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Abstract. Rapid and accurate differential diagnosis of acute
myocardial infarction (AMI) is crucial for timely interventions
and the improvement of prognosis. However, this is difficult
to achieve using current methods. Therefore, the present study
aimed to evaluate the suitability of circulating microRNAs
(miRNAs) as AMI biomarkers in patients with acute coro-
nary syndrome (ACS). miRNA profiling in plasma samples
from patients with AMI (n=3) and healthy controls (n=3) was
performed using microarrays. Results were then validated
in five patients and five healthy controls. miRNA-125b-5p
and miR-30d-5p expression levels were quantified in plasma
samples from 230 patients with ACS and 79 healthy controls
using reverse transcription-quantitative polymerase chain reac-
tion. Routine diagnostic parameters were assessed, including
creatinine kinase MB, cardiac troponin I (cTnl) and myoglobin.
A total of 33 miRNAs were differentially expressed in
patients with AMI and healthy controls. Following validation
based on the previously established roles for these miRNAs,
six miRNAs were validated. miR-125b-5p and miR-30d-5p
were selected for further investigation. Expression levels of
miR-125b-5p and miR-30d-5p in plasma were higher in patients
with ACS compared with the healthy controls (P<0.001).
Receiver operating characteristic curve analysis revealed that
the area under the curve of miR-30d-5p was higher than that
of cTnl (0.915 and 0.899). miR-125b-5p (sensitivity, 0.808;
specificity, 0.845) and miR-30d-5p (sensitivity, 0.855;
specificity, 0.810) were suitable diagnostic predictors of AMI.
Kaplan-Meier survival analysis indicated thatmiR-125b-5p levels
were associated with 6 month cardiovascular events in patients
with AMI, but not miR-30d-5p. miR-125b-5p and miR-30d-5p
presented a diagnostic value for early diagnosis of AMI, and
miR-30d-5p may have a higher diagnostic value than cTnl.
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Introduction

Acute coronary syndrome (ACS) covers the spectrum of
acute myocardial ischemia and/or necrosis that is commonly
secondary to reduced coronary blood flow. ACS also includes
unstable angina pectoris (UAP) and acute myocardial infarc-
tion (AMI) (1-5). ACS is common in emergency rooms and
each year it is responsible for 1 million hospital admissions
in the USA and 2 million in Europe (5). Early diagnosis and
intervention are crucial in order to minimize the damage to
the cardiac muscle (1-5), as treatment may significantly reduce
mortality and improve long-term prognosis (6). For accurate
ACS diagnosis, physical examination, electrocardiography,
radiologic studies and cardiac biomarker tests are essential,
and these also aid in guiding treatment (1). Timely and appro-
priate treatment for ACS includes cardiac catheterization and
primary percutaneous coronary intervention (7).

Since clinical presentation and echocardiography find-
ings are often nonspecific in patients with chest pain, cardiac
biomarkers, including cardiac troponin I (cTnl), creatine
kinase MB (CK-MB) mass and myoglobin (Myo) are often
used for diagnosis (8,9). Indeed, cTnl is the gold standard for
diagnosis of AMI (10), however, serial testing is required as it
is also frequently present in patients with chronic but stable
coronary artery disease and may be detected in apparently
healthy controls (11,12). In addition, the timing of troponin
measurement with respect to symptom onset has an impact on
the result (13,14). Therefore, novel biomarkers with high sensi-
tivity and specificity for early diagnosis of AMI are urgently
required to improve the prognosis of patients with acute chest
pain.

Notably, the role of microRNAs (miRNAs) in acute
myocardial infarction (AMI) has been previously investi-
gated (15,16). Levels of muscle-specific miR-1, miR-133a
and miR-499 in addition to cardiac-specific miR-208a were
significantly higher in plasma samples from patients with
AMI compared with controls (16,17). Circulating miRNAs
are readily detectable, relatively stable and tissue-specific (14),
making them attractive biomarker candidates.

It was hypothesized that specific miRNAs may be
associated with AMI. The aim of the present study was to
comprehensively assess the miRNAs released into circulation
during AMI, and determine which may be used as biomarkers
to detect and monitor myocardial injury. In addition, miRNA
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Table I. Primers used for reverse transcription-quantitative polymerase chain reaction.
microRNAs Forward (5'-3") Reverse (5'-3")
hsa-miR-125b-5p GCTCCCTGAGACCCTAAC GTGCGTGTCGTGGAGTCG
hsa-miR-136-5p GGAACTCCATTTGTTTTGA CAGTGCGTGTCGTGGAGT
hsa-miR-129-1-3p GAAGCCCTTACCCCAAA CAGTGCGTGTCGTGGA
hsa-miR-30d-5p GGTGTAAACATCCCCGAC CAGTGCGTGTCGTGGAG
hsa-miR-27a-5p GGAGGGCTTAGCTGCTTGT GTGCGTGTCGTGGAGTCG
hsa-miR-1291 TCGCCCTGACTGAAGACC CAGTGCGTGTCGTGGAGT

expression levels were compared with established biomarkers,
including CK-MB, Myo and cTnl.

Patients and methods

Study design and patients. Circulating miRNAs were profiled
in 3 patients with AMI and 3 healthy controls. These results
were then validated by profiling the same miRNAs in 5 addi-
tional patients with AMI and healthy controls. The selected
miRNAs were further assessed with a larger sample size,
including 230 consecutive patients with ACS and 79 healthy
controls (normal electrocardiograms and no history of
cardiovascular diseases). Exclusion criteria were as follows:
i) Presence of chest pain for >3 h at admission; or ii) angiog-
raphy was not performed.

Plasma samples from patients were collected at the
TEDA International Cardiovascular Hospital Emergency
Department (Tianjin, China) between September 2011 and
September 2013. Serial blood samples were collected from
individuals with AMI at 0-3, 3-6, 6-9, 9-12 and 12-24 h
following admission. Diagnoses of ACS, UA, AMI, ST-elevated
myocardial infarction (STEMI) and non-ST-elevated
myocardial infarction (NSTEMI) were made according to
international standards (11-13). All participants underwent
clinical evaluation, including physical examination, 12-lead
electrocardiography and echocardiography examinations.
Blind diagnoses were made by two independent experienced
cardiologists unaware of the miR-30d-5p and miR-125b-5p
data. Demographic and diagnosis information was collected
for each patient, including age, gender, coronary risk factors
(hypertension, diabetes mellitus, hyperlipidemia and smoking),
renal function and duration of chest pain. The present study
was approved by the TEDA International Cardiovascular
Hospital Ethics Committee (Tianjin, China), and written
informed consent was obtained from each individual.

Sample preparation. Peripheral blood was centrifuged at
820 x g for 5 min at room temperature, and the resulting plasma
samples were transferred into new RNase/DNase-free Eppen-
dorf tubes (Thermo Fisher Scientific, Inc., Waltham, MA, USA),
and stored at -80°C until RNA extraction. Total plasma RNA
was isolated and eluted in 100 x1 RNase-free water using a
mirVana PARIS kit (#1556, Ambion; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol.

miRNA array analysis. In order to assess the differential
miRNA expression in patients with AMI, miRNA expression

profiling was performed with plasma samples from patients
with AMI (n=3) and healthy controls (n=3) using the
miRCURY LNA microRNA Array system (version 18.0;
Exiqon Inc., Woburn, MA, USA). Total RNA was prepared
using TRIzol (Invitrogen; Thermo Fisher Scientific, Waltham,
MA, USA) and an miRNeasy Mini kit (Qiagen GmbH, Venlo,
Netherlands) according to the manufacturers' protocol. RNA
integrity was assessed by electrophoresis on a 1.2% dena-
turing agarose gel at 120 V for 15 min. Intact total RNA was
characterized by sharp 28S and 18S rRNA bands (eukaryotic
samples). All plasma RNA preparations were quantified on
a NanoDrop 1000 spectrophotometer (Thermo Fisher Scien-
tific, Inc.). Samples with absorbance (260/280) ratios >1.8
were considered to be optimal for microarray assays. RNA
samples were labeled with the miRCURY Hy3 Power labeling
kit (Exiqon, Vedbaek, Denmark) and hybridized on the
miRCURY LNA microRNA Array system. The slides were
washed three times using a wash buffer kit (Exiqon), then dried
by centrifugation at 1.5 x g, for 5 min at room temperature.
Next, the slides were scanned on an Axon GenePix 4000B
microarray scanner (Molecular Devices, LLC, Sunnyvale, CA,
USA). Scanned images were imported into the GenePix Pro
software (version 6.0; Molecular Devices, LLC) for grid align-
ment and data extraction. Replicated miRNAs were averaged
and miRNAs with intensities =30 in all samples were selected
for calculating the normalization factor. Data were normalized
using the Median normalization (18). Significantly differen-
tially expressed miRNAs were identified through Volcano Plot
filtering. Hierarchical clustering was also performed to indi-
cate the various miRNA expression profiling among samples.
The threshold value for significance of miRNA upregula-
tion or downregulation was set at fold-change =2.0, with
P<0.05 calculated by Student's t-test. The miRNAs selected
for investigation in the current study were further filtered
based on their expression levels, described in previously
published data, and their heart-specificity defined according
to umm.uni-heidelberg.deapps/zmf/mirwalk/disease.php (19).

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR). Total RNA (5 ul) was reverse-transcribed using
the TagMan microRNA Reverse Transcription kit (Applied
Biosystems; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. Prior to RT, RNA was eluted in
nuclease-free water in order to avoid DNA contamination.
Temperatures used for RT were 16°C for 30 min, 42°C for
30 min, and 85°C for 5 min. The primer sequences used were
obtained from Invitrogen (Thermo Fisher Scientific, Inc.) and



Table II. MicroRNAs were differentially expressed in patients
with AMI compared with healthy controls by microarrays.

A, Upregulated

microRNAs Fold-change P-value
has-miR-24-3p 7.563 0.034
has-miR-29a-5p 7.615 0.005

has-miR-125b-5p 40.002 0.004
hsa-let-7b-5p 16.004 0.008

hsa-let-7g-5p 5.058 0.038

hsa-miR-125a-5p 12.485 0.002
hsa-miR-149-5p 6.772 0.035

hsa-miR-330-5p 9.886 0.004
hsa-miR-101-3p 9.706 0.024

hsa-miR-34c-5p 2.325 0.048

hsa-miR-139-5p 39.982 0.028

hsa-miR-29b-1-5p 2.179 0.034

hsa-miR-132-5p 10.184 0.023

hsa-miR-212-3p 4.204 0.021

hsa-miR-129-1-3p 16.264 0.003

hsa-miR-138-5p 249.663 0.010

hsa-miR-9-5p 31.712 0.016

hsa-miR-30d-5p 6.233 0.026

hsa-miR-29¢-5p 6.756 0.038

hsa-miR-138-2-3p 3.074 0.010

hsa-miR-129-5p 21.802 0.024

hsa-miR-124-3p 301.144 0.027

hsa-let-7i-5p 10.096 0.002

hsa-miR-22-3p 9.958 0.043

hsa-miR-9-3p 16.504 0.020

hsa-miR-136-5p 448.976 0.011

hsa-miR-15a-3p 3.325 0015

B, Downregulated

microRNAs Fold-change P-value
hsa-miR-500a-5p 0.385 0.047
hsa-miR-27a-5p 0.046 0.012
hsa-miR-142-5p 0.200 0.027
hsa-miR-664a-5p 0.212 0.020
hsa-miR-1246 0.173 0.046
hsa-miR-1291 0.033 0.116

The threshold value for significance used for miRNA upregulation or
downregulation was set at fold change =2.0 with a P<0.05 calculated
by t-test. All differentially expressed microRNAs are available upon
request.

are described in Table I. Subsequently, 2.33 ul cDNA was
used to assess miRNA expression by qPCR using the TagMan
microRNA Assay kits (hsa-miR-125b-5p,assay id.477885_mir;
hsa-miR-136-5p, assay id. 478307_mir; hsa-miR-129-1-3p,
assay id. 480873_mir; hsa-miR-30d-5p, assay id. 478606_mir;
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hsa-miR-27a-5p, assay id. 477998_mir; hsa-miR-1291,
assay id. 478690_mir; cel-miR-39-3p, assay id. 478293 _mir;
Applied Biosystems; Thermo Fisher Scientific, Inc.) on a Light
Cycler 480 Real Time PCR System (Roche Diagnostics, Basel,
Switzerland). All reactions involved an initial denaturation step
at 95°C for 10 min followed by 40 cycles of 95°C for 15 sec,
and 60°C for 60 sec. The C, value was defined as the number
of PCR cycles required for the fluorescence signal to exceed
the detection threshold value (20). Values were normalized
by spiking in 5 fmol/ul cel-miR-39-3p (Invitrogen; Thermo
Fisher Scientific, Inc.) in the patient samples (21) from the
cel-miR-39-3p TagMan MicroRNA Assay kit and ratios were
derived as previously proposed (22).

Biochemical analyses. Peripheral blood was collected in tubes
containing EDTA and centrifuged at 820 x g for 5 min at
room temperature. cInl and Myo levels were determined in
plasma samples by chemiluminescence immunoassays, using
the accuTnl and Access Myoglobin kits respectively from
Beckman Coulter, Inc. (Brea, CA, USA). CK-MB was assessed
by a quantitative mass assay using the Access CK-MB kit
(Beckman Coulter, Inc.).

Study endpoint and follow-up. The study endpoint was defined
as the occurrence of cardiovascular death, myocardial infarc-
tion, hospitalization for unstable angina, stroke, coronary
revascularization procedures, peripheral revascularization
procedures or heart failure requiring hospitalization (23). To
avoid multiple counting of patients with more than one event,
each patient contributed only once to the composite endpoint.
Endpoints or events were determined by reviewing the
medical records or by follow-up telephone interviews for up to
12 months following the initial chest pain episode.

Statistical analysis. Statistical analysis was performed
using SPSS (version 13.0; SPSS, Inc., Chicago, IL, USA)
and GraphPad Prism (version 5.0; GraphPad Software, Inc.,
San Diego, CA, USA). The normality of the data was assessed
using Shapiro-Wilks test or Kolmogorov-Smirnov test.
Normally distributed data is expressed as the mean + standard
error, and the differences between groups were compared by
one-way analysis of variance with Tukey's honest significant
difference test used for post-hoc analysis or independent
samples t-test. The normally distributed data has been indi-
cated in Table III. Data that was not normally distributed was
expressed as the median (min, max) or median and interquar-
tile range, and the differences between groups were compared
using the non-parametric Kruskal-Wallis one-way analysis of
variance. The differences between qualitative categorical data
groups were compared using the Pearson's % test. Receiver
operating characteristic (ROC) curves were established for
discriminating AMI. Each cardiac biomarker was examined,
and ROC curves and optimal cut-off values were obtained. In
addition, the sensitivity, specificity, positive predictive value
and negative predictive value of the candidate biomarkers
were determined. The correlations of cardiac biomarkers with
end point events at 1-, 6-and 12-month follow-ups were evalu-
ated by the Kaplan-Meier, log-rank and Cox regression tests.
Kaplan-Meier was used to draw the Kaplan-Meier curves,
and log-rank tests were used to detect whether there were
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Emergency chest pain patients

(n=588)

I

Chest pain time at admission <3h

Chest pain time at
admission >3h
(n=277)

(n=311)
]
ACS Non-ACS
(n=230) (n=81)
STEMI NSTEMI UAP
(n=98) (n=74) (n=58)

Figure 1. Patient flowchart. ACS, acute coronary syndrome; STEMI, ST-elevated myocardial infarction; NSTEMI, non-ST-elevated myocardial infarction;

UAP, unstable angina pectoris.
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Figure 2. Volcano plots constructed using fold-change and P-values, visualizing the relationship between fold-change (magnitude of change) and statistical
significance (which takes both magnitude of change and variability into consideration). The dashed vertical lines correspond to 2.0-fold up and down, respec-
tively, and the horizontal line represents a P-value of 0.05. Therefore, the red points in the plot are the significantly differentially expressed miRNAs.

significant differences between the Kaplan-Meier curves. Cox
regression analysis was performed to assess the risk factors
involved in the prognosis of patients with ACS Two-tailed
P<0.05 was considered to indicate a statistically significant
difference.

Results

Patients and controls. Profiling of the circulating miRNAs
was performed in 3 patients with AMI and 3 healthy controls.
The results were then assessed in a validation cohort of addi-
tional patients with AMI (n=5) and healthy controls (n=5).
Next, the study was extended to a larger sample size (patients,
n=230; controls, n=79). Fig. 1 presents the patients' flowchart.
Among 588 patients who were admitted for chest pain,
277 were excluded, as the time between pain onset and admis-
sion was >3 h; and 81 were excluded due to the cause of chest

pain not being ACS. Therefore, 230 patients were included
(98 with STEMI, 74 with NSTEMI and 58 with UAP). A total
of 79 healthy controls were recruited.

Detection of circulating miRNAs by microarrays. A total of
33 miRNAs were differentially expressed in patients with
AMI (n=3) and healthy controls (n=3) (Table II). Hierarchical
clustering for the 33 differentially expressed miRNAs is indi-
cated by a volcano plot (Fig. 2). Fig. 3 represents a heat map of
these miRNAs. As indicated by Table II, a total of 27 miRNAs
were upregulated and 6 were downregulated in patients with
AMI compared with healthy controls.

Circulating miRNAs in the validation cohort. Among the
33 significantly differentially expressed miRNAs in patients
with AMI (n=3) and healthy controls (n=3), 4 upregulated
(miR-125b-5p, miR-30d-5p, miR-136-5p, miR-129-1-3p) and
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Figure 3. Profiling of circulating miRNAs in patients with AMI and healthy controls. RNA was isolated from the plasma of healthy controls (N1, N2, N3) and
AMI patients (M1, M2, M3). The heat map diagram represents the clustering of the 33 differentially expressed miRNAs. Red indicates higher expression,
and green low expression. Data is summarized in Table II. AMI, acute myocardial infarction; M1, AMI patient 1; M2, AMI patient 2; M3, AMI patient 3;

N1, healthy control 1; N2, healthy control 2; N3, healthy control 3.
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2 downregulated (miR-27a-5p and miR-1291) miRNAs were
selected as targets for further investigation based on previ-
ously published data (14,23,24). Their expression levels in
samples from patients with AMI (n=5) and healthy controls
(n=5) were determined by RT-qPCR, with cel-miR-39 used
as an internal control. As indicated in Fig. 4, fold-changes
of miR-125b-5p, miR-30d-5p, miR-136-5p and miR-129-1-3p
were 4.46 (P=0.008), 4.29 (P=0.012), 1.42 (P=0.036) and
1.75 (P=0.016) while miR-27a-5p and miR-1291 were
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Figure 6. Fold-changes of miR-125b-5p, miR-30d-5p and ¢Tnl in 20 patients
with AMI at different time points following the onset of chest pain. Data
are presented as the median (min, max) (n=20). cTnl, cardiac troponin I;
AMI, acute myocardial infarction.

0.68 (P=0.151) and 0.93 (P=0.691), respectively. According to
the threshold value defined as fold-change =2.0 and P<0.05,
miR-125b-5p and miR-30d-5p were selected for further inves-
tigation.

Clinical characteristics of the study population. A total of
230 patients with ACS and 79 healthy controls were assessed.
Baseline characteristics of the ACS patients at admission
are provided in Table III. Gender distribution and diastolic
blood pressure were similar between the patients and the
healthy controls. However, compared with healthy controls,
patients with AMI and UAP were older, were more likely to
be smokers, also suffered from hypertension, diabetes and
arrhythmia or had elevated blood glucose, lipid, and uric acid
levels, impaired renal function, and decreased heart function
(all P<0.05). In addition, cTnl levels were higher in patients
with AMI and UAP compared with healthy controls (P<0.001).

Plasma miR-125b-5p and miR-30d-5p levels in AMI, UAP
and healthy control groups. Plasma levels of miR-125b-5p
and miR-30d-5p were higher in patients with AMI compared
with healthy controls (all P<0.001; Fig. 5). Furthermore, levels
of miR-125b-5p and miR-30d-5p in plasma varied among
the following sub-groups: miR-125b-5p levels in the STEMI,
NSTEMI and UAP groups were 3.73, 4.68 and 1.02, while
miR-30d-5p levels were 9.82, 8.29 and 0.95-fold higher than in
healthy controls, respectively (Fig. 5).

Changes of miR-125b-5p, miR-30d-5p and cTnl levels at
different time points following chest-pain onset in AMI
patients. As presented in Fig. 6, miR-125b-5p and miR-30d-5p
were detected in AMI patients as early as 3 h following chest
pain onset. Notably, the expression levels peaked at 3-6 h and
then dropped following 9 h. Meanwhile, cTnl peaked from
6-9 h and a decrease in levels followed at 12 h.

Specificity and sensitivity of miR-125b-5p and miR-30d-5p as
diagnostic biomarkers. ROC analysis was performed to assess
whether circulating miR-125b-5p and miR-30d-5p may be
used as diagnostic biomarkers for AMI. Fig. 7 and Table IV
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Table IV. Cardiac biomarkers on admission and diagnostic values.

Myo (ng/ml) cTnl (ng/ml) miR-125b-5p miR-30d-5p

CK-MB (ng/ml)

Variable

2.599
0.855 (0.791-0.902)

2.061
0.808 (0.740-0.863)
0.845 (0.721-0.922)

93.919 (88.427-97.004)

59.756 (48.330-70.260)

0.049

0.837 (0.772-0.887)

38.500
0.698 (0.622-0.764)
0.914 (0.803-0.968)

2.650

0.721 (0.686-0.802)

Cut-off value

Sensitivity (95% CI)
Specificity (95% CI)
PPV% (95% CI)
NPV % (95% CI)
PLR (95% CI)

0.810 (0.682-0.897)
93.038 (87.579-96.299)
65.278 (53.056-75.857)

4.506 (2.638-7.698)

0.845 (0.721-0.922)

0.897 (0.782-0.957)
95.385 (89.797-98.110)

94.118 (88.792-97.102)
63.636 (51.827-74.074)
5395 (2.949-9.871)

96.00 (90.447-98.518)
50.476 (40.607-60.311)
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52.00 (41.832-62.0130)
6.969 (3.248-14.951)
0.311 (0.244-0.397)
0.848 (0.799-0.897)

5.208 (2.844-9.536)
0.227 (0.166-0.311)

8.093 (3.481-18.815)

0.179 (0.124-0.260)
0.915 (0.875-0.956)

0.193 (0.136-0.272)
0.889 (0.844-0.933)

0.331(0.263-0417)
0.813 (0.758-0.869)

NLR (95% CI)

0.879 (0.826-0.931)

AUC (95% CI)

CK-MB, creatine kinase MB mass; Myo, myoglobin; c¢Tnl, cardiac troponin I; CI, confidence intervals; PPV, positive predictive value; NVP, negative predictive value; PLR, positive likelihood ratio;

NLR, negative likelihood ratio; AUC, area under curve.
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Figure 7. Diagnostic specificity and sensitivity of single biomarker testing
in AMI. Receiver operating characteristic of miR-125b-5p, miR-30d-5p,
cTnl, Myo, CK-MBmass indicated sensitivity and specificity at admission.
CK-MBmass, creatine kinase MB mass; Myo, myoglobin; ¢Tnl, cardiac tro-
ponin I; AMI, acute myocardial infarction.

indicates the ROC analysis of CK-MB, Myo and cTnl. The
higher area under the curve (AUC) of miR-30d-5p may provide
diagnostic information for patients with AMI on admission,
with the ability to distinguish AMI from other diseases associ-
ated with chest pain. Based on these data, miR-125b-5p is of a
similar specificity and sensitivity to ¢cI'nl; however, miR-30d-5p
exceeded the performance of cTInl. Therefore, miR-125b-5p,
and miR-30d-5p may be used to diagnose AMI in patients
admitted to the emergency room with symptoms of ACS.

Prognostic value of miR-125b-5p and miR-30d-5p. To further
investigate the efficiency of miR-125b-5p and miR-30d-5p
as potential biomarkers of AMI, Kaplan-Meier survival
analysis was performed for patients with or without AMI.
Optimal cut-off values for miR-125b-5p and miR-30d-5p
were determined from the corresponding ROC curves to
be 2.061 and 2.599, respectively. Patients were then divided
into positive (>cut-off value) and negative (<cut-off value)
groups. At 6 months, the Kaplan-Meier curve predicted the
miR-125b-5p-positive group to have a lower cumulative
survival rate than the negative group (P=0.045; Fig. 8B), but
there was no significant difference for miR-30d-5p groups
(Fig. 8).

Finally, Cox regression analysis was performed to assess
the risk factors involved in the prognosis of patients with ACS.
The levels of circulating miR-125b-5p and miR-30d-5p were
not significantly associated with the risk of endpoint events
at 1, 6 and 12 months (Table V), indicating that they may not
reflect the prognosis in patients with ACS.

Discussion

The aim of the present study was to evaluate circulating
microRNAs and their suitability as AMI biomarkers in patients
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Figure 8. Survival of patients with AMI. Kaplan-Meier curves of cardiovascular events at (A) 1 (P=0.11703), (B) 6 (P=0.045) and (C) 12 months (P=0.088)
in 172 patients with AMI, based on miR125b-5p levels at admission (log-rank tests). Kaplan-Meier curves of cardiovascular events at (D) 1 (P= 0.616),
(E) 6 (P=0.614) and (F) 12 months (P=0.929) in 172 patients with AMI based on miR-30d-5p levels at admission (log-rank tests). AMI, acute myocardial

infarction.

with ACS. The results indicated that 33 miRNAs were differ-
entially expressed in patients with AMI and healthy controls.
Following validation based on previously published roles for
these miRNASs, six miRNAs were validated in an additional
five patients and healthy controls. Finally, miR-125b-5p and
miR-30d-5p were selected for a more detailed investigation
with a larger sample size. Plasma levels of miR-125b-5p and
miR-30d-5p were higher in patients with ACS compared with

healthy controls (all P<0.001). ROC curve analysis revealed
miR-125b-5p and miR-30d-5p as diagnostic predictors of
AMI. Additionally, miR-30d-5p may have a higher diagnostic
value than cTnl. Patients with higher levels of miR-125b-5p
had poor prognosis compared with those with lower levels.

In the present study, miR-125b-5p, miR-30d-5p, miR-136-5p
and miR-129-1-3p were upregulated, while miR-27a-5p and
miR-1291 were downregulated. These findings are supported
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Table V. Cox regression analyses of MACE in AMI patients.
I month 6 months 12 months

HR P 95% CI HR P 95% CI HR P 95% CI

Gender 1.769 0.502 0.335-9.333 1.294 0.661 0.409-4.095 0.801 0.664 0.295-2.178
Age 1.000 0.997 0.946-1.057 1.030 0.221 0.982-1.081 1.023 0.305 0.979-1.069
cTnl 0.846 0.340 0.601-1.192 0.981 0.514 0.927-1.039 0.996 0.834 0.961-1.032
miR-125b 0.998 0.774 0.986-1.010 0.999 0.855 0.991-1.007 0.999 0.762 0.990-1.007
miR-30d 1.000 0.834 0.997-1.002 1.000 0.819 0.997-1.002 1.000 0.786 0.998-1.001

HR: hazard ratios; 95%CI: 95% confidence interval; cTnl: cardiac troponin I.

by previous studies demonstrating the involvement of circu-
lating microRNAs in AMI, including miR-486-3p, miR-150-3p,
miR-126-3p, miR-26a-5p, miR-191-5p, miR-133, miR-1291,
miR-663b, miR-1, miR-133a, miR-499 and miR-208a (15-18).
These miRNAs are associated with muscle tissues in general
and more specifically, cardiac muscle. Therefore, they were
selected for further validation. miR-125b-5p and miR-30d-5p
were selected for further investigation, and their expression
was assessed in 230 patients with ACS and 79 healthy controls.

Routine biomarkers for AMI diagnosis include cTnl,
CK-MB mass and Myo (8,9). The sensitivity and specificity of
miR-125b-5p and miR-30d-5p was then compared with these
existing markers. ROC analysis yielded AUC of 0.848, 0.813,
0.889, 0.879 and 0.915, respectively, for CK-MB, Myo, cTnl,
miR-125b-5p and miR-30d-5p. The higher AUC of miR-30d-5p
and miR-125b-5p may provide diagnostic information for
patients with AMI on admission, with the ability to distinguish
AMI from other diseases associated with chest pain. Based on
these data, miR-125b-5p is of a similar specificity and sensi-
tivity to cI'nl; however, miR-30d-5p exceeded the performance
of cTnl. This suggests that miR-125b-5p, and miR-30d-5p may
be used for AMI diagnosis in patients admitted to the emer-
gency room with symptoms of ACS.

To determine the association between miR-125b-5p,
miR-30d-5p and cTnl and ACS onset, these markers were
assessed in patients with AMI at different times following the
onset of chest pain. Notably, miR-125b-5p and miR-30d-5p
were detectable as early as 3 h after the onset of chest-pain,
and peaked at 3-6 h, prior to decreasing at 9 h; meanwhile,
cInl peaked at 6-9 h and decreased from 12 h. These results
strongly suggest that the two miRNAs are released earlier
than cTnl. Therefore, these data highlight the potential of the
miRNAs as early biomarkers for myocardial injury (25-27).
Early diagnosis and treatment of AMI significantly reduces
mortality and improves long-term prognosis (6) and the
present findings indicate that microRNAs may be superior to
cTInl as AMI biomarkers, despite similar AUC, sensitivity and
specificity, thus may allow for early diagnosis.

Despite an association between miR-125b-5p and survival
using Kaplan-Meier analyses, the present findings indicated that
miR-125b-5p and miR-30d-5p were not independently associ-
ated with prognosis. The results suggest that miR-125b-5p and
miR-30d-5p may be used for the early diagnosis of AMI, but
not for prognosis. At present, the prognostic value of miRNAs
is limited. To the best of our knowledge, the current study is

the first to evaluate the prognostic value of miR-125b-5p in the
emergency department for patients with AMI.

Various limitations of the current study should be
addressed, including the following: i) This was a single-center
study, and the results may not be easily extrapolated to other
locations; ii) the kidneys are important in the clearance of
various molecules, and may affect the levels of miRNAs,
thus making a diagnosis inaccurate; iii) the areas of myocar-
dial injury were not systematically assessed in the patients
sampled; and iv) the follow-up period was short, thus there is
a possibility that miRNAs may be associated with long-term
prognosis. However, further study is required to address this
issue.

The possible biological roles of circulatory microRNAs
following the onset of chest pain must be further elucidated.
However, considering the recent reports describing cell-to-cell
transport of miRNAs (28) and data describing miRNAs as
paracrine signaling molecules (29), it is possible that circu-
latory miRNAs are not merely byproducts of myocardial
necrosis, thus may also have precise functions. This may point
toward a cardioprotective role for these miRNAs in the case
of myocardial infarction. These questions should be addressed
thoroughly in future studies.

In conclusion, the current study identified that patients
with AMI have distinct miRNA profiles compared with
healthy controls. In addition, miR-125b-5p and miR-30d-5p
may be used as potential early diagnostic biomarkers for AMI;
however, their prognostic value may be limited.
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