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Abstract: To investigate the roles of miR-21 expression is involved in acute myocardial infarction (AMI) through IL-6/
STAT3 and Bcl-2/caspase-3 pathway. The expression of miR-21 in patients with AMI is higher than that of normal
volunteer. The CK-MB, and cTnl concentrations of higher miR-21 group in patients with AMI was lower than those
of lower miR-21 group. H9c2 cells were co-cultured with H,0, (100 pmol/L) was deed as AMI model in vitro. Over-
expression of miR-21 could decrease malondialdehyde (MDA) and NO concentrations and IL-6 level, and increased
glutathione peroxidase (GSH-PX), glutathione (GSH), superoxide dismutase (SOD) concentrations in H9c2 cells ex-
posed by H,0,. Meanwhile, over-expression of miR-21 could suppressSTAT3 protein expression, activated Bcl-2
protein expression, and decreased caspase-3 activity in H9c2 cells exposed by H,0,. In conclusion, the expression
of miR-21 is involved in AMI through the IL-6/STAT3 and Bcl-2/caspase-3 pathway.
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Introduction

Heart failure is the end stage of various cardio-
vascular diseases with high mortality rate [1].
According to the epidemiological survey, the
incidence of heart failure is nearly 2% among
the world and the prevalence rate of heart fail-
ure is 0.9% among 35 to 74 year-old adults in
China, namely, the patients with heart failure
reach 3.6 million, and the annual mortality rate
is between 20% and 50% reaching reached
67% for five years [2, 3]. Clinical studies have
confirmed that cardiac remodeling is the impor-
tant pathological basis for the attack and devel-
opment of heart failure and the key step in the
evolution of cardiac function form compensa-
tion to decompensation [4].

Widely existed in cells, miRNA is the small RNA
regulating the genetic expression horizontally
after transcription. It maintains the normal
function of the cells in many aspects, such as
maintaining self-renewal and directional differ-
entiation of embryonic stem cell, enhancing the
mitochondrial translation during muscle differ-
entiation process, regulating T cells and macro-
phages responses; while on the other hand, the

abnormal expression of miRNA is closely relat-
ed to many diseases, such as cardiovascular
disease and abnormal biological clock [5-7].

Cardiovascular disease is one of the serious
diseases that threaten human health, particu-
larly; the acute myocardial Infarction (AMI) has
become an important cause for the increasing
death rate of cardiovascular diseases [8].
Therefore, early, timely and accurate diagnosis
of AMI and estimation of disease state are
essential for the proactive and effective treat-
ment and the morality deduction of cardiac
reperfusion in time [9]. The early treatment of
AMI plays a vital role in the prognosis of
patients. At present, the serum biomarkers in
clinical diagnosis of AMI iscreatine kinse isoen-
zyme, myoglobin, and muscle protein etc. which
have reached a certain level of sensitivity and
specificity in the early diagnosis of AMI, but the
researchers continue the research of new
serum markers with high sensitivity and speci-
ficity, especially for those can well reflect the
prognosis of patients with AMI [10]. The new
discovery of non-coding microRNA (miRNA) in
the past ten years is closely related to the
occurrence, development and prognosis of vari-
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Figure 1. The expression of miR-21 is involved in Pa-
tients with AMI. Normal volunteer, Normal volunteer
group; AMI, Patients with AMI group. #P<0.01 versus
Normal volunteer group.
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Figure 2. The level of LVEF is involved in the expres-
sion of miR-21 ofpatients with AMI. #P<0.01 versus
Normal volunteer group.

ous diseases [11]. The expression of miRNA
has good tissue specificity and high stability in
blood, thus, it can be speculated that miRNA of
myocardial specificity may be an ideal biomark-
er for early diagnosis of AMI [12]. Besides,
miRNA also plays an important role in the
pathophysiologic development of myocardial
infarction, myocardial fibrosis after infarction
and cardiac remodeling, etc [13]. In the present
study we investigated whether the expression
of miR-21 is involved in myocardial infarction
through the IL-6/STAT3 pathway and Bcl-2/
caspase-3.

Materials and methods

Patients’ characteristics and serum histamine
determination

Serum was taken from patients with AMI who
were admitted to Beijing Chao-Yang Hospital,
Capital Medical University. Thereinto, 52 pa-
tients with AMI and 20 patients without AMI
(normal volunteer) were selected in this study.
Patients received and detected LVEF, creatine
kinase (CK)-MB, and cTnl.

Myocardial infarction cell model

Rat Cardiac Myocytes H9c2 cell was obtained
from Shanghai Institute of Cell Biology, Chinese
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Academy of Sciences (Shanghai, China) and
was maintained in 5% CO, at 37°C in RPMI-
1640 medium (Gibco Life Technologies, Los
Angeles, CA, USA) supplemented with 10% fetal
bovine serum (FBS, Gibco Life Technologies,
Los Angeles, CA, USA), 100 U/ml penicillin, and
100 mg/ml streptomycin (Gibco Life Tech-
nologies, Los Angeles, CA, USA). H9c2 cell was
co-cultured with H,0, (100 pmol/L) was deed
as AMI model in vitro.

Transfection of miRNA-21

H9c2 cells co-cultured with H,0, were seeded
into 6-well plates and transfected with anti-miR
negative control or miRNA-21 using lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA,
USA). After 24 h of transfection, the next step
experiment was executed.

Measurement ofCK, CK-MB, malondialdehyde
(MDA), glutathione peroxidase (GSH-PX), glu-
tathione (GSH), superoxide dismutase (SOD),
nitric oxide (NO) and interleukine(IL)-6

Blood was obtained and used to detect the lev-
els of CK and CK-MB using Commercial kits
(Jiancheng Technology Co., Ltd., Nanjing,
China). After 24 h of transfection, H9c2 cells
was obtained and used to detect the levels of
MDA, GSH-PX, GSH, SOD, NO and IL-6 using
Commercial kits (Jiancheng Technology Co.,
Ltd., Nanjing, China).

Quantitative reverse transcription-PCR (qRT-
PCR)

After 24 h of transfection, Total RNA was
obtained from blood or H9c2 cells and isolated
by Trizol (Invitrogen) according to the manufac-
turer's recommendations. 2 pg total RNA was
used to reverse transcriptase cDNA using
MMLV RT (Promega Corp. Madison, WI, USA).
MiR-21-Forward: 5-ACACTCCAGCTGGGTAGCT-
TATCAGACTGA-3' and 5-TGGTGTCGTGGAGT-
CG-3’; U6-Forward: 5-CGCTTCGGCAGCACATA-
TACTAAAATTGGAAC-3' and 5-GCTTCACGAAT-
TTGCGTGTCATCCTTGC-3'.

Western blots

After 24 h of transfection, H9c2 cells was
obtained and used to extract protein using an
ice-cold lysed in RIPA Lysis and Extraction
Buffer (Thermo Fisher Scientific Inc., Rockford,
USA). Protein concentrations were measured
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Figure 4. The MDA, GSH-PX, GSH, SOD concentrations is involved in miR-21. The MDA (A), GSH-PX (B), GSH (C), SOD
(D) concentrations is involved in rat with AMI. Control, control group; miRNA-21, over-expression of miRNA-21 group.

##P<0.01 versus control group.

with the BCA Protein Assay (Beyotime Institute
of Biotechnology, Shanghai, China). 80 ug pro-
teins were separated by 10% sodium dodecyl
SDS-polyacrylamide gels (Beyotime Institute of
Biotechnology) and transferred to polyvinyli-
dene fluoride membranes (Millipore, Billerica,
MA). Membranes were detected using phos-
phorylation of STAT3 (p-STAT3,1:3000, Santa
Cruz Biotechnology, Santa Cruz, CA, USA), Bcl-2
(1:3000, Santa Cruz Biotechnology, Santa
Cruz, CA, USA), caspase-3 (1:3000, Santa Cruz
Biotechnology, Santa Cruz, CA, USA) and B-actin
(1:3000, Beyotime Institute of Biotechnology,
Shanghai, China) at 4°C overnight. After addi-
tional incubation with horseradish peroxidase-
conjugated goat antimouse antibody for 1 at
room temperature, the immune complexes
were detected by enhanced chemilumines-
cence (Cell Signaling Technology). The optical
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densities of immunopositive bands were deter-
mined Gene Tools analysis software.

Statistical analyses

Data are presented as the mean + standard
deviation and analyzed with the Statistical
Package SPSS, version 12.0 for Windows
(SPSS, Inc., Chicago, IL, USA). To analyze the
data statistically, we performed one-way ANOVA
with post hoc analysis. P<0.05 was considered
to indicate a statistically significant difference.

Results

Expression of miR-21 is involved in patients
with AMI

The results from the gRT-PCR assay, demon-
strated that miR-21 expression was significant-
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Figure 5. NO concentrations and iNOS protein ex-
pression are involved in miR-21. NO concentration
(A) and iNOS protein expression (B) using Western
blot analysis, statistical analysis of iINOS protein ex-
pression (C) are involved in rat with AMI. Control, con-
trol group; MmiRNA-21, over-expression of miRNA-21
group. #P<0.01 versus control group.
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Figure 6. The IL-6 level is involved in miR-21. Control,
control group; miRNA-21, over-expression of miR-
NA-21 group. #P<0.01 versus control group.

ly lower in patients tissues with AMI than that
ofnormal volunteer, suggesting that miR-21
expression is involved in AMI (Figure 1).

Level of LVEF is involved in the expression of
miR-21 of patients with AMI

In order to investigate the association between
the level of LVEF and the expression of miR-21
in patients with AMI, LVEF level and miR-21
expression in these samples was evaluated.As
illustrated in Figure 2, the level of LVEF in miR-
21 lowerof patients with AMI was lower than
that of miR-21 higher of patients with AMI.
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CK-MB and cTnl concentrations are involved in
the expression of miR-21 of patients with AMI

In order to determine the association betwe-
enCK-MB and cTnl concentrations and the
expression of miR-21 in patients with AMI,
CK-MB and cTnl concentrations in these sam-
ples was evaluated. These CK-MB and cTnl con-
centrations of miR-21 lower of patients with
AMI were higher than those of miR-21 higher of
patients with AMI (Figure 3).

MDA, GSH-PX, GSH and SOD concentrations is
involved in miR-21

To investigate the association between oxida-
tive stress and the expression of miR-21 in
H9c2 cells co-cultured with H202, the MDA,
GSH-PX, GSH and SOD concentrations were
inspected. In over-expression of miR-21 group,
MDA concentration was significantly reduced,
and GSH-PX, GSH and SOD concentrations
were significantly increased, as compared with

control group (Figure 4).

NO concentrations and iNOS protein expres-
sion are involved in miR-21

To further determine the association between
NO and miR-21 expression in H9c2 cells co-
cultured with H202, NO concentrations and
iNOS protein expression were detected. As
illustrated in Figure 5, over-expression of miR-
21 significantly reduced NO concentrations and
the protein expression of iNOS, as compared

with control group.
IL-6 level is involved in miR-21

To confirm the association between IL-6 level
and miR-21 expression in H9c2 cells, IL-6 activ-
ity level was measured after H9c2 cells trans-
fected. As showed in Figure 6, over-expression
of miR-21 could significantly reduced IL-6 activ-
ity level in H9c2 cells, as compared with control
group.

STAT3 level is involved in miR-21

To further confirm the association between
STAT3 level and miR-21 expression in H9c2
cells transfected, p-STAT3 protein expression
was measured using Western blots. Trans-
fection of H9c2 cells showed p-STAT3 protein
expression was significantly inhibited in over-
expression of miR-21, as compared with con-
trol group (Figure 7).
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Figure 7. The STAT3 level is involved in miR-21. iNOS protein expression (A) using Western blot analysis, statistical
analysis of iINOS protein expression (B) isinvolved in rat with AMI. Control, control group; miRNA-21, over-expression
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Figure 8. The Bcl-2 level is involved in miR-21. Bcl-2 protein expression (A) using Western blot analysis, statistical
analysis of Bcl-2 protein expression (B) isinvolved in rat with AMI. Control, control group; miRNA-21, over-expression

of miRNA-21 group. #P<0.01 versus control group.

Bcl-2 level is involved in miR-21

To investigate the apoptosis regulation of miR-
21 on AMI, Bcl-2 protein expression was detect-
ed using Western blots after H9c2 cells trans-
fection. Combined with over-expression of
miR-21, Bcl-2 protein expression was signifi-
cantly promoted in control group (Figure 8).

Caspase-3 level is involved in miR-21

To further investigate the effects of caspase-3
regulation of miR-21 on AMI, H9c2 cells trans-
fectionwas used to analyze the protein expres-
sion of p-STAT3. Relative to control H9c2
cells,caspase-3 activity was effectively sup-
pressed in over-expression of miR-21 (Figure
9).

Discussion

Myocardial infarction (MI), characterized by
acute attack, multi complication and high fatal-
ity rate, is a common critical and severe dis-
ease in coronary artery disease [14]. In 1970’s,
some scholars proposed the concept of ven-
tricular remodeling after myocardial infarction;
it has become a hot topicin the research of ven-
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tricular system [15]. Formation of left ventricu-
lar and serious injury to the ventricular function
of the patients with myocardial infarction and
significantly increase complication and mortal-
ity rate [5].

Myocardial cell apoptosis, ventricular remodel-
ing and myocardial fibrosis are the important
pathophysiological processes of lesion repair
and entire compensation of myocardial cell
after myocardial infarction [16]. MiRNA adjust
the adaption and the non-benign gene expres-
sion ways mainly through the cell growth or
apoptosis, extracellular matrix remodeling and
the activation of neuroendocrine [17].

Hypoxia can trigger a series of responses from
myocardial cell to relieve the cell hypoxia and
cause irreversible damage. These responses
include the proliferation, migration and angio-
genesis of endothelial cell and activity termina-
tion and apoptosis of cells as well [18]. During
hypoxia, multiple cellular pathways are activat-
ed to resume the balance and stability of oxy-
gen supply. Hypoxia-inducible factor plays a key
role in stimulating new blood vessels by regu-
lating endothelial growth factor and angiogen-
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Figure 9. The caspase-3 level is involved in miR-21.
Control, control group; miRNA-21, over-expression of
miRNA-21 group. #P<0.01 versus control group.

esis promoting protein factor-2 [19]. It is gener-
ally considered that miR-21 is the most
important miRNA in the regulation of hypoxia
[20]. The research has found that the expres-
sion of miR-21 increases and the expression in
all cells and tissues are increased; therefore,
miR-21 is regarded as the main regulatory
genes [21]. In the present study, the associa-
tion between miR-21 expression and LVEF
level, CK-MB and cTnl concentrations in
patients with AMI.

A large number of inflammatory cytokines,
including TNF-a and IL-6, are produced in a
short time in the early stage of AMI through
mechanical deformation of myocardial cell,
ischemia stimulation, oxygen free radical dam-
age, self-amplification of cell factor and other
mechanisms [22]. The generation and increas-
ing of inflammatory cytokines is a kind of
endogenous stress reaction to myocardial inju-
ry [23]. Inflammatory reaction is a necessary
for wound healing and scar formation. The acti-
vated inflammatory cytokine induce cardiac
muscle tissue to have corresponding pathologi-
cal changes, including the hypertrophy and
apoptosis of cardiomyocyte, extracellular
matrix changes and contraction of disabilities
[24]. TNF-a plays an important role in these
process and the experiments have confirmed
that IL-6 has inhibitory effect on myocardial
contractility and the effect increase with the
dosage, besides, IL-6 also can cause myocar-
dial hypertrophy and the effect of anti-apopto-
sis on myocardial cells [25, 26]. We found that
over-expression of miR-21 significantly reduced
oxidative stress, NO concentrations and iNOS
protein expression and IL-6 activity level in
H9c2 cells. Hutcheson et al. concluded that
miR-21-mediated decreased neutrophil apop-
tosis is a determinant of impaired coronary col-
lateral growth in metabolic syndromethrough
suppression of oxidative stress [27]. Laati-
kainen et al. reported that SOD3 decreases
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ischemic injury derived apoptosis through miR-
21 and iNOS [28]. Zhou et al. showed that miR-
21 suppressed neuronal apoptosis through
suppressing IL-6 after peripheral nerve injury
[29].

Previous studies have found that the STAT3
pathway is thekeyto the ischemic precondition-
ing of myocardial preservation, particularly for
the pretreatment of second window of protec-
tion mechanism, ischemic preconditioning can
activate the STAT3 pathway immediately, up-
regulate the inhibitor of apoptosis protein by
gene expression, reduce the area of myocardial
infarction and inhibit the myocardial cell apop-
tosis by myocardial protective substance [30,
31]. It is found that myocardial protective effect
of ischemic post conditioning is invalid for the
rats with STAT3 gene knocked out [32]. In this
study, we found that over-expression of miR-21
significantly inhibited p-STAT3 protein expres-
sion, promoted Bcl-2 protein expression and
suppressed caspase-3 activity in H9c2 cells
transfected. Haider et al. revealed that miR-21
is a key determinant in preconditioning of skel-
etal myoblasts through IL-11/Stat3 anti-apop-
totic pathway [33]. Han et al. reported that miR-
21 suppressed apoptosis of cortical neurons in
traumatic brain injury through Bcl-2, caspase-3
and caspase-9 [27].

In conclusion, the expression of miR-21 is
involved in LVEF level, CK-MB and cTnl concen-
trations in patients with AMI, and miR-21 may
plays a protective role against AMI through
the IL-6/STAT3 and Bcl-2/caspase-3 pathway.
Thus, IL-6/STAT3 and Bcl-2/caspase-3 pathway
regulated by miR-21 should be used cautiously
in AMI, until further clinical and basic studies
are completed.
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