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Abstract

Background Polymorphisms in microRNAs (miRNAs) play an important role in acute coronary syndromes (ACS). The
purpose of this study was to assess the association of miR-146a rs2910164 and miR-34b rs4938723 polymorphisms
with the development and prognosis of ACS and to explore the underlying mechanisms.

Methods A case—control study of 1171 subjects was included to determine the association of miR-146a rs2910164
and miR-34b rs4938723 polymorphisms with ACS risk. An additional 612 patients with different miR-146a rs2910164
genotypes, who underwent percutaneous coronary intervention (PCl) were included in the validation cohort and
followed for 14 to 60 months. The endpoint was major adverse cardiovascular events (MACE). A luciferase reporter
gene assay was used to validate the interaction of oxi-miR-146a(G) with the IKBA 3'UTR. Potential mechanisms were
validated using immunoblotting and immunostaining.

Results The miR-146a rs2910164 polymorphism was significantly associated with the risk of ACS (Dominant model:
CG+GGvs. CC,OR=1.270,95% Cl (1.000-1.613), P=0.049; Recessive model: GG vs. CC+CG, OR=1.402, 95% Cl
(1.017-1.934), P=0.039). Serum inflammatory factor levels were higher in patients with the miR-146a rs2910164 G
allele than in those with the C allele. MiR-146a rs2910164 polymorphism in dominant model was associated with

the incidence of MACE in post-PCl patients (CG+ GG vs. CC, HR=1.405, 95% Cl (1.018-1.939), P=0.038). However,

the miR-34b rs4938723 polymorphism was not associated with the prevalence and prognosis of ACS. The G allele of
miR-146a rs2910164 tends to be oxidized in ACS patients. The miRNA fractions purified from monocytes isolated from
ACS patients were recognized by the 80HG antibody. Mispairing of Oxi-miR-146a(G) with the 3'UTR of IKBA results in
decreased IkBa protein expression and activation of the NF-kB inflammatory pathway. P65 expression was higher in
atherosclerotic plaques from patients carrying the miR-146a rs2910164 G allele.
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Conclusion The variant of miR-146a rs2910164 is closely associated with the risk of ACS in Chinese Han population.
Patients carrying miR-146a rs2910164 G allele may have worse pathological change and poorer post-PCl prognosis,
partly due to the oxidatively modified miR-146a mispairing with 3'UTR of IKBA and activating NF-kB inflammatory

pathways.

Keywords Acute coronary syndrome, MicroRNA, Single nucleotide polymorphism, Inflammation

Introduction

Despite significant advances in the diagnosis and treat-
ment of coronary artery disease (CAD), cardiovascular
disease remains the leading cause of death worldwide,
with nearly half of these deaths due to ischemic heart
disease [1, 2]. As the most important type of ischemic
heart diseases, acute coronary syndromes (ACS), char-
acterized pathologically by unstable atherosclerotic
lesion, commonly begin with atherosclerotic plaque
rupture and intracoronary thrombus formation and
result in cardiovascular disease events [3].

MicroRNAs (miRNAs) are approximately 22 nucleo-
tide RNAs that negatively regulate gene expression
by inhibiting mRNA translation or promoting mRNA
degradation [4] thereby participate in physiological
processes such as cell differentiation and proliferation,
apoptosis, and organ development [5, 6]. It has been
demonstrated that miRNAs are closely related to the
pathogenesis of cardiovascular disease [7]. MiR-146a
and miR-34b are significantly up-regulated in human
atherosclerotic plaques [8]. In addition, circulating
miR-146a levels were significantly increased in ACS
patients [9]. Furthermore, the inhibition of the miR-34
family reduces ventricular remodeling and cardiac dys-
function due to myocardial infarction (MI) or pressure
overload, and increases angiogenesis [10].

The polymorphism of miRNAs may alter their target
selection and change their original biological function,
leading to gene susceptibility as one of the risk factors
in many diseases [11]. Polymorphisms of miR-146a
rs2910164 and miR-34b rs4938723 have been reported
to be associated with the development and prognosis of
Crohn’s disease and cancer [12, 13]. Recent studies have
further demonstrated that miR-146a rs2910164 is asso-
ciated with the pathogenesis of ischemic stroke [14].
However, no studies have elaborated the roles of miR-
146a rs2910164 and miR-34b rs4938723 in the develop-
ment of ACS and their underlying mechanisms.

Our present work demonstrated that the miR-146a
rs2910164, not miR-34b rs4938723, polymorphism is
a risk factor for ACS and that patients carrying the G
allele have higher mortality after percutaneous coro-
nary intervention (PCI). Our data suggest a mechanism
by which oxidatively modified miR-146a rs2910164
mismatches with the 3'UTR of IKBA, thereby activating

NF-kB inflammatory pathways that leads to cardiovas-
cular events.

Methods

Study population

This research consists of two independent studies: a
case—control and a validation cohort. In the case—con-
trol study, we screened a total of 1605 CAD patients and
finally included 1171 Han patients aged 24-80 years.
Patients with stable angina (SA) were included in the
control group (n=552). The ACS group (n=619)
included patients with acute ST-segment elevation myo-
cardial infarction (STEMI), acute non-ST-segment ele-
vation myocardial infarction (NSTEMI), and unstable
angina (UA).

The prospective cohort study screened a total of
697 patients with ACS undergoing primary percuta-
neous coronary intervention (PCI), 53 patients were
excluded according to the exclusion criteria, 32 patients
(4.5%) were lost to follow-up, and finally 612 patients
were included in the study. Based on the genetic analy-
sis, they were divided into miR-146a rs2910164 CC, CG
and GG groups. Subjects with different genotypes were
followed for 14 to 60 months (median follow-up time
is 42 months) to assess the incidence of mortality and
MACE. The endpoint was major adverse cardiovascular
events (MACE), including all-cause death, nonfatal acute
myocardial infarction, revascularization, and stroke.

This study was conducted at the First Affiliated Hos-
pital of Xi’an Jiaotong University from January 2016 to
October 2021. Patients were excluded from the case—
control study and the cohort study with the following
cases: acute infections, post-revascularization, serious
liver or kidney disease, cancer or acute stroke. Written
informed consent was obtained from all study partici-
pants, and this study was approved by the ethnic com-
mittee approval of the First Affiliated Hospital of Xi'an
Jiaotong University.

Clinical measurements

Well-trained interviewers and investigators gathered
all samples and clinical data. A history of smoking was
defined as either past or current history of cigarettes.
Hypertension was defined as either the systolic blood
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Fig. 1 MiR-146a and miR-34b are highly expressed in CAD patients. A Principal component analysis (PCA) of GSE64566 dataset from the NCBI_GEO
database (https://www.ncbi.nim.nih.gov/gds/); B Volcano plot. Red represents up-regulated genes; blue represents down-regulated genes; black
represents genes with no significant difference in expression, each point in the figure represents a gene, and the screened differential genes

are genes within the range of p-value <0.05, |[FC|> 1.2; C Heatmap. Each small square in the figure represents 1 gene in 1 sample, and its color
represents the expression value of the gene. The darker the color, the higher the gene expression level (red for up-regulated genes, blue for
down-regulated genes). Differentially expressed genes with p-value <0.05 and |FC|> 1.2 are shown in the figure; D, E. Boxplot of miR-146a and

miR-34b expression

pressure higher than 140 mmHg or diastolic blood pres-
sure higher than 90 mmHg. Diabetes mellitus (DM) was
defined as fasting plasma glucose>7.0 mmol/L or use
of anti-diabetic therapies, or HbAlc>6.5%. The body
weight (kg) and height (m) of each subject were acquired
during the initial visit. Body mass index (BMI) was calcu-
lated by the equation of body weight (kg)/height square
(m?).

Genetic analysis

Genomic DNA was extracted from white blood cells
using the commercially available DNA isolation kit (Tian-
gen Biotech, Beijing, China) according to the manufactur-
er’s instructions. Genotypes for individual DNA samples
were genotyped using the ABI PRISM- Snapshot method
(Applied Bio system, CA, USA). More detail information
was shown in Additional files. Genotypes of 2 SNPs were
identified by capillary electrophoresis (ABI PRISM3730
DNA Sequencer; Applied Biosystems). The results were
analyzed with GeneMapper 3.0 software (Applied Bio-
systems). All SNapShot and PCR primers were listed in
Additional file 1: Table S2. Genotyping quality control
procedures for study have been described in detail [15].
In order to evaluate the multiplex SNaPShot results, 40

samples were randomly selected and regenotyped by
direct sequencing using a BigDye terminator (Applied
Biosystem). All assays were 100% concordant.

Measurement of serum cytokines

Overnight after admission, all blood samples (5 mlL)
were collected into tubes containing anticoagulant and
then were centrifuged for 10 min at 3000 rpm. The con-
centrations of serum high sensitivity C-reactive pro-
tein (hs-CRP), fasting glucose, high density lipoprotein
cholesterol(HDL-C) and triglyceride(TG) were deter-
mined at the laboratory in the hospital. Low-density
lipoprotein cholesterol (LDL-C) was calculated using the
Friedewald formula. Interleukin-1p (IL-1p), interleukin-6
(IL-6), and tumor necrosis factor-a (TNF-«) in serum
were determined by ELISA kits (R&D Systems, Minne-
apolis, MN, USA).

Calculation of Gensini’s score

The Gensini score was calculated for each patient from
the coronary angiogram. Gensini score grades a severity
score to each coronary stenosis as 1 for 1 to 25% narrow-
ing, 2 for 26 to 50%, 4 for 51 to 75%, 8 for 76% to 90%, 16
for 91% to 99%, and 32 for a completely occluded artery.
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Fig. 2 MiR-146a rs2910164 polymorphism is a risk factor for ACS. A Flow chart of case control study; B-D Serum IL-18, IL.-6 and TNF-a levels in
control group and ACS group. The unit is pg/ml. ***p <0.001 versus Control; E-G Among all 1171 individuals, serum IL-13, IL-6 and TNF-a levels in

different genotypes of miR-146a rs2910164. The unit is pg/ml. ***p <0.001

The score is then multiplied by a factor according to the
importance of the coronary artery. The multiplication
factor is 5 for a left main coronary artery, 2.5 for proximal
left anterior descending artery and proximal circumflex
artery, 1.5 for a mid left anterior descending artery, and 1
for distal left anterior descending artery, mid or distal cir-
cumflex artery, and right coronary artery. The multiplica-
tion factor for any other branch is 0.5. Gensini score was
showed as the sum of the scores for all coronary arteries.

Statistical analysis

Categorical variables are presented (%) and continu-
ous variables are presented as mean +SD. Data from all
groups were compared using thex2 test for categorical
variables and a Student t test for continuous variables.
The odds ratio and 95% confidence intervals (CI) were
calculated using logistic regression to achieve the rela-
tive risks of various genotypes for ACS. The association

versus CC genotype, ### p <0.001 versus CG genotype; H Forest plot

between different genotypes and the risks of MACE was
estimated by Kaplan—Meier survival and Cox regression
analysis. Hazard ratios (HR) were presented with 95% CI
to reveal the risk of an event when this factor is appeared.
All calculations and graphs were performed using R ver-
sion 4.2.2 (Vienna, Austria) and Graphpad prism version
8.0 softwares. Statistically significant differences were
defined as P <0.05 using a two-tailed test.

Results

MiR-146a and miR-34b, two microRNAs with rs2910164
and rs4938723 polymorphisms, are highly expressed

in CAD patients

To determine which microRNAs are highly expressed in
patients with coronary artery disease (CAD), we down-
loaded the non-coding RNA dataset GSE64566 from the
NCBI_GEO database (https://www.ncbi.nlm.nih.gov/
gds) [16]. Epicardial adipose tissues (EAT) from control
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Table 1 Basic information of control subjects and ACS patients

Control (n=552) ACS(n=619) P value
Age,y 56.67+10.87 5845+10.96 0.006
Male, n (%) 272 (49.3) 340 (54.9) 0.053
Smoking, n (%) 170(30.8) 225(36.3) 0.045
Drinking, n (%) 112(20.3) 123(19.9) 0.858
Hypertension, n (%) 270(48.9) 342(55.3) 0.030
Diabetes mellitus, n (%)  124(22.5) 168(27.1) 0.065
Family history, n (%) 90(16.3) 134(21.5) 0.020
BMI, kg/m? 24804343 25.16+3.10 0.063
SBP, mmHg 126.82+19.60 124742157 0.084
DBP, mmHg 79.28+13.00 7798+ 13.56 0.096
Heart rate, bmp 73.63+10.14 7483+ 15.04 0.107
LVEF, % 56.60 +8.88 5525+11.04 0.021
Creatinine, mg/d| 79.09+ 1648 81.42+22.06 0.042
FBG, mmol/I 642+145 6.72+191 0.002
CK, U/I(IQR) 73.65(58.88) 91.50(80.20) <0.001
CK-MB, U/I(IQR) 11.60(5.58) 13.50(10.50) <0.001
FIB, g/1 305+1.15 372+1.14 <0.001
D-Dimer, mg/I(IQR) 0.56(0.84) 0.85(0.70) <0.001
FDP, mg/I 3.04+1.15 3.72+1.72 <0.001
CRP, ug/ml 2754092 6.47 +2.94 <0001
BNP, ng/I(IQR) 124.99(193.56) 418.87(961.20)  <0.001
TC, mmol/I 3.82+0.77 401+1.07 <0.001
TG, mmol/I 1.87+£0.86 1.93+0.80 0.282
HDLC, mmol/I 1.01+0.16 0.99+0.23 0.030
LDLC, mmol/I 224+0.77 2.38+0.91 0.004
ApoAT, g/l 1.01£0.20 1.02+0.20 0425
ApoB, g/l 0.76+0.24 0.79+024 0.113
Apok, g/l 3589+1257 36.85+14.40 0.230
Lpa, mg/dl 196.32 +£69.37 207.00+£99.72 0.032
Hb, g/ 136.25+16.81 1382741739 0.044
WBC, 10°/I 6.01+247 9.00+443 <0.001
ACEl, % 308(55.8) 364(58.8) 0.299
B-blocker, % 430(77.9) 509(82.2) 0.063
Statin, % 476(86.2) 555(89.7) 0.071
Aspirin, % 519(94.0) 595(96.1) 0.095
CCB, % 153(27.7) 407(65.8) <0.001

BMI body mass index; SBP systolic blood pressure; DBP diastolic blood pressure;
LVEF left ventricular ejection fraction; FBG fasting blood glucose; CK creatine
kinase; CK-MB creatine kinase isoenzymes; FIB fibrinogen; FDP fructose-1,
6-diphosphate; CRP C-reactive protein; BNP brain natriuretic peptide; TC total
cholesterol; TG: triglyceride; HDL high-density lipoprotein cholesterol; LDL
low-density lipoprotein cholesterol; Apo Apolipoprotein; Lpa lipoprotein a; HGB
hemoglobin; WBC white blood cell count; ACEl angiotensin converting enzyme
inhibitor; ARB angiotensin receptor blocker; CCB calcium channel blocker

(n=8) and CAD (n=11) patients was used as samples
for differential gene expression analysis. Principal com-
ponent analysis (PCA) revealed significant differences
in gene expression between the control and CAD groups
(Fig. 1A). Volcano plots and heatmaps showed increased
expression of 13 microRNAs in CAD patients (Fig. 1B,
C). See Additional file 2: Excell_Different miRNA for
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details. We then performed a secondary analysis of the
data on microRNA expression in atherosclerotic plaques
provided by Emma Raitoharju’s article[8] and found that
seven microRNAs were highly expressed in atheroscle-
rotic plaques (Additional file 1: Table S1). By comparison,
we found that miR-146a and miR-34b were increased in
both epicardial fat and atherosclerotic plaques in CAD
patients (Fig. 1C-E, Additional file 1: Table S1). Next,
All SNPs of miR-146a and miR-34b were then screened
using the online tool miRNASNP V3 (http://bioinfo.life.
hust.edu.cn/miRNASNP#!/). We excluded SNPs with
minor allele frequency (MAF)<0.05 and finally targeted
two SNPs: miR-146a rs2910164 and miR-34b rs4938723.
Several literatures [14, 17, 18] have reported that miR-
146a rs2910164 and miR-34b rs4938723 polymorphisms
are associated with CAD and ischemic stroke. How-
ever, there are few reports on the association of the two
SNPs with acute coronary syndrome (ACS). Therefore,
we hypothesize that miR-146a rs2910164 and miR-34b
rs4938723 may also be involved in the development of
ACS.

MiR-146a rs2910164, but not miR-34b rs4938723,
polymorphism is a risk factor for ACS
We screened 1605 CAD patients and eventually identi-
fied 1171 patients (Fig. 2A). Among them, patients with
stable angina pectoris (SA) were included in the control
group (n=552). Patients with acute ST-segment eleva-
tion myocardial infarction (STEMI), acute non-ST-seg-
ment elevation myocardial infarction (NSTEMI), and
unstable angina pectoris (UA) were included in the ASC
group (n=619). Comparing baseline data between the
two groups, we found that the ACS group was older, had
higher rates of smoking, hypertension, and family his-
tory, and had worse cardiac and renal function (Table 1).
Furthermore, serum levels of inflammatory factors IL-1
and IL-6 were significantly higher in the ACS group than
in the control group (p<0.001). Although TNEF-a levels
were also higher in the ACS group than in the control
group, there was no statistical difference. (Fig. 2B-D).
The Hardy—Weinberg law of equilibrium (HWE) is
the most important principle of population inheritance.
In Table 2, after the HWE test was performed on both
the control and the ACS group, it was confirmed that
the gene distribution of miR-146a rs2910164 and miR-
34b rs4938723 loci in the two groups were in line with
the Hardy—Weinberg equilibrium (rs2910164: p of con-
trol group=0.614, p of ACS group=0.975; rs4938723: p
of control group=0.478, p of ACS group=0.111). Sub-
sequently, we performed a chi-square test on the miR-
146a rs2910164 and miR-34b rs4938723 SNPs between
the two groups and found that the miR-146a rs2910164
SNP was a risk factor for ACS in both dominant and
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Table 2 Association of miRNA polymorphisms with ACS Risk
Control (n=552) ACS (n=619) X2 OR (95% Cl) P Value

miR146aC>G

CcC 216 (39.13%) 208 (33.60%) 1.000 (reference)

CG 263 (47.64%) 302 (48.79%) 1.873(vs. CQ) 1.192 (0.927-1.534) 0171

GG 73 (13.23%) 109 (17.61%) 5.991 (vs. CQ) 1.551 (1.090-2.205) 0.014
Dominant model (CC vs. CG+GG) 3.860 1.270(1.000-1.613) 0.049
Recessive model (CC+CG vs. GG) 4273 1.402 (1.017-1.934) 0.039
HWE x2 0.254 0.001
HWE p 0614 0.975
miR34bT>C

TT 245 (44.38%) 291 (47.01%) 1.000 (reference)

TC 251 (45.47%) 279 (45.07%) 0.291(vs. TT) 0.936 (0.736-1.191) 0.589

CcC 56 (10.15%) 49 (7.92%) 2.049(vs. TT) 0.737 (0484 -1.121) 0.152
Dominant model (TT vs. CT+CC) 0.811 0.900 (0.714-1.133) 0.368
Recessive model (TT+CT vs. CC) 1.776 0.761(0.509-1.138) 0.183
HWE x2 0.503 2543
HWE p 0478 0111

miRNA microRNA; ACS acute coronary syndrome; OR Odds ratio; C/ Confidence interval; HWE Hardy-Weinberg equilibrium test

recessive modes (Dominant model: OR=1.270, 95%CI
(1.000, 1.613), p=0.049; Recessive model: OR=1.402,
95%CI (1.017, 1.934), p=0.039). Whereas, the difference
of miR-34b rs4938723 SNP between the two groups was
not statistically significant in both dominant and reces-
sive modes (Table 2). In addition, as shown in Fig. 2E-G,
among all 1171 patients, serum IL-1f, IL-6 and TNF-a
levels were significantly higher in patients carrying the
miR-146a rs2910164 G allele (CG+ GG genotype) than
in those carrying the miR-146a rs2910164 C allele (CC
genotype). However, there was no difference in serum
inflammatory factor levels among patients with miR-34b
rs4938723 TT, TC and CC genotypes (Additional file 1:
Figure S1 A-C). Finally, Age, gender, smoking, hyperten-
sion, diabetes, LVEF, serum CRP, TC, LDLC and HDLC
levels, rs2910164 CG and rs2910164 GG were included
to construct a multifactorial logistic regression equation.
The results found that: men were more likely to develop
ACS than women (OR=1.438, 95%CI (1.032, 2.004),
p=0.032); diabetes increased the risk of ACS (OR=1.602,
95%CI (1.109, 2.314), p=0.012); higher serum CRP and
TC levels were associated with a higher risk of ACS
(CRP: OR=2.348, 95%CI (2.010, 2.626), p<0.001; TC:
OR=1.486, 95%CI (1.125, 1.963), p=0.005); higher
serum HDLC levels were associated with a lower risk of
ACS (OR=0.138, 95%CI (0.058, 0.331), p<0.001); and
most importantly rs2910164 GG remained a risk factor
for ACS (OR=1.820, 95%CI (1.119, 2.961), p=0.016)
(Fig. 2H). These results suggest that miR-146a rs2910164
polymorphism is a risk factor for ACS, and patients

carrying miR-146a rs2910164 G allele have higher levels
of inflammation.

MiR-146a rs2910164 polymorphism is associated

with inflammatory factor levels and the severity

of coronary lesions in the ACS group

We examined the relationship between the above two
SNPs and inflammatory factor levels within the control
and ACS groups, respectively, and found that the miR-
146a rs2910164 polymorphism was weakly associated
with inflammatory factor levels in the control group
(Fig. 3A-C). Control individuals with GG genotype
had slightly higher TNF-a serum level than CC and
CG genotypes. However, IL-1p and IL-6 serum levels
did not differ among individuals with the three geno-
types (Fig. 3A—C). Surprisingly, within the ACS group,
the three serum inflammatory factor levels were sig-
nificantly higher in patients with the CG and GG geno-
types than in patients with the CC genotype. And the
TNF-a level of patients with GG genotype was higher
than that of CG genotype patients (Fig. 3D-F). The
miR-34b rs4938723 polymorphism was not associated
with inflammatory factor levels in either the control or
ACS groups (Additional file 1: Figure S1D-I).

Gensini score takes full account of the number, loca-
tion and extent of coronary lesions and is a commonly
used and relatively scientific evaluation standard based
on angiography to assess the severity of coronary ath-
erosclerosis. Within the ACS group, the mean Gensini
scores of patients with miR-146a rs2910164 CC, CG,
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Fig. 3 MiR-146a rs2910164 polymorphism is associated with inflammatory factor levels and the severity of coronary lesions in the ACS group.
A-C Within control group, serum IL-1p3, IL-6 and TNF-a levels in different genotypes of miR-146a rs2910164. The unit is pg/ml. ***p <0.001 versus
CC genotype, ### p<0.001 versus CG genotype; D, E Within ACS group, serum IL-1, IL-6 and TNF-a levels in different genotypes of miR-146a
rs2910164. The unit is pg/ml. ***p <0.001 versus CC genotype, ### p <0.001 versus CG genotype; F-G Within ACS group, Gensini scores of patients
with different genotypes of miR-146a rs2910164. **p <0.01 and ***p <0.001 versus CC genotype, ### p <0.001 versus CG genotype

and GG genotypes were 52.46+2.11, 63.31+2.35 ~ GG genotype. Taken together, it appears that patients
and 84.89+4.00, respectively. As shown in Fig. 3G, H, carrying the G allele had higher levels of inflammation
patients carrying the G allele had significantly higher and more severe coronary lesions.

Gensini scores: the score of patients with CG genotype

was significantly higher than that of patients with CC

genotype, and it was further increased in patients with
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A. Validation Cohort
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were screened

53 patients were
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exclusion criteria
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judging by miR-146a rs2910164 polymorphism. MACE: major adverse cardiovascular events; D, E Kaplan-Meier survival curve for death judging by

miR-146a rs2910164 polymorphism

Polymorphism of miR-146a rs2910164 was associated

with the outcome of post-PCl patients

The above study found that miR-146a rs2910164 poly-
morphism was associated with levels of inflammatory
factors only in the ACS group, and that patients carry-
ing the G allele had more severe coronary lesions, so we
hypothesized that it might be related to the prognosis of
post-PCI patients. We screened 697 post-PCI patients,
and 612 patients were finally included in the validation
cohort due to inclusion and exclusion criteria and loss to
follow-up (Fig. 4A). They were categorized into CC, CG,
and GG groups according to miR-146a rs2910164 geno-
types, and were followed up for 14 to 60 months (median
follow-up time is 42 months). Baseline data showed that
patients with CG genotype were older than patients with
CC genotype. GG genotype patients had higher lipopro-
tein a (Lpa) levels than CC genotype patients, and their
fibrinogen (FIB) levels were higher than CG genotype
patients (Table 3). The rest of the medical history, bio-
chemical indicators and medication history did not dif-
fer significantly among patients with different genotypes
(Table 3). Proportional hazards model was used to detect
the correlation between miR-146a rs2910164 polymor-
phism and MACE. Table 4 showed that in the domi-
nant model post-PCI patients with G allele were more
prone to have MACE (HR=1.405 95% CI (1.018-1.939),
P=0.038). Kaplan—Meier survival curves also indicated

that patients with the GG genotype were most likely to
have MACE compared to those with the CG and CC
genotypes (Fig. 4B, C, Additional file 1: Figure S2A, B).
In addition, Kaplan—Meier curves for mortality indicated
that patients carrying G allele had higher mortality com-
pared with patients carrying C allele (Fig. 4D, E Addi-
tional file 1: Figure S2C, D). In brief, these data indicate
that miR-146a rs2910164 polymorphism was associated
with the outcome of post-PCI patients.

The G allele of miR-146a rs2910164 is susceptible

to oxidation

Guanine can be hydroxylated by reactive oxygen spe-
cies (ROS) to yield 8-oxo-7,8-dihydro-2’-deoxyguano-
sine (80OHdG) in DNA and 8-oxo-7,8-dihydroguanosine
(80OHG) in RNA [19-21]. Wang, ].X et al. reported that
miRNAs can also be oxidized in response to oxida-
tive stress [22]. Oxidative stress plays a pivotal role in
the process of atherosclerosis. Under such pathological
conditions, ROS, including hydrogen peroxide (H202)
and hydroxyl radicals (-OH), cause cell-damaging effects
through oxidative modification of biomolecules such as
proteins and nucleotides (DNA and RNA). Therefore,
we infer that the G allele of miR-146a rs2910164 is sus-
ceptible to oxidation in ACS patients. To test whether
the G allele can be oxidatively modified, we used an anti-
8-OHG antibody that recognizes oxidatively modified
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Table 3 Basic information of patients with different miR-146a
12910164 genotypes

CC(n=228) CG(n=293) GG (n=91)
Age,y 570741141 592241081*  59.01+9.63
Male, n (%) 192(84.2) 243(82.9) 72(79.1)
Smoking, n (%) 138(60.5) 187(63.8) 60(65.9)
Hypertension, 107(46.9) 140(47.8) 48(52.7)
n (%)
Diabetes mellitus,  43(18.9) 44(15.0) 12(13.2)
n (%)
Family history, 13(5.7) 16(5.5) 11012.1)
n (%)
SBP. mmHg 1237241919 1264742340 1258542231
DBP, mmHg 78.13+11.96 78.86+14.52 77.34+12.53
Heart rate, bmp 741941206 75.02+1641 759241474
LVEF, % 56.32+11.51 56.84+11.46 56.44+11.04
Creatinine, mg/dl  81.16 +£20.37 79.12 42460 7808 +21.11
FBG, mmol/I 7.67+346 7.12+3.02 7.82+349
UA, umol/I 315.08+£9279 32013+£91.82 3135111839
FIB, g/ 358+133 353+142 3.86+ 146"
D-Dimer, mg/I 0.80(0.65) 0.79(0.80) 0.85(0.83)
(IQR)
CRP, pg/ml(IQR) 2.28(5.55) 1.82(5.49) 1.90(6.19)
BNP, ng/I(IQR) 275.90(936.23)  163.30(889.97) 164.3 (850.23)
TC, mmol/I 4.01+0.99 402+1.05 422+1.13
TG, mmol/I 1.68+0.94 167+1.13 1.59+£1.01
HDLC, mmol/I 1.01+£0.24 0.98+0.25 1.02+0.22
LDLC, mmol/I 233073 2.38+082 2514095
ApoA1, g/l 1.05+£0.20 1.04+0.22 165+057
ApoB, g/l 0.77+0.23 0.80+0.30 0.83+0.30
Lpa, mg/dl 184.75+17693 187.86+150.28 225.60+ 189.41*
ACEI, n (%) 206(90.3) 264(90.1) 84(92.3)
B-blocker, n (%) 201(88.2) 250(85.3) 85(934)
Statin, n (%) 217(95.2) 281(95.9) 81(89.0)

SBP systolic blood pressure; DBP diastolic blood pressure; LVEF left ventricular
ejection fraction; FBG fasting blood glucose; FIB fibrinogen; CRP C-reactive
protein; BNP brain natriuretic peptide; TC total cholesterol; TG: triglyceride; HDL
high-density lipoprotein cholesterol; LDL low-density lipoprotein cholesterol;
Apo Apolipoprotein; Lpa lipoprotein a; ACEl angiotensin converting enzyme
inhibitor; *p < 0.05 versus CC genotype, #p < 0.05 versus CG genotype

8-OHG. To avoid interference from other RNAs, miRNA
fractions were purified from monocytes isolated from
ACS patients and control individuals. As shown in
Fig. 5A, we observed an increase in oxidatively modi-
fied miRNAs in monocytes from ACS patients. To ver-
ify whether the G allele of miR-146a rs2910164 could
be oxidized to 8-OHG, we synthesized wild-type miR-
146a(miR-146a(C)) and miR-146a mutated to G at
rs2910164 (miR-146a(G)). They were then oxidized by
the Fenton reaction and identified by HPLC-UV spec-
troscopy. Figure 5B shows that miR-146a(G) can be
modified by oxidation. Together, these data suggest that
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miRNAs in ACS patients are more susceptible to oxida-
tive modification, and miR-146a(G) can be oxidized to
oxi-miR-146a(Q).

Oxidized miR-146a rs2910164 mismatches with the 3’'UTR
of IKBA and activates the NF-kB inflammatory pathway
8-OHG has been well characterized as pairing with
A instead of C, resulting in changes in the targeting
mRNA [23]. Through Targetscan, miRanda, miRMap,
miTarBase and miRDB database predictions [24-28],
it was found that miR-146a may interact with mRNAs
related to the NF-«B signaling pathway (Additional
file 1: Figure S3A, B, Additional file 3: Excel2_miR 146a
target). Besides, the above results suggest that patients
carrying rs2910164 G allele have higher levels of inflam-
mation. Therefore, we speculated that oxi-miR-146a(G)
interact with mRNAs of the IKB protein family. After
alignment, it was found that oxi-miR-146a(G) may
be complementary to two sites in the 3'UTR of IKBA
(Fig. 5C). To investigate whether these potential sites
can be targeted by oxi-miR-146a(G), we made a lucif-
erase construct of wild-type IKBA 3'UTR. The lucif-
erase reporter assay indicated that oxi-miR-146a(QG)
caused a significant decrease in the luciferase activity
of the IKBA 3’ UTR, whereas miR-146a(C) and miR-
146a(G) had no effect on the IKBA 3’ UTR (Fig. 5D).
Next, we transfected THP-1 with miR-146(C) and miR-
146(G). In monocytes transfected with miR-146(G), a
decrease in the protein expression level of IkBa and an
increase in the protein expression of P65 were observed
after ox-LDL treatment (Fig. 5E, F). This implies that
ROS stimulated by ox-LDL oxidatively modified miR-
146(G), which in turn inhibited the protein expression
of IkBa, leading to an increased level of inflamma-
tion. Immunohistochemical staining of carotid plaques
from atherosclerotic patients obtained after atherec-
tomy showed that the expression of P65 protein was
increased in the plaques of patients with CG and GG
genotypes (Fig. 5G). This result further demonstrated
that in patients with the rs2910164 G allele, miR-146a
rs2910164 mismatches with the IKBA 3'UTRs and
the intra-plaque NF-kB inflammatory pathways were
activated.

Discussion

This research includes a case—control study and a valida-
tion cohort. We first identified miR-146 rs2910164, but
not miR-34b rs4938723, associated with the develop-
ment of ACS using a case—control approach, and then
followed with a validation cohort to determine a causal
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Table 4 Association of miR-146a rs2910164 polymorphisms with MACE
Patients without MACE Patients with MACE HR(95%Cl) P value
(n=440) (n=172)
miR146aC>G
CC 160 (36.36%) 47 (27.33%) 1.000 (reference)
cG 213 (48.41%) 89 (51.74%) 1.146 (0.966-1.359) 0.118
GG 67 (15.23%) 36 (20.93%) 1.732(1.123-2.671) 0.013
Dominant model (CC vs. CG+GG) 1.405 (1.018-1.939) 0.038
Recessive model (CC+CG vs. GG) 1.107 (0.821-1492) 0.506
HWE x2 0.080 0.263
HWE p 0.778 0.608

miRNA microRNA; MACE major adverse cardiovascular events; HR Hazard ratio; HWE Hardy-Weinberg equilibrium, C/ Confidence interval

relationship between miR-146 rs2910164 and outcomes
of post- PCI patient. The G allele of miR-146a rs2910164
was an independent predictor of MACE for ACS patients
after PCL. The results provided new evidence for the rela-
tionship between miRNAs polymorphisms and both the
onset of ACS and long-term prognosis of ACS patients.

The C allele of miR-146a rs2910164 has been reported
to be a risk allele for nasopharyngeal carcinoma, while
the G allele is a risk allele for asthma and vascular disease
[29-31]. In our current case—control study, patients car-
rying the G allele of miR-146a rs2910164 had 1.270-fold
(dominant model) or 1.402-fold (recessive model) higher
risk of ACS than those with the C allele, indicating that
the G allele of miR-146a rs2910164 is a susceptible allele
for ACS. In addition, compared to C allele carriers, G
allele carriers had a 1.405-fold(dominant model) higher
incidence of MACE after PCI during the 5-year follow-
up period. Moreover, the G allele of miR-146a rs2910164
was associated with serum inflammation factor levels.

Although several studies have shown that the miR-
34 family is associated with the development of cardio-
vascular diseases such as coronary atherosclerosis and
acute myocardial infarction [32-34]. However, our study
revealed that polymorphism of miR-34b rs4938723 was
not associated with the incidence of ACS and serum
inflammatory factor levels.

Several articles have demonstrated that miR-146a
inhibits inflammation levels by targeting the upstream
NF-kB signaling proteins: interleukin-1 receptor-asso-
ciated kinase 1 (IRAK1) and TNF receptor-associated
factor 6 (TRAF6) through a negative feedback mecha-
nism [35-37]. However, we observed that patients with
miR-146a rs2910164 variant had higher levels of inflam-
mation, so we speculate that perhaps the rs2910164 poly-
morphism alters the original target of miR146a and its
physiological function.

Guanines in miRNAs can be hydroxylated by reac-
tive oxygen species (ROS) to generate 8-oxo-7,8-dihy-
droguanosine (80OHG) [19-22]. 8-OHG pairs with A
instead of C, resulting in changes in the miRNA-mRNA
pairing [23].We first detected higher levels of miRNA
oxidation, including miR146a, in monocytes from ACS
patients. Secondly, it was demonstrated by HPLC-UV
spectroscopy that mutated mir-146(miR-146a(QG)),
but not wild-type 146(miR-146a(C)), can be oxida-
tively modified. Oxi-miR-146a(G) activates the NF-kB
pathway by mismatching with 3'UTR of IKBA. These
results suggest that the pathogenicity of the miR-146a
rs2910164 G allele is mediated in part by its mismatch
with IKBA and its regulatory role in the inflamma-
tory response. This conclusion is further supported
by immunostaining for P65 in human atherosclerotic
plaques.

Interestingly, some miRNAs were downregulated in
CAD patients during our bioinformatics analysis. The
downregulated genes are sorted according to the fold
difference from large to small: miR-589, miR-520h,
miR-144, miR-518f, miR-379, miR-512-5p, miR-668
and miR-554. Most of these miRNAs play roles in can-
cer, while there are few studies on them related to car-
diovascular diseases.

MiR-520h can promote tumor growth and progres-
sion in hepatocellular carcinoma cell and breast cancer.
Meanwhile, miR-520 h can target smad7/EMT, promot-
ing the metastasis of bladder cancer cells [38]. Similarly,
miR-518f-5p can reduce the expression of the tetraspanin
CD9 in prostate cancer cells [39]. Danielle R Bond et al.
also verified that the transfection of miR-518f-5p signifi-
cantly decreased CD9 protein expression and increased
breast cell migration in vitro [40]. These studies show
that miR-518f-5p can enhance the migration and inva-
sion ability of prostate cancer cells and breast cancer
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Fig. 5 Oxidized miR-146a rs2910164 mismatches with the 3'UTRs of IKBA and activates the NF-kB inflammatory pathway. A MiRNA fractions
were purified from monocytes isolated from controls and ACS patients, and 8-OHG levels were determined by Northwestern blotting using
an anti-8-OHG antibody; B Analysis of 8-OHG in mir-146(C) and mir-146(G) by HPLC-UV spectroscopy; C Outline of luciferase reporter assay for
validating the interaction of oxi-miR-146a(G) with IKBA 3’ UTR. The miRNA response elements (MREs) of oxi-miR-146a(G) in human IKBA 3 UTR
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with A. M1, MRE1; M2, MRE2; D Oxidized miR-146a(G) reduces the luciferase activities of IKBA 3/ UTR. HEK293 cells were transfected with the
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cells. As of miR-554, Yasuo Takashima et al. found that  T-reg differentiation status, and stimulatory and inhibi-
miR-554 is designated as a miRNA predictor in PCNSL  tory immune checkpoints [41]. MiR-554 has been identi-
(primary central nervous system lymphoma), which is  fied as a reliable prognostic predictor of PCNSL.
associated with all categories such as Th-1/Th-2 and
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However, miR-512-5p plays a significant inhibitory role
in tumor progression. MiR-512-5p can target a variety of
different genes, inhibit the expression of tumor related
genes, and reduce the tumor cell’s ability of prolifera-
tion, migration, and invasion. Yixiang Huang et al. found
that in breast cancer, circular RNA circRPPHI acted as a
miRNA sponge of miR-512-5p, which inhibits the com-
bination of miR-512-5p and 3 ’- UTR of STAT1, reduces
the expression of STAT1, and promotes the he prolifera-
tion, migration and colony formation ability of Breast
cancer cells [42].miR-668 plays a protective role against
renal injury after ischemia—reperfusion (IRI). In ischemic
acute renal injury, HIF1 induces miR-668 during the
ischemic reperfusion (IRI) interval. This microRNA can
inhibit the expression of mitochondrial protein 18 kDa
(MTP18), maintaining mitochondrial dynamics and pro-
moting the survival of renal tubular cells after IR [43].

In acute myocardial infarction (AMI), miR-379 binds
tumor necrosis factor-a-induced protein 8 (TNFAIP8)
and inhibits its activity significantly, leading to the reduce
of the level of apoptosis and the inhibition NK-kB signal
pathway in H9c2 cells. This study shows that miR-379
can play a protective role in the heart [44].

MiR-144 can be used as a sequence specific inhibitor
of ABCA1/G1 (ATP binding cassette transporter) mRNA
to control gene expression. MiR-144 binds to the 3’'UTR
region site of ABCA1/G1.This will reduce the outflow of
cholesterol to apolipoprotein Al (ApoAl) mediated by
the ABCA1/G1 of hepatocytes and macrophages, pro-
moting inflammatory activation and atherosclerosis [45].

Studies have shown that COX2 promoter RNA contains
two miR-589-5p binding sites. MiR-589 is an endogenous
activator in the nucleus that can regulate the expression
of COX-2 and PLA2G4A genes at the transcriptional
level. Activation of the COX-2 gene by miR-589 requires
AGO2 and GW182. COX-2 catalyzes the conversion of
arachidonic acid and further metabolizes it to prostaglan-
dins and other arachidonic acids. These arachidonic acids
mediate many biological processes, including inflamma-
tion, cellular immunity, and cancer [46].

There are several limitations in our present study.
Firstly, our data did not provide the expression levels of 3
different isoforms of miR-146a under the current circum-
stances. Secondly, the content of serum cytokines was
measured at the time of admission and were not moni-
tored dynamically. Thirdly, the validation cohort should
be collected at different hospitals, or even multiple hospi-
tals in different regions.
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Conclusion

The rs2910164 variant of miR-146a is closely associ-
ated with the risk of ACS in Chinese Han population.
The patients carrying miR-146a with G allele inclines to
be oxidized and may have a more serious pathological
change and poorer post-PCI prognosis, partly due to the
oxidatively modified miR-146a mispairing with 3'UTR of
IKBA and activating NF-«B inflammatory pathways.
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