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Abstract: Myocardial tissue injury caused by ischemia and hypoxia is a major cause of fatal diseases, including coronary atherosclerosis resulting from myocardial infarction and stroke. Trimetazidine (TMZ), as an anti-ischemic and
antioxidant agent, has been demonstrated to preventing ischemia/reperfusion-induced cardiomyocyte apoptosis.
However, the anti-apoptosis mechanism of TMZ has not been fully elucidated. The present study demonstrated that
miR‑21 involved trimetazidine-induced anti-apoptosis during H/R injury in H9C2 cell. In this study, TMZ increased
miR‑21 expression which further upregulated the Akt signaling activity via suppressing the expression of phosphatase and tensin homolog (PTEN) in H/R H9C2 cell. The increased activity of Akt signaling decreased the ratio of Bax/
Bcl‑2 and the expression of caspase‑3 and inhibited H/R induced apoptosis. In conclusion, this study revealed the
mechanism that TMZ up-regulated miR-21 expression, then miR-21 targeted PTEN increasing the PI3K pathway and
finally the activation of this pathway counteracted the apoptotic effect of hypoxia/reperfusion.
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Introduction
Myocardial ischemia/reperfusion (I/R) injury is
an exacerbated tissue injury resulted from inhibition of cardiac function during reperfusion
after prolonged myocardial ischemia. It is an
important clinical problem associated with procedures such as thrombolysis, angioplasty, and
coronary bypass surgery [1]. In the past few
years, an increasing number of innovative
approaches to cardioprotection against IR injury are under preclinical and clinical investigation.
Trimetazidine, 1-(2,3,4-trimethoxybenzyl) piperazine dihydrochloride (TMZ), is an anti-ischemic
agent, and its anti-ischemic effects have been
experimentally assessed in various models
including cell cultures, isolated and perfused
organs, and also in vivo [2-4]. Recent reports
revealed TMZ as an antioxidant agent used to
protect grafts from myocardial ischemia/reperfusion (I/R) injury. TMZ is a metabolic anti-ischemic drug that exerts its beneficial effects without altering the hemodynamic function of the

heart [5]. TMZ decreases ischemic stress and
improves cardiac performance during ischemia
by reducing fatty acid oxidation through the
selective inhibition of mitochondrial 3-ketoacyl
CoA thiolase [6]. TMZ also observes cytoprotective effect in several models of myocardial
infarction [7, 8]. TMZ decreases oxidative damage to mitochondria and protects hearts from
I/R-induced damage to mitochondrial respiration [9]. TMZ reduces neutrophil-mediated cardiac reperfusion injury [10]. Recently, it has
been shown that pretreatment with trimetazidine for 2 weeks significantly decreases cardiomyocyte apoptosis and improves cardiac performance [11]. Nevertheless, the mechanism of
TMZ-mediated anti-apoptosis during H/R injury
in H9C2 cell remains unclear.
MiRNAs are a class of endogenous, small noncoding single-stranded RNAs. They contain
about 22 nucleotides, with highly conserved
sequences among species. MiRNAs interacted
with the 3’-untranslated region (UTR) of the target mRNA, resulting in mRNA degradation or
the inhibition of protein translation. Accumu-

Trimetazidine and cardiomyocyte apoptosis

Figure 1. miR-21 regulated PTEN and p-AKT expression. miR-21 mimics or inhibitor was transfected into the H9C2
cells, respectively. NC means negative control group. Protein expression of PTEN (A) and p-AKT (B) were examined
by western blot analysis, respectively (aP<0.05 vs. NC group).

Figure 2. Role of TMZ in H/R-treated H9C2 cells. The H9C2 cells were randomly assigned into three groups: Sham
group, in which the cells were treated with 0μM TMZ for 48 h and then cultured under normal oxygenation conditions (5% CO2, and 95% air); H/R group, in which cells were treated with 0 μM TMZ for 48 h and then cultured under
H/R conditions; and H/R+TMZ group, in which cells were treated with 10 μM TMZ for 48 h and then subjected to
H/R treatment. (A) qRT-PCR assay determined the relative expression of miR-21. Protein expression of PTEN (B) and
p-AKT (C) were examined by western blot analysis, respectively (aP<0.01 and bP<0.05 vs. sham group, cP<0.05 vs.
H/R group).

lative studies suggest that miRNAs have a crucial role in the protection against myocardial
H/R injury [12-14]. miR-21 has been found to
decrease the myocardial apoptosis in hypoxia/
reoxygenation rat [15]. Recent study revealed
that miR-21 had a protective role in I/R- and
H/R-induced cardiocyte apoptosis [16].

Academy of Sciences (Shanghai, China). H9C2
cells were cultured in DMEM containing 10%
FBS and incubated at 37°C in a humidified
incubator with 5% CO2.

In the present study, we revealed that TMZ
exerts cardioprotection against cardiomyocyte
H/R injury by targeting miR-21 and activation of
PTEN/Akt pathway plays an important role in
mediating the anti-apoptotic effect of TMZ in
H/R H9C2 cells.

In H/R treatment group, H9C2 cells were cultured in DMEM with neither serum nor antibiotics at 37°C with 5% CO2 for 12 h, which were
then cultured at 37°C with 1% O2, 94% N2 and
5% CO2 for 4 h. Subsequent to that, the cells
were cultured in DMEM containing 10% FBS,
incubated at 37°C with 21% O2, 74% N2 and 5%
CO2 for 3 h and used in the following experiments.

Methods

Western blot analysis

Cell culture and H/R treatment

The cells were harvested and lysed with
radioimmunoprecipitation assay buffer. The
concentration of protein was determined using
a bicinchoninic acid assay kit. Following that,

The human H9C2 cell line was purchased from
The Institute of Cell Biology at the Chinese
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Figure 3. miR-21 involved the regulation of TMZ on PTEN and p-AKT expression in HR-treated H9C2 cells. The H9C2
cells were assigned into four groups: sham group, in which the cell were treated with 0 μM TMZ for 48 h and then
cultured under normal oxygenation conditions (5% CO2, and 95% air); H/R group, in which cells were treated with 0
μM TMZ for 48 h and then cultured under H/R conditions; and H/R+TMZ group, in which cells were treated with 10
μM TMZ for 48 h and then subjected to H/R treatment; H/R+TMZ+ inhibitors group, in which cells were transfected
with 50 nM miR-21 inhibitors, next, treated with 10 μM TMZ for 48 h and finally subjected to H/R treatment. Protein
expression of PTEN (A) and p-AKT (B) were examined by western blot analysis, respectively. aP<0.01 vs. sham group,
b
P<0.01 and cP<0.05 vs. H/R group, dP<0.01 vs. H/R+TMZ+NC group.

proteins of 20 µg/lane were loaded on a 10%
SDS-PAGE to be separated, and then electrophoretically transferred to polyvinylidene
fluoride membranes. Proteins on the membranes were then probed using primary
antibodies, including mouse anti-Bcl-2, Bax,
caspase-3, PTEN, p-Akt and β-actin purchased
from Sigma-Aldrich, according to the manufacturer’s instructions. Following incubation
with secondary antibodies, including rabbit
antimouse secondary antibody, the results
were visualized with horseradish peroxidase
and an enhanced chemiluminescence system,
and quantified by the Quantity One software
(Bio-Rad, Hercules, CA, USA).
Quantitative real-time PCR (qRT-PCR)
Total RNA was extracted from H9c2 cells with
the TRIzol reagent (Invitrogen, USA) and then
reverse-transcribed into cDNA, following the
thermal cycle program of 16°C for 30 min,
37°C for 60 min, and 85°C for 5 min, cDNA was
stored at -20°C. The real-time quantitative PCR
was performed by a fast real-time PCR system
(7900HT, ABI, USA) using a TaqMan miRNA
assay kit. the protocol was conducted for 35
cycles at 95°C for 3 minutes, 95°C for 12 seconds, and 58°C for 30 seconds. Finally, the
relative expression level of miR-21 was normalized to that of internal control U6 by using 2-ΔΔCt
cycle threshold method
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Statistical analysis
Data are expressed as mean ± SEM. The
signiﬁcance of the results was analyzed using a
student’s t-test. The value of P<0.05 was considered as a signiﬁcant statistical difference.
Results
miR-21 regulated PTEN and Akt expression in
H9C2 cells
PTEN has been demonstrated to be a target of
miR-21 and has an inhibitory role in the regulation of the Akt signaling pathway, which acts as
a key regulator in cellular survival. Thus, to further investigate the miR-21 involved regulatory
of PTEN and Akt pathway in H9C2 cell, the
expression of PTEN and the phosphorylation
levels of Akt were determined in Figure 1. miR21 mimics (mimics group) or inhibitor (inhibitor
group) was transfected into the H9C2 cells,
respectively. In the miR-21 inhibitor group, the
PTEN expression levels were significantly upregulated and the p-Akt expression levels were
significantly downregulated (Figure 1A). In contrast, the p-Akt expression levels were significantly upregulated and the PTEN expression
levels were significantly downregulated in miR21 mimic group (Figure 1B). These results identified that miR-21 evidently downregulated the
PTEN expression while inducing the phosphory-
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Figure 4. siPTEN and IGF-1 affected the expression of PTEN and p-AKT. Ser group, cells were treated with 50 nM
scramble control siPTEN for 18 h. siPTEN group, cells were treated with siPTEN. IGF-1 group, cells were treated with
IGF-1. Protein expression of PTEN (A) and p-AKT (B) were examined by western blot analysis, respectively. aP<0.01
vs. control group, bP<0.01 vs. Ser group.

lation levels of Akt, which was also reverted by
miR-21 inhibitor.
TMZ interfered miR-21, PTEN and p-AKT expression in H/R-treated H9C2 cells
As demonstrated in Figure 2A, qRT-PCR analysis revealed that the expression of miR-21 was
significantly downregulated by H/R treatment,
which was, to a certain degree, reverted by
TMZ. Furthermore, as expected, the expression
of PTEN was significantly increased (Figure 2B)
and the phosphorylation levels of Akt were evidently decreased in the H/R group compared
with the control group, which could be restored
in H/R+TMZ group (Figure 2C). TMZ is an antiischemic agent in cardiomyopathies. So, we
speculated that TMZ protected against myocardial H/R by affecting the expression levels of
miR-21 and PTEN and phosphorylation levels of
the Akt signaling pathway.
MiR-21 inhibitor restored TMZ-interfered PTEN
and p-AKT expression in H/R-treated H9C2
cells
To further investigate the role of miR-21 in TMZ
protecting against myocardial H/R injury, miR21 inhibitor was transfected into H/R H9C2
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cells. As shown in Figure 3, miR-21 inhibitor
could significantly restore the PTEN and p-AKT
expression in H/R+TMZ+ inhibitors group.
Role of TMZ, miR-21, PTEN and p-AKT in
H/R‑induced apoptosis of H9C2 cells
In H/R+TMZ+ miR-21 inhibitor + siPTEN group,
H9C2 cells were transfected with 50 nM miR21 inhibitors, next, treated with 10 μM TMZ for
48 h, next, treated with 50 nM siPTEN for 18 h
and finally subjected to H/R treatment. As
shown in Figure 4A, the expression levels of
PTEN were greatly decrease by 50 nM siPTEN
and the p-AKT expression was significantly
upregulated by 10 nM IGF-1 (Figure 4B).
Cardiac H/R injury often results in cardiomyocyte apoptosis. To gain a better understanding
of the molecular mechanism of TMZ on myocardial H/R injury, the present study focused on
myocardial cell apoptosis. The Bcl-2 family
plays a crucial role on the regulation of apoptosis. Bcl-2, the key member in Bcl-2 family, suppresses apoptosis and subsequently enhances
cell survival. Bax protein, as a homolog of bcl-2,
could bind to bcl-2 forming bax/bcl-2 heterodimers or to itself forming bax/bax homodimers
and promote cell death through apoptosis. In
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Figure 5. TMZ, miR-21, PTEN and p-AKT involved the regulation of H/R‑induced apoptosis in H9C2 cells. H/R, cells
were treated with H/R. TMZ, cells were treated with 10 μM TMZ for 48 h. NC, cells were treated with 0 μM TMZ.
miR-21 inhibitor, cells were transfected with 50 nM miR-21 inhibitor. Ser, cells were treated with 50 nM scramble
control siPTEN for 18 h. siPTEN, cells were treated with 50 nM siPTEN for 18 h. IGF-1, cells were treated with 10
nM for 12 h. A and B. caspase-3, Bax and Bcl-2 expression were examined by western blot analysis, respectively.
(aP<0.01 vs. sham group, bP<0.01 and cP<0.05 vs. H/R group, dP<0.01 and eP<0.05 vs. H/R+TMZ group, cP<0.05
vs. H/R+TMZ+miR-21 inhibitor group).

this study, western blot analysis was applied to
determine the expression levels of Bcl-2 and
Bax protein, two key members in the Bcl-2 family. As shown in 5B, the protein expression level
of Bcl-2 was decreased and Bax was increased
in the H/R group compared with the control
group. So, the Bax/Bcl-2 ratio was increased,
which were reverted by TMZ in the H/R+TMZ
group. This result indicated that Bcl-2 family
members involved TMZ-induced anti-apoptosis
in H/R-treated cells. Additionally, miR-21 inhibitor significantly upregulated Bax/Bcl-2 ratio in
H9C2 cells with the treatment of H/R and, indicating that miR-21 silencing reverted the activity of apoptotic signaling. siPTEN and IGF-1
treatment evidently decreased the expression
levels of Bax protein and increased the expression levels of Bcl-2 protein, so the Bax/Bcl-2
ratio was decreased, compared with H/R+
TMZ+ miR-21inhibitor group (Figure 5).

determined in each group. As shown in Figure
5, the expression levels of caspase-3 were also
upregulated in the H/R group as compared with
those in the sham group, which were reverted
by TMZ in the H/R+TMZ group. miR-21 silencing
significantly upregulated caspase-3 expression
in H/R+TMZ+ miR-21inhibitor group as compared with those in the H/R+TMZ group, which
were reverted with the treatment of siPTEN and
IGF-1 in H/R+TMZ+ miR-21inhibitor +siPTEN
group and H/R+TMZ+ miR-21inhibitor + IGF-1
group.

Additionally, the expression levels of caspase-3,
as a downstream effector of Bcl-2, were also

In the present study, we investigated the signaling pathways by which TMZ triggers anti-apop-
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These findings supported the idea that miR-21
involved TMZ induced anti-apoptotic effect via
regulating the expression of PTEN and p-AKT,
which further suppresses pro-apoptotic factors
caspase-3 and Bax/Bcl-2 ratio.
Discussion
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tosis effect in H/R-induced myocardial injury.
Speciﬁcally, we focused on the potential role of
miR-21 induced PTEN/p-AKT pathway in TMZinduced protection.
Several drugs have been studied in the protection of the myocardium from H/R injury. The
anti-ischemic metabolic drug trimetazidine
(TMZ) has been observed to protect the myocardium cells and exert its beneficial effects
without altering the hemodynamic function of
the heart [5]. TMZ decreases ischemic stress
and improves cardiac performance during ischemia by reducing fatty acid oxidation which further selectively inhibits mitochondrial 3-ketoacyl CoA thiolase [6]. It was reported that TMZ
could affect mitochondrial function and protect
the heart from prolonged ischemia-reperfusion
injury [9, 17]. TMZ also showed cytoprotective
effect in several models of myocardial infarction [8]. Recently, it has been shown that TMZ
protected heart against myocardial ischemia/
reperfusion injury by suppressing myocardial
apoptosis [11, 18]. In this study, we further
revealed the anti-apoptosis of TMZ in H/Rinduced myocardial injury by detecting the protein expression levels of several key apoptotic
effectors. Consistent with these results, our
result showed that including Bcl-2, Bax and
caspase-3, in cardiomyocyte H/R injury. Furthermore, to reveal anti-apoptosis mechanism
of TMZ, miR-21 and PTEN/p-AKT pathway was
studied in this work.
miR-21 is highly expressed in the adult heart
and has a crucial role in the regulation of normal biological functions of the myocardial tissue [19]. Previously, accumulating evidence
has shown that miR-21 protected cardiomyocyte from ischemia-induced apoptosis. miR-21
inhibited left ventricular remodeling in the early
phase of I/R injury by suppressing cell apoptosis in rats [15]. PTEN has previously been
shown to be a direct target of miR-21 [20, 21],
and downregulate the regulation of Akt signaling, which acts as a key regulator in cellular survival. AKT was reported to inhibit hypoxiainduced apoptosis through miR-21-dependent
suppression of FasL [22]. Consistent with these
reports, we observed that MiR-21 regulated
PTEN and Akt expression in H9C2 cells.
Recently, it was revealed that miR-21 had a protective role in I/R- and H/R-induced cardiomyocyte apoptosis via the PTEN/Akt-dependent
mechanism [16]. In this study, we observed
3740

that TMZ interfered miR-21, PTEN and p-AKT
expression and miR-21 inhibitor restored TMZinterfered PTEN and p-AKT expression in H/Rtreated H9C2 cells. These results indicated
that miR-21-dependent regulation of PTEN and
p-Akt involved protective effects of trimetazidine on H/R injury.
In conclusion, to the best of our knowledge, the
present study was the first to reveal that TMZ
protects against H/R-induced myocardial cell
apoptosis, most likely by inducing miR-21
expression and therefore inhibiting PTEN and
upregulating the activity of the Akt signaling
pathway, which further suppresses pro-apoptotic factors such as caspase-3, while increase
anti-apoptotic factors, including Bcl-2/Bax.
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