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Abstract. – OBJECTIVE: Myocardial cell apop-
tosis is an important pathologic basis of isch-
emia-reperfusion injury (I/R). PI3K/Akt signaling 
pathway involves in cell growth, survival, and 
apoptosis regulation, thus playing an important 
role in the protection of I/R injury. PTEN is a neg-
ative regulatory factor of PI3K/Akt signaling path-
way. This study established rat I/R injury mod-
el after AMI and myocardial cell I/R injury model 
to explore the regulatory role of PTEN-PI3K/Akt 
signaling pathway in myocardial I/R injury in vi-
vo and in vitro.

MATERIALS AND METHODS: Rat myocardi-
al I/R injury model was established. PTEN and 
p-Akt expressions in myocardial tissue were 
compared. H9C2 cells were incubated in I/R con-
dition for 12 h, followed by reoxygenation for 12 
h. H9C2 cells were divided into three groups, 
including I/R+pSicoR-Blank, I/R+pSicoR-PTEN, 
and I/R+pSicoR-PTEN+VO-Ohpic. PTEN, p-Akt, 
Bcl-2, and Bax expressions were detected. Cell 
apoptosis was measured by flow cytometry. 

RESULTS: PTEN expression significantly in-
creased, while p-Akt level markedly declined in 
myocardial tissue in I/R group compared with 
Sham group. Temporary PTEN downregulation 
and p-Akt elevation appeared at 2 h after I/R. 
I/R treatment markedly enhanced PTEN and Bax 
expressions, increased cell apoptosis, and re-
duced p-Akt and Bcl-2 levels. PTEN overexpres-
sion significantly enhanced Bax expression and 
cell apoptosis, while declined p-Akt and Bcl-2 in 
H9C2 after I/R. PTEN inhibited by VO-Ohpic mark-
edly downregulated p-Akt and Bcl-2 expressions, 
whereas reduced Bax level and cell apoptosis.

CONCLUSIONS: The overexpression of PTEN 
aggravated myocardial cell apoptosis after I/R. 
The blockage of PTEN enhanced PI3K/Akt sig-
naling pathway and attenuated cell apoptosis in-
duced by I/R.
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Introduction

Acute myocardial infarction (AMI) refers to 
myocardial necrosis caused by coronary artery 
acute and persistent ischemia and hypoxia. Cor-
onary artery reperfusion therapy is the most ef-
fective way to save ischemic myocardium, protect 
heart function, and rescue patient life1. However, 
re-supply of ischemic myocardium inevitably 
brings ischemia-reperfusion injury (I/R), which 
becomes the main restrictive factor affecting the 
AMI treatment effect. It was showed that myo-
cardial apoptosis is the major pathophysiological 
process of I/R injury that almost runs throughout 
the whole process of I/R injury. It is also the main 
form of myocardial cell injury2. Phosphatidyli-
nositol-3 kinase (PI3K)/protein kinase B (PKB) is 
an important signaling pathway that participates 
in cell growth, proliferation, survival, and apop-
tosis. It can regulate glycogen synthesis and glu-
cose conversion, and is closely related to cell pro-
liferation and apoptosis reduction, thus playing a 
critical role in the protection of myocardial injury 
caused by I/R3. PI3K can be activated by multi-
ple extracellular factors through the effect of re-
ceptor kinase. Activated PI3K can promote PIP2 
translating into PIP3, which directly activates the 
downstream Akt protein. Akt can transmit the 
signal into the nucleus to promote multiple genes 
transcription and expression, including factors 
related to cell proliferation, cycle, and apoptosis. 
For instance, B-cell lymphoma 2 (Bcl-2) is an im-
portant target molecule of the Akt pathway4.

Phosphatase and tensin homologue deleted on 
chromosome ten (PTEN) is the only tumor sup-
pressor gene found so far that has the dual activity 
of protein esterase and phosphatase. It can make 
the PIP3 dephosphorylate into PIP2, thus nega-
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tively feedback regulating PI3K/Akt signaling 
pathway. Therefore, it plays a regulatory role on 
cell survival, proliferation, and apoptosis5. Re-
searches6-8 revealed that PTEN expression and 
dysfunction was associated with multiple patho-
logical processes of cardiovascular disease, in-
cluding myocardial remodeling, cardiac hyper-
trophy, and myocardial fibrosis. Other studies 
demonstrated that PTEN plays a critical role in 
I/R induced brain9, liver10, and kidney11 injury. 
Through the establishment of I/R injury after 
AMI in rats model and in vitro myocardial cell 
I/R injury model, we discussed PTEN PI3K/Akt 
signaling pathways regulating role in myocardial 
I/R injury. We established rat I/R injury model 
after AMI and myocardial cell I/R injury model 
to explore the regulatory role of PTEN-PI3K/Akt 
signaling pathway in myocardial I/R injury in vi-
vo and in vitro.

Materials and Methods

Main Reagents and Materials
Healthy male Wistar rats (6-8 week and 221±18 

g) were purchased from Tongji Medical College 
(Hubei, China). Rat myocardial cell line H9C2 
was got from Beinuobio (Shanghai, China). Dul-
becco’s Modified Eagle’s Medium (DMEM) me-
dium was bought from Gibco (Thermo Fisher 
Scientific, Waltham, MA, USA). Fetal bovine se-
rum (FBS) was obtained from Gemini Bio-Prod-
ucts (West Sacramento, CA, USA). TriPure RNA 
Isolation Reagent was provided by Roche (Basel, 
Switzerland). QuantiTect SYBR Green RT-PCR 
Kit was purchased from Qiagen (Hilden, Germa-
ny). PCR primers were synthetized by Generay 
(Shanghai, China). Rabbit anti-PTEN and p-Akt 
primary antibodies were got from Abcam (Cam-
bridge, MA, USA). Mouse anti-Bcl-2, Bax, and 
β-actin primary antibodies were obtained from 
R&D systems (Minneapolis, MN, USA). An-
nexin V-FITC/PI cell apoptosis detection kit was 
bought from Solarbio (Beijing, China). Horserad-
ish peroxidase (HRP) labeled secondary antibody 
was provided by SunShine Biotechnology Co., 
Ltd (NanJing, China). TUNEL cell apoptosis de-
tection kit was got from Beyotime (Jiangsu, Chi-
na). PTEN inhibitor VO-Ohpic was bought from 
MedChemExpress (Monmouth Junction, NJ, 
USA). E. coli DH5α competent cell was obtained 
from Genmedsci (Shanghai, China). pSicoR-GFP 
vector was purchased from Addgene (Edinburgh, 
UK). Hpa I and Xho I endonuclease were got 

from New England Biolabs (Ipswich, MA, USA). 
Lipofectamine 2000 was bought from Invitrogen 
(Carlsbad, CA, USA).

Ethics Statement
Rats were used for all experiments, and all 

procedures were approved by the Animal Eth-
ics Committee of Beijing Children’s Hospital, 
Capital Medical University, National Center for 
Children’s Health (Beijing, China), and the ex-
perimental procedures were performed in strict 
accordance with Legislation Regarding the Use 
and Care of Laboratory Animals of China. Before 
the experiments, the animals were allowed to suit 
the new environment for 7 days, and housed in 
a room under 12 h light/dark cycle, a controlled 
temperature at 22± 3°C and a relative humidity 
at 60± 10%.

Rat I/R Modeling
The rats were anesthetized by pentobarbital 

sodium intraperitoneal injection. The limbs were 
connected to the electrocardiogram and the en-
dotracheal intubation was connected to the ani-
mal-breathing machine. The chest was opened 
on the left, 4th intercostal space, and the left an-
terior descending coronary artery was identified 
between pulmonary arterial cone and aorta. The 
blood supply was restored after blocking for 60 
min. Sham group was selected as control. 

TUNEL Assay
The rats were killed at postoperative 6 h, 12 h, 

and 24 h. The myocardium tissue was collected 
to prepare frozen section. The section was incu-
bated using TUNEL apoptosis detection kit and 
observed under a fluorescence microscope. 

PTEN Overexpression Plasmid 
Construction

The cDNA of H9C2 myocardial cells was used 
as the template to amplify the CDS region of 
PTEN gene. After dual-enzyme digested by Hpa 
I and Xho I, it was connected to pSicoR plasmid 
vector at 4:1. After screened by Amp medium, 
the single colony was picked. The plasmid DNA 
was extracted and identified by sequencing. The 
plasmid with correct sequence was amplified and 
collected. 

H9C2 Cell Transfection
Rat myocardial cell line H9C2 was routinely 

cultivated in DMEM containing 10% FBS and 
maintained at 37°C and 5% CO2. The cells in log-RE
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arithmic phase were changed to DMEM without 
FBS. PTEN overexpression vector pSicoR-PTEN 
or empty vector pSicoR-Blank was transfected to 
H9C2 cells using Lipofectamine 2000. After 6 h 
of incubation, the cells were further changed to 
DMEM medium containing 10% FBS and col-
lected after 72 h.

I/R Treatment
To stimulate I/R condition in vivo, H9C2 cells 

were treated by I/R. The cells were cultured in 
low glucose serum-free DMEM to simulate isch-
emic condition. Next, the cells were maintained 
in incubator with 5% CO2 and 95% N2 to simu-
late hypoxic condition. The cells were changed to 
routine medium after 12 h and further cultured in 
normal condition for 12 h.

H9C2 Cell Grouping
H9C2 cells were divided into three groups, in-

cluding I/R+pSicoR-Blank, I/R+pSicoR-PTEN, 
and I/R+pSicoR-PTEN +VO-Ohpic. VO-Ohpic 
was used to treat cells after transfection at 60 
nmol/L.

Flow Cytometry 
The cells were digested by enzyme and washed 

by precooled PBS. Then, the cells were suspend-
ed by 500 μL binding buffer and incubated in 5 
μL Annexin V-FITC avoid of light at room tem-
perature for 15 min. Next, the cells were stained 
by 5 μL PI and tested on flow cytometry.

qRT-PCR
QuantiTect SYBR Green RT-PCR Kit was used 

for qRT-PCR detection. The primers used were as 
follows. The total reaction system contained 10 
μL 2×QuantiTect SYBR Green RT-PCR Master 

Mix, 1.0 μL positive and reverse primers, 1 μL 
template RNA, and ddH2O. The reaction was per-
formed at 95°C for 15 min, followed by 40 cycles 
of 94°C for 15 s, 60°C for 30 s, and 72°C for 30 s 
on Applied Biosystems 7500. 

Western Blot
Total protein was extracted and separated by 

Sodium Dodecyl Sulphate- PolyAcrylamide Gel 
Electrophoresis (SDS-PAGE). Then, the pro-
tein was transferred to polyvinylidene difluoride 
(PVDF) membrane and blocked by 5% skim milk 
at room temperature for 60 min. Next, the mem-
brane was incubated in primary antibody (PTEN, 
p-Akt, Bcl-2, Bax, and β-actin at 1:200, 1:200, 
1:300, 1:300, and 1:600, respectively) at 4°C over-
night and secondary antibody at 1:5000 at room 
temperature for 60 min. At last, the membrane 
was developed by ECL and scanned.

Statistical Analysis
All data analyses were performed on SPSS 

18.0 software (SPSS Inc., Chicago, IL, USA). The 
measurement data were presented as mean ± stan-
dard deviation and compared by t-test. p < 0.05 
was considered as statistical significance.

 

Results

PTEN Level Upregulated and Myocardial 
Cell Apoptosis Enhanced After I/R 
Treatment

TUNEL assay showed that cell apoptotic rate 
significantly increased treated by I/R for 1 h, 2 
h, 6 h, and 12 h compared with Sham group (Fig-
ure 1A), suggesting that I/R markedly induced 
myocardial cell apoptosis. qRT-PCR demonstrat-

Figure 1. PTEN level upregulated and myocardial cell apoptosis enhanced after I/R treatment. A, TUNEL detection of cell 
apoptosis. B, qRT-PCR detection of PTEN mRNA expression. C, Western blot detection of PTEN and p-Akt protein levels. * 
p < 0.05 vs. Sham group.RE
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ed that compared with 1 h after surgery, PTEN 
mRNA level in myocardium at postoperative 2 h 
markedly declined. It then gradually upregulated 
and reached peak at 12 h (Figure 1B). Western 
blot revealed that, compared with postoperative 
1 h, PTEN protein expression in myocardium 
at postoperative 2 h significantly reduced. Next, 
it gradually elevated and reached peak at 12 h 
(Figure 1C). Western blot showed that Akt phos-
phorylation did not change in myocardium tissue 
from Sham group, but was higher than that in 
I/R group. P-Akt expression slightly increased in 
myocardium tissue from I/R group. It markedly 
declined at 6 h and reached minimum at 12 h. 

I/R Treatment Enhanced PTEN, 
Weakened Akt Activity, and Induced Cell 
Apoptosis

Our results showed that PTEN expression 
and cell apoptotic rate in rat myocardium tissue 
reached top, while Akt activity declined at 12 h 
after I/R treatment. Thus, H9C2 cells were treat-
ed by I/R for 12 h in vitro to detect the related in-
dicators. Flow cytometry revealed that compared 
with control, H9C2 cell apoptosis remarkably 

enhanced after I/R treatment (Figure 2A). qRT-
PCR demonstrated that I/R treatment significant-
ly upregulated PTEN and Bax mRNA expression, 
while decreased Bcl-2 mRNA level in H9C2 cells 
(Figure 2B). Western blot showed that PTEN pro-
tein apparently elevated, Akt phosphorylation ac-
tivity declined, Bcl-2 reduced, and Bax upregulat-
ed in H9C2 cells treated by I/R (Figure 2C).

PTEN Overexpression Promoted Cell 
Apoptosis Induced by I/R

Flow cytometry revealed that GFP was high-
ly expressed in H9C2 cells transfected by pSi-
coR-Blank or pSicoR-PTEN plasmids, while no 
green fluorescence was detected in untransfected 
cells, indicating high transfection efficacy (Fig-
ure 3A). Compared with H9C2 cells transfected 
with pSicoR-Blank, PTEN protein expression 
significantly enhanced in H9C2 cells transfected 
by pSicoR-PTEN (Figure 3B). Compared with 
empty plasmid group, p-Akt and Bcl-2 marked-
ly downregulated, Bax elevated (Figure 3C), and 
cell apoptosis (Figure 3D) increased in H9C2 
cells transfected with PTEN overexpression. VO-
Ohpic inhibition of PTEN activity significantly 

Figure 2. I/R treatment enhanced PTEN, weakened Akt activity, and induced cell apoptosis. A, Flow cytometry detection of 
cell apoptosis. B, qRT-PCR detection of mRNA expression. C, Western blot detection of protein level. * p < 0.05 vs. control.
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increased p-Akt and Bcl-2 expression, reduced 
Bax level (Figure 3C), and declined cell apoptosis 
(Figure 3D).

Discussion

Blood reperfusion of ischemic myocardium af-
ter AMI inevitably brings I/R injury. The myo-
cardial cell apoptosis degree can reflect the se-
verity of I/R injury at a certain extent. Therefore, 
alleviation of myocardial cell apoptosis in the 
process of I/R injury at the same time of blood 
reperfusion is of great significance to improve the 
treatment efficacy and prognosis. 

PI3K/Akt is a signaling pathway widely exists 
in multiple tissues and cells. The conformation of 
PI3K could be changed and activated under the 
stimulus of growth factor, mitogen, and other fac-
tors, thus facilitating PIP2 translating into PIP3. 
The later can phosphorylate Akt at locus Ser473 
and Thr308 assisted by 3-phosphoinositide-de-
pendent protein kinase-1 (PDK1) and PDK2. 
Phosphorylated Akt can regulate various target 
genes transcription and translation coordinated 
by multiple signal transduction factors, leading to 
the regulation of cell cycle, survival, proliferation, 
and apoptosis. A variety of studies demonstrated 
that activation of PI3K/Akt signaling pathway has 
the protective effect on multiple tissues and cells 

Figure 3. PTEN overexpression promoted cell apoptosis induced by I/R. A, Flow cytometry detection of GFP expression. 
B, Western blot detection of PTEN protein expression. C, Western blot detection of protein expression. D, Flow cytometry 
detection of cell apoptosis.RE
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I/R injury, such as heart12, brain13, lung14, and kid-
ney15.

Bcl-2 is an important anti-apoptosis factor 
by regulating mitochondrial pathway dependent 
apoptosis signaling pathway16. Bcl-2 locates in 
the nuclear membrane, endoplasmic reticulum 
membrane, and mitochondrial membrane. It 
plays an anti-apoptosis function through multiple 
mechanisms, such as inhibiting cytochrome C 
release to cytoplasm, blocking the destruction of 
oxygen radical on cell component, affecting the 
transmembrane transport of calcium ion, protect-
ing from the damage of DNA clastogen, forming 
heterodimer with proapoptotic protein in Bcl-2 
family to maintain the intracellular location and 
distribution of proapoptotic protein, and blocking 
the space displacement and activation of apoptot-
ic protease activating factor-1 (Apaf-1)17. Bax is a 
pro-apoptotic protein belonging to Bcl-2 family 
that receives most investigation. It locates in the 
cytoplasm and shifts to mitochondrial membrane 
when stimulated by cell apoptosis signal, thus 
forming Bax/Bax homologous dimer to play a 
promoting role in apoptosis18. Bcl-2 elevation may 
lead to the formation of Bcl-2/Bcl-2 homologous 
dimers or Bcl-2/Bax heterologous dimer, both of 
which play an inhibitory role to cell apoptosis. 
Reduction of Bcl-2 and upregulation of Bax lead 
the Bax/Bax homologous dimer at dominance. It 
further plays proapoptotic function via chang-
ing the intracellular redox state, affecting the 
mitochondrial permeability, promoting Apaf-1 
release, forming channels on the surface of mi-
tochondria, damaging the integrity of mitochon-
drial membrane, and promoting Cyto C release19. 
Several studies20,21 have found that PI3K/Akt 
signaling pathway can alleviate cell apoptosis in 
I/R injury through impacting the ratio of Bcl-2/
Bax. PTEN gene locates in human chromosome 
10q23.3 with the transcription product at 515 kb. 
PTEN can make PIP3 dephosphorylation, thus 
antagonising the phosphorylation of PIP2 by 
PI3K and preventing PIP3 formation and activa-
tion of Akt and downstream signaling pathways. 
This study established rat I/R injury model after 
AMI and myocardial cell I/R injury model to ex-
plore the regulatory role of PTEN-PI3K/Akt sig-
naling pathway in myocardial I/R injury in vivo 
and in vitro.

It was showed that PTEN expression and cell 
apoptotic rate in rat myocardium tissue from I/R 
group were significantly higher than that from 
Sham group, while Akt phosphorylation was sig-
nificantly lower. It suggested that Akt phosphor-

ylation is of great significance for the growth of 
survival of myocardial cells. PTEN elevation may 
reduce the activity of PI3K/Akt signaling path-
way, thus inducing myocardial cell apoptosis after 
I/R. A previous study22 found that myocardial cell 
apoptosis increased, while PTEN level upregu-
lated in myocardium tissue treated by I/R, which 
was in accordance with our data. I/R treatment 
has been reported14 to markedly downregulate 
p-Akt expression in ischemic tissue. In addition, 
Akt phosphorylation was significantly reduced 
in rabbit myocardium tissue treated by I/R23. 
In this study, p-Akt expression was suppressed 
in rat myocardium tissue treated by I/R, which 
was similar with previous studies14,23. In the ear-
ly stage after surgery (2 h), PTEN level exhibit-
ed temporarily reduction, while p-Akt showed 
temporarily elevation in myocardium tissue in 
I/R group. PTEN and p-Akt further upregulated 
and reduced in the late stage of I/R (6 h, 12 h), 
respectively. A previous research22 reported that 
PTEN significantly declined in the early stage 
after ischemic treatment. It can protect myocar-
dium through activating PI3K/Akt to inhibit ox-
idative stress caused by I/R. Moreover, the brain 
I/R can make PTEN temporarily in dephosphor-
ylating state (1 h after I/R) as the irritable inher-
ent protection mechanism against I/R injury24. 
We observed that PTEN level exhibited tempo-
rarily reduction, while p-Akt showed temporari-
ly elevation in myocardium tissue in I/R group, 
which agree with previous studies22,24. Myocyte 
ischemia has been demonstrated to reduce PTEN 
level and increase p-Akt expression temporari-
ly25. As time extended, however, PTEN enhanced 
to suppress p-Akt expression and promote myo-
cardial cell apoptosis, which was in accordance 
with our results. In vitro I/R cell model showed 
that PTEN expression was upregulated in H9C2 
cells, leading to PI3K/Akt activity reduction, the 
ratio of Bax/Bcl-2 elevation, and cell apoptosis. 
Consistently, PTEN level was markedly declined, 
while cell apoptosis markedly enhanced in H9C2 
cells treated by I/R26. Further detection demon-
strated that PTEN overexpression significantly 
reduced the activity of PI3K/Akt, declined the 
ratio of Bcl-2/Bax, and enhanced apoptosis sen-
sitivity to I/R induction. VO-Ohpic antagonized 
the effect of PTEN overexpression, enhanced the 
activity of PI3K/Akt signaling pathway, and up-
regulated the ratio of Bcl-2/Bax, leading to the 
alleviation of myocardial cell apoptosis. Consis-
tent with this, Salidroside injection to I/R animal 
model can significantly upregulate the activity RE
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of PI3K/Akt signaling pathway, increase Bcl-2 
expression, reduce Bax level, and attenuate cell 
apoptosis23. Consistently, in this study, upregula-
tion of Akt enhanced Bcl-2 level, downregulat-
ed Bax expression, and alleviated cell apoptosis. 
Enhancement of PI3K/Akt signaling pathway has 
been reported to elevate the ratio of Bcl-2/Bax 
and reduced neural cell apoptosis induced by I/
R27 and PI3K/Akt inhibitor LY294002 strength-
ened I/R induced myocardial cell apoptosis28. Ke 
et al2 showed that miR-93 mimics transfection ap-
parently downregulated PTEN expression and ac-
tivated PI3K/Akt signaling pathway, thus reduced 
ROS production and cell apoptosis in H9C2 cells 
under I/R. In addition, miR-214 mimic declined 
PTEN expression, enhanced PI3K/Akt signaling 
pathway, and reduced apoptosis sensitivity of 
H9C2 induced by I/R26. Of note, compared with 
normal control, PTEN inactivated mice exhibited 
Bcl-2 upregulation and myocardial cell apoptosis 
reduction after I/R treatment29. We adopted a cell 
model to reveal the myocardial cell apoptosis in-
duction effect damaged by I/R was enhanced by 
PTEN overexpression, thus provide theoretical 
basis to alleviate I/R injury after AMI in clinic.

Conclusions

We found that overexpression of PTEN aggra-
vated myocardial cell apoptosis after I/R. Block-
age of PTEN enhanced PI3K/Akt signaling path-
way and attenuated cell apoptosis induced by I/R.
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