Am J Transl Res 2015;7(2):393-400
www.ajtr.org /ISSN:1943-8141/AJTRO004129

Original Article
Influence of microRNA-related polymorphisms on
clinical outcomes in coronary artery disease

Qianzhen Li, Liangwan Chen, Daozhong Chen, Xijie Wu, Meifang Chen

Department of Cardiovascular Surgery, Union Hospital, Fujian Medical University, Fujian 350001, China

Received November 25, 2014; Accepted December 25, 2014; Epub February 15, 2015; Published February 28,
2015

Abstract: Genetic variants in pre-microRNA (miRNA) genes or the 3'UTR of miRNA target genes could influence
miRNA-mediated regulation of gene expression and thus contribute to the susceptibility and prognosis of human
diseases. This study aimed to investigate the effect of 6 miRNA-related polymorphisms (miR-149 rs71428439, miR-
146a rs2910164, miR-499 rs3746444, miR-423 rs6505162, miR-4513 rs2168518, and FABP2 rs11724758) on
prognosis in 1004 patients with angiographic coronary artery disease (CAD). We found that miR-4513 rs2168518
was associated with blood pressure, triglycerides, total cholesterol, and fasting glucose levels, and risk of diabe-
tes mellitus. miR-499 rs3746444 and miR-423 rs6505162 were associated with blood pressure and HDL levels,
respectively. Both miR-4513 rs2168518 and miR-499 rs3746444 had significant impact on even-free survival.
Furthermore, miR-4513 rs2168518 was associated with higher morality in CAD patients. In conclusion, miR-4513

rs2168518 and miR-499 rs3746444 might be potential biomarkers for the clinical prognosis of CAD.
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Introduction

Despite major recent advances in prevention,
diagnosis and treatment, cardiovascular dis-
ease remains the single leading cause of death
in both developing and developed countries.
Coronary artery disease (CAD) is a complex car-
diovascular disease resulting from many risk
factors, including genetic and environmental
factors. Although the prognosis of CAD is good,
some patients will suffer cardiovascular event
or die in the following months or years. |den-
tification of biomarkers that could discriminate
CAD patients with high risk of cardiovascular
event or die will improved patient outcomes
and prolong survival.

MicroRNAs (miRNAs) are a class of conserva-
tive, small, single-strand, non-coding RNAs that
regulate gene expression through degradation
of target mRNAs or inhibition of translation [1,
2]. There are 1881 miRNA precursors in human
genome (miRBase database 21), which are fur-
ther cleaved by Dicer ribonuclease to generate
2588 different mature miRNA [3]. Since miR-
NAs lack perfect complementarity to their
mMRNA targets, a particular miRNA can target

hundreds of target genes [4]. It is estimated
that miRNAs influence the expression of approx-
imately 60% of human genes [5], and thereby
these small RNAs have been suggested to play
important roles in almost every biological pro-
cess [6]. Numerous studies have clearly dem-
onstrated that miRNAs are associated with a
large variety of human diseases such as cancer
[6, 7] and cardiovascular diseases [8]. miRNAs
are not only intimately involved in cardiac devel-
opment, but also regulate cardiac regeneration,
hypertrophy and remodeling [8, 9]. Given the
important role of miRNAs in cardiovascular dis-
eases, they are being exploited for diagnosis,
prevention, and treatment of cardiovascular
diseases.

Genetic variants located in pre-miRNA genes
and miRNA-binding sites in target genes may
disrupt specific miRNA-mRNA target site inter-
action and thus result in the deregulation of tar-
get gene expression [10-12]. Accordingly, the
corresponding phenotypes are likely to be
affected. Given the central role of miRNAs as
regulators of translation, genetic variants in
mMiRNA genes and miRNA-binding sites may
contribute to a wide range of phenotypic varia-
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Table 1. Baseline clinical characteristics according to polymorphisms

microRNA-related SNPs and CAD

Variables rs71428439 P rs2910164 P rs3746444 P
AA AG GG value cC CG GG value AA AG GG value
Age, years 63.9+10.6 63.9+10.8 64.0+11.0 0.995 63.4+10.9 64.0+10.9 64.8£10.1 0.378 64.5+12.0 63.7+10.7 64.0+£10.7 0.876
Male, % 70.3 70.4 72.9 0.783 67.4 71.1 72.2 0.539 71.4 69.4 68.9 0.793
HP, % 69.9 65.5 65.7 0.370 66.9 68.0 66.1 0.836 66.6 67.5 74.4 0.564
MI, % 33.4 26.4 27.1 0.069 29.3 29.5 28.7 0.965 29.5 29.2 24.4 0.771
DM, % 23.6 26.5 18.6 0.118 21.5 26.7 21.6 0.175 24.8 22.3 24.4 0.725
SBP, mmHg  136.3+20.9 134.3+19.4 132.7+18.4 0.115 133.14#19.3 135.7+19.8 135.7+20.7 0.163 134.3+19.8 134.9+19.6 142.5+20.4 0.031
DBP, mmHg 81.3+11.3 80.6+11.1 80.4+10.6 0.603 80.4+11.3 80.8+11.2 81.6+10.5 0.485 80.3+11.1 81.5+11.1 84.6+10.9 0.023
TC, mmol/L 4.7+1.1 4.7+1.0 4.7+1.2 0.720 4.7+1.1 4.7+1.0 46+1.1 0582 4.840.8 4.7+1.1 4.7+1.1 0.902
TG, mmol/L 1.9+1.3 2.0+1.2 1.8+1.1 0877 1.9+1.4 2.1+1.2 1.7¢0.9 0.074 2.1+11 1.9+1.2 1.8+1.2 0.404
HDL, mmol/L  1.1+0.4 1.2+0.4 1.2+0.5 0.380 1.2+0.4 1.2+0.4 1.2+0.3 0.749 1.1+0.3 1.1+0.4 1.2+0.4 0.637
LDL, mmol/L  2.7+0.9 2.8+0.9 2.8+41.0 0.515 2.840.9 2.7+0.8 2.7¢0.9 0.569 2.7+0.7 2.7+0.9 2.8+0.9 0.729
FPG, mmol/L  1.3+0.2 1.3+0.2 1.3+0.2 0.293 1.3%0.2 1.3+0.2 1.3+0.2 0.125 1.3+0.2 1.3+0.2 1.3+0.2 0.138
) rs6505162 P rs2168518 P
Variables
AA AC cC value cC CT T value
Age, years 65.7+11.0 63.6+10.9 63.9+10.6 0.477 64.2+10.7 63.4+10.8 64.6+10.6 0.488
Male, % 66.7 68.6 72.0 0.457 72.0 70.7 62.0 0.215
HP, % 63.4 68.1 67.0 0.826 66.1 68.1 70.4 0.684
M, % 31.0 30.5 28.4 0.782 27.3 31.6 31.0 0.335
DM, % 22.5 23.4 24.5 0.906 21.5 25.5 36.6 0.014
SBP, mmHg  135.9+21.4 135.2+19.6 134.5+19.9 0.831 133.4+19.4 135.8+20.0 140.9+21.5 0.006
DBP, mmHg 79.7+10.9 81.4+11.4 80.6+11.0 0.513 80.1+10.8 81.5+11.5 83.1+11.1 0.036
TC, mmol/L 4.9+1.2 4.7+1.0 4.7+1.1 0473 4.6%11 4.7£1.0 5.0+1.4 0.038
TG, mmol/L 1.9+1.1 1.8+1.1 1.9+1.3 0859 1914 1.8+1.1 1.9+1.1 0.387
HDL, mmol/L 1.3+0.8 1.2+0.4 1.2+0.4 0.034 1.1+0.4 1.2+0.4 1.2+0.3 0.155
LDL, mmol/L 2.9+1.1 2.7+0.9 2.7+£0.9 0417 2.7+0.9 2.7+0.8 3.0+1.0 0.106
FPG, mmol/L 1.4+0.2 1.3+0.2 1.3+0.2 0.293 1.3%0.2 1.31£0.2 1.3+0.2 0.935

TG, triglycerides. TC, total cholesterol. HDL, high density lipoprotein. LDL, low density lipoprotein.
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tion and disease susceptibility [10, 12-15].
However, so far only very few genetic studies
have attempted to identify single nucleotide
polymorphisms (SNPs) in miRNA genes and
binding sites which are associated with the
prognosis of coronary artery disease (CAD). In
the present study, we aimed to investigate the
effect of miRNA-related SNPs on the prognosis
of CAD. In addition, we also conducted a survey
the association of these miRNA-related SNPs
with cardiometabolic phenotypes.

Materials and methods
Patients

We included 1004 patients (710 men and 294
women) with angiographic CAD in the study for
whom genomic DNA was available. Patients
were recruited from hospitalized patients in
Union Hospital (Fuzhou, China). To reduce the
potential confounding from ethnic backgro-
unds, only subjects with self-reported origin of
Chinese Han in Fujian province were enrolled.
Patients with malignant disease, or sever he-
patic or renal dysfunction were excluded from
the study on the basis of clinical examinations.
Diabetes mellitus (DM) was defined as a self-
reported doctor’'s diagnosis, fasting plasma
glucose (FPG) > 7.0 mmol/I, or use of antidia-
betic medications. Hypertension (HP) was de-
fined as systolic blood pressure (SBP) of 140
mmHg or higher, a diastolic blood pressure
(DBP) of 90 mmHg or higher, or use of prescrip-
tion anti-hypertensive medication. Written in-
formed consent was obtained from all study
participants, and the ethics committee of Union
Hospital approved the study protocol.

Genotyping

Five miRNA (miR-149 rs71428439, miR-146a
rs2910164, miR-499 rs3746444, miR-4513
rs2168518, and miR-423 rs6505162), and
one binding site SNPs (FABP2 rs11724758)
were selected from the literature. Genomic
DNA was extracted from peripheral blood sam-
ples using the Universal Genomic DNA Ex-
traction Kit (Takara, Dalian, China) according to
manufacturer’s introductions. All patients were
genotyped for these 5 miRNA-related SNPs.
The genotypes of all 5 SNPs were determined
using a polymerase chain reaction-based
method, as previously described [14, 16].
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Study endpoint

The primary endpoint of the study was the first
major cardiovascular event [myocardial infarc-
tion (MI), stroke, heart failure, recanalization,
coronary artery bypass grafting, resuscitated
cardiac arrest, and cardiovascular death].
Second endpoint was all-cause mortality.

Statistical analyses

All statistical analyses were performed using
SPSS version 17.0 (SPSS, IL, USA). All analyses
were performed using two-tailed tests for sig-
nificance. The Hardy-Weinberg equilibrium was
assessed by a chi-square test. All quantitative
variables were expressed as mean + standard
deviation (SD), and qualitative variables were
expressed as percentages. One-way ANOVA
was conducted to compare the means of plas-
ma lipids, blood pressure, and fasting plasma
glucose by SNPs. Chi-square test was used to
examine the potential difference across groups
in case of categorical data. Logistic regression
model was performed to calculate odds ratios
(ORs) and 95% confidence intervals (Cls). Sur-
vival analysis was performed using the Kaplan-
Meier method and the log-rank test. Cox regres-
sion analyses were performed to determine
whether miRNA-related SNPs were indepen-
dently associated with cardiovascular event or
all-cause mortality. Dominant, codominant, re-
cessive and additive models of inheritance
were used for survival analyses. A two-sided P
< 0.05 was considered statistically significant.

Results

Baseline clinical characteristics according to
genotypes

The genotype distributions of 5 SNPs (miR-149
rs71428439, miR-146a rs2910164, miR-499
rs3746444, miR-423 rs6505162, and miR-
4513 rs2168518) were in agreement with
Hardy-Weinberg equilibrium (P > 0.05), where-
as FABP2 rs11724758 deviated from Hardy-
Weinberg equilibrium (P < 0.05), which was
excluded from further analysis. As shown in
Table 1, miR-4513 rs2168518 was significant-
ly associated with DM (P = 0.014). The T allele
and TT genotype of miR-4513 rs2168518 were
associated with increased risk of DM under
dominant (OR = 1.372, 95% Cl: 1.023-1.839, P
= 0.034), additive (OR = 1.370, 95% Cl: 1.092-
1.718, P = 0.006), and codominant (OR =
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Table 2. Associations between 5 SNPs and event-free survival in CAD patients

SNP Genetic model Crude HR (95% CI) P value Adjusted HR (95% CI)? P value
rs71428439 AA 1 1
AG 1.197 (0.904-1.584) 0.209 1.168 (0.874-1.560) 0.295
GG 1.203 (0.833-1.737) 0.324 1.146 (0.784-1.676) 0.482
Dominant 1.198 (0.920-1.561) 0.179 1.163 (0.884-1.529) 0.280
Recessive 1.088 (0.783-1.512) 0.616 1.048 (0.747-1.472) 0.785
Additive 1.112 (0.933-1.325) 0.235 1.085 (0.905-1.301) 0.377
rs2910164 GG 1 1
CG 1.156 (0.804-1.661) 0.434 1.164 (0.799-1.696) 0.430
cC 1.069 (0.803-1.423) 0.649 1.106 (0.824-1.148) 0.504
Dominant 1.092 (0.8833-1.430) 0.524 1.119 (0.848-1.478) 0.427
Recessive 1.111 (0.808-1.527) 0.518 1.095 (0.787-1.524) 0.591
Additive 1.074 (0.898-1.285) 0.433 1.081 (0.899-1.300) 0.406
rs3746444 AA 1 1
AG 0.885 (0.662-1.183) 0.409 0.932 (0.691-1.256) 0.643
GG 1.818 (1.130-2.925) 0.014 1.913 (1.162-3.152) 0.011
Dominant 1.003 (0.770-1.307) 0.982 1.050 (0.798-1.381) 0.728
Recessive 1.885 (1.180-3.011) 0.008 1.954 (1.197-3.192) 0.007
Additive 1.113(0.899-1.378) 0.326 0.867 (0.695-1.082) 0.207
rs6505162 cC 1
AC 1.007 (0.767-1.323) 0.959 0.983 (0.741-1.304) 0.904
AA 1.001 (0.528-1.897) 0.998 1.036 (0.522-2.057) 0.920
Dominant 1.007 (0.775-1.308) 0.961 0.987 (0.752-1.296) 0.927
Recessive 0.999 (0.530-1.880) 0.997 1.041 (0.527-2.055) 0.908
Additive 1.004 (0.805-1.253) 0.969 0.995 (0788-1.257) 0.968
rs2168518 cC 1 1
CT 1.287 (0.988-1.677) 0.061 1.345 (1.022-1.770) 0.034
T 1.721 (1.101-2.689) 0.017 1.714 (1.077-2.729) 0.023
Dominant 1.350 (1.051-1.736) 0.019 1.401 (1.079-1.819) 0.011
Recessive 1.545 (1.006-2.374) 0.047 1.503 (0.962-2.349) 0.074
Additive 1.302 (1.074-1.579) 0.007 1.323 (1.084-1.615) 0.006

“adjusted for age, sex, DM, MI, SBP, DBP, TC, TG, HDL, LDL and FPG.

2.114, 95% CI: 1.251-3.571, P = 0.005) and
recessive models (OR = 1.925, 95% CI: 1.160-
3.195, P =0.011).

We next investigated whether these 5 SNPs
were associated with lipid traits. Furthermore,
we also investigated the association of these
SNPs with blood pressure and FPG. Two of 5
SNPs (miR-499 rs3746444 and miR-4513
rs2168518) were significantly associated with
both SBP and DBP (P < 0.05, Table 1). Among
lipid traits, the TT genotype of miR-4513
rs2168518 was significantly associated with
higher plasma triglyceride level (P = 0.038),
while the AA genotype of miR-423 rs6505162
conferred higher level of HDL (P = 0.034).
Additionally, miR-4513 rs2168518 also showed
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significant associated with fasting plasma glu-
cose (P = 0.024) with each copy of the minor
allele showing 0.327 mmol/L higher FPG.

Relationship of SNPs to even-free survival
(EFS)

During the five-year follow-up, there were 244
cardiovascular events. Table 2 showed the esti-
mated HRs, 95% Cls, and P values of the inde-
pendent predictors of EFS. Two SNPs (miR-499
rs3746444 and miR-4513 rs2168518) showed
an effect on the primary endpoint (Figure 1A
and 1B). The GG genotype of miR-499 rs37-
46444 had a significant influence on the pri-
mary endpoint under codominant [adjusted ha-
zard ratio (HR) = 1.913, 95% CI: 1.162-3.152, P
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Figure 1. Survival analysis with distribution of patients according to rs2168518 (A) and rs3746444 genotypes (B).

= 0.011] and recessive models (adjusted HR =
1.954, 95% Cl: 1.197-3.192, P = 007). While
mMiR-4513 rs2168518 showed significant asso-
ciation with the primary endpoint under codom-
inant (CT vs TT, adjusted HR = 1.345, 95% Cl:
1.022-1.770, P = 0.034; TT vs CC, adjusted HR
=1.714,95% CI: 1.077-2.729, P = 0.023), dom-
inant (adjusted HR = 1.401, 95% CI: 1.079-
1.819, P = 0.011) and additive models (adjust-
ed HR = 1.323, 95% Cl: 1.084-1.615, P =
0.006).

Association of SNPs with death

We then evaluated whether any of the 5 SNPs
were related to death (Table 3). A total of 86
(91.4%) of 1004 patients died during the five-
year follow up. Survival analysis revealed that
miR-4513 rs2168518 was significantly associ-
ated with mortality (P < 0.001, Figure 2). Uni-
variate Cox regression analysis showed that
miR-4513 rs2168518 was a significant prog-
nostic biomarker of CAD (dominant model,
adjusted HR = 2.307, 95% CI: 1.486-3.584, P <
0.001; recessive model, adjusted HR = 2.121,
95% Cl: 1.126-3.955, P = 0.020; additive
model, adjusted HR = 1.855, 95% Cl: 1.367-
2.517, P < 0.001; Table 3). The association
remained significant after adjustment for
adjusted for age, sex, DM, MI, SBP, DBP, TC, TG,
HDL, LDL and FPG (dominant model, adjusted
HR = 2.349, 95% Cl: 1.483-3.721, P < 0.004;
recessive model, adjusted HR = 2.101, 95% Cl:
1.063-4.152, P 0.033; additive model,
adjusted HR = 1.879, 95% CI: 1.360-2.959, P <
0.001). In addition, the GG genotype of miR-
149 rs71428439 showed a non-significant
trend in univariate analysis (P = 0.086). The dif-
ference reached significance when adjusted for
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age, sex, DM, MI, SBP, DBP, TC, TG, HDL, LDL
and FPG (adjusted HR = 1.821, 95% CI: 1.008-
3.290, P =0.047).

Discussion

This study assessed the influence of miRNA-
related SNPs on the risk of incident cardiovas-
cular events and the prognosis of CAD in a
Chinese Han population. miR-4513 rs2168518
and mir-499 rs3746444 influence the probabil-
ity of undergoing subsequent cardiovascular
events after the diagnosis of CAD. In addition,
we observed that miR-4513 rs2168518 was
associated with higher morality in CAD patients.
These data could have significant clinical impli-
cations on evaluating the risk of cardiovascular
events or the possibility of intensive treatment
interventions in CAD patients.

miR-499, located in intron 19 of Myh7b, is spe-
cifically expressed in skeletal muscle, cardiac
cells and a subset of cells in the brain [17, 18].
It has been shown that miR-499 play critical
roles in both cardiac and skeletal muscle biol-
ogy. miR-499 is involved in cardiac differentia-
tion [19], and regulates the cardiac response to
stress [20]. Elevated miR-499 level prevents
cardiomyocyte apoptosis via inhibiting mito-
chondrial apoptosis pathway [20, 21]. miR-499
rs3746444 has been implicated in a variety of
human diseases, such as cardiovascular dis-
ease and cancer [14, 22-24]. Chen et al. [14]
found an association of the GG genotype
rs3746444 with increased risk of MI. Zhi et al.
[23] found that GG genotype of rs3746444
conferred increased risk for CAD, but did not
influence on the prognosis in CAD patients. In
this study, we found that patients with the GG
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Table 3. Associations between 5 SNPs and overall survival in CAD patients

SNP Genetic model Crude HR (95% Cl) P value Adjusted HR (95% CI)? P value
rs71428439 AA 1 1
AG 1.156 (0.710-1.884) 0.560 1.207 (0.724-2.011) 0.470
GG 1.652 (0.931-2.933) 0.086 1.821 (1.008-3.290) 0.047
Dominant 1.290 (0.822-2.025) 0.269 1.375 (0.858-2.201) 0.185
Recessive 1.524 (0.924-2.513) 0.099 1.637 (0.981-2.731) 0.059
Additive 1.275 (0.952-1.707) 0.103 1.340 (0.991-1.812) 0.057
rs2910164 GG 1 1
CG 0.850 (0.537-1.344) 0.487 0.797 (0.495-1.282) 0.350
cC 0.666 (0.344-1.290) 0.229 0.664 (0.331-1.331) 0.664
Dominant 0.800 (0.518-1.236) 0.314 0.762 (0.485-1.197) 0.238
Recessive 0.732 (0.398-1.347) 0.316 0.757 (0.398-1.439) 0.396
Additive 0.825 (0.606-1.121) 0.219 0.809 (0.583-1.121) 0.203
rs3746444 AA 1 1
AG 0.726 (0.438-1.204) 0.215 0.752 (0.446-1.267) 0.284
GG 1.245 (0.500-3.098) 0.638 1.470 (0.582-3.713) 0.415
Dominant 0.792 (0.497-1.262) 0.327 0.835 (0.517-1.350) 0.462
Recessive 1.361 (0.551-3.357) 0.504 1.590 (0.635-3.978) 0.322
Additive 0.892 (0.606-1.313) 0.563 0.947 (0.636-1.410) 0.787
rs6505162 CcC 1 1
AC 0.991 (0.626-1.569) 0.970 0.953 (0.593-1.532) 0.843
AA 0.814 (0.255-2.600) 0.728 0.541 (0.131-2.236) 0.397
Dominant 0.970 (0.623-1.512) 0.894 0.902 (0.568-1.432) 0.661
Recessive 0.816 (0.258-2.583) 0.730 0.549 (0.134-2.249) 0.405
Additive 0.956 (0.656-1.393) 0.814 0.873 (0.586-1.300) 0.504
rs2168518 cC 1 1
CT 2.169 (1.370-3.434 0.001 3.122 (1.495-6.521) 0.002
T 3.102 (1.559-6.715 0.001 2.215 (1.372-3.575) 0.001
Dominant 2.307 (1.486-3.584 <0.001 2.349 (1.483-3.721) <0.001
Recessive 2.121 (1.126-3.955 0.020 2.101 (1.063-4.152) 0.033
Additive 1.855 (1.367-2.517 < 0.001 1.879 (1.360-2.959) < 0.001

2, adjusted for age, sex, DM, MI, SBP, DBP, TC, TG, HDL, LDL and FPG.

genotype of rs3746444 had higher risk of car-
diovascular event, which was inconsistent with
result of previous study [23]. There are several
potential explanations for this inconsistency.
The first is that genetic differences exist
between two Han Chinese populations. Previ-
ous studies have demonstrated that there exist
genetic heterogeneity within the Han Chinese
population [25, 26]. Another possible explana-
tion for the observed difference between our
study and Zhi et al.’s study may be that we used
a different definition of cardiovascular event
than did Zhi et al. The third is that there are dif-
ferences in sample size and follow-up time
between our study and Zhi et al.’s study. Our
study with larger samples and longer follow up
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might yield more robust data on the role of
rs3746444 in prognosis of CAD. Furthermore,
we found weak effect of the GG genotype of
rs3746444 on SBP and DBP, whereas hyper-
tension is poor prognostic factor for CAD. Th-
erefore, rs3746444 may contribute to impaired
function of miR-499 in anti-apoptosis in cardio-
myocytes and blood pressure regulation.

GOSR2 is a Golgi-associated soluble N-ethyl-
maleimide-sensitive factor attachment recep-
tor (SNARE) protein that is expressed in multi-
ple tissues and organs [27]. GOSR2 is involved
in transport of proteins, such as angiotensino-
gen, insulin, and leptin, between Golgi compart-
ments. Variants of GOSR2 are found to be
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Figure 2. Kaplan-Meier curves for overall survival ac-
cording to rs2168518 genotypes.

associated with risk of some diseases, includ-
ing hypertension, Ml, and CAD [12, 28, 29].
rs2168518 is a seed region variant of miR-
4513. The T allele of rs2168518 causes a
reduced miR-4513 activity, leading to increased
level of GOSR2 [12]. Ghanbari et al. reported
that rs2168518 was associated not only with
levels of TC, LDL, FPG, SBP, and DBP, but also
with CAD risk [12]. In the present study, we
found that rs2168518 influenced not only risk
for DM, but also for poor prognosis in CAD
patients. EFS and overall survival were both
worse for patients with TT genotype. Although
the mechanism underlying the influence of
rs2168518 on EFS and mortality remains
unknown, it can be surmised that this genetic
variant affects not only the development and
progression of coronary atherosclerosis, but
also plaque instability or coronary thrombosis
due to its pleiotropic effects on blood pressure,
lipid, and glucose levels.

In summary, the findings provide first evidence
that mir-499 rs3746444 and miR-4513 rs21-
68518 are potential prognostic biomarkers for
CAD patients. Further replication and validation
in larger cohorts is necessary to validate these
results.
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