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MicroRNAs (miRNAs) are involved in the regulation of a variety of biological processes, such as
inflammation. Dysregulation of miRNAs have been implicated in many human disease, including
cardiovascular diseases. Polymorphisms in miRNA genes may affect the miRNA biogenesis and function,
and thus cause changes in the expression of thousands of genes. The aim of this study was to examine
whether miRNA polymorphisms (miR-146a rs2910164, miR-149 rs71428439, miR-196a2 rs11614913,
miR-218 rs11134527, and miR-499 rs3746444) contribute to the risk for the development of myocardial
infarction (MI). Five miRNA polymorphisms were genotyped in a total of 1808 subjects composed of 919
MI patients and 889 control individuals. The GG genotype of rs3746444 was found to be associated with a
significantly increased risk of Ml (recessive model, adjusted OR = 1.710, 95% CI: 1.058-2.763, P = 0.029).
Although the CC genotype of rs2910164 significantly increased the risk of Ml under dominant and additive
models (P < 0.05), this difference disappeared after adjustment for age, sex, blood pressure, triglycerides,
total cholesterol, HDL, LDL and diabetes. In addition, when rs3746444 and rs2910164 were evaluated
together by the number of putative high-risk alleles, we found an increased risk of Ml for subjects carrying
3-4 risk alleles (3-4 risk alleles vs. 0-1 risk allele, adjusted OR = 1.580, 95% CI: 1.069-2336, P = 0.022; 3-4
risk alleles vs. 0-2 risk allele, adjusted OR = 1.513, 95% CI: 1.031-2.219, P = 0.034). These findings
indicate that miR-499 rs3746444 and miR-146a rs2910164 may represent novel markers of Ml

susceptibility.
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Introduction

Myocardial infarction (MI) is a leading cause of death
and disability worldwide, approximately 2.9 million
Chinese suffering MI each year (Gu et al. 2014). Despite
considerable advances in diagnosis and treatment strategies,
consequences of MI for families and society are enormous
and costly due to its high mortality and disability rates.
In-hospital and 30-day mortality after an acute MI has
declined over the past decades with the invention of coro-
nary care units, reperfusion therapy and evidence based
medicines (Ford et al. 2007). Many extrinsic and intrinsic
factors for MI have been identified, such as smoking,
hypertension, diabetes and hyperlipidaemia. To date, the
exact pathophysiological mechanisms leading to the devel-
opment of MI remain poorly understood, but it is generally
believed that the complex interaction of susceptibility genes

with other genetic and environmental risk factors contribute
to the occurrence of MI (Guella et al. 2009).

MicroRNAs (miRNAs) are a family of approximate
18-25 nt, highly conserved, non-coding, single stranded
RNAs that regulate gene expression at post-transcriptional
level. miRNAs bind to the 3'-untranslated region of their
target mRNAs, resulting in mRNA cleavage and transla-
tional repression (Bartel 2009). There are more than 2,500
mature human miRNA sequences in the miRBase database
(release 20.0) (Kozomara and Griffiths-Jones 2011). It has
been suggested that each miRNA potentially regulates hun-
dreds of target genes (Wu et al. 2014), and miRNAs are
thus likely involved in almost all biological processes, such
as cell proliferation, cell proliferation, differentiation, apop-
tosis and stress resistance (Yu et al. 2013; Wu et al. 2014).
It is not surprising that abnormal levels of miRNAs have
been implicated in many human disease, including cancer
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(Yu et al. 2014) and cardiovascular diseases (Condorelli et
al. 2014). Growing evidence has demonstrated that miR-
NAs participate in the regulation of glucose, cholesterol and
lipid metabolism, proliferation of vascular smooth muscle
cells and inflammation, which play important roles in the
development and progression of cardiovascular diseases
(Braunwald 2013; Vickers et al. 2014). Recent studies have
been demonstrated that aberrant expression of miRNAs has
been involved in pathogenesis of MI (Vickers et al. 2014;
Sala et al. 2014).

Since single nucleotide polymorphisms (SNPs) located
in pre-miR genes may directly affect the miRNA matura-
tion and expression, and the binding to target mRNAs, and
subsequently affect the expression of target genes (Wu et al.
2014). Therefore, a function SNP in miRNA genes may
affect many signaling pathways by altering the expression
levels of thousands of genes (Wu et al. 2014). Previous
studies have shown that SNPs in miRNA genes are associ-
ated with the susceptibility to many disease, including can-
cer (Omrani et al. 2014). Previous studies revealed that
miR-146a rs2910164 (Xiong et al. 2014), miR-149
rs71428439 (Ding et al. 2013), miR-196a2 rs11614913
(Zhou et al. 2010; Zhi et al. 2012), and miR-499 rs3746444
(Zhi et al. 2012; Liu et al. 2014) were related to the risk of
cardiovascular diseases, including coronary artery disease
(CAD), ischemic stroke and MI. Furthermore, miR-218
plays an important role in heart development (Fish et al.
2011; Chiavacci et al. 2012). Rs11134527 G allele in the
miR-218 precursor causes an alteration in the step-loop
structure and increases the expression of mature miR-218
(Gao et al. 2013). Therefore, our aim was to evaluate
whether 5 miRNA SNPs (miR-146a rs2910164, miR-149
rs71428439, miR-196a2 rs11614913, miR-218 rs11134527,
and miR-499 rs3746444) determine the susceptibility to
MI.

Materials and Methods

Subjects

The study including 919 Chinese individuals with MI who were
referred to Union Hospital. The diagnosis of definite MI was based
on typical ECG changes, elevated cardiac markers, clinical history,
and coronary angiography (stenosis > 50%). The control group
included 889 unrelated individuals, who were judged to be free of any
history of cardiac disease by questionnaires, medical history, and
clinical examination. All subjects were unrelated Han Chinese. This
study adhered to the principles of the Declaration of Helsinki, and all
participants gave written informed consent to take part in the study,
according to the process approved by the Ethical Committee of Union
Hospital.

Genotyping

Genomic DNA was isolated from peripheral blood leukocytes
using Flexigene DNA kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. Genotyping was performed by poly-
merase chain reaction-ligation detection reaction (PCR-LDR) method
(Zhang et al. 2012). For quality control, 96 randomly selected sam-
ples were re-genotyped by both PCR-LDR and DNA sequencing.

The PCR-LDR gave results that were 100% concordant with DNA
sequencing on all 5 SNPs.

Statistical analyses

Basic and clinical variables are mentioned as mean =+ s.p. for
the quantitative variables, and are summarized using frequency (per-
centage) for the categorical variables. Comparison of these variable
between patients and controls was performed by Student ¢ test, non-
parametric Mann-Whitney test and chi-square test. The Hardy-
Weinberg equilibrium was tested by a chi-square test. Odds ratios
(ORs) and 95% confidence intervals (Cls) were calculated by using
univariate logistic regression. In the multivariate analysis, ORs and
95% Cls were adjusted for age, sex, systolic blood pressure, diastolic
blood pressure, triglycerides, total cholesterol, high-density lipopro-
tein cholesterol (HDL), low-density lipoprotein cholesterol (LDL)
and diabetes. A P value < 0.05 was considered as a significant crite-
rion. All statistical analyses were carried out by SPSS, version 20
(SPSS, Inc., Chicago, IL, USA).

Results

The clinical characteristics were summarized in Table
1, including age, sex, blood pressure, and blood lipid. We
evaluated genotype frequencies of SNPs in miRNA genes
in case and control subjects and their associations with the
susceptibility of MI. The genotype distribution of 5 SNPs
in control group did not differ significantly from Hardy-
Weinberg equilibrium (P > 0.05). The genotype frequen-
cies of rs3746444 were 7.6% (GG), 25.8% (AG) and 66.6%
(AA) among cases, and 4.2% (GG), 27.7% (AG) and 68.2%
(AA) among controls, and the difference was statistically
significant (P = 0.007). Logistic regression analyses
showed that the GG genotype of rs3746444 was signifi-
cantly associated with an increased risk of MI compared
with the AA genotype (OR = 1.873, 95% CI: 1.238-2.834,
P = 0.003) (Table 2). The difference remained significant
even after adjustment for age, sex, systolic blood pressure,
diastolic blood pressure, triglycerides, total cholesterol,
HDL, LDL and diabetes (OR = 1.745, 95% CI: 1.074-2.836,
P = 0.025). In addition, among three genetic models
assayed, the GG genotype of rs3746444 showed a signifi-
cant association with the disease only under recessive
model (adjusted OR = 1.710, 95% CI: 1.058-2.763, P =
0.029). Although 152910164 was significantly associated
with an increased risk of MI (CC vs. GG, OR = 1.368, 95%
CI: 1.044-1.791, P = 0.023; dominant model, OR = 1.237,
95% CI: 1.014-1.509, P = 0.036; additive genetic model,
OR =1.172, 95% CI: 1.027-1.338, P =0.019), we found no
significant association of rs2910164 with MI risk after
adjustment for age, sex, systolic blood pressure, diastolic
blood pressure, triglycerides, total cholesterol, HDL, LDL
and diabetes (P > 0.05). No statistically significant differ-
ence was found between other 3 SNPs and MI (P > 0.05).

We further examined the combined effect of the cumu-
lative number of putative risk alleles (rs3746444 G and
152910164 C) on Ml risk. A significant trend was observed
between an increased number of risk alleles and an
increased risk of MI (P = 0.003 for trend). Individuals with
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Table 1. Clinical characteristic of cases and controls.

Clinical characteristics Cases (%) Controls (%) P value
Total 919 889
Age (years) 60.7£10.2 59.9+10.3 0.085
Sex, Y%omale 60.3 58.2 0.363
Systolic blood pressure, mmHg 139.8 +£17.7 127.9+18.2 <0.001
Diastolic blood pressure, mmHg 82.6+11.8 79.4+104 <0.001
Triglycerides, mmol/L 20+14 1.8+ 1.1 0.004
Total cholesterol, mmol/L 48+1.2 47+1.0 0.400
HDL, mmol/L 1.2+04 1.2+03 <0.001
LDL, mmol/L 2.8+1.1 25+0.6 <0.001
ApoA 1.3+£0.2 1.3+0.2 <0.001
ApoB 09+0.3 09+0.2 <0.001
Lp(a) 0.3+0.5 02+03 <0.001
Diabetes*, % 17.0 3.8 <0.001

*fasting blood glucose > 7.0 mmol/L.

Table 2. Associations between 5 SNPs and MI risk.

91

miRNA SNP Genotype Case Control Crude OR (95% CI) P value Adjusted OR (95% CI)* P value*
miR-149 rs71428439 AA 375 (40.8) 384(432) 1 1
AG 389 (42.3) 381(42.9) 1.046 (0.856-1.278)  0.664  0.905 (0.651-1.258) 0.552
GG 155 (16.9) 124 (13.9)  1.280(0.972-1.686)  0.079  1.126 (0.886-1.431) 0.333
Dominant model 1.103 (0.915-1.330)  0.303  0.940 (0.752-1.177) 0.591
Recessive model 1.252(0.968-1.618)  0.086  1.175 (0.866-1.594) 0.302
Additive model 1.111 (0.976-1.266) 0.112 1.012 (0.866-1.183) 0.877
miR-146a rs2910164 GG 269 (29.3) 301 (339 1 1
CG 463 (50.4) 435(48.9)  1.148(0.894-1.475)  0.279  1.215(0.944-1.565) 0.130
CcC 187 (20.3) 153 (17.2)  1.368(1.044-1.791)  0.023 1.343 (0.968-1.864) 0.078
Dominant model 1.237 (1.014-1.509)  0.036  1.247 (0.981-1.586) 0.072
Recessive model 1.229(0.970-1.557)  0.088 1.188 (0.892-1.581) 0.239
Additive model 1.172(1.027-1.338)  0.019  1.166 (0.993-1.370) 0.061
miR-218 rs11134527  AA 327 (35.6) 306 (344) 1 1
AG 418 (45.5) 436 (49.0)  0.897(0.730-1.102)  0.301 1.215 (0.880-1.677) 0.237
GG 174 (18.8) 147 (16.5)  1.108 (0.846-1.450)  0.457  1.010(0.790-1.291) 0.934
Dominant model 0.950 (0.783-1.153)  0.605  1.062 (0.842-1.338) 0.612
Recessive model 1.179 (0.926-1.502)  0.182  1.208 (0.904-1.613) 0.202
Additive model 1.025(0.900-1.168)  0.709  1.086 (0.929-1.271) 0.300
miR-196a2  rs11614913 TT 312 (33.9) 322(36.2) 1 1
CT 450 (49.0) 406 (45.7)  0.994 (0.759-1.301)  0.963 1.115 (0.871-1.426) 0.388
CcC 157 (17.1) 161 (18.1)  0.874(0.712-1.074)  0.200  0.929 (0.677-1.274) 0.648
Dominant model 1.051 (0.954-1.158)  0.312  1.058 (0.840-1.333) 0.632
Recessive model 0.965 (0.855-1.089)  0.567  0.873 (0.658-1.159) 0.347
Additive model 1.025(0.900-1.169)  0.707  1.015 (0.870-1.185) 0.846
mir-499 rs3746444  AA 612 (66.6) 606 (68.2) 1 1
AG 237 (25.8) 246 (27.7)  0.954(0.773-1.178)  0.661 1.074 (0.834-1.383) 0.579
GG 70 (7.6) 37 (4.2) 1.873 (1.238-2.834)  0.003 1.745 (1.074-2.836) 0.025
Dominant model 1.074 (0.882-1.308)  0.476  1.170 (0.924-1.482) 0.191
Recessive model 1.899 (1.261-2.860)  0.002  1.710 (1.058-2.763) 0.029
Additive model 0.868 (0.743-1.013)  0.073 1.198 (0.994-1.444) 0.058

*adjusted for age, sex, systolic blood pressure, diastolic blood pressure, triglycerides, total cholesterol, HDL, LDL and diabetes.
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Table 3. Combined effects of rs3746444 and rs2910164 on MI risk.

No. of risk allele Case Control Adjusted OR (95% CI)* P value*
0-1 559 (60.8) 585 (65.8) 1
2 258 (28.1) 238 (26.8) 1.158 (0.899-1.490) 0.256
3-4 102 (11.1) 66 (7.4) 1.580 (1.069-2336) 0.022
0-2 817 (88.9) 823 (92.6) 1
34 102 (11.1) 66 (7.4) 1.513 (1.031-2.219) 0.034

*adjusted for age, sex, systolic blood pressure, diastolic blood pressure, triglycerides, total cholesterol, HDL, LDL

and diabetes.

3-4 risk alleles had 1.580 (95% CI: 1.069-2336) times
increased risk for MI compared with those with 0-1 risk
allele (Table 3). When individuals with 0-2 risk alleles
were combined into one group, the increased risk of MI for
those with 3-4 risk alleles remained statistically significant
(adjusted OR = 1.513, 95% CI: 1.031-2.219, P = 0.034)
after adjustment for age, sex, systolic blood pressure, dia-
stolic blood pressure, triglycerides, total cholesterol, HDL,
LDL and diabetes.

Discussion

In the present study, we investigated the relationship
between 5 miRNA SNPs and MI in a Chinese population.
We found that rs3746444 and rs2910164 may affect the
susceptibility to MI. To the best of our knowledge, this is
the first study to evaluate the correlation between miRNA
SNPs and MI in a large population. Our findings implied
that miRNA SNPs may play important roles in the develop-
ment of ML

The miR-499 gene is located in the intron 20 of human
cardiac f-myosin heavy chain 7B gene (MYH7B), and is
highly expressed in cardiac tissue under physiological con-
dition (Shieh et al. 2011). It has been shown that miR-499
can protect cardiomyocyte from ischemia/reperfusion-
induced apoptosis by inhibiting calcineurin-mediated
dephosphorylation of dynamin-related protein-1, while the
knock-down of miR-499 induces myocardial apoptosis and
increases the infarct size (Wang et al. 2011). Exposure of
cardiomyocytes to hypoxic and ischemic stress leads to
down-regulation of miR-499 (Wang et al. 2011). In addi-
tion, miR-499 regulates the expression of inflammatory
cytokines, including IL-17Rf, IL-23a, IL-2R, IL-6, IL-2
and IL-18R (Hashemi et al. 2013). Rs3746444 is located in
the stem region of the miR-499, and may damage the sec-
ondary structure stability and thus affect the miRNA matu-
ration process and binding affinities to its target genes (Hu
et al. 2009). It is reasonable that rs3746444 may contribute
to the susceptibility to various diseases by regulating dis-
tinct sets of downstream genes. Many studies have shown
that rs3746444 is correlated with risks of a variety of dis-
cases, such as different types of cancer (Wang et al. 2013),
rheumatoid arthritis (Hashemi et al. 2013), CAD (Zhi et al.
2012) and ischemic stroke (Liu et al. 2014). Previous stud-

ies revealed that the GG and AG genotypes of rs3746444
conferred increased risk for CAD (Zhi et al. 2012) and isch-
emic stroke (Liu et al. 2014), respectively. However, Xiong
et al. (2014) found no association between rs3746444 and
CAD. In the present study, we found that rs3746444 GG
genotype increased the risk of MI in a Chinese population,
indicating that MI may share genetic risk factor with both
CAD and ischemic stroke. Potential mechanism for such
association might be due to impaired ability to inhibit apop-
tosis and inflammation among GG homozygotes compared
with AA homozygotes.

miR-146a plays important roles in regulating the
innate immunity and inflammatory responses (Rusca and
Monticelli 2011; Ichii et al. 2012). Aberrant expression of
miR-146a has been observed in a variety of disease, includ-
ing cancer, autoimmune and inflammatory diseases, and
infectious diseases (Li et al. 2010). Rs2910164 resides in
the pre-miR-146 gene on human chromosome 5 and results
in from a G:U pair to a C:U mismatch in the stem structure
of the miR-146a precursor. The presence of this mismatch
reduces the expression of mature miR-146a and thus affects
target mRNA binding (Jazdzewski et al. 2008; Xu et al.
2008). Two previous studies have reported that miR-146a
is expressed at higher levels in peripheral blood mononu-
clear cells of CAD patients with rs2910164 CC genotype
(Xiong et al. 2014; Ramkaran et al. 2014). Furthermore,
Xiong et al. (2014) found an association of rs2910164 CC
genotype with an increased risk of CAD in Chinese, while
Rambkaran et al. (2014) demonstrated inconsistence in the
relationship between rs2910164 and CAD risk in young
South African Indians. One potential explanation for this
phenomenon may be genetic backgrounds among races. In
this study, we also found an association of 152910164 with
MI, but this difference disappeared after adjustment for age,
sex, systolic blood pressure, diastolic blood pressure, tri-
glycerides, total cholesterol, HDL, LDL and diabetes.
However, we observed a stronger cumulative effect of
rs3746444 and rs2910164 on MI risk. Individuals who pos-
sess 3-4 risk alleles have an increased chance of developing
MI. Therefore, when multiple causative variants and clini-
cal factors are combined, the risk prediction for MI may be
improved.

In conclusion, this study provides first evidence that
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miR-499 rs3746444 and miR-146a rs2910164 may be asso-
ciated with MI susceptibility in Chinese Han population.
Our study provides new genetic markers and new insights
into MI. However, replication of our finding is needed to
confirm this association by independent genetic studies with
a larger sample size, and further functional analyses are also
necessary to uncover the underlying mechanism.
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