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Abstract
Background. Genome-wide association studies (GWAs) focused on cardiovascular diseases reveal vari-
ants within genes which have not been analyzed through the pre-GWAs era, and whose function is often 
unknown. One of them is variant rs9818870 at the MRAS gene locus.

Objectives. To  analyze if MRAS polymorphism is  associated with acute coronary syndrome (ACS) risk 
in a Czech population and with mortality in male patients after myocardial infarction.

Material and methods. 1,779 male patients with ACS (aged 55.3 ±7.9 years) and 673 female patients 
with ACS (aged 64.0 ±8.1 years) were genotyped for rs9818870 polymorphism using the PCR-RFLP me- 
thod. In a subset of 1,221 patients, detailed diagnoses (901 subjects with STEMI, 280 subjects with NSTEMI, 
40 cases with unstable angina pectoris) were recorded. In 1,614 males, records about total and cardiovas-
cular mortality were available.

Results. Whether the  entire populations or  males and females have been analyzed separately or  not, 
we  have not confirmed the  described association between DNA marker rs9818870 and ACS in  Czechs 
(30.4% vs 29.4% carriers of the minor T allele [recessive model], p = 0.54; OR 1.05; 95% CI 0.89–1.24 for 
males and 32.1% vs 29.7% carriers of the minor T allele, p = 0.28; OR 1.12; 95% CI 0.91–1.37 for females). 
Types of the ACS (STEMI and NSTEMI) or mortality (in males only) were not associated with the analyzed 
polymorphism (all p > 0.34).

Conclusions. The rs9818870 variant is not associated with ACS or mortality in ACS patients in the Czech 
Slavonic population.
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Introduction

Cardiovascular disease (CVD) and especially acute coro-
nary syndrome (ACS) is among the most common mortal-
ity causes in developed countries. However, a substantial 
proportion of patients do not exhibit traditional CVD risk 
factors. Genetic polymorphisms could be used to  better 
identify subjects at elevated risk of cardiovascular events.1

Interestingly, the risk associated with DNA variants de-
tected by GWA (genome-wide association) studies is of-
ten partially (FTO) or even completely (9p21 locus) inde-
pendent of  “traditional” risk factors (smoking, diabetes, 
dyslipidemia).2–5

One of  the  CVD susceptibility loci has been discov-
ered at the MRAS gene (muscle RAS oncogene homolog-
gene, OMIM 608435, chromosomal location 3q22.3). 
The product of this gene is a protein, which is a member 
of  the  membrane-associated family of  Ras GTPase pro-
teins, mostly involved in cell growth and differentiation.6 
These proteins play an  important role in  the TNF-alpha 
and MAP kinase-signaling pathways, which suggests that 
they may be involved in adhesion signaling.7 Finally, very 
high expression of MRAS has been detected in heart tis-
sue, which supports the hypothesis that this protein plays 
a  significant role in  cardiovascular function. However, 
the role of MRAS in potential cardiovascular disease de-
velopment remains unclear in detail.

Two independent GWA studies have associated the single 
nucleotide polymorphism rs9818870 (which clusters with 
3 additional SNPs) with slightly (odds ratio of about 1.15) but 
significantly elevated risk of CAD.8,9 In both studies, interest-
ingly, polymorphisms at this locus were not associated with 
traditional risk factors.8,9 Further, an  association between 
the  same locus and coronary arterial calcification was de-
scribed, and Ellis et al. identified rs9818870 as a  CAD risk 
predictor in individuals without apparent heart disease from 
the  pooled sample of  the  Coronary Disease Cohort Study 
(CDCS), Canterbury Healthy Volunteer study (HV) and Post-
Myocardial Infarction study (PMI).9,10 Finally, a study of an-
giographed Saudi individuals suggests an association between 
the  rs9818870 polymorphism and coronary artery disease, 
defined as narrowing of the coronary vessels by at least 50%.11 

We attempted to  determine whether the  rs9818870 
variant at the MRAS locus would be associated with risk 
of  ACS in  the  Czech Slavonic population, since, based 
on previous reports, the rs9818870 variant at the MRAS 
locus seems to be responsible for enhanced risk of coro-
nary disease. To extend the current knowledge, we ana-
lyzed the connection between the same variant and all-
cause and cardiovascular mortality in a male subsample. 

Material and methods

In our study, 1,779 male patients with ACS aged under 
65 years (55.3 ±7.9 years) and 673 female patients with ACS 

aged under 70 years (64.0 ±8.1 years) were included.12,13,15 
They were consecutively enrolled between April 2006 and 
February 2015 at the Cardiology Unit of the Institute for 
Clinical and Experimental Medicine, Prague. In a subset 
of 1,221 patients, detailed diagnoses were recorded. The di-
agnoses were: 901 subjects with STEMI (722 males and 179 
females), 280 subjects with NSTEMI (225 males and 55 fe-
males) and 40 cases with unstable angina pectoris. 

Genotypes from 1,159 males (49.0 ±10.7 years) and 1,344 
females (48.6  ±10.6 years) were calculated as controls. 
These individuals were selected according to the WHO 
MONICA Project protocol as a  1% general population 
sample from 9 different Czech districts.15,16 

Mortality data (3–8 years after ACS) for males was  
obtained from the  Institute of  Health Information and 
Statistics (under the Ministry of Health of the Czech Re-
public), where all death certificates of the Czech popula-
tion are registered and analyzed. In our study we analyzed 
“all-cause mortality” and “cardiovascular mortality”.

DNA was isolated from white blood cells using 
the  “salting out” method with slight modifications.17 

Rs9818870 was analyzed using a PCR-RFLP using the oli-
gonucleotides 5́  ttactttgacgtgtcagtgtatac and 5́  tcagacc-
gtatgggttaagttctctgc and the Eco105I restriction enzyme. 
Restriction fragments were separated on 10% PAA gel us-
ing the MADGE system.18 All chemicals (Taq DNA poly-
merase, PCR chemicals, dNTP) were purchased from Fer-
mentas, Burlington (Ontario, Canada). From the first 500 
analyzed subjects, 40 CC, 5 CT and 5 TT subjects were 
sequenced to  confirm the  accuracy of  the  PCR-RFLP. 
One plate (94 samples) was genotyped twice by a differ-
ent technician with 100% conformity. Within each plate, 
1  standard sample was genotyped to  ensure complete 
digestion. The accuracy of PCR-RFLP is similar to other 
methods used for genotyping.19

Lipoprotein parameters (determined in  plasma after 
12 h fasting in controls only) were measured using con-
ventional enzymatic methods in a CDC Atlanta-accred-
ited laboratory with a Roche COBAS MIRA autoanalyzer 
using Roche chemicals.

For controls, diastolic and systolic blood pressure was 
measured after 10 min resting in  a  seated position as 
an average of 3 readings on the right arm using an au-
tomated BP-203 (Nippon Colin Co., Ltd., Kobe, Japan) 
sphygmomanometer. The  mean of  the  last 2 measure-
ments was used for analysis. In  ACS patients, because 
of  acute settings during examination, only a  history 
of self-reported hypertension (including the medication 
– use of antihypertensive drugs) was recorded. Similar-
ly, the BMIs of patients were also calculated from self-
reported data. 

For control subjects, definitions of the risk factors were 
as follows: (1) self-reported past or  current smoking;  
(2) dyslipidemia as total-cholesterol > 5.2 mmol/L and/or 
triglycerides > 2 mmol/L and/or self-reported use of lip-
id-lowering drugs; (3) body mass index (BMI) ≥ 30 kg/m2; 
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(4) hypertension (systolic/diastolic blood pressure 
higher than 139/89 mm Hg (measured in control group 
only) and/or self-reported use of antihypertensive drugs 
and (5) diabetes as fasting glucose over 7 mmol/L and/
or self-reported diabetes and/or antidiabetic medication. 
The self-reported information was obtained through self-
completed personal questionnaires under the  supervi-
sion of a trained nurse. 

The  Hardy-Weinberg equilibrium test [Court MH 
(2005–2008) Court-laboratory Hardy-Weinberg cal-
culator http://www.tufts.edu/~mcourt01/Documents/
Court%20lab%20-%20HW%20calculator.xls (accessed 
November 2015)] was used to confirm the  independent 
segregation of  alleles. The  χ2 tests [Tools of  Science, 
http://www.physics.csbsju.edu/cgi-bin/stats/contin-
gency_form.sh?nrow  =  2&ncolumn  =  3 (accessed No-
vember 2015)] and odds ratios (95% CI) [Hutchon DJR, 
(31/3/2001) http://www.physics.csbsju.edu/cgi-bin/stats/

contingency_form.sh?nrow  =  2&ncolumn  =  3 (accessed 
November 2015)] were calculated. Logistic regression 
(JMP Statistical Software, SIS Institute, Cary, USA) was 
used for the adjustment of OR with respect to potential 
confounding variables (sex, age, smoking status, diabetes 
mellitus, hypertension, dyslipidemia and obesity). P-val-
ues below 0.05 were considered significant.

Results

As expected, the patients were significantly older than 
controls (p < 0.001). All basic characteristics of controls 
and patients are summarized in Table 1.

There were no significant differences between the STE-
MI and NSTEMI groups with regard to  the  prevalence 
of traditional risk factors (data not shown in detail). 

The frequencies of individual genotypes (Table 2) were 
in  agreement with the  Hardy-Weinberg equilibrium 
(p = 0.75 for controls and p = 0.13 for patients). The mi-
nor allele frequency was almost identical to frequencies 
described in Western populations (~ 0.15 in Western Eu-
ropeans, 0.16 in Czechs).8,9

We did not confirm an  association between the  ACS 
and rs9818870 polymorphism (30.4% vs 29.4% of the mi-
nor T allele carriers [recessive model], p = 0.54; OR 1.05; 
95% CI 0.89–1.24 for males and 32.1% vs 29.7% carriers 
of the T allele [recessive model], p = 0.28; OR 1.12; 95% 
CI 0.91–1.37 for females). No significant association was 
found when males and females were analyzed together 
(Table 2). Adjusting for potentially confounding factors 
did not change these results significantly.

Similarly, no significant results were obtained 
when dominant (TT homozygotes vs C allele carri-

ers; p  =  0.54 and 0.45) and co-
dominant (TT vs CT vs CC; 
p  =  0.61 and 0.35) models were 
used. Also, the number of alleles 
did not significantly differ be-
tween the  patients and controls 
(p = 0.73 for females and 0.45 for 
males).

The  genotypes distributions 
of  the  MRAS rs9818870 variant 
for STEMI and NSTEMI pa-
tients are shown in Table 3. Due 
to the low numbers, patients with 
unstable angina pectoris were 
not analyzed. No significant dif-
ferences between the  STEMI 
and NSTEMI groups were ob-
served, regardless of  the  model 
of analysis used and irrespective 
of whether the entire population 
was compared, or  males and fe-
males separately.

Table 1. Basic characteristics of the groups and subgroups analyzed

Characteristics
Controls Patients

males females males females

Number 1,159 1,344 1,754 661

Age (years) 49.0 ±10.8 48.6 ±10.6 55.3 ±7.9 64.0 ±8.1

Total cholesterol 
(mmol/L)

5.74 ±1.07 5.81 ±1.14 5.09 ±1.21 5.38 ±1.19

Triglycerides 
(mmol/L)

1.96 ±1.30 1.47 ±0.84 2.03 ±1.65 1.72 ±1.18

BMI (kg/m2) 28.2 ±4.0 27.6 ±5.5 28.6 ±4.6 28.8 ±5.6

Non smokers (%) 41.3 63.8 22.9 35.8

T2DM (%) 8.9 6.8 17.4 18.9

Hypertension (%) 40.7 33.1 46.5 48.3

Table 2. Frequencies of the rs9818870 genotypes in controls and acute coronary syndrome (ACS) patients

Population
Controls ACS patients OR (95% CI)

p-value p-value*
n % n % crude

CC 1764 70.5 1670 69.2 0.42#

CT 672 26.9 689 27.4 1.08 (0.96–1.23) 0.21 0.33†

TT 67 2.7 56 2.3 0.88 (0.62–1.24) 0.50 0.23‡

Males
Controls ACS patients OR (95% CI)

p-value p-value*
n % n % crude

CC 819 70.7 1221 69.6 0.54#

CT 308 26.6 491 28.0 1.07 (0.90–1.26) 0.43 0.61†

TT 32 2.8 42 2.4 0.88 (0.55–1.41) 0.59 0.54‡

Females
Controls ACS patients OR (95% CI)

p-value p-value*
n % n % crude

CC 945 70.3 449 67.9 0.51#

CT 364 27.1 198 30.0 1.14 (0.93–1.41) 0.20 0.35†

TT 35 2.6 14 2.1 0.84 (0.45–1.58) 0.59 0.28‡

p-values* for dominant#, codominant† and recessive‡ models of analysis are given. Results remain 
nonsignificant after adjustment for potential confounding variables (sex, age, smoking status, diabetes 
mellitus, hypertension, dyslipidemia and obesity).
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Discussion

In contrast to other SNPs detected by GWAs as associ-
ated with CVD, such as markers on chromosome 9, with-
in the  gene for sortilin or  PCSK9, the MRAS locus has 
attracted far less attention, and only a  few studies have 
been published. Given that the effect of the MRAS locus 
has an  OR  of  approx. 1.10–1.15, some publication bias 
must be expected since only positive results have been 
published so far.13,20,21–23 

Four studies, with quite different designs, suggested 
a possible, but weak, association between the rs9818870 
polymorphism at the MRAS locus and CVD risk.8–11 

In  comparison with these studies, we failed to  de-
tect this polymorphism as a  risk for ACS development 
in the Czech-Slavonic population. Furthermore, no effect 
was observed regardless of whether patients with a STE-
MI or NSTEMI diagnosis were analyzed. The reasons for 
these contradictions are a subject of speculation. Three 
studies have been performed in Western European Cau-
casians (and the  4th on  Saudi-Arabians), which possibly 
indicates some differences both in  genetic background 
and/or  lifestyle.8–11 Furthermore, previous studies have 
focused on  different outcomes, e.g., arterial calcifica-
tion or  angiographically-proven atherosclerosis, which 
is  in  contrast to  our study, which includes cases with 
clinically manifested atherosclerosis. The number of an-
alyzed individuals is not an  issue, as it  is similar in our 
and other original studies.8,9

Our study is the first to search for a potential associa-
tion between the  rs9818870 MRAS polymorphism and 
total ACS or cardiovascular mortality in males after ACS. 
In  this case, the  results were negative. We did not per-
form this analysis for females, because of the low power 
of  the  study in  this case (the  lower number of  subjects 
analyzed and lower mortality compared to males).

As the rs9818870 variant is not associated with any tra-
ditional risk factors of  atherosclerosis (a  finding we have 
confirmed), the  mechanism potentially leading to  CVD 

development is  still unclear. 
It is known that MRAS is expressed 
in  the  heart. Haas et al. speculate 
that rs9818870 may affect the  ex-
pression of  2 regulatory micro-
RNA (miRNA) molecules, namely 
miRNA-195 and miRNA-135, since 
they are located in close proximity 
to each other.24 It has been reported 
that miRNA-195 (located 16 to  38 
nucleotides upstream of rs9818870) 
is expressed slightly higher in a fail-
ing human heart suffering from 
ventricular hypertrophy, which in-
dicates that it may have some role 
in cardiac cell metabolism and de-
velopment.25

In a subset of males with known genotypes (n = 1,614; 
91.5%), total and cardiovascular mortality were analyzed 
(Table 4). The  distribution of  rs9818870 genotypes was 
almost identical when survivors were compared with 
all-cause mortality cases (30.5% vs 31.3% of the T allele 
carriers [recessive model], p = 0.79; OR 1.03; 95% CI 0.74–
1.44) and CVD mortality cases (30.5% vs 28.5% carriers 
of the minor T allele [recessive model], p = 0.88; OR 0.87; 
95% CI 0.56–1.39). 

Similarly to the original GWA studies, we did not detect 
significant associations between the traditional ACS risk 
factors and rs9818870 polymorphism in the control males 
or females (dyslipidemia, hypertension, obesity, smoking 
and diabetes mellitus type 2 prevalence, all p > 0.25, re-
sults not shown in detail).8,9 

Table 4. Frequencies of rs9818870 genotypes between survivors and non-survivors among patients after 
acute coronary syndrome (ACS) 

Total 
mortality

Survivors Nonsurvivors OR (95% CI)
p-value p-value*

n % n % crude

CC 995 69.5 126 68.8 0.79#

CT 400 28.0 53 28.7 1.04 (0.74–1.47) 0.80 0.93†

TT 36 2.5 4 2.6 0.88 (0.31–2.51) 0.81 0.85‡

CVD 
mortality

Survivors Nonsurvivors OR (95% CI)
p-value p-value*

n % n % crude

CC 995 69.5 79 72.5 0.88#

CT 400 28.0 27 24.8 0.85 (0.54–1.34) 0.48 0.77†

TT 36 2.5 3 2.7 1.05 (0.32–3.48) 0.94 0.52‡

p-values* for dominant#, codominant† and recessive‡ models of analysis are given. Results remain 
nonsignificant after adjustment for potential confounding variables (sex, age, smoking status, diabetes 
mellitus, hypertension, dyslipidemia and obesity).

Table 3. Frequencies of rs9818870 genotypes in acute coronary syndrome 
(ACS) patients according the STEMI and NSTEMI diagnosis 

Population
STEMI NSTEMI

p-value*
n % n %

CC 619 68.7 200 71.4 0.39#

CT 264 29.3 74 26.4 0.65†

TT 18 2.1 6 2.1 0.88‡

Males
STEMI NSTEMI

p-value*
n % n %

CC 499 69.1 163 72.4 0.34#

CT 209 28.9 57 25.3 0.57†

TT 14 1.9 5 2.2 0.79‡

Females
STEMI NSTEMI

p-value*
n % n %

CC 120 67.0 37 67.3 0.97#

CT 55 30.7 17 30.9 0.98†

TT 4 2.2 1 1.8 na‡

p-values* for dominant#, codominant† and recessive‡ models of analysis 
are given. Results remain nonsignificant after adjustment for potential 
confounding variables (sex, age, smoking status, diabetes mellitus, 
hypertension, dyslipidemia and obesity).
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In  summary, we did not confirm an  association be-
tween acute coronary syndrome and the rs9818870 poly-
morphism on chromosome 3 (3q22.3) in Czech-Slavonic 
males or females. Furthermore, we did not detect an as-
sociation between this DNA marker and total ACS or car-
diovascular mortality in male ACS survivors.
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