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Abstract: Acute myocardial infarction (AMI) therapy has not remarkably improved due to delay in the diagnosis to a
great extent. Circulating microRNAs have shown some potential for diagnosis of cardiovascular diseases. The aim of
this study was to estimate the diagnostic value of circulating miR-126-3p for AMI. In our study, circulating miR-1263p levels were determined by quantitative polymerase chain reaction and the results showed it was 106-fold higher
than that in controls, and elevated miR-126-3p was associated with aging through logistic correlation analyses.
Receiver-operator characteristic curve was used to evaluate the sensitivity and specificity of miR-126-3p for diagnosis of AMI, indicating that its diagnostic effect was superior to the current clinical markers such as CK, CK-MB, hsTnI, and MYO. Our results indicate that miR-126-3p in circulation is a potential novel diagnostic biomarker for AMI.
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Introduction
Acute myocardial infarction (AMI) is a major
life threatening with higher rates of mortality
and morbidity [1]. World Health Organization
(WHO) reported that AMI accounts for 30%
of global death annually and will lead to 23 million sufferers just in China by 2030 [2]. Despite
great advances in prevention strategies and
treatment technologies, the cure rate needs to
be promoted once AMI occurs, probably due to
delay in the diagnosis [3]. The insights from the
French FAST-MI program over 15 years showed
that early-use of evidence-based therapy can
effectively improve survival (HIR 0.54; 95% CI
0.40 to 0.72) [4]. The current methods, including electrocardiogram, coronary angiography
and cardiac indicators, contribute greatly to the
clinical diagnosis of AMI; however, they lack
enough sensitivity and individuation for early
diagnosis [5, 6]. Therefore, it is essential to discover and identify the novel markers with high
precocity and accuracy.
MicroRNAs (miRNAs), a class of small, non-coding RNAs that target and regulate the expres-

sion of complementary mRNAs, play a key role
in tissue injury and pathological processes.
miRNAs existing in microvesicles, blood and
other fluid is stable due to protecting them
from endogenous RNase activity [7], and more
importantly they can be secreted to the extracellular environment [8, 9]. Therefore, miRNA
is detectable conveniently in peripheral blood
and promises well as an effective disease biomarker. Pathological elevation or decrease of
circulating miRNAs can predict the occurrence
and prognosis of various diseases such as coronary artery disease (CAD), heart failure and cancer [10-13]. miR-126 is mainly expressed in
endothelial cells, plasmacytoid decentric cells
and hematopoietic progenitor cells, and plays
multiple roles in cardiovascular physiology and
pathology. miR-126 is implicated to be involved
in the process of vessel growth and inflammatory responses [14-18]. Recently, several
reports showed that miR-126 is related to atherosclerosis [19], and may be a predictor for
vascular events. However, little is known about
the association of miR-126 and AMI occurrence
[20-22].

miR-126-3p expression in acute myocardial infarction
In this study, the plasma miR-126-3p level
of patients with AMI was compared to that
without AMI, and the specificity and sensitivity
of miR-126-3p were evaluated to assess the
feasibility of using it as the biomarker of AMI.
Materials and methods
Study population
27 patients with AMI and 30 non-AMI control
subjects were recruited in this study from
Affiliated Hospital of Guangdong Medical
University. AMI was diagnosed based on combination of several clinical indices such as highsensitive troponin (hs-TnI), myoglobin (MYO), creatine kinase (CK), CK-MB, pathological Q wave
and coronary angiography. 30 controls attended routine medical examinations, and had
no clinical manifestation and family history of
cardiovascular disorders. Those patients who
had any heart failure, arrhythmia, cardiomyopathies, inflammatory diseases or hematological disorders were excluded. Written consents
were obtained from all subjects and the study
protocol was approved by the Ethics Committee of Affiliated Hospital of Guangdong Medical
University.
Biochemical assays
All subjects underwent the biochemical assay
in the cardiovascular medicine center of the
hospital. The clinical indices related to cardiovascular events were collected such as lipoprotein (a) (Lp(a)), blood urine nitrogen (BUN),
serum creatinine (Scr), serum uric acid (SUA),
blood sugar (Glu), total cholesterol (CHOL), triglycerides (TG), high-density lipoprotein (HDL),
low density lipoprotein (LDL), apolipoprotein A1
(ApoA1) and apolipoprotein B (ApoB).
In addition, 2 mL of peripheral blood was prepared in anticoagulation tube from every subject, and then the plasma was collected after
centrifugation at 1000×g for 40 min at 4°C.
Diabetes mellitus were diagnosed according
to Glu levels ≥11.1 mmol/L. Hypertension and
hyperlipidemia were defined as a systolic/diastolic blood pressure (BP) level ≥140/90 mm
Hg and CHOL > 5.17 mmol/L, respectively.

BIOTECH CO., Beijing, China) according to the
manufacturer’s instruction. Contaminating genomic DNAs were eliminated by use of RNAse
free DNase (TAKARA, Dalian, China). Reverse
transcription of miRNAs was performed with
the miRcute miRNA First-strand cDNA Synthesis Kit (TIANGEN BIOTECH CO., Beijing, China).
The resulting cDNA was diluted 10-fold before
quantitative polymerase chain reaction (qPCR)
was performed by using the miRcute miRNA
qPCR Detection Kit (TIANGEN BIOTECH CO.,
Beijing, China). The qPCR reactions were performed in triplicate. 5 s was selected as the
internal control for normalization. The relative
expression levels were analyzed using the 2-ΔΔCt
method.
Statistical analyses
Before analyses, all data were subjected to normality test (Shapiro-Wilk). Mann-Whitney test
was used to compare 2 groups of continuous
variables. A Chi-square test was used for categorical variables. A binary logistic regression
model was used to evaluate the association
between miR-126-3p levels and the risk factors, Sensitivity and specificity of the biomarkers were evaluated with receiver-operator characteristic (ROC), and area under ROC curve
(AUC), diagnostic odds ratio (OR) and their 95%
confidence interval (CI) of miR-126-3p associated with the diagnostic values were estimated. Statistical analyses were 2-tailed. SPSS
20.0 and GraphPad Prism 6.0 was used for statistical analyses. P values of < 0.05 were considered statistically significant.
Results
Clinical characteristics
Within the cohort, 27 AMI patients (AMI group)
were 14 female (46.67%) and 16 male (53.33%)
with median age of 59.5 (44 to 75) years. These
patients, together with 30 control subjects (Ctl
group), were recruited to investigate the association of circulating miR-126-3p with AMI. The
baseline clinical characteristics of all subjects
are shown in Figure 1.

miRNAs were extracted from plasma samples
using the miRcute miRNA Isolation Kit (TIANGEN

Significant differences between AMI group and
Ctl group in some risk indicators, such as Scr,
SUA, TG and HDL, which are used clinical indices of AMI diagnosis and treatment. In particular, the CAD-related biomarkers CK, CK-MB,
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MYO and hs-TnI confirmed the diagnosis of AMI.
The interferences from hypertension, hyperlipidemia and diabetes mellitus were excluded in
view of no significant differences between AMI
and Ctl subjects.
Circulating miR-126-3p

Figure 1. Clinical characteristics of the study population.

Figure 2. Circulating miR-126-3p level from AMI and
control subjects.

The concentration of miR-126-3p was measured in the blood by qPCR, and the results
revealed the mean level of miR-126-3p to be
106-fold higher in the AMI patients than that
in the controls (Figure 2). This suggested that
there was a very close association between
miR-126-3p and AMI occurrence, implying that
circulating miR-126 may be an effective marker
reflecting AMI.
The correlation analysis was used to assess
the relationship between the clinical indices
and AMI occurrence and further obtain the crucial risk factors of AMI. Here, The OR and their
95% CI were calculated for the clinical indices,
including gender, age, Lp(a), BUN, Scr, SUA, Glu,
TC, TG, HDL, HDL, ApoA1, and ApoB (Table 1).
We found that the circulating miR-126-3p
expression only had a notable significant correlation with age but not other risk factors (OR
(95% CI): 1.316 (1.007, 1.607), P < 0.01).
Hence, miR-126-3p may promote ischemic injury of heart by accelerating vascular aging and
impacting reducing blood supply; on the other
hand, imR-126-3p was more likely to be associated to senile cardiac diseases, and especially
applied to aged population.
miR-126-3p as a potential biomarker of AMI

Figure 3. ROC analyses of miR-126-3p and the existing clinical biomarkers. The blue curve indicated
miR-126-3p and other curves indicated the existing biomarkers including hs-TnI, MYO, CK and CKMB. Asterisk indicated the threshold expression
of 0.0000123 miR-126-3p maximized true-positive
and false-negative results (sensitivity 0.967, specificity 0.933).

ROC was analyzed to evaluate the diagnostic
power and availability of circulating miR-1263p for AMI. The AUC value of miR-126-3p was
0.992 (95% CI = 1.000-1.000, P < 0.001), indicating that miR-126-3p has potential to become a potent biomarker with high precocity
and accuracy. Comparatively, the present clinical biomarkers, such as hs-TnI (AUC 0.787; 95%
CI = 0.667-0.906, P < 0.001), MYO (AUC 0.781;
95% CI = 0.660-0.903, P < 0.001), CK (AUC
0.849; 95% CI = 0.747-0.952, P < 0.001) and
CK-MB (AUC 0.863; 95% CI = 0.759-0.968,
P < 0.001), provided lower efficacy than miR126-3p. These results showed miR-126-3p is
able to accurately discriminate AMI from controls, and the threshold miR-126-3p expression value of 0.0000123 that maximized truepositive and false-negative results (sensitivity
0.967, specificity 0.933) (Figure 3).
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Table 1. Correlation analyses between miR126-3p and the clinic indices of AMI
Index
BUN
Scr
SUA
Glu
TC
TG
LPa
HDL
LDL
ApoA1
ApoB
Gender
Age

P
0.103
0.090
0.129
0.559
0.886
0.306
0.393
0.227
0.480
0.762
0.340
0.234
0.007

OR (95% CI)
0.442 (0.166, 1.179)
1.062 (0.991, 1.139)
1.018 (0.995, 1.043)
1.221 (0.625, 2.385)
1.855 (0.000, 8.751×103)
0.251 (0.018, 3.545)
1.002 (0.997, 1.007)
0.005 (0.000, 25.458)
0.45 (0.000, 240.486)
1.931 (0.027, 136.774)
473.811 (0.002, 1.489×108)
0.151 (0.007, 3.411)
1.316 (1.077, 1.607)

Discussion
Besides cardiac myocytes and fibroblasts, vascular endothelial cells are the indispensable
elements of heart function. In the previous studies, cardiac-enriched miRNAs such as miR-1,
133, 208 and 499 were indicated to be potential biomarkers for diagnosis of AMI [23-25].
However, little is known about the association of endothelia-enriched miRNAs with AMI.
We have reported that miR-19a in circulation
is very close related to the occurrence of AMI
[26]. Here we also found the circulating miR126-3p was increased in the patients with AMI.
It was hypothesized that miR-126 may contribute to post-MI cardiac regeneration by affecting the homing ability of circulating hematopoietic progenitor cells [27]. However, miR-126 is
also shown to play an indirect role in leukocyte
infiltration and vascular inflammation [17, 18],
which may further exacerbate myocardial ischemic injury. Thus, miR-126 plays a key role in
myocardial tissue injury and pathological processes through various means.
This study indicates that miR-126-3p is a sensitive and specific biomarker for AMI. The circulating miR-126-3p level in AMI patients was
106-fold higher than control subjects, which
reached the highly detectable and differentiable requirements. Therefore, miR-126-3p in circulation was greatly associated with the occurrence of AMI, and provided high diagnostic accuracy and discriminating ability. To avoid possible sample deviation from selection of clinical
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subjects, the ages of AMI and controls subjects
were limited to 40-80 years, and all cardiovascular events, stroke, tumor, and inflammatory
diseases were excluded in this study. Furthermore, the results of logistic regression analyses confirmed that gender and glomerular filtration did not affect the circulating miR-126-3p
level, indicating that miR-126-3p was of high
diagnostic value for AMI.
miRNAs have been demonstrated to be critical
mediators in cardiovascular system responding
to injury, such as myocardial infarction caused
by ischemia/reperfusion damage [28, 29]. Moreover, they can be secreted to the extracellular
environment so as to be detected conveniently
in a wide range of cell-free serum [8, 9]. Thus,
changes in serum miRNAs have been proposed
as potential biomarkers for a variety of diseases [30]. miR-126-3p has been identified as an
effective biomarker of rheumatoid arthritis and
acute kidney injury [31, 32]. A recent report
showed that the level of miR-126 was significantly decreased in patients with CAD and high
LDL cholesterol level, while significantly increased when LDL cholesterol was high in patients who had risk factors for CAD but did not
have angiographically significant CAD, implying
that miR-126 may regulate cholesterol metabolism [33]. However, we found plasma miR-1263p showed no significant correlation with Lp(a),
TG, TC, HDL, LDL, ApoA1 and ApoB, suggesting
that miR-126 may influence the occurrence of
AMI through other mechanisms.
In the present study, circulating miR-126-3p
levels were determined in peripheral blood,
and elevated miR-126-3p was considered to be
associated with aging based on significant differences and logistic correlation analyses. ROC
method was used to evaluate the sensitivity
and specificity of miR-126-3p for diagnosis of
AMI, its diagnostic effect was superior to all
of the current clinical markers such as CK,
CK-MB, hs-TnI and MYO. Therefore, miR-126-3p
in circulation is a potential biomarker for predicting and monitoring therapy outcome of AMI,
and promises well as a novel generation of AMI
diagnostic tool, helpful for improvement of AMI
patient management in clinical practice.
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