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A Genetic Variant in Pre-miR-146a (rs2910164 C>G) Is Associated
with the Decreased Risk of Acute Coronary Syndrome in a
Chinese Population
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MicroRNAs (miRNAs) can contribute to the development of cardiovascular diseases, and single nucleotide
polymorphisms (SNPs) in miRNA genes may influence disease susceptibility by altering mature miRNA
expression levels. However, the effect of SNPs located in miR-146a and miR-196a2 genes on risk of acute
coronary syndrome (ACS) has not been reported in the Chinese population. Two miRNA polymorphisms
located in miRNA genes (miR-146a rs2910164 C>G and miR-196a2 rs11614913 T>C) were genotyped in
722 ACS patients and 721 control subjects. The CG genotype of rs2910164 was significantly associated
with decreased risk of ACS [CG vs. CC, odds ratio (OR) = 0.72, 95% confidence interval (Cl): 0.55-0.95, P
= 0.020; dominant model, OR = 0.77, 95% CI: 0.60-0.99, P = 0.044]. We did not find any association of
rs11614913 with the risk of ACS. Stratification analysis showed that the rs2910164 CG genotype was
associated with decreased risk of ACS (dominant model) in males, subjects with body mass index more
than 24 kg/m?, and in hypertensive subjects. Significant combined effects were also observed between
rs2910164 and blood lipids or C-reactive protein levels. In summary, this study provides the first evidence
that the CG genotype of miR-146a rs2910164 is associated with a significantly decreased risk of ACS in a
Chinese population. Moreover, rs2910164 and blood lipids or an inflammatory marker may have a
combined effect on the onset of ACS. These findings indicate that miR-146a rs2910164 may act as a novel
molecular marker for ACS susceptibility.
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Introduction

Acute coronary syndrome (ACS), including unstable
angina and acute myocardial infarction (AMI), is the lead-
ing cause of morbidity and mortality worldwide (Lopez and
Murray 1998). ACS is a clinically cardiovascular event
resulting from rupture of the atherosclerotic plaque, which
is caused by environmental exposure and genetic factors.

Traditional risk factors for ACS have been identified,
including age, sex, body mass index, hypertension, diabetes
mellitus, smoking, and family history of coronary heart dis-
ease (CHD). Genome-wide association studies have uncov-
ered numerous susceptible loci for ACS (Myocardial
Infarction Genetics Consortium et al. 2009; Akerblom et al.
2014; Hirokawa et al. 2015), few of which were found to
locate in microRNA (miRNA) genes.
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miRNAs, about 20~22 nucleotides in length, are a
class of highly conserved single-stranded RNA molecules
playing key roles in controlling fundamental biological pro-
cesses by modulating gene expressions (Ambros 2004).
Emerging evidence suggests that miRNAs may contribute
to the development of ACS (De Rosa et al. 2011) and
related diseases, including atherosclerosis (Rayner et al.
2011; Horie et al. 2012; Andreou et al. 2015). The genetic
variants in miRNA genes could affect processing and matu-
ration of miRNAs (Saunders et al. 2007), and the develop-
ment of diseases (Hu et al. 2008). miRNAs are initially
transcribed as primary miRNA (pri-miRNA) and then pro-
cessed into hairpin-structured precursor miRNAs (pre-miR-
NAs), which are the direct precursor of mature miRNAs
with approximately 70 nucleotides in length (Lee et al.
2003). Two well-studied miRNA polymorphisms located in
the pre-miRNA sequences (miR-146a 152910164 C>G and
miR-196a2 rs11614913 T>C) have been found to be associ-
ated with various diseases (Xu et al. 2009; Xiong et al.
2014; Huang et al. 2015). Moreover, the rs2910164 C>G
was found to be able to reduce the expression of mature
miR-146a and thus affect the binding with target mRNA
(Jazdzewski et al. 2008; Xu et al. 2008). Likewise, the
rs11614913 CC genotype was associated with increased
mature miR-196a expression in the cardiac tissue samples
of congenital heart disease patients (Xu et al. 2009).
Interestingly, these two miRNAs also regulate genes related
to thrombosis and inflammation pathways in the circulation
system (Luthra et al. 2008; El Gazzar et al. 2011).
However, no study regarding the relationship between the
two miRNA polymorphisms and risk of ACS has been
reported. In this study, we aimed to investigate the associa-
tion between the two miRNA polymorphisms and ACS risk
in a Chinese population.

Materials and Methods

Study population

The case-control study was composed of 722 ACS patients,
including AMI and unstable angina, and 721 age and sex matched
healthy controls. All subjects were unrelated Chinese people with the
ethnic Han origin by self-description. Briefly, patients who were hos-
pitalized at two hospitals (Tongji Hospital and Union Hospital) in
Wuhan (Hubei, China) from July 2010 to July 2013 were consecu-
tively recruited. All patients underwent coronary angiography and
exhibited stenoses > 50% in at least one major coronary artery. The
diagnosis of AMI was based on the following criteria (Alpert et al.
2000): (1) chest pain lasting more than 20 min; (2) development of
pathologic Q waves on the electrocardiography or ST segment eleva-
tion or depression, and (3) elevation markers of myocardial necrosis
(such as troponin). Unstable angina was defined as a new onset of
severe angina, accelerated angina or angina at rest (Mintz et al. 2003).
Patients with stable angina or other heart diseases were excluded
from this study. Healthy subjects without medical history of ACS
were selected as controls during the physical health examination at
hospital, and they were matched with the patients by age, sex, and
area of residence. Smoking refers to current or previous smokers.
Fasting blood samples were collected from the patients on the morn-

ing of the day after admission, and from controls on the day of physi-
cal health examination. All blood samples were stored at —80°C until
use.

For all participants, structured questionnaires were used to col-
lect information on demographic characteristics and clinical biochem-
istry by trained interviewers. The ethics committee of Tongji Medical
College approved this study, and written informed consent was also
obtained from each participant. All experiments were performed in
compliance with the relevant laws and/or institutional guidelines.

Genotyping of miRNA polymorphisms

Genomic DNA was extracted from 200 ul EDTA-Na2 anti-
coagulated blood sample of each participant using the commercial
DNA extraction kit (AXYGEN, CA, USA) following manufacturer’s
instructions. DNA concentration was measured by NanoDrop®
ND-1000 Spectrophotometer from Thermo Fisher Scientific Inc.
(Waltham, MA, USA). Genotyping was performed using TagMan
assay (Applied Biosystems, CA, USA) on the 7900HT real time
quantitative PCR system (Applied Biosystems, CA, USA). Two
blank controls (DNA hydration solution) were included in each 384
well plate. About 10% of the samples were randomly selected for
repeat genotyping, and the concordance rate between samples was
100% (data not shown).

Statistical analysis

The normal distribution of data was tested by the One-Sample
Kolmogorov-Smirnov test. Differences in clinical characteristics
between control and case subjects were examined by the y* test (for
categorical variable), Mann-Whitney U test (for skewed parameter),
or by Student’s t test (for normally distributed data). The Hardy-
Weinberg equilibrium of single nucleotide polymorphisms (SNPs)
was detected among controls using the y* test with one degree of free-
dom. The multiple logistic regression analysis was used to evaluate
associations between the frequency of miRNA polymorphisms and
ACS risk with adjustment for traditional risk factors, including age,
sex, smoking, body mass index (BMI), hypertension, diabetes melli-
tus, and family history of CHD. For stratified analysis, we evaluated
the gene-environment interactions by entering the multiplicative
interaction term into logistic regression models. All statistical analy-
ses were performed using SPSS 11.0 software (Statistical Package for
the Social Sciences, Chicago, USA). The P values < 0.05 were con-
sidered statistically significant (two-tailed).

Results

Characteristics of the study populations

The clinical characteristics of the case-control popula-
tion are presented in Table 1. Overall, the proportion of
people with a history of hypertension, diabetes and family
history of CHD was higher in ACS patients compared with
controls (P < 0.05). Moreover, the body mass index, blood
lipids [total cholesterol (Tc), triglycerides, and high-density
lipoprotein cholesterol (HDL-c)] and C-reactive protein
(CRP) levels were all significantly higher in ACS patients
(P <0.05). These two populations showed no difference in
age, sex, smoking status and low-density lipoprotein cho-
lesterol (LDL-c) levels (P > 0.05).
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Table 1. General characteristics of the study population.
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Variables Control (n=721) ACS (n=722) P value
Age, year 58 (53-67) 59 (52-67) 0.895*
Male, n (%) 558 (77.4) 559 (77.4) 1.000F
BMI, kg/m? 23.82+3.19 24.36 +3.36 0.003%
Smoking, n (%) 373 (51.7) 465 (64.4) 0.086F
Hypertension, n (%) 228 (31.6) 443 (61.4) <0.001+
DM, n (%) 45(6.2) 175 (24.2) <0.0017
Family history of CHD, n (%) 22 (3.1) 111 (15.4) <0.001%
Tc, mmol/L 3.81 (1.69-4.79) 4.40 (3.60-5.10) <0.001*
Triglycerides, mmol/L 1.25(0.90-1.83) 1.37(0.91-2.04) 0.041*
HDL-c, mmol/L 0.99 (0.81-1.21) 1.11 (0.96-1.32) <0.001*
LDL-c, mmol/L 2.62+0.81 2.63+0.93 0.818%
CRP, mg/L 1.09 (0.72-2.17) 4.06 (1.36-17.67) <0.001*

Data are expressed as median (25%, 75% quartiles), mean + SD, or percentages.
ACS, acute coronary syndrome; BMI, body mass index; DM, diabetes mellitus; CHD, coronary heart disease;
Tc, total cholesterol; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol;

CRP, C-reactive protein.

*Mann-Whitney U tests for the differences between patients with ACS and control subjects.
+Chi-square test for the difference in the distribution frequency between patients with ACS and control subjects.
tStudent’s t test for the difference between patients with ACS and control subjects.

miRNA polymorphisms and risk of ACS

The genotype and allele distributions of the miRNA
polymorphisms (rs11614913 and rs2910164) in ACS
patients and control subjects are shown in Table 2. Due to
the missing value, only 720 control subjects and 718 ACS
patients have the completed genotype data of rs11614913,
and 717 control subjects or ACS patients have the com-
pleted genotype data of rs2910164. The polymorphisms
were both compatible with Hardy-Weinberg equilibrium
(HWE) in controls (P = 0.905 for rs11614913 and 0.830 for
rs2910164, respectively). Logistic regression analysis sug-
gests that subjects carrying CG genotype of rs2910164 had
a lower risk of ACS compared with CC genotype (OR =
0.79, 95% CI: 0.63-0.99, P = 0.045). After adjustment for
traditional risk factors, the association remained significant
(CG vs. CC, OR = 0.72, 95% CI: 0.55-0.95, P = 0.020;
dominant model, OR = 0.77, 95% CI: 0.60-0.99, P = 0.044).
The G allele of 152910164 showed no significant associa-
tion with the risk of ACS. Neither TC genotype nor C
allele of rs11614913 showed significant association with
ACS (P> 0.05).

Stratification analysis

The association between miRNA polymorphisms and
ACS risk were further analyzed in the subpopulations strati-
fied by traditional risk factors. Due to the missing data of
the genotyping and the risk factors, the number of enrolled
subjects with complete genotyping and clinical variables
data varies, as shown in Table 3. We found that the CG
genotype of rs2910164 was associated with a lower risk of
ACS in male subjects (ORgy,, = 0.72, 95% CI: 0.54-0.96, P
= 0.027), in subjects with BMI more than 24 kg/m? (OR gy,

= 0.66, 95% CI: 0.46-0.95, P = 0.025), and in hypertensive
subjects (ORy,, = 0.61, 95% CI: 0.41-0.90, P = 0.013). As
for rs11614913, it showed significant association with a
higher risk of ACS in female subjects (ORyon = 1.99, 95%
CI: 1.06-3.73, P = 0.031). However, no interaction effect
was found between each of these two SNPs and clinical
variables (Pieraction > 0.05).

Association of rs2910164 with Tec, triglycerides, or CRP
levels

Since HDL-c level was higher in patients than control
subjects probably due to medication before the hospital
admission of the patients, we ignored HDL-c in this part of
study and analyzed the combined effects of rs2910164 with
Te, triglycerides, LDL-c, and CRP levels on ACS risk.
Generally, high Tc, triglycerides, LDL-c, or CRP levels
increase the prevalence of cardiovascular diseases. We
divided subjects into high or low group firstly according to
the median level of Tc, triglycerides, LDL-c or CRP of the
control subjects (3.81 mmol/L, 1.25 mmol/L, 2.60 mmol/L
and 1.09 mg/L, respectively), and analyzed the combined
effects. Due to the missing data of the genotyping and the
four clinical variables, the number of enrolled subjects with
complete genotyping and clinical variables data also varies
from each other, as shown in Table 4. Results suggest that
compared with the reference group, significant combined
effects were observed in the subjects carrying G allele of
152910164 (CG or GG genotype) and with Tc < 3.81 mmol/
L, triglycerides < 1.25 mmol/L or CRP < 1.09 mg/L (Table
4).
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Table 2. Genotype and allele frequency of miRNA polymorphisms in ACS patients and control subjects.

Polymorphism C(introl A_CS Cruode OR P value (?,R* P value
(n=721) (n=722) (95% CI) (95% CI)

rs11614913 (n) 720 718
TT 204 (28.3) 190 (26.3) 1.00 (reference) 1.00 (reference)
TC 360 (49.9) 381 (52.8) 1.14 (0.89-1.45) 0.306 1.08 (0.82-1.44) 0.581
CcC 156 (21.6) 147 (20.4) 1.01 (0.75-1.37) 0.939 1.14 (0.81-1.62) 0.456
Additive model (TT vs. TC vs. CC) 1.01 (0.87-1.18) 0.853 1.07 (0.90-1.27) 0.448
Dominant model (TC+CC vs. TT) 1.10 (0.87-1.39) 0.426 1.10 (0.84-1.44) 0.488
Recessive model (CC vs. TT+TC) 0.93 (0.72-1.20) 0.579 1.08 (0.81-1.45) 0.594
T allele 768 (53.3) 761 (52.7) 1.00 (reference) 1.00 (reference)
C allele 672 (46.6) 675 (46.7) 1.01 (0.88-1.17) 0.855 1.07 (0.90-1.27) 0.455
HWE P 0.905
rs2910164 (n) 717 717
CcC 237 (32.9) 266 (36.8) 1.00 (reference) 1.00 (reference)
CG 348 (48.3) 308 (42.7) 0.79 (0.63-0.99) 0.045 0.72 (0.55-0.95) 0.020
GG 132 (18.3) 143 (19.8) 0.97 (0.72-1.30) 0.814 0.89 (0.63-1.25) 0.509
Additive model (CC vs. CG vs. GG) 0.95 (0.83-1.10) 0.509 0.91 (0.77-1.08) 0.273
Dominant model (CG+GG vs. CC) 0.84 (0.67-1.04) 0.109 0.77 (0.60-0.99) 0.044
Recessive model (CC+CG vs. GG) 1.10 (0.85-1.44) 0.461 1.07 (0.79-1.45) 0.673
C allele 822 (57.0) 840 (58.2) 1.00 (reference) 1.00 (reference)
G allele 612 (42.4) 594 (41.1) 0.95 (0.82-1.10) 0.496 0.91 (0.76-1.08) 0.257
HWE P 0.830

ACS, acute coronary syndrome; HWE, Hardy-Weinberg equilibrium.
*OR based on the traditional risk factors, including age, sex, smoking, BMI, hypertension, diabetes mellitus, and family history of CHD.

Discussion

In this study, we evaluated the associations between
two miRNA polymorphisms and the risk of ACS in a
Chinese population. The gene-environment interaction
effect and the combined effect of miRNA polymorphisms
with clinical parameters were also evaluated. We found
that subjects carrying CG genotype of miR-146a rs2910164
had decreased risk for ACS, especially in males and sub-
jects with BMI more than 24 kg/m? or with hypertension in
dominant model. Moreover, combined effects were
observed between miR-146a rs2910164 and Tc, triglycer-
ides, CRP levels in subjects with G allele of rs2910164 (CG
or GG genotype). Collectively, our findings imply that
miRNA polymorphisms may contribute to the development
of ACS.

Saunders and colleagues (2007) surveyed the publicly
available miRNA SNPs data and suggested that SNPs in
miRNA sequences are relatively rare and highly conserved,
which indicates the functional importance of miRNA varia-
tions. miRNA polymorphisms could affect the processing
of pre-miRNA into its mature form, alter mature miRNA
expression levels and also modify common human disease
susceptibility. miR-146a rs2910164 and miR-196a2
rs11614913 are both located in the mature miRNA regions.
In this study, we found that rs2910164 was significantly
associated with the risk of ACS in a Chinese population.

Three studies have previously investigated the association
between miRNA polymorphisms and CHD risk. Xiong et
al. (2014) demonstrated that compared with the GG homo-
zygote, the GC heterozygote and the CC homozygote of
1s2910164 were associated with an increased risk of CHD
in Chinese population, while Ramkaran et al. (2014) found
no difference in the genotypic frequency of 152910164 in
controls and CHD patients in young South African Indians.
Chen et al. (2014) found that the CC genotype of rs2910164
was associated with an increased risk of myocardial infarc-
tion in Chinese population, although the association disap-
peared after adjustment for traditional risk factors. The
inconsistency among the studies may be partially due to the
different genetic backgrounds among races and/or the small
sample size. The homozygous GG genotype exerted no
noticeable effect on the susceptibility in this study, which
might be due to the limited sample size of subjects with GG
genotype (only 18.3% or 19.8% in the populations). The
miR-146a C>G polymorphism has also been reported to
associate with the risk of ischemic stroke (Jeon et al. 2013;
Huang et al. 2015), which indicates that ACS or CHD may
share genetic risk factors with ischemic stroke. Although
rs11614913 was associated with an increased risk of ACS
in the females, we found no association in the whole popu-
lation. Consistent with our study, Zhi et al. (2012) also
failed to observe any association between rs11614913 and
the risk of CHD in Southeast China. Stratification analysis
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Table 3. Stratification analysis of miRNA polymorphisms.
111614913 12910164
Variables Control* ACS* OR g Control* ACS* OR o
(n) (n) ©5%Cry  Paomt Pincrion (n) () ©5%Cry  Damt Picrcion
Age, year 720 718 0.746 717 717 0.642
<60 113/189/79 105/203/78  1.17 (0.81-1.71)  0.399 138/166/74  150/162/73  0.86 (0.61-1.21)  0.373
> 60 91/171/77 85/178/69 1.02 (0.69-1.52) 0.911 99/182/58 116/146/70  0.69 (0.47-1.00) 0.051
Sex 720 718 0.081 717 717 0.344
male 160/285/112  157/283/116  0.97 (0.71-1.31)  0.967 176/283/96  210/248/99  0.72 (0.54-0.96)  0.027
female 44/75/44 33/98/31 1.99 (1.06-3.73)  0.031 61/65/36 56/60/44 1.03 (0.60-1.77) 0912
BMI, kg/m’ 637 694 0.518 634 693 0.200
<24 100/171/74 92/166/58 0.99 (0.68-1.47) 0.992 125/161/58  118/135/60  0.88 (0.61-1.26)  0.477
>24 82/148/62 92/199/87 1.21 (0.83-1.77) 0.328 87/145/58 141/160/79  0.66 (0.46-0.95)  0.025
Smoking 720 718 0.177 717 717 0.928
no 99/168/81 64/146/46  1.41(0.91-2.19) 0.122 117/168/61  94/101/59  0.77 (0.51-1.16)  0.206
yes 105/192/75  126/235/101  0.95 (0.67-1.35)  0.780 120/180/71  172/207/84  0.78 (0.56-1.08)  0.128
Hypertension 720 718 0.564 717 717 0.078
no 138/242/113  65/140/72 1.21 (0.83-1.76) 0.318 173/221/95  100/119/58  0.93 (0.67-1.31)  0.690
yes 66/118/43 125/241/75  1.01 (0.68-1.50)  0.969 64/127/37  166/189/85  0.61 (0.41-0.90)  0.013
Diabetes mellitus 720 718 0.437 717 717 0.852
no 187/338/150 142/294/108 1.06 (0.80-1.41) 0.694 225/324/123 206/231/108 0.78 (0.60-1.02)  0.064
yes 17/22/6 48/87/39 1.58 (0.69-3.62) 0.279 12//24/9 60/77/35 0.64 (0.27-1.51)  0.306
Family history of CHD 720 718 0.891 717 717 0.603
no 199/347/152  165/316/126  1.09 (0.83-1.44)  0.525 231/338/126 225/258/123 0.78 (0.61-1.02)  0.067
yes 5/13/4 25/65/21 1.31(0.33-5.20)  0.697 6/10/6 41/50/20 0.56 (0.17-1.84)  0.336

*Wild-type homozygote/heterozygote/variant homozygote.

fTDominant model (wild-type homozygote vs. heterozygote +variant homozygote).
Data were calculated by unconditional logistic regression, adjusted for age, sex, smoking, BMI, hypertension, diabetes mellitus and

+OR based on the risk factors, including age, sex, BMI, hypertension, diabetes mellitus, smoking and family history

of CHD.

We divided subjects into high or low group according to the median level of TC, TG, LDL-c or CRP in control

family history of CHD.
Table 4. Combined effect of rs2910164 with clinical parameters on ACS risk.
OR (95% CDt
Variables Control, n* Case, n*
CC CG+GG

Tc, mmol/L 692 364

>3.81 110/235 84/160 1.00 (ref) 0.81 (0.53-1.25)

<3.81 114/233 49/71 0.68 (0.39-1.17) 0.36 (0.22-0.58)
TG, mmol/L 691 693

>1.25 109/237 141/243 1.00 (ref) 0.76 (0.52-1.09)

<1.25 115/230 117/192 0.93 (0.60-1.44) 0.67 (0.46-0.98)
LDL-c, mmol/L 329 647

>2.60 53/115 102/210 1.00 (ref) 0.82(0.51-1.31)

<2.60 54/107 130/205 1.15 (0.66-1.98) 0.88 (0.55-1.41)
CRP, mg/L 306 491

>1.09 46/108 149/251 1.00 (ref) 0.62 (0.39-1.00)

<1.09 48/104 31/60 0.21 (0.10-0.42) 0.17 (0.10-0.29)

*CC/CG+GG.

subjects, respectively (Tc: 3.81 mmol/L; TG: 1.25 mmol/L; LDL-c: 2.60 mmol/L; and CRP: 1.09 mg/L).
Tc, total cholesterol; TG, triglycerides; LDL-c, low-density lipoprotein cholesterol; CRP, C-reactive protein.
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showed that the males, overweighed or hypertensive sub-
jects were more likely to have a decreased risk for ACS if
they carry G allele of rs2910164 (CG or GG genotype,
dominant model), which may provide a strategy for charac-
terizing the subpopulations with high risk of ACS; however,
the small sample size of the stratification analysis calls for
further studies with larger sample size to verify our find-
ings.

miR-146a plays important roles in regulating the
innate immunity and inflammatory responses (Rusca and
Monticelli 2011; Ichii et al. 2012), and aberrant expression
of miR-146a was observed in cancer and inflammatory dis-
eases (Li et al. 2010). Increased expression of miR-146a
may promote the occurrence and progression of CAD. Two
studies have reported that the expression level of miR-146a
in peripheral blood mononuclear cells (PBMCs) was higher
in the CHD group than that in the non-CHD group
(Ramkaran et al. 2014; Xiong et al. 2014). In addition, Guo
et al. (2010) found that miR-146a was up-regulated in
PBMCs of ACS patients, and over-expression of miR-146a
in PBMCs may have a direct function in the differentiation
of Thl cells, which is implicated in the progression and
onset of ACS. Although we found CG genotype of
rs2910164 was associated with a decreased risk of ACS, the
expression of miR-146a in ACS patients with different gen-
otypes remained unknown and need to be clarified in fur-
ther studies. The combined effects of miR-146a rs2910164
with Tc, triglycerides, and CRP levels further suggested a
synergetic interaction effect between miRNA polymor-
phism and vascular risk factors on the disease susceptibility.
In the context of that, previous studies also suggested that
miR-146a was involved in regulation of pro-inflammatory
NF-kappa B pathway, MAPK pathway (Cheng et al. 2013),
and the expression of TNF-a (El Gazzar et al. 2011).
Moreover, Dong et al. (2013) found that miR-146a was a
novel regulator of VSMC fate.

Limitations of the present study include that like all
the case-control studies, potential selection bias could not
be ruled out and might influence the interpretation of the
results. Second, the relatively small sample size of this
study may limit the statistical power, although we have
considered this issue by calculating the statistical power
according to the minor allele frequency (MAF) of
rs11614913 (rs11614913 MAF: 0.341; rs2910164 MAF:
0.354, respectively). The statistical power of this study
reaches 0.96 when the parameters were set to: MAF =
0.341, a = 0.05, and OR = 1.5. Nevertheless, further stud-
ies with larger sample size are required to confirm the func-
tion of these miRNA polymorphisms in acute coronary syn-
dromes.

In conclusion, our study provides the first evidence
that the CG genotype of miR-146a rs2910164 is associated
with decreased risk of ACS in Chinese Han population, par-
ticularly among males, overweighed or hypertensive sub-
jects. Moreover, 152910164 has combined effects with
blood lipids and CRP level on the disease susceptibility.

Replications by independent genetic studies with larger
sample size as well as the functional tests are required to
confirm our findings and to explore the underlying mecha-
nism.

Acknowledgments

We are particularly grateful to all the patients with acute
coronary syndromes and volunteers participating in the present
study and to the medical personnel’s of Tongji Hospital and
Union Hospital in Wuhan for their kindly assistance in collecting
questionnaires and blood samples. This study was supported by
grants from the National Natural Science Foundation of China
[no. 81402754 and no. 81573242] and China Postdoctoral Scien-
tific Foundation [no. 2014M562031].

Conflict of Interest

The authors declare no conflict of interest.

References

Akerblom, A., Eriksson, N., Wallentin, L., Siegbahn, A., Barratt,
B.J., Becker, R.C., Budaj, A., Himmelmann, A., Husted, S.,
Storey, R.F., Johansson, A. & James, S.K. (2014) Polymor-
phism of the cystatin C gene in patients with acute coronary
syndromes: results from the PLATelet inhibition and patient
Outcomes study. Am. Heart J., 168, 96-102.¢2.

Alpert, J.S., Thygesen, K., Antman, E. & Bassand, J.P. (2000)
Myocardial infarction redefined: a consensus document of The
Joint European Society of Cardiology/American College of
Cardiology Committee for the redefinition of myocardial
infarction. J. Am. Coll. Cardiol., 36, 959-969.

Ambros, V. (2004) The functions of animal microRNAs. Nature,
431, 350-355.

Andreou, I., Sun, X., Stone, P.H., Edelman, E.R. & Feinberg, M.W.
(2015) miRNAs in atherosclerotic plaque initiation, progres-
sion, and rupture. Trends Mol. Med., 21, 307-318.

Chen, C., Hong, H., Chen, L., Shi, X., Chen, Y. & Weng, Q. (2014)
Association of microRNA polymorphisms with the risk of
myocardial infarction in a Chinese population. Tohoku J. Exp.
Med., 233, 89-94.

Cheng, H.S., Sivachandran, N., Lau, A., Boudreau, E., Zhao, J.L.,
Baltimore, D., Delgado-Olguin, P., Cybulsky, M.I. & Fish, J.E.
(2013) MicroRNA-146 represses endothelial activation by
inhibiting pro-inflammatory pathways. EMBO Mol. Med., 5,
949-966.

De Rosa, S., Fichtlscherer, S., Lehmann, R., Assmus, B.,
Dimmeler, S. & Zeiher, A.M. (2011) Transcoronary concentra-
tion gradients of circulating microRNAs. Circulation, 124,
1936-1944.

Dong, S., Xiong, W., Yuan, J., Li, J., Liu, J. & Xu, X. (2013)
MiRNA-146a regulates the maturation and differentiation of
vascular smooth muscle cells by targeting NF-kappa B expres-
sion. Mol. Med. Rep., 8, 407-412.

El Gazzar, M., Church, A., Liu, T. & McCall, C.E. (2011)
MicroRNA-146a regulates both transcription silencing and
translation disruption of TNF-alpha during TLR4-induced
gene reprogramming. J. Leukoc. Biol., 90, 509-519.

Guo, M., Mao, X., Ji, Q., Lang, M., Li, S., Peng, Y., Zhou, W.,
Xiong, B. & Zeng, Q. (2010) miR-146a in PBMCs modulates
Th1 function in patients with acute coronary syndrome.
Immunol. Cell Biol., 88, 555-564.

Hirokawa, M., Morita, H., Tajima, T., Takahashi, A., Ashikawa, K.,
Miya, F., Shigemizu, D., Ozaki, K., Sakata, Y., Nakatani, D.,
Suna, S., Imai, Y., Tanaka, T., Tsunoda, T., Matsuda, K., et al.
(2015) A genome-wide association study identifies PLCL2
and AP3D1-DOTI1L-SF3A2 as new susceptibility loci for
myocardial infarction in Japanese. Eur. J. Hum. Genet., 23,



miR-146a Polymorphism and Acute Coronary Syndrome Risk

374-380.

Horie, T., Baba, O., Kuwabara, Y., Chujo, Y., Watanabe, S.,
Kinoshita, M., Horiguchi, M., Nakamura, T., Chonabayashi,
K., Hishizawa, M., Hasegawa, K., Kume, N., Yokode, M.,
Kita, T., Kimura, T., et al. (2012) MicroRNA-33 deficiency
reduces the progression of atherosclerotic plaque in ApoE-/-
mice. J. Am. Heart. Assoc., 1, ¢003376.

Hu, Z., Chen, J., Tian, T., Zhou, X., Gu, H., Xu, L., Zeng, Y., Miao,
R., Jin, G., Ma, H., Chen, Y. & Shen, H. (2008) Genetic vari-
ants of miRNA sequences and non-small cell lung cancer
survival. J. Clin. Invest., 118, 2600-2608.

Huang, S., Zhou, S., Zhang, Y., Lv, Z., Li, S., Xie, C., Ke, Y.,
Deng, P., Geng, Y., Zhang, Q., Chu, X., Yi, Z., Zhang, Y., Wu,
T. & Cheng, J. (2015) Association of the genetic polymor-
phisms in pre-microRNAs with risk of ischemic stroke in a
Chinese population. PLoS One, 10, ¢0117007.

Ichii, O., Otsuka, S., Sasaki, N., Namiki, Y., Hashimoto, Y. & Kon,
Y. (2012) Altered expression of microRNA miR-146a corre-
lates with the development of chronic renal inflammation.
Kidney. Int., 81, 280-292.

Jazdzewski, K., Murray, E.L., Franssila, K., Jarzab, B., Schoenberg,
D.R. & de la Chapelle, A. (2008) Common SNP in pre-miR-
146a decreases mature miR expression and predisposes to
papillary thyroid carcinoma. Proc. Natl. Acad. Sci. US4, 105,
7269-7274.

Jeon, Y.J., Kim, O.J., Kim, S.Y., Oh, S.H., Oh, D., Kim, O.J., Shin,
B.S. & Kim, N.K. (2013) Association of the miR-146a,
miR-149, miR-196a2, and miR-499 polymorphisms with isch-
emic stroke and silent brain infarction risk. Arterioscler.
Thromb. Vasc. Biol., 33, 420-430.

Lee, Y., Ahn, C., Han, J., Choi, H., Kim, J., Yim, J., Lee, J.,
Provost, P., Radmark, O., Kim, S. & Kim, V.N. (2003) The
nuclear RNase III Drosha initiates microRNA processing.
Nature, 425, 415-419.

Li, L., Chen, X.P. & Li, Y.J. (2010) MicroRNA-146a and human
disease. Scand. J. Immunol., 71, 227-231.

Lopez, A.D. & Murray, C.C. (1998) The global burden of disease,
1990-2020. Nat. Med., 4, 1241-1243.

Luthra, R., Singh, R.R., Luthra, M.G., Li, Y.X., Hannah, C.,
Romans, A.M., Barkoh, B.A., Chen, S.S., Ensor, J., Maru,
D.M., Broaddus, R.R., Rashid, A. & Albarracin, C.T. (2008)
MicroRNA-196a targets annexin Al: a microRNA-mediated
mechanism of annexin A1 downregulation in cancers. Onco-
gene, 27, 6667-6678.

Mintz, G.S., Maehara, A., Bui, A.B. & Weissman, N.J. (2003)

Multiple versus single coronary plaque ruptures detected by
intravascular ultrasound in stable and unstable angina pectoris
and in acute myocardial infarction. Am. J. Cardiol., 91, 1333-
1335.

Myocardial Infarction Genetics Consortium; Kathiresan, S.,
Voight, B.F., Purcell, S., Musunuru, K., Ardissino, D.,
Mannucci, P.M., Anand, S., Engert, J.C., Samani, N.J.,
Schunkert, H., Erdmann, J., Reilly, M.P., Rader, D.J., Morgan,
T., et al. (2009) Genome-wide association of early-onset
myocardial infarction with single nucleotide polymorphisms
and copy number variants. Nat. Genet., 41, 334-341.

Ramkaran, P., Khan, S., Phulukdaree, A., Moodley, D. &
Chuturgoon, A.A. (2014) miR-146a polymorphism influences
levels of miR-146a, IRAK-1, and TRAF-6 in young patients
with coronary artery disease. Cell Biochem. Biophys., 68,
259-266.

Rayner, K.J., Sheedy, F.J., Esau, C.C., Hussain, F.N., Temel, R.E.,
Parathath, S., van Gils, J.M., Rayner, A.J., Chang, AN,
Suarez, Y., Fernandez-Hernando, C., Fisher, E.A. & Moore,
K.J. (2011) Antagonism of miR-33 in mice promotes reverse
cholesterol transport and regression of atherosclerosis. J.
Clin. Invest., 121, 2921-2931.

Rusca, N. & Monticelli, S. (2011) MiR-146a in immunity and
disease. Mol. Biol. Int., 2011, 437301.

Saunders, M.A., Liang, H. & Li, W.H. (2007) Human polymor-
phism at microRNAs and microRNA target sites. Proc. Natl.
Acad. Sci. USA, 104, 3300-3305.

Xiong, X.D., Cho, M., Cai, X.P., Cheng, J., Jing, X., Cen, J.M.,
Liu, X., Yang, X.L. & Suh, Y. (2014) A common variant in
pre-miR-146 is associated with coronary artery disease risk
and its mature miRNA expression. Mutat. Res., 761, 15-20.

Xu, J., Hu, Z., Xu, Z., Gu, H., Yi, L., Cao, H., Chen, J., Tian, T.,
Liang, J., Lin, Y., Qiu, W., Ma, H., Shen, H. & Chen, Y. (2009)
Functional variant in microRNA-196a2 contributes to the
susceptibility of congenital heart disease in a Chinese popula-
tion. Hum. Mutat., 30, 1231-1236.

Xu, T., Zhu, Y., Wei, Q.K., Yuan, Y., Zhou, F., Ge, Y.Y., Yang, J.R.,
Su, H. & Zhuang, S.M. (2008) A functional polymorphism in
the miR-146a gene is associated with the risk for hepatocel-
lular carcinoma. Carcinogenesis, 29,2126-2131.

Zhi, H., Wang, L., Ma, G., Ye, X., Yu, X., Zhu, Y., Zhang, Y.,
Zhang, J. & Wang, B. (2012) Polymorphisms of miRNAs
genes are associated with the risk and prognosis of coronary
artery disease. Clin. Res. Cardiol., 101, 289-296.

233



