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Abstract

Currently, there remains a great need to elucidate the molecular mechanism of acute myocardial
infarction in order to facilitate the development of novel therapy. Inhibitor of apoptosis-stimulating
protein of p53 (iASPP) is a member of the ASPP family proteins and an evolutionarily preserved
inhibitor of p53 that is involved in many cellular processes, including apoptosis of cancer cells.
The purpose of this study was to investigate the possible role of iASPP in acute myocardial infarc-
tion. The protein level of iASPP was markedly reduced in the ischemic hearts in vivo and hydrogen
peroxide-exposed cardiomyocytes in vitro. Overexpression of iASPP reduced the infarct size and
cardiomyocyte apoptosis of mice subjected to 24 h of coronary artery ligation. Echocardiography
showed that cardiac function was improved as indicated by the increase in ejection fraction and
fractional shortening. In contrast, knockdown of iASPP exacerbated cardiac injury asmanifested by
impaired cardiac function, increased infarct size, and apoptosis rate. Mechanistically, overexpres-
sion of iASPP inhibited, while knockdown of iASPP increased the expressions of p53 and Bax, the
key regulators of apoptosis. Taken together, our results suggested that iASPP is an important regu-
lator of cardiomyocyte apoptosis, which represents a potential target in the therapy of myocardial
infarction.
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Introduction

Acute myocardial infarction (AMI) is currently one of the lead-
ing causes of mortality in developed countries [1]. Over the past
20 years, significant advances have been made in the prevention
and acute phase treatment of myocardial infarction (MI). How-
ever, the mortality rate after MI remains high because of myocardial
cell apoptosis and necrosis due to an increase in the concentration
of oxygen free radicals and calcium overload of myocardial cells.

When the ischemic myocardial tissue is restored to perfusion, the
patient develops a series of symptoms of reperfusion injury, such
as arrhythmia, infarct size enlargement, and eventually leading to
cardiac insufficiency [2]. Several studies have demonstrated that
apoptosis plays an important role in the development of cardiac
dysfunction after MI [3].

Apoptosis is a very complex process. The apoptosis-stimulating
protein p53 participates in cell cycle control, DNA repair [4,5],
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apoptosis [6], and cell stress response as a transcription fac-
tor. It induces apoptotic mechanisms via upregulation of Bax
transcription [7]. It was found that inhibiting the Bax gene and then
blocking the p53 apoptosis pathway could protect the heart from
ischemic injury. Inhibitor of apoptosis stimulating protein of p53
(iASPP) is the third member of the ASPP family (encoded by
the PPP1R13L gene) that is the most conserved inhibitor of
p53-mediated apoptosis. Previous studies have shown that iASPP
is expressed predominantly in the heart, placenta, and prostate,
but feebly expressed in the brain, liver, skeletal muscle, testis, and
peripheral blood leukocyte [8]. Some studies also showed that the
function of iASPP is to prevent apoptosis [9,10]. The functions of
iASPP’s in apoptosis are fulfilled by binding with p53 and inhibit-
ing its transactivation function on the promoters of pro-apoptotic
genes [11,12]. Overexpression of iASPP was observed in different
types of human cancers, such as breast carcinoma, acute leukemia,
hepatocellular carcinoma, and lung cancer [13–17]. Interestingly,
iASPP deficiency caused by spontaneous mutation has been reported
to be associated with a lethal autosomal recessive cardiomyopa-
thy in Poll Hereford calves [18,19] and Wa3 mice [20]. How-
ever, the regulatory effect of iASPP on cardiac apoptosis remains
unclear. We hypothesized that iASPP may play an important role
in the pathogenesis of myocardial injury by regulating p53 and
apoptosis.

In this study, we performed both in vivo and in vitro exper-
iments to explore the role of iASPP in cardiac injury and the
underlying mechanism. We for the first time discovered that the
expression level of iASPP was downregulated in heart tissues fol-
lowing MI stimulation. Overexpression of iASPP improved cardiac
function and reduced infarct size in cardiac infarction mice. Our
results demonstrated that iASPP is a critical regulator in cardiac
infarction.

Materials and Methods

Animals
All animal studies were approved by the Institutional Animal Care
and Use Committee of Harbin Medical University. All animals care
and experimental procedures were in accordance with the regula-
tions of the Institutional Animal Care and Use Committee of Harbin
Medical University. All animals were housed in an environment with
filtered air, uniform temperature (21–23◦C), and humidity between
55% and 65%, in a light-controlled room with food and water
available ad libitum.

Animal model of MI
Adult C57BL/6 male mice (8–10 weeks old) were provided by the
Animal Center at the Second Affiliated Hospital of Harbin Medical
University (Harbin, China). MI model was established as described
previously [21,22]. Briefly, after 2 weeks of AAV9 injection through
the tail vein, mice were anesthetized with a cocktail of ketamine,
xylazine, and atropine (100mg/kg, 10 mg/kg, and 1.2 mg/kg, respec-
tively, i.p.), and then intubated and ventilated with UGO Basile
28025 Mouse Ventilator (respiratory rate: 100/min, respiratory vol-
ume: 0.5 ml). A left thoracotomy in the third intercostal space
was performed to expose the heart. Left anterior descending branch
(LAD) below the tip of the left auricle was tied with a 7-0 sterile silk
suture. Sham subjects underwent the same operation except for LAD
ligation. After the operation, echocardiography was performed, and
hearts were collected and prepared for the subsequent experiments.

Echocardiography to examine heart function
Echocardiographic studies were performed after the mice were anes-
thetized as described earlier. Left ventricle (LV) functions were
assessed by two-dimensional guided M-mode echocardiography
with a 15-MHz linear array transducer system (Vevo 2100 Imaging
system; Visual Sonics, Toronto, Canada). The dimensions of
the left ventricular cavity were measured, and the percent-
age change of the fractional shortening (FS) was calculated as:
FS (%)= [(LVEDD−LVESD)/LVEDD]×100%, where LVEDD is
LV end-diastolic diameter and LVESD is LV end-systolic diam-
eter. The LV ejection fraction (EF) was calculated as: EF
(%)= [(EDV−ESV)/EDV]×100%, where EDV is the LV volume
at end-diastole and ESV is the LV volume at end-systole. The volume
of the LV was estimated by the area-length method [23].

Measurement of infarct size
The infarct size wasmeasured by 2,3,5-triphenyltetrazolium chloride
(TTC) staining. Briefly, The hearts were rapidly removed from the
anesthetizedmice, and the pre-cooled PBSwas used towash away the
residual blood. After the hearts had been taken out, they were sliced
into smaller slices of myocardia (1 mm) along the vertical direc-
tion of the LVs. Next, the myocardium slices were first immersed
in pre-warmed 1% TTC solution (37◦C) and incubated at 37◦C for
30 min in the dark, during which the areas of necrosis appeared to be
grayish-white. The stained myocardial sections were then placed on
the microscopy scanner (Microscopy GmbH 37081; Carl Zeiss, Got-
tingen, Germany). The infarct area (IA), noninfarct area, and whole
LV were measured and calculated using the computer morphometric
software Image J (NIH, Bethesda, USA).

Neonatal cardiomyocyte isolation and culture
Neonatal mice cardiac myocytes (NMCMs) were prepared as
described previously [24]. The cells were cultured in Dulbecco’s
modified Eaglemedium (Biological Industries, Kibbutz Beit-Harmek,
Israel), supplemented with 20% fetal bovine serum (Biological
Industries), streptomycin (100 U/ml; Biological Industries), and
penicillin (100 U/ml; Biological Industries), and were grown in a
humidified CO2 incubator with 5% CO2 at 37◦C. The cells were
seeded into 6-well culture plates at a density of 1×106 cells per
well and cultured for 48 h. Then, the cells were exposed to 200 nM
hydrogen peroxide for 12 h.

Synthesis and transfection of iASPP constructs for
overexpression and knockdown
iASPP-specific siRNA and a negative control siRNA were commer-
cially synthesized by Ribobio (Guangzhou, China). The sequences
of iASPP-specific siRNA were as follows: sense 5′-GCAUGGGA
CUGAUGCACAA-3′ and antisense 5′-UUGUGCAUCAGUCCCA
UGC-3′. The sequences of negative control siRNA were sense
5′-UUCUCCGAACGUGUCACGUTT-3′ and antisense 5′-ACGU
GACACGUUCGGAGAATT-3′. These constructs were transfected
into cells for iASPP knockdown at a final concentration of 100 nM.
iASPP cDNA was inserted into the pCDNA3.1, and the plasmid
vectors were transfected into cells for iASPP overexpression at a
final concentration of 2.5 mg/l. The transfection was performed
using X-treme GENE Transfection Reagent (Roche, Basel, Switzer-
land) according to the manufacturer’s instructions. Forty-eight hours
after transfection, the cardiomyocytes were collected for total RNA
isolation or protein extraction.
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Construction of adenovirus carrying iASPP and gene
delivery in vivo
Adenovirus vectors carrying iASPP (OE-iASPP) or a short RNA frag-
ment for silencing iASPP (Si-iASPP) were constructed by Cyagen Co.,
Ltd (Guangzhou, China). OE-iASPP, Si-iASPP, or control constructs
was administered into C57BL/6 mice via tail vein injection at 1×109

genome containing particles (GC)/animal in 100 µl volume. Two
weeks after injection, the mice were subject to data collection.

Terminal transferase–mediated dUTP nick end labeling
staining
Terminal transferase–mediated dUTP nick end labeling (TUNEL)
staining was performed using an in situ cell death detection kit
(Roche) according to the manufacturer’s instructions. The study
was conducted with cardiac tissues according to the standard pro-
tocol. Briefly, the paraffin-embedded cardiac tissues were cut into
5-µm-thick slices, deparaffinized, and rehydrated. After being pen-
etrated in proteinase K (10 µg/ml), the slices were blocked in goat
serum fast blocking buffer and incubated in reaction buffer contain-
ing enzyme in the dark. The nuclei were counterstained with DAPI.
The slices were washed three times with PBS buffer (5 min each). For
cardiomyocyte staining, cultured cells were fixed on glass slides and
stained with the same procedures used in tissues slices. Sections were
examined under the fluorescence microscope (Carl Zeiss).

Lactate dehydrogenase assay
To determine the cardiomyocyte injury induced by hydrogen per-
oxide (H2O2), the release of lactate dehydrogenase (LDH) was
detected. In general, LDH is retained in the cytoplasmic fraction
but is released into the surrounding medium when the plasma mem-
brane is ruptured. In the present study, 10 µl of culture medium
was taken for the detection of LDH release using an LDH cytotoxic-
ity assay kit (Nanjing Jiancheng Bioengineering Institute, Nanjing,
China) according to the manufacturer’s instruction. A microplate
reader was used to measure the absorbance at 490 nm.

Analysis of caspase-3 activity
The caspase-3/7 activities were measured by using a Caspase-Glo
3/7 assay kit (Promega, Madison, USA) according to the manufac-
turer’s instructions as previously reported [25]. The luminescence
was measured after 3 h of incubation with the caspase substrate.

Total RNA extraction and qRT-PCR
Total RNA was extracted from cells and cardiac tissues by using Tri-
zol reagent (Invitrogen, Carlsbad, USA) according to manufacturer’s
protocol. Total RNA (0.5 µg) was reverse-transcribed by using the
TransScript reverse transcriptase (TransGen Biotech, Beijing, China)
to obtain cDNA. ThemRNA levels ofBax, Bcl2, and p53were deter-
mined using SYBRGreen I incorporationmethod on fast LightCycler
96 Real Time PCR system (Roche). The levels of mRNA were calcu-
lated using the 2−△△CT method. The relative data were determined

by using default threshold settings and the mean CT was determined
from the duplicate PCRs. Primers used are listed in Table 1.

Western blot analysis
Proteins were extracted from heart tissues and primary cultured car-
diomyocytes according to standard protocols. Tissues or cell samples
were lysed in RIPA lysis buffer containing the complete protease
inhibitor (Roche). Protein concentrations were determined using a
BCA Protein Assay kit (Pierce, Rockford, USA). The protein samples
were subject to SDS-PAGE and transferred to NC membranes (Mil-
lipore, Billerica, USA). The NC membranes were blocked with 5%
nonfat milk and incubatedwith the primary antibodies against iASPP
(1:1000, 18590-1-AP; Proteintech, Rosemont, USA), Bax (1:1000,
60267-l-lg; Proteintech), Bcl2 (1:1000, 3498s; Cell Signaling Tech-
nology, Beverly, USA), P53 (1:1000, 2524s, Cell Signaling Tech-
nology), and β-actin (1:10,000, 66009-1-lg; Proteintech) overnight
at 4◦C. After that, the membranes were rinsed with Tris-buffered
saline with Tween 20 buffer and incubated with the correspond-
ing secondary antibodies (LI-COR Biosciences, Lincoln, USA). After
extensive wash, the membranes were scanned by Imaging System
(LI-COR Biosciences). The relative optical density of protein bands
was measured after subtracting the film background. Protein levels
were normalized to that of β-actin which is a loading control.

Statistical analysis
Data are expressed as the mean± SEM. Statistical analysis between
groups were done by unpaired Student’s t-test. For multiple compar-
isons, one-way analysis of variance (ANOVA) was used, followed by
Tukey’s post-hoc analysis. All the experiments were repeated at least
three times. GraphPad Prism 7.0 was used for statistical analyses.
A P<0.05 was considered statistically significant.

Results

iASPP expression is significantly suppressed after MI
Early studies showed that iASPP is ubiquitously expressed in tis-
sues, including cardiac tissue [26]. Thus, we firstly measured the
expression level of iASPP in heart tissues of mice after MI surgery.
The protein level of iASPP was significantly decreased 24 h after
MI compared with that in sham controls (Fig. 1A). Consistent with
the in vivo results, the protein level of iASPP was also significantly
decreased in NMCMs after 12 h of treatment with 200 nM H2O2

in vitro (Fig. 1B). These data indicated that iASPP might be involved
in myocardial ischemia injury.

iASPP overexpression protects the heart from MI injury
A mouse model of MI was used to study the role of iASPP in car-
diac injury. Adeno-associated virus (AAV-NC and AAV-iASPP) were
introduced to mice by injecting into the tail vein 2 weeks before MI
surgery. Overexpression of iASPP in the heart tissues was confirmed
by western blot analysis (Fig. 2A). Echocardiography was performed
to confirm myocardial damage after 24 h of LAD ligation. The left

Table 1. Sequence of primers used for qRT-PCR

Gene Forward (from 5′ to 3′) Reverse (from 5′ to 3′)

BAX CCAAGAAGCTGAGCGAGTGTC TGAGGACTCCAGCCACAAAGA
Bcl2 CTGGGCGAACAGGGTACGA ATGACCCCACCGAACTCAA
p53 CCTCCTCAGCATCTTATCC ACAAACACGCACCTCAAA
β-Actin GGCGGCACCACCATGTACCCT AGGGGCCGGACTCGTCATACT
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Figure 1. iASPP was significantly downregulated after MI and in H2O2-treated cardiomyocytes (A) iASPP level in cardiac tissue of MI mice. n=5. β-Actin
served as a loading control. *P <0.05 vs Sham. (B) iASPP level in NMCMs with or without the treatment with 200 nM hydrogen peroxide. n=4. Ctl, Control.
*P <0.05 vs Ctl.

ventricular EF and FS were reduced in MI mice than sham controls,
which were alleviated by AAV-iASPP injection (Fig. 2B). The TTC
assay showed that overexpression of iASPP significantly decreased
the infarct size after MI compared with that of the mice receiving
control vector (Fig. 2C). As an important sign of cell damage, the
LDH release of cardiomyocytes was measured. The results showed
that after MI, the LDH release of iASPP overexpression mice was
decreased compared with the control group (Fig. 2D). To date, it
is known that cardiomyocyte apoptosis plays an important role in
ischemic myocardial damage. Here, we tried to find out whether
the restoration of cardiac function by iASPP overexpression is asso-
ciated with cardiomyocyte apoptosis. Western blot analysis results
showed that overexpression of iASPP downregulated the level of
Bax, a pro-apoptotic protein, and increased the expression of Bcl2
in MI mice (Fig. 2E,F). Since iASPP works through repressing p53
in cancer cells, we further tested the influence of iASPP on p53
in myocardial tissues. Consistently, p53 level was increased in the
hearts of MI mice, which was inhibited by overexpression of iASPP
(Fig. 2G). Intriguingly, the TUNEL staining also showed less apop-
totic cardiomyocytes in MI mice with iASPP overexpression than in
MI controls (Fig. 2H). These findings suggested that overexpression
of iASPP causes a protective effect after MI.

iASPP overexpression mitigates H2O2-induced
cardiomyocyte apoptosis in vitro
To further confirm the cardioprotective effects of iASPP, we per-
formed in vitro experiments to test the influence of iASPP on car-
diomyocyte apoptosis induced by H2O2. Overexpression of iASPP
in the cardiomyocytes was confirmed by western blot analysis
(Fig. 3A). Treatment of cardiomyocytes with 200 nM H2O2 leads to
an upregulation of pro-apoptotic marker Bax and downregulation of
anti-apoptotic protein Bcl2, which were reversed by overexpression
of iASPP (Fig. 3B,C). The effect of iASPP overexpression on H2O2-
exposed cardiomyocytes was further assessed by TUNEL staining
and caspase-3 activity assay. The results showed that the introduc-
tion of iASPP significantly reduced the TUNEL-positive cells and
caspase-3 activity after H2O2 exposure (Fig. 3D,E). To investigate
the changes of apoptosis-associated protein expressions after MI, the

mRNA levels were detected by qRT-PCR. Consistent with the pro-
tein expressions, the mRNA levels of Bax and p53 were upregulated
after MI, while the level of anti-apoptotic protein Bcl2 was down-
regulated. All these changes were reversed by iASPP overexpression
(Fig. 3F–H).

iASPP deficiency deteriorates cardiac injury induced
by MI
Since iASPP overexpression exhibits a cardioprotective effect, we
went on to explore whether knockdown of iASPP in hearts has
the opposite effect. Successful knockdown of iASPP in the heart
was confirmed by western blot analysis (Fig. 4A). Reduction of
EF and FS after MI surgery was detected by echocardiography,
which was further decreased by iASPP knockdown (Fig. 4B). The
TTC assay showed that knockdown of iASPP significantly increased
the infarct size after MI for 24 h compared with that of the mice
receiving control vector (Fig. 4C). In addition, iASPP deficiency
significantly increased the ratio of TUNEL-positive cardiomyocytes
(Fig. 4D). These results indicated that iASPP deficiency contributes
to the aggravation of MI.

iASPP knockdown exacerbates H2O2-induced
cardiomyocyte apoptosis in vitro
Next, we investigated whether iASPP deficiency can influence
cardiomyocyte apoptosis in vitro. Western blot analysis showed
successful knockdown of iASPP in cardiomyocytes after transfec-
tion with the siRNA for iASPP (Fig. 5A). The TUNEL staining
indicated that H2O2-induced cardiomyocyte apoptosis was sig-
nificantly increased after transfection with the siRNA for iASPP
(Fig. 5B,G). iASPP knockdown in cardiomyocytes further enhanced
the activity of caspase-3 in H2O2-treated cardiomyocytes (Fig. 5C).
The mRNA levels of Bax and p53 were upregulated in car-
diomyocytes exposed to H2O2, which was further increased by
the siRNA for iASPP (Fig. 5D–F). These data demonstrated that
iASPP deficiency could exacerbate H2O2-induced cardiomyocyte
apoptosis.
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Figure 2. iASPP overexpression attenuated apoptosis after MI (A) Confirmation of iASPP overexpression (OE) 2 weeks after the injection of adeno-associated
virus 9 through the tail vein. n=10. NC, negative control; OE, overexpression of iASPP. (B) Cardiac function evaluated by echocardiography. n=10. EF, ejection
fraction; FS, fractional shortening. NC-MI, NC mice subjected to myocardial infarction surgery; OE-MI, OE mice subjected to myocardial infarction surgery.
(C) Representative images of left ventricular (LV) sections from iASPP overexpression (OE-MI) and negative control (NC-MI) vector-injected mice 24 h after MI.
The slices were stained with 2,3,5-triphenyltetrazolium chloride. The white zone indicates the infarcted region. The quantitative assessment of infarct size is
shown lower. n=6. (D) The release of lactate dehydrogenase (LDH). n=10. (E–G) Western blots and quantitative results of apoptosis-related protein expression
levels represented in four groups. n=3–5. (H) TUNEL assay was performed in iASPP (OE) or control vector-injected (NC) mice with and without surgery. The
arrows show TUNEL-positive cells. The bar graph indicates the number of TUNEL-positive cells. Scale bar=20 µm. Data are shown as the mean±SEM from at
least three independent experiments. *P <0.05 vs NC or NC-MI; ns, no significance.
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Figure 3. iASPP overexpression reduced H2O2-induced cardiomyocyte apoptosis in vitro (A) Overexpression of iASPP in NMCMs n=4. NC, negative con-
trol; OE, overexpression. (B,C) Representative western blots and statistical analysis of Bax and Bcl2 levels. n=5. (D) Representative images of TUNEL-stained
NMCMs after H2O2 exposure. The arrows show TUNEL-positive cells. The bar graph indicates the number of TUNEL-positive cells. Scale bar=20 µm.
(E) Caspase-3 activity. n=6. (F–H) Relative mRNA levels of apoptosis-related proteins in cardiomyocytes. n=4. Data are shown as the mean±SEM from
at least three independent experiments. *P <0.05 vs NC or NC+H2O2.
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Figure 4. iASPP deficiency increased apoptosis after MI in vivo (A) Verification of iASPP knockdown in hearts of mice. n=5. NC, negative control; SI, AAV9
carrying siRNA of iASPP. (B) Cardiac function evaluated by echocardiography. n=10. EF, ejection fraction; FS, fractional shortening. NC-MI, NC mice subjected to
myocardial infarction surgery; SI-MI, SI mice subjected to myocardial infarction surgery. (C) Representative illustrations of infarct size as stained by TTC in two
groups (NC-MI, negative control and SI-MI, siRNA knockdown after MI). The white zone indicates the infarcted area. The quantitative assessment of infarct size
is shown lower. n=6. (D) TUNEL assay performed in iASPP (SI) or control vector-injected (NC) groups with or without surgery. The arrows show TUNEL-positive
cells. The bar graph indicates the number of TUNEL-positive cells. Scale bar=20 µm. Data are shown as the mean±SEM from at least three independent
experiments. *P <0.05 vs NC or NC-MI.
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Figure 5. iASPP knockdown aggravated H2O2-induced cardiomyocyte apoptosis in vitro (A) Knockdown of iASPP in NMCMs. n=3. NC, negative control;
SI, siRNA of iASPP. (B,G) Representative images of TUNEL-stained NMCMs after H2O2 exposure (G). The arrows show TUNEL-positive cells. The bar graph
indicates the number of TUNEL-positive cells. Scale bar=20 µm. (B) Represents the statistical data of (G). (C) Cspase-3 activity. n=6. (D–F) Relative mRNA
levels of apoptosis-related proteins in cardiomyocytes. Data are shown as the mean±SEM from at least three independent experiments. *P <0.05 vs NC or
NC+H2O2.
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Discussion

Previous studies have shown the involvement of iASPP in the
development of various cancers, while its role in the cardiomy-
ocytes remains unspecified. This is the first study to describe
the beneficial effect of iASPP after MI. We found that iASPP is
reduced in the mouse heart tissue following ischemic damage.
iASPP overexpression after MI plays a protective role, while iASPP
knockdown is detrimental in the development of cardiac ischemic
injury.

MI is a process in which regional occlusion of the coronary
arteries leads to a sharp decrease in oxygen nutrition in a cer-
tain area of the heart. Long-term hypoxia in large quantities or
exposure to hydrogen peroxide on cardiomyocytes often leads to
apoptosis. Moreover, several studies showed that apoptosis plays
an important role in the development of cardiac dysfunction after
MI [3]. This discovery led us to focus on the role of iASPP in
H2O2-induced myocardial apoptosis. A previous study showed that
anti-apoptotic therapy through genetic deletion of Bax was cardio-
protective in MI [27]. Our in vivo and in vitro results confirmed
that overexpression of iASPP exhibits cardioprotective effects, while
inhibition of iASPP expression abolishes these effects, by regulat-
ing the expressions of apoptosis-associated proteins, including Bax
and Bcl2. Therefore, iASPP overexpression may be an alternative
therapeutic target for MI.

Caspase-3 has been proven as a frequently activated death pro-
tease that catalyzes the specific cleavage of many key cellular pro-
teins, which ultimately leads to DNA fragmentation [28]. In this
study, we found that the activity of caspase-3 was increased after
MI, which was reduced by iASPP overexpression. In addition, Bax
is known to target several genes of the p53 family and ASPP fam-
ily [29]. Bax permeates the outer membrane of mitochondria and
then releases apoptotic factors and cytochrome c into the cytosol,
which promotes the activation of procaspase 9 and subsequent sig-
naling as a response to various stimuli [30]. We also observed that
iASPP can inhibit the increase of Bax expression. The influence of
iASPP on caspase-3 and Bax confirmed the regulation of apoptosis
by iASPP in cardiomyocytes.

As a critical tumor suppressor, p53 participates in cell cycle
control, DNA repair, apoptosis, and cell stress responses as a tran-
scription factor. The p53 protein can also penetrate mitochondria
and activate the expressions of pro-apoptotic genes, as well as inhibit
the expressions of anti-apoptotic genes, since it is associated with
the mitochondrial internal apoptotic pathway [25,31]. As a con-
sequence, p53 and pro-apoptotic proteins are transported to the
mitochondria where they induce an increase in the permeability of
mitochondrial membranes and the release of cytochrome c, and ulti-
mately promote the activation of the caspase family [32]. We found
that iASPP can inhibit p53 expression, which explains the mecha-
nism of how iASPP prevents apoptosis, alleviates ischemic damage,
and reduces the infarct size.

In summary, our data indicated that iASPP prevents myocardial
apoptosis after MI by inhibiting p53 expression. Our findings pro-
vide insight into the roles of iASPP in myocardial injury and suggest
that maintaining the balance between iASPP and p53 may provide
potential targets for future clinical therapies.
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