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Abstract: Irisin, a novel muscle-secreted peptide, has been proposed to play a potential role in improving myocardial 
remodeling that leads to impaired myocardial function and heart failure. It has been reported that controlling reac-
tive oxygen species (ROS) exposure could increase cardiomyocyte survival and prevent pathological remodeling of 
the myocardium. Therefore, we aimed to determine the potential protective effects of Irisin pretreatment against 
ROS in cardiomyocytes and explored the potential mechanisms. H9c2 cells that were subjected to H2O2 in vitro were 
used to mimic myocardial remodeling. Then, the effects of Irisin on myocardial cell proliferation, apoptosis and cel-
lular ROS levels were evaluated during this process by using MTT assay, flow cytometry analysis and 2’7’-Dichloro 
fluoresc in diacetate (DCFH-DA). In order to determine whether Irisin could regulate any microRNA (miRNA) during 
this process, six miRNAs that are known to be involved in apoptosis of cardiomyocytes were assessed by qRT-PCR. 
The protective effects of Irisin on cardiomyocytes mediated by miR-19b were evaluated by detecting cell prolifera-
tion and apoptosis. In addition, the potential target of miR-19b was predicted with bioinformatics tools and verified 
using dual-luciferase reporter assay. Finally, the protein levels of members of the phosphatidylinositol 3-kinase 
(PI3K)/Akt/signaling pathway were also examined by Western Blot. Our study showed that Irisin treatment improved 
H2O2-induced cell viability and attenuated the levels of intracellular ROS and the apoptosis of cardiomyocytes in a 
dose-dependent manner. We also demonstrated that Irisin promoted cell viability and inhibited cell apoptosis via 
upregulating miR-19b expression. In addition, PTEN was identified as a functional target gene of miR-19b that was 
responsible for its anti-apoptotic effects in cardiomyocytes. Further study demonstrated that Irisin-regulated miR-
19b could reactivate the AKT/mTOR signaling pathway blocked by H2O2 in H9c2 cells. We demonstrated that Irisin 
strongly enhances cellular proliferation and preventsapoptosis of cardiomyocytes as well as attenuates the levels 
of intracellular ROS induced by H2O2. These effects might be mediated through the miR-19b/AKT/mTOR signaling 
pathway, which provide a new insight into the mechanism by which Irisin may have beneficial effect on myocardial 
remodeling.
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Introduction

Cardiovascular diseases (CVD) are the leading 
cause of death in the world. Despite great 
efforts have been made in treatment strategies 
in recent years, the morbidity and mortality of 
cardiovascular diseases remain high [1]. It has 
been recognized that myocardial remodeling 
constitutes the pathophysiological basis lead-
ing to the development of CVD. Myocardial 
remodeling is characterized by cardiac hyper-
trophy, myocardial fibrosis, oxidative stress and 
myocardial cell apoptosis [2, 3]. Among them, 

oxidative stress and apoptosis are the most 
important pathologic features in the pathogen-
esis and progression of various cardiovascular 
diseases [4-7]. Therefore, treatment strategies 
that can reverse myocardial remodeling are 
effective in improving prognosis and lowering 
mortality.

Irisin is a recently identified myokine that medi-
ates beneficial effects of exercise by promoting 
the browning of white adipose tissue [8]. A large 
body of evidence indicates that Irisin levels was 
decreased in the serum of patients with meta-
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bolic diseases, suggesting that Irisin could be 
therapeutic for metabolic disease and other 
disorders which are linked to cardiovascular 
diseases such as coronary artery disease, 
abdominal aortic aneurysm, heart failure, and 
diabetic heart diseases [9-11]. Two recent stud-
ies have focused on the potential relationship 
between Irisin and myocardial remodeling. One 
study found that Irisin improved endothelial 
function in type 2 diabetes through reducing 
oxidative stress that play fundamental roles in 
myocardial remodeling [12]. Another study 
revealed that Irisin inhibited high glucose-
induced apoptosis, oxidative stress and in- 
creased antioxidant enzymes expression in 
HUVECs [13]. However, the underlying mecha-
nisms involved are still unknown. 

MicroRNAs (miRNAs) are a class of endogenous 
small noncoding RNAs with a length of 17-24 
nucleotides, which repress translation of target 
mRNAs or induce degradation of target mRNAs 
by binding to the 3’UTR of target mRNAs [14]. 
Increasing evidence supports that miRNAs dys-
regulation play indispensable roles in multiple 
cardiovascular diseases including cardiac hy- 
pertrophy, myocardial infarction, myocardial 
fibrosis, cardiac arrhythmia and heart failure 
[14-18]. A recent study demonstrated that Irisin 
significantly reduces atherosclerosis in apolipo-
protein E-deficient mice via promoting endothe-
lial cell proliferation through microRNA-126-5p 
[13]. These studies suggest that Irisin could 
exert its biological function through regulation 
of miRNAs. However, it is still unknown whether 
Irisin exerts a protective effect on myocardial 
remodeling via miRNAs.

In the present study, we explored the protective 
effect of Irisin on myocardial proliferation and 
apoptosis in the cell model of oxidative stress. 
Moreover, the interactions between Irisin, miR-
19b and AKT/mTOR signaling pathway were 
also studied in order to reveal the underlying 
mechanisms of Irisin in the protection of myo-
cardial damage induced by oxidative stress. 
Our findings can help important implications for 
the future development and application of Irisin 
for myocardial remodeling treatment.

Materials and methods

Materials

Irisin (purity >99%) was purchased from Cay- 
man Chemical (Michigan, USA) and was dis-

solved in dimethylsulfoxide (DMSO; Sigma, St. 
Louis, MO, USA) which was stored at -20°C. The 
final concentrations of icariin used in the cul-
ture were 1, 2 and 5 ng/ml.

Cell culture and H2O2 treatment

The embryonic rat cardiac myoblast H9c2 cell 
line was obtained from American Type Culture 
Collection (Manassas, VA, USA). The cells were 
maintained in Dulbecco’s modified Eagle’s 
medium (DMEM; GIBCO, Carlsbad, USA) sup-
plemented with 10% fetal bovine serum 
(Beyotime Institute of Biotechnology, Haimen, 
China) and 1% penicillin/streptomycin (Sigma-
Aldrich, St. Louis, MO, USA). H9c2 cells were 
treated with 200 μM H2O2 for 12 hours to 
establish the oxidative stress-induced injury 
model in cardiomyocytes, in accordance with a 
previously published method [19].

Cell viability assay

The effect of Irisin on cell viability was quantita-
tively assessed with the MTT assay. H9c2 cells 
were seeded in 96-well plates at a density of 
1×104 cells/well. The cultures were treated for 
24 h with different concentrations of Irisin (1, 2 
and 5 ng/ml) before exposing the cultures to 
H2O2 for 1 h. Then, 20 μl of MTT solution (5 mg/
ml) was added to each well for 4 h. After remov-
al of MTT solution, dimethyl sulfoxide (DMSO) 
was added, and the absorbance at 490 nm was 
measured with Microplate Reader (Bio-Tek 
Instruments, Inc.). All experiments were done in 
triplicate.

Cell apoptosis detection by flow cytometry

After exposure to different experimental condi-
tions, H9c2 cells (1×106) were collected and 
then washed twice with PBS. The cells were 
resuspended in 500 μl binding buffer and then 
mixed with Annexin V-FITC (1 µg/ml; Invitrogen, 
Carlsbad, CA) in the dark for 15 min at room 
temperature. Five minutes after propidium 
iodide [8] solution was added, the percentages 
of dead cells and cells undergoing apoptosis 
were evaluated by flow cytometry (Becton-
Dickinson, San Jose, CA, USA).

Detecting the ROS generation

The generation of myocardial ROS was 
assessed using 2’,7’-DCF diacetate (DCF-DA; 
Sigma-Aldrich) as previously reported [20]. 
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Briefly, after cell culture medium was discard-
ed, cells were incubated with 20 μmol/L DCFH 
for 30 min at 37°C, then cells were washed 
twice with PBS. ROS formation was stimulated 
by H2O2 (final concentration: 200 μM) for 6 h at 
37°C. Before and 6 h after H2O2 addition, the 
fluorescence levels of the samples were mea-
sured using a fluorescence microplate reader 
at 488 nm excitation and 525 nm emission 
wavelengths. Fold-increases in ROS level were 
determined by comparison with the control 
group.

Transfection

The miR-19b mimic, inhibitor, and their nega-
tive controls were all purchased from RiboBio 
(Guangzhou, China). Before transfection, H9c2 
cells were grown in 25 cm2 cell culture flasks 
with 4 ml medium. The miRNA was transfected 
to H9c2 cardiomyocytes using lipofectamine 
2000 (Invitrogen, Carlsbad, CA), which were 
incubated at 37°C for 36 h for further 
experiments.

RNA extraction and real-time PCR

Total RNA was extracted using TRIzol reagent 
(Invitrogen,Carlsbad, CA) following the manu-
facturer’s instruction. MiR-19b was reverse 
transcribed using the PrimeScript RT reagent 
Kit (TaKaRa, Tokyo, Japan) and quantified by 
real-time PCR with the TaqMan MicroRNA assay 
kit (Applied Biosystems). qRT-PCR analyses  
for PTEN and the normalization control gene 
glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) were performed using SYBR Premix Ex 
Taq (TaKaRa) on an ABI PRISM 7500 Sequence 
Detection System (Applied Biosystems). The 
relative expression of each gene was calculat-
ed and normalized using the 2-ΔΔCt method rela-
tive to RNU6B or GAPDH. All reactions were 
conducted in triplicate.

Western blot analysis

Total proteins were extracted from H9c2 cells 
using RIPA buffer (Beyotime, Jiangsu, China), 
and then the cell lysates were centrifuged at 
3,000× g for 30 min. The concentrations of pro-
tein were determined using a Protein Assay Kit 
(Bio-Rad, Hercules, CA, USA). For western blot 
analysis, 50 μg proteins were fractionated on 
12% gels by SDS-polyacrylamide gel electro-
phoresis and then transferred onto PVDF mem-

branes (Millipore, Bedford, MA). After blocking 
in 10% nonfat dry milk at room temperature for 
1 h, the membranes were incubated with the 
primary antibody overnight at 4°C. The β-actin, 
Bcl-2, cleaved caspase-3, cleaved PARP, PTEN, 
AKT, pAKT, mTOR, and p-mTOR antibodies (all 
used at 1:1000 dilution) were obtained from 
Cell Signaling Technology (CST, BSN, USA). On 
the following day, the membranes were incu-
bated with a horseradish peroxidase-conjugat-
ed secondary antibody (Thermo, Waltham, MA, 
USA) for 1 h at room temperature. Signals were 
visualized by ECL chemiluminescence. Equal 
protein loading was assessed by the expres-
sion of β-actin. The bands were semi-quantified 
using Image J software.

Luciferase reporter assays

A whole fragment of 3’UTR PTEN mRNA and a 
mutant form were cloned into pGL-3-Luc. The 
HEK 293T cells were seeded in 12-well plates 
and co-transfected with pGL-3-PTEN wild-type 
or mutant portion and TK100 Renilla combined 
with miR-19b mimic, miR-19b inhibitor or NC 
control using Lipofectamine 2000 (Invitrogen). 
Cells were harvested 48 hours after transfec-
tion, and luciferase activity was measured 
using a Dual-Luciferase Reporter Assay Kit 
(Promega, Madison, WI) according to the manu-
facturer’s protocol. All of the dual-luciferase 
reporter assays were done in triplicate within 
each experiment.

Statistical analysis

All of the data are representative of three inde-
pendent experiments performed as triplicate 
determinations. Statistical analyses of the data 
were evaluated using one-way ANOVA. Values 
of P<0.05 were considered statistically 
differences.

Results

Irisin attenuates H2O2-induced apoptosis and 
ROS in H9c2 cardiomyocytes

To assess the potential protective effects of 
Irisin, H9c2 cells were treated with varying con-
centrations of Irisin, followed by 200 μM H2O2 
treatment, and then examined the cell viability 
by MTT assay. As shown in Figure 1A, Irisin 
improved the cell viability induced by H2O2 in a 
dose-dependent manner and achieved the 
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Figure 1. Irisin alleviated H2O2 induced apoptosis and ROS productionin H9c2 cardiomyocytes. H9c2 cells were treated for 24 h with different concentrations of 
Irisin (1, 2 and 5 ng/ml) before exposing the cultures to H2O2 for 1 h. A. Cell viability was measured using the MTT assay. B. The generation of myocardial ROS was 
assessed using 2’,7’-DCF diacetate. C. Flow cytometry analysis for the apoptosis of H9c2 cardiomyocytes. D. Immunoblot analysis for Bcl-2, cleaved-Caspase 3 and 
cleaved-PARP. The data are expressed as the mean ± SD of three independent experiments. *P<0.05, **P<0.01 vs control, ##P<0.01 vs H2O2 group.
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strongest effect at 5 ng/ml. Therefore, we used 
5 ng/mL Irisin for the following analysis.

Next, we evaluate the effect of Irisin on intracel-
lular ROS that is the main inducer of oxidative 
stress and found that the levels of intracellular 
ROS were decreased by Irisin compared with 
control group in a dose-dependent manner 
(Figure 1B). As oxidative stress may lead to car-
diomyocyte apoptosis, which plays a key role in 
the progression of cardiovascular diseases 
[21], we investigated the effects of Irisin on 
H2O2-induced cardiomyocyte apoptosis. As 
shown in Figure 1C, Irisin reduced H2O2-induced 
the apoptosis of H9c2 cells in a dose-depen-
dent manner.

To examine the mechanism underlying the 
induction of apoptosis in more detail, we exam-
ined the expression of Bcl-2, cleaved caspase-3 
and cleaved PARP proteins. Western blot analy-
sis showed that the level of the cleaved cas-

pase-3 and cleaved PARP protein was markedly 
decreased in the group of Irisin + H2O2 group 
compared to the H2O2 group, whereas the level 
of anti-apoptotic proteins Bcl-2 was increased 
after Irisin pretreatment following H2O2 expo-
sure. These data indicated that Irisin pretreat-
ment prevented the oxidative stress-induced 
apoptosis in cardiomyocytes dose-dependent-
ly, possibly through the intrinsic apoptotic 
pathway.

MiR-19b was upregulated in Irisin-treated 
H9c2 cells

Previous study demonstrated that miRNAs play 
important roles in multiple cardiovascular dis-
eases by analyzing the miRNA profiles [22, 23]. 
A recent study showed that the therapeutic 
effect of Irisin might be partially achieved 
through modulating miRNAs expression in ath-
erosclerosis [24]. Therefore, we explored wh- 
ether Irisin could affect the expression of six 
miRNAs that is associated with cardiomyocytes 
apoptosis. Through qRT-PCR analysis using 
Irisin-treated H9c2 cells, we found Irisin signifi-
cantly increased the expression of miR-19b, 
whereas the expressions of miR-1 [25-27], miR-
133 [26], miR-181a [28], miR-378 [29] and 
miR-195 [30, 31] that were associated with the 
apoptosis of cardiomyocytes had no changes 
(Figure 2A). Moreover, a previous study showed 
that miR-19b could attenuate apoptosis in 
H2O2-treated H9c2 cardiomyocytes [24]. Thus, 
we chose miR-19b for further study. To investi-
gate whether miR-19b involved in the protec-
tive role of Irisin in oxidative stress cell model, 
we treated H9c2 cells with increasing doses of 
Irisin for 24 h, and examined the relative expres-
sion of miR-19b by qPCR. We found that H2O2 
treatment downregulated the expression of 
miR-19b in H9c2 cells, while administration of 
Irisin attenuated the inhibitory effect in a dose 
dependent manner (Figure 2B). These results 
suggest that Irisin may exert its anti-apoptotic 
and antioxidant activity through regulation of 
miR-19b in H2O2-treated H9c2 cells.

Irisin prevents cardiomyocytes from apoptosis 
induced by H2O2 through upregulating miR-19b 
expression

To examine whether the up-regulation of miR-
19b contributes to the anti-apoptotic role of 
Irisin in H9c2 cells under H2O2 exposure, cells 
were transfected with miR-19b mimics and 

Figure 2. Irisin upregulated the expression of miR-
19b in H9c2 cardiomyocytes. A. The expression of six 
miRNAs (miR-1, miR-133, miR-181a, miR-378 and 
miR-19b) was measured by qRT-PCR in H9c2 cardio-
myocytes treated with Irisin before exposing the cells 
to H2O2 for 1 h. B. The H9c2 cells were treated with 
different concentrations of Irisin (1, 2 and 5 ng/ml) 
for 24 h before exposing the cultures to H2O2 for 1 
h. Then, the expression of miR-19b was evaluated 
by qRT-PCR. The data are expressed as the mean 
± SD of three independent experiments. *P<0.05, 
**P<0.01 vs control, ##P<0.01 vs H2O2 group.
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miR-19b inhibitor and then cell viability and 
apoptosis were evaluated. The miR-19b inhibi-
tor or mimics were transfected into H9c2 cells, 
and the expression level of miR-19b was signifi-
cantly decreased or increased after transfec-
tion (Figure 3A, 3C). Then, we observed Irisin 
treatment significantly decreased the apopto-

sis of H9c2 cells induced by H2O2, whereas 
knockdown of miR-19b by its inhibitor reversed 
the protective effect of Irisin on H2O2 induced 
H9c2 cells apoptosis (Figure 3B). In contrast, 
we observed that overexpression of miR-19b 
promoted Irisin-mediated H9c2 apoptosis 
(Figure 3D). Likewise, we investigated the role 

Figure 3. Irisin treatment promotes cell viability and inhibits cell apoptosis in H2O2-treated H9c2 cardiomyocytes 
through regulation of miR-19b. A, C. qRT-PCR analysis for miR-19b level in H9C2 cardiomyocytes transfected with 
miR-19b mimics, inhibitor, or respective negative controls. B, E. H9c2 cells were incubated in the presence of H2O2 
or Irisin+ H2O2 or Irisin + H2O2 + miR-19b inhibitorand the cell viability and cell apoptosis of H9c2 cardiomyocytes 
were examined. D and F. H9c2 cells were incubated in the presence of H2O2 or Irisin+ H2O2 or Irisin + H2O2 + miR-19b 
mimics and the cell viability and cell apoptosis of H9c2 cardiomyocytes were examined. The data are expressed as 
the mean ± SD of three independent experiments. *P<0.05, **P<0.01 vs control, ##P<0.01 vs H2O2 + Irisin group.
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of miR-19b in the promoting effect of Irisin on 
the H9c2 cell viability. The MTT analysis showed 
that inhibition of miR-19b attenuated the pro-
moting effect of Irisin on cell viability, while 
overexpression of miR-19b enhanced the pro-
moting effect of Irisin (Figure 3E, 3F). Taken 
together, our results suggest that Irisin pre-
vents cardiomyocytes from apoptosis induced 

by H2O2 through upregulating miR-19b expres- 
sion. 

PTEN is a direct target of miR-19b

To explore the molecular mechanism by which 
miR-19b functions in the protective effects of 
Irisin on H9c2 cells against oxidative stress, the 

Figure 4. PTEN is a direct target of miR-19b. A. The predicted binding sites for miR-19b in the 3’UTR of PTEN and the 
mutations in the binding sites are shown. B and C. PTEN protein expression was measured in H9c2 cells transfected 
with miR-19b inhibitor and miR-19b mimic. β-actin was used as the internal control. D. The bands were semi-quanti-
tatively analyzed by using Image J software, normalized to β-actin density. E. PTEN mRNA expression was measured 
in H9c2 cells transfected with miR-92a inhibitor and miR-92a mimic. U6 was used as the internal control. F. Relative 
luciferase activity in HEK-293 cells co-transfection with wild-type or mutant-type 3’UTR PTEN reporter plasmids and 
miR-19b mimics or inhibitor. wt, wild-type; Mut, mutant-type. The data are expressed as the mean ± SD of three 
independent experiments. **P<0.01 vs mimic NC group, ##P<0.01 vsinhibitor NC group.



Irisin protects cardiomyocytes apoptosis

7714	 Int J Clin Exp Pathol 2017;10(7):7707-7717

PicTar and TargetScan algorithms were used 
and PTEN attracted our attention for the high-
est score in both algorithms. Moreover, previ-
ous research proved that PTEN was a target of 
miR-19b in cardiomyocytes [32, 33]. Thus, 
PTEN was selected for further investigation. 
The predicted bindingsites for miR-19b in the 
PTEN sequence are illustrated in Figure 4A. In 
addition, qRT-PCR and Western Blot analysis 
showed that miR-19b overexpression decre- 
ased the levels of PTEN mRNA and protein 
expression, whereas inhibition of miR-19b in- 
creased the expressions (Figure 4B-E).

To validate whether PTEN is the direct target of 
miR-19b, a luciferase assay was performed in 
HEK293 cells. The predicted PTEN binding site 
(PTEN-wt) and its mutant type (PTEN-mt) were 
amplified and directly fused to the downstream 
of the luciferase reporter gene in the pmirGLO-
basic vector. Co-transfetion of miR-19b mimic 
and pmirGLO-PTEN-wt significantly decreased 
the luciferase activity, whereas co-transfection 
of miR-19b inhibitor and pmirGLO-PTEN-wt 
increased the luciferace activity (Figure 4F). 
Likewise, cells co-transfected with miR-19b 
and pmirGLO-PTEN-mut showed no obvious 
change in luciferase activity (Figure 4F). Our 
results demonstrate that miR-19b targeted 
PTEN and negatively regulated its expression in 
H9c2 cells, suggesting that miR-19b exert its 
anti-apoptotic and anti-oxidative stress role 
through the inhibition of PTEN.

Irisin promotes the activation of AKT/mTOR 
signal pathway in H9c2 cells under H2O2 
exposure

It is reported that PTEN is a negative regulator 
of the AKT/mTOR signaling pathway [34]. 
Additionally, recent studies imply that activa-
tion of the AKT/mTOR pathway is essential for 
the cardiac physiology and protection against 
pathological remodeling and failure [35].
Following on from the above findings, we sought 
to further explore whether the miR-19b/PTEN/
AKT/mTOR axis was involved in the anti-apop-
totic effects of Irisin in the cell culture model. 
Western blot was performed to detect the pro-
tein levels of Akt, phosphorylated-Akt (p-Akt), 
mTOR, phosphorylated-mTOR (p-mTOR) and 
PTEN in H9c2 cells under H2O2 exposure.We 
confirmed that p-Akt and p-mTOR were signifi-
cantly decreased after H2O2 treatment. Inte- 
restingly, Irisin abolished the inhibitory effect of 
H2O2 on p-Akt and p-mTOR (Figure 5A, 5B). 
Moreover, after H2O2 treatment, the expression 
level of PTEN was markedly increased, whereas 
Irisin attenuated the enhancement of H2O2 on 
the expression of PTEN (Figure 5A, 5B). These 
data imply that Irisin may activate the AKT/
mTOR signaling pathway through regulation of 
miR-19b/PTEN, finally inhibiting cell apoptosis 
and ROS induced by H2O2.

Discussion

In the present study, we demonstrated that 
Irisin could promote cell viability and inhibit cell 
apoptosis and ROS production in H9c2 cells 
under H2O2 exposure. Furthermore, we demon-
strate that Irisin prevent H9c2 cells from apop-
tosis by regulating miR-19b/PTEN/AKT/mTOR 
axis. These results suggest that Irisin treat-
ment could serve as a potential therapeutic 
strategy to protect against myocardial remo- 
deling.

Several reports have demonstrated that Irisin, 
a newly discovered myokine, has great poten-
tial as therapeutic applications for metabolic 
disturbances. A study from Xiang et al. showed 
that circulating Irisin levels were positively 
associated with endothelium-dependent vaso-
dilation [36] in newly diagnosed type 2 diabetic 
patients [37]. Recently, the relationship bet- 
ween Irisin and cardiovascular diseases has 
gained increasing attention [38-40]. For exam-
ple, Lu J et al. found that Irisin protected against 

Figure 5. Irisin attenuates H2O2 induced the inactiva-
tion of AKT/mTOR signaling pathway in H9c2 cells. 
H9c2 cells were treated for 24 h with 5 ng/ml Iri-
sin before exposing the cultures to H2O2 for 1 h. A. 
AKT and mTOR phosphorylation were determined by 
Western blot. Total AKT and mTOR were used as a 
loading control. B. The bands were semi-quantitative-
ly analyzed by using Image J software. The data are 
expressed as the mean ± SD of three independent 
experiments. **P<0.01 vs H2O2 group.
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endothelial injury and ameliorates atheroscle-
rosis in apolipoprotein E-Null diabetic mice 
[13]. In our study, we demonstrated that Irisin 
pretreatment promoted cell proliferation, inhib-
ited cell apoptosis and ROS production in H9c2 
cellstreated with H2O2. In addition, a previous 
study reported that controlling ROS exposure 
could increase cardiomyocyte survival and pre-
vent pathological remodeling of the myocardi-
um [41]. These data suggest that Irisin may 
improve myocardial remodeling induced by oxi-
dative stress, at least in part, by inhibiting 
apoptosis of cardiomyocytes.

Recently, miRNAs have been reported to be 
involved in the development of myocardial 
remodeling [15, 16]. For example, Rui Li et al. 
identified miR-7a/b play an important role in 
myocardial infarction (MI)-induced cardiac 
remodeling by regulating the expression of Sp1 
[42]. Liu, N., et al. found that miR-135a was 
markedly up-regulated under H2O2 treatment in 
rat cardiomyocytes and regulated H2O2-induced 
apoptosis via the modulation of Bcl-2 [43]. A 
recent research showed that Irisin exhibited 
unique activities that regulate miRNA expres-
sion in atherosclerosis [24]. Here, we found 
that Irisin treatment upregulated the expres-
sion of miR-19b in H9c2 cells under H2O2 treat-
ment. miR-19b inhibition attenuated the anti-
apoptotic effects of Irisin and the pro-proli- 
feration effects of Irisin on cardiomyocytes. 
Moreover, miR-19b has been proved to be able 
to protect cardiomyocyte apoptosis and im- 
prove cell survival [33]. This indicates that the 
inhibitory effects of Irisin on H2O2 induced 
apoptosis may be through the upregulation of 
miR-19b.

PTEN is a dual protein/lipid phosphatase inside 
the cells, which has been shown to be repressed 
by miR-19b in several cancer cells [44-47]. 
Meanwhile, inactivation of PTEN has been 
reported to activate downstream signaling 
including AKT and/or ERK [48, 49]. Moreover, a 
recent study performed by Xu, J., et al. demon-
strated that miR-19b attenuated H2O2-induced 
apoptosis in rat H9c2 cardiomyocytes via tar-
geting PTEN [32]. Therefore, it is not difficult to 
understand that miR-19b-mediated decrease 
of PTEN expression can activate downstream 
AKT signaling, and inhibit cellular apoptosis. As 
expected, PTEN was validated as a target gene 
of miR-19b and negatively regulated by miR-

19b at the protein and mRNA level in H9c2 car-
diomyocytes. Moreover, we found that p-Akt 
and p-mTOR were decreased after H2O2 treat-
ment in H9c2 cells, whereas Irisin could abolish 
the inhibitory effects of H2O2 on p-Akt and 
p-mTOR. Taken together, these data indicated 
that Irisin inhibited apoptosis induced by H2O2 
through activation of miR-19b/PTEN/AKT/
mTOR axis.

In conclusion, we reported that Irisin specifical-
lyprevented cardiomyocyte apoptosis under 
oxidative stress through miR-19b/AKT/mTOR 
pathway. This finding indicates that Irisin treat-
ment could serve as a potential therapeutic 
strategy to protect myocardial remodeling 
development.
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