study was 
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approved by the Ethics Committee of Jiangxi 
Provincial People’s Hospital. Signed written in-
formed consents were obtained from all partici-
pants before the study.

Deoxyribonucleic Acid (DNA) 
Extraction and Genotyping

Preparation of DNA samples was as follows: 
peripheral blood was first subjected to sodium 
citrate anticoagulation. Genome DNAs were 
then extracted from the blood according to the 
instructions of TIANamp Blood DNA Kit (Tian-
gen, Beijing, China). Following 2% agarose gel 
electrophoresis, DNA products were stained with 
ethidium bromide and observed under an ultra-
violet lamp. Two SNP sites of MRAS gene were 
genotyped by the ABI multiplex SNaPshot meth-
od (Applied Biosystems, Foster City, CA, USA). 
Technical support was provided by Shanghai 
Generay Biotech Co., Ltd. (Shanghai, China). 
Primer sequences used in our study were shown 
in Table II.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 20.0 (IBM Corp., Armonk, NY, USA) was 
used for all statistical analysis. Measurement data 
were presented as (̀ χ±s), and intergroup compar-

isons were completed using t-test. Enumeration 
data were expressed as frequency, and χ2-test was 
performed for intergroup comparisons. The ge-
netic equilibrium was tested by the Hardy-Wein-
berg equilibrium. All tests were two-sided, with 
the significance level of α=0.05. p<0.05 was con-
sidered statistically significant.

Results

Distribution Frequencies of Genotypes
and Alleles at the two Polymorphic Loci

A total of 135 AS patients and 150 non-AS 
people were enrolled in this study. It was found 
that all genotypes at rs9818870 and rs3755751 
showed no statistically significant differences be-
tween the two groups (p>0.05). Meanwhile, their 
distributions conformed to the Hardy-Weinberg 
equilibrium law (p>0.05) (Table III and IV).

Table I. General information.

Note: *: BMI=24-27.9 kg/m2.

Parameter	 Observation group	 Control group	 Odd ratio (OR), 95%	 p
	 (n=135)	 (n=150)	 confidence interval (CI)	

Age (year old)	 61.31±7.97	 55.32±12.01		  0.001
Age (year old): ≤44/45-64/≥65	 10/71/54	 22/80/48		  0.001
Male/female	 95/40	 88/62	 1.538, 1.168-2.145	 0.018
BMI (kg/m2)	 22.45±2.36	 22.28±2.04		  0.401
Overweightness* (n)	 52	 48		  0.157
Smoking (n)	 43	 30	 1.845, 1.164-2.846	 0.007
Drinking (n)	 34	 23	 1.817, 1.187-2.984	 0.019
Hypertension (n)	 27	 28	 6.243, 3.997-9.875	 0.000
Diabetes (n)	 27	 8	 4.621, 2.122-9.407	 0.000
Coronary heart disease (n)	 9	 3	 3.418,1.065-11.003	 0.020

Table II. Primer sequences.

SNP	 Forward	 Reverse	 Extended	

rs9818870	 5'-TCG GTT TCT CAG	 5'-GCT TAT AGA GGT GGT	 5'-TTT TTT TTT GAC GTG TCA	
	 ATC TGT CTC-3'	 AGT CAG-3'	 GTG TAT TC-3'	
rs3755751	 5'-CCT CAA TGA CTT 	 5'-TCT ACA GGG TCT TTG 	 5'-TTT TTT TTT TTT TTT AGG AAG
	 AGA ACC AGC-3'	 GAG CAG-3'	 CCT GCA TGG GATT-3'

Table III. Hardy-Weinberg equilibrium test results of MRAS 
gene rs9818870 and rs3755751.

SNP	 Frequency	 Allele	 p	

rs9818870	 0.035	 T	 0.551
rs3755751	 0.025	 T	 0.487
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Analysis of Correlation with MRAS 
Gene Polymorphism

According to the comparison of AS risk be-
tween different models, subjects with genotype 
TT at rs9818870 exhibited significantly higher 
risk of AS (p=0.041 <0.05), and the differences 
were statistically significant (Table V).

Stratified Analysis of Basic Diseases 
for the Correlation Between rs9818870 
and the Onset of AS   

The recessive model at rs9818870 (GG+AG/
AA) in patients with coronary heart disease in ob-
servation group was correlated with AS (p=0.048 
<0.05) (Table VI).

Table IV. Distribution frequencies of genotypes.

Genotype	       Observation group (n=135)	     Control group (n=150)	 χ2	 p
	
	 n	 %	 n	 %	

rs9818870						    
    CC	 131	 97.0	 146	 97.3	 0.81	 0.37
    CT	 3	 2	 3	 2	 0	 1
    TT	 1	 1	 1	 0.7	 0	 1
    C	 265	 98.1	 295	 98.3	 1.61	 0.20
    T	 5	 1.9	 5	 1.7	 0	 1
rs3755751						    
    CC	 81	 60	 79	 52.7	 0.03	 0.87
    CT	 47	 34.8	 64	 42.7	 2.6	 0.11
    TT	 7	 5.2	 7	 4.6	 0	 1
    C	 209	 77.4	 222	 74	 0.39	 0.53
    T	 61	 22.6	 78	 26	 2.1	 0.15

Table V. Analysis of correlations of AS with the two genetic loci.

Locus	 Group	                                                         OR (95% CI), p
	
		  Additive model	 Dominant model	 Recessive model	 Allele model	

rs9818870	 Observation  group	 1.178 (0.998-1.525)	 1.039 (0.925-1.514)	 1.651 (1.025-2.531)	 1.124 (0.974-1.534)
C>T	 Control group	 p=0.071	 p=0.071	 p=0.041	 p=0.065
rs3755751	 Observation group	 1.133 (0.879-1.218)	 1.133 (0.915-1.524)	 1.603 (0.945-2.224)	 1.217 (0.987-1.299)
A>G	 Control group	 p=0.128	 p=0.281	 p=0.085	 p=0.103

Table VI. Stratified analysis of basic diseases for the correlation between rs9818870 and the onset of AS.

Locus	 Stratification	 Group		  OR (95% CI), p
	
			   Additive model	 Dominant model	 Recessive model

rs9818870	 Hypertension	 Control group	 1.425 (0.977-1.984)	 1.435 (0.921-2.226)	 1.755 (0.812-3.385)
	 Non-hypertension	 Observation group	 p=0.061	 p=0.098	 p=0.152
	 Diabetes	 Control group	 1.124 (0.868-1.316)	 1.215 (0.784-1.514)	 1.599 (0.842-3.314)
	 Non-diabetes	 Observation group	 p=0.332	 p=0.651	 p=0.136
	 Coronary heart	 Control group	 1.107 (0.766-1.341)	 0.952 (0.675-1.342)	 1.246 (0.615-2.336) 
	   disease
	 Non-coronary 	 Observation group	 0.941	 0.807	 0.048
	   heart disease
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Stratified Analysis of Basic Diseases 
for the Correlation Between rs3755751 
and the Onset of AS

The dominant model at rs3755751 in hyperten-
sion patients in observation group was associated 
with AS (p=0.027 <0.05) (Table VII).

Discussion

AS is a common disease seriously endangering 
human health. It refers to endarterial lipid depo-
sition that can gradually form atheros plaques to 
result in vascular endothelial injury. AS also serves 
as a major pathological basis of such cardiovascu-
lar and cerebrovascular diseases, as coronary heart 
disease and cerebral embolism. However, its patho-
genesis has not yet been fully clarified so far. Cur-
rently, the judgment of severity in AS patients still 
mainly depends on the measurement of arterial 
cross section, but such a measurement is absolutely 
not very accurate. In addition to the known ear-
ly prevention measures, such as controlling blood 
glucose and pressure and improving diet habit, ge-
netic studies have been started to prevent AS at the 
genetic level and early diagnosis. This can finally 
reduce the morbidity rate of AS6. 

Some studies7 in Europe have found that 
MRAS is a risk gene causing cardiovascular 
disease. MRAS, a member in the GTP-binding 
protein Ras gene family, is located on chromo-
some 3q22.3. It is highly expressed in the aorta 
and heart tissues of mice and humans. Acting as 
a signal transducer, MRAS participates in cell 
growth and differentiation and promotes the 
generation of vascular adhesion factors8-10. Dif-
ferent adhesion factors interact with immuno-
cytes in the early stage of AS, thereby trigger-
ing the migration and aggregation of leucocytes 
and lymphocytes from the blood to vascular 

endothelial cells and leading to vascular endo-
thelial cell injury. In this process, adhesion mol-
ecules are important factors. Active MRAS has 
already been observed to be able to effectively 
induce lymphocyte aggregation. More impor-
tantly, evidence11 has shown that MRAS plays 
a crucial role in adhesion factor signaling. In 
recent years, some studies12,13 have demonstrat-
ed that MRAS gene is not only associated with 
cardiovascular diseases, but also correlated with 
schizophrenia, hypercholesterolemia, hyperlip-
idemia, and obesity. van Rooij et al14 have found 
that MRAS gene rs9818870 affects cardiomyo-
cyte metabolism. MRAS locus rs9818870, a 
novel risk gene for CAD, has been discovered 
through several studies. It is also one of the pre-
dictors for cardiovascular diseases15-18. A com-
parative study has also suggested that MRAS 
rs3755751 has no direct relationship with cere-
bral stroke in youngsters.

In the present study, there were no statistical-
ly significant differences in the frequencies at 
gene loci rs9818870 and rs3755751 between the 
two groups (p>0.05). Subjects with rs9818870 
genotype TT exhibited significantly higher risk 
of AS (p=0.041 <0.05). The recessive model of 
rs9818870 (GG + AG/AA) in AS patients with 
coronary heart disease was correlated with AS 
(p=0.048<0.05). Conversely, the dominant model 
of rs3755751 (TT/TC+CC) in those with hyperten-
sion was associated with AS (p=0.027<0.05). Our 
findings revealed that MRAS gene was correlated 
with the onset of AS to a certain degree. There 
were still some limitations in the present report. 
First, the stratified analysis only focused on ba-
sic diseases, such as hypertension, coronary heart 
disease, and diabetes. According to the etiology 
of AS, sex, age, weight, blood lipid level, and even 
environmental factors, they might affect the de-
velopment and progression of AS. However, they 

Table VII. Stratified analysis of basic diseases for the correlation between rs3755751 and the onset of AS.

Locus	 Stratification	 Group		  OR (95% CI), p
	
			   Additive model	 Dominant model	 Recessive model

rs3755751	 Hypertension	 Control group	 1.214 (0.867-1.661)	 1.435 (0.921-2.226)	 1.421 (0.627-3.281)
	 Non-hypertension	 Observation group	 p=0.259	 p=0.027	 p=0.374
	 Diabetes	 Control group	 1.133 (0.884-1.416)	 1.325 (0.873-1.524)	 1.322 (0.813-2.415)
	 Non-diabetes	 Observation group	 p=0.288	 p=0.435	 p=0.324
	 Coronary heart 	 Control group	 0.964 (0.744-1.271)	 0.952 (0.675-1.312)	 1.135 (0.604-2.214)
	   disease	
	 Non-coronary 	 Observation group	 0.842	 0.655	 0.714	
	   heart disease
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were not statistically analyzed in this study. Sec-
ond, this investigation had a limited sample size, 
and human gene types and content varied with 
environment and race. Therefore, large numbers 
of samples were required for further research.

Conclusions

We found that MRAS gene is correlated with 
the onset of AS. However, further research is 
needed.
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