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The protective role of p72 in doxorubicin-induced
cardiomyocytes injury in vitro
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Abstract. p72 (probable ATP-dependent RNA helicase
DDX17) belongs to the DEAD-box RNA helicase family.
p72 is important in RNA processing. Thus, the role of p72
in doxorubicin (DOX)-induced cardiomyocyte injury was
investigated in the present study. The changes in p72 expres-
sion levels were studied in cultured neonatal cardiomyocytes
and p72 overexpression was induced using adenovirus vectors.
To investigate the production of reactive oxygen species
(ROS), dihydroethidium staining was conducted. TUNEL
and Hoechst staining were used to indicate cell apoptosis.
Microarrays were used to determine the altered expression
of microRNAs. In DOX-induced cardiomyocyte injury, the
protein expression level of p72 was reduced. Overexpression
of p72 protected cardiomyocytes from DOX-induced ROS
production and cell apoptosis. p72 reduced the activation of
estrogen receptor o (ERa), thereby reducing DOX-induced
cell apoptosis. The present study indicated that p72 exerts a
protective effect against DOX-induced cell apoptosis via inhi-
bition of ERa activation, indicating this may be a potential
target of therapy for cardiac injury.

Introduction

Doxorubicin (DOX) is widely used to treat malignancies (1),
however, it has been challenged due to its cardiotoxicity (2).
Chronic toxicity is closely associated with typical features
of heart failure and electrocardiographic abnormalities (3.4).
Previous studies have indicated that cardiomyocyte apop-
tosis and intracellular calcium dysregulation may be key in
DOX-induced heart injury (5,6).

RNA helicases are responsible for ribonucleoprotein remod-
eling (7). DEAD-box (DDX) proteins are considered the largest
family (8). p72 is transcribed from probable ATP-dependent
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RNA helicase DDX17 mRNA and it is suggested to be key
in cancer progression (9). In breast tumors, p72 was demon-
strated to be widely overexpressed and functions in estrogen
receptor o (ERa) activation, thus, enhancing its oncogenic
activities (10). In colorectal tumors and adenocarcinomas,
P72 has also been indicated to be abnormally upregulated by
increasing (-catenin (11,12). However, less research has been
conducted into the role of p72 on cardiomyocyte injury.

ER activation is reported to reduce cardiac infarct size
and ventricular arrhythmias, predominantly via activation
of the downstream PI3K/Akt signaling pathway (13). The
present study investigated the role of p72 in DOX-induced
cardiomyocyte injury in neonatal rat cardiomyocytes, which
may elucidate possible underlying mechanisms in reducing
DOX-induced cardiomyocyte apoptosis.

Materials and methods

Isolation and culture of rat cardiomyocytes. Neonatal rat
cardiomyocytes were isolated from 1-day-old Sprague Dawley
rats (Sibeifu Co., Beijing, China), the heart tissue was digested
with trypsin and type II collagenase. The cells were seeded in
high glucose Dulbecco's modified Eagle's medium (DMEM;
Hyclone; GE Healthcare Life Sciences, Logan, UT, USA)
with 10% FBS (Hyclone; GE Healthcare Life Sciences) at the
density of 5x10*cells/cm?. The present study was approved by
the ethics committee of Henan Provincial People's Hospital
(Zhengzhou, China).

Cell culture. HEK293T cells were purchased from American
Type Culture Collection (Manassas, VA, USA) and were
cultured in DMEM/F12 (Hyclone; GE Healthcare Life Sciences,
Logan, UT, USA) supplemented with 10% fetal bovine serum,
100 U/ml penicillin and streptomycin (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) in a 25 cm? culture
flask at 37°C in a humidified atmosphere of 5% CO,.

Determination of reactive oxygen species (ROS). Cells were
cultured on six-well chamber slides and washed with phos-
phate-buffered saline (PBS) three times for 5 min). The slides
were incubated with ROS Fluorescent Probe-DHE (Vigorous
Biotechnology Beijing Co., Ltd, Beijing, China) in serum-free
DMEM/F-12 medium for 30 min at 37°C in a dark environ-
ment. The slides were fixed in 4% paraformaldehyde for
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20 min at room temperature, washed with PBS for three times
and mounted. Immunofluorescence images were captured
using a fluorescence microscope.

Dimethyl thiazolyl diphenyl tetrazolium (MTT) assay. Cell
viability was determined using a colormetric MTT assay
(Sigma-Aldrich, St. Louis, MO, USA). To investigate the
effects of DOX on cardiomyocyte viability, cells were cultured
at ~70% confluency and cultured in serum-free DMEM
overnight. Subsequently, 1, 10, 100 nM, 1, and 10 xM DOX
was incubated with the primary cardiomyocytes for 24 h at
37°C. MTT (0.5 mg/ml) was added in fresh medium for 4 h
and dimethyl sulfoxide was added into the wells. The absor-
bance was detected spectrophotometrically at a wavelength
of 550 nm. To determine the time-dependent effects of DOX,
cells were treated with 1 uM DOX for 8, 16, 24 and 48 h
prior to investigation of cell viability according to the above
methods. Each experiment was independently performed at
least 3 times.

Western blot analysis. Proteins were isolated from cardio-
myocytes in radioimmunoprecipitation assay buffer [1%
Triton X-100, 150 mmol/l NaCl, 5 mmol/l EDTA and
10 mmol/1 Tris-HCI (pH 7.0)] obtained from Beijing Solarbio
Science & Technology Co., Ltd. (Beijing, China) with supple-
mentation of protease inhibitor cocktail (Sigma-Aldrich).
Protein was quantified using a Pierce BCA Protein assay kit
(Thermo Fisher Scientific, Inc.). Cell lysates (10 ug protein)
were separated by 10% SDS-PAGE and transferred to a
polyvinyl difluoride membrane. The membrane was blocked
with 8% milk for 2 h at room temperature. The membrane was
incubated at 4°C overnight with primary antibodies as follows
(all from Cell Signaling Technology, Inc., Danvers, MA, USA
unless otherwise stated): p72 (1:1,000; Abcam, Cambridge,
MA, USA; cat. no. ab24601), rabbit anti-ERa (1:1,000; cat.
no. 8644), rabbit anti-p-Akt (1:1,000; cat. no. 4060), rabbit
anti-Akt (1:1,000; cat. no.4691), rabbit anti-p-caspase 3 (1:1000;
cat. no. 9664), rabbit anti-caspase 3 (1:1000; cat. no. 9665)
and mouse anti-B-actin (1:4,000; cat. no. 3700). Following
incubation overnight and washing three times for 5 min with
PBS with Tween 20, the horseradish peroxidase-conjugated
goat anti-rabbit IgG secondary antibodies (1:5,000; Origene
Technologies, Beijing, China; cat. no. ZB-2301) were used at
room temperature for 2 h. Immunodetection was achieved
using the Chemilucent Plus ECL Detection kit (EMD
Millipore, Billerica, MA, USA) according to the manufac-
turer's protocols. Images of the blots were captured using an
imager. B-actin served as the internal control and Image J 5.0
(imagej.nih.gov) was used to quantify the results.

TUNEL staining. The TUNEL assay was performed using the
In Situ Cell Death Detection kit (Roche Diagnostics, Basel,
Switzerland). Following staining, the cells were washed with
cold PBS and examined under a fluorescence microscope.

Overexpression of p72. Phusion High-Fidelity enzyme
(Thermo Fisher Scientific, Inc.) was used for cloning purposes.
The entire p72 cDNA was amplified by RT-PCR using specific
primers for p72-BamHI-forward (GCGGATCCCCGCGGC
ACTGCCCGGTTTG) and p72-EcoRI-reverse (GCGAAT
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Figure 1. Dox induced primary cardiomyocyte injury by enhancing ROS
production and apoptosis. (A) ROS production was significantly increased
in primary cardiomyocytes as demonstrated using dihydroethidium staining.
(B) The protein expression levels of p-caspase-3, c-caspase-3, p-Akt and Akt
following Dox treatment. Data are presented as the mean + standard error of
the men, n=3 independent experiments. "P<0.03 vs. the control. Dox, doxoru-
bicin; ROS, reactive oxygen species; p, phosphorylated, ¢, cleaved.

TCTACAAGTCTTTCAAGTCTTA) and then cloned into the
expression vector, pPCDH-CMV-MSC-EF1-copGFP (System
Biosciences, Palo Alto, CA, USA) with a Cold Fusion Cloning
kit (System Biosciences). Recombinant adenovirus was gener-
ated from 293T cells with calcium phosphate precipitation.
Primary cardiomyocytes were seeded at 1x10° cells/well in the
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Figure 2. Cardiomyocytes viability was decreased in a time- and dose-dependent manner, accompanied by a reduction in p72 expression. (A) Rat cardiomyo-
cytes were treated with 1 xM DOX for 8, 16, 24 or 48 h. (B) Cardiomyocytes were preincubated with 1, 10, 100 nM, and 1 xM DOX for 24 h. The MTT assay
was conducted to determine cell viability. (C and D) Protein expression levels of p72 were dertermined under the same conditions. Data are presented as the
mean =+ standard error of the mean, n=6 independent experiments. “P<0.05, ""P<0.01 vs. the control. p72, probable ATP-dependent RNA helicase DDX17; DOX,
doxorubicin; Con, control.
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Figure 3. p72 exhibited a protective effect in DOX-induced cardiomyocyte injury. (A) Overexpression of p72 significantly reduced DOX-induced reactive
oxygen species production in cardiomyocytes. (B) Cell viability was significantly enhanced in the DOX-induced group with p72 overexpression. 'P<0.05 vs. the
Con group. (C) TUNEL staining was used to detect apoptotic cells treated with DOX or Ad-p72. Data are presented as the mean + standard error of the mean,
n=3 independent experiments. 'P<0.05 vs. the Ad-con group. p72, probable ATP-dependent RNA helicase DDX17; DOX, doxorubicin; Con, control.

6-well plates. Then, the adenovirus vectors were transfected — Statistical analysis. Data were presented as the mean + stan-
into cardiomyocytes for 48 h. dard error of the mean from three independent experiments.
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Figure 4. p72 protected cardiomyocytes injury mainly by enhancing ERa activation and Akt phosphorylation. Data represent the means + SEM, n=3 inde-
pendent experiments. “P<0.01 vs. the control group; *P<0.05 and *P<0.01 vs. the Ad-p72 group. p72, probable ATP-dependent RNA helicase DDX17; DOX,

doxorubicin; Con, control.

Statistical analysis was conducted using Student's t-test on
GraphPad Prism 6 (GraphPad, Inc.,La Jolla, CA, USA). P<0.05
was considered to indicate a statistically significant difference.

Results

DOX induced ROS production in primary rat cardiomyocytes.
Primary cardiomyocytes were treated with 1 uM DOX for
24 h. As presented in Fig. 1A, ROS production was enhanced in
primary cardiomyocytes as demonstrated using DHE staining.
Furthermore, the present study investigated the protein
expression levels of p-caspase-3, c-caspase-3, p-Akt and Akt.
Caspase-3 activation was enhanced with DOX treatment,
while the phosphorylation level of Akt was reduced (P<0.05;
Fig. 1B). These data indicated that DOX induced cardiomyo-
cyte injury by increasing ROS production and apoptosis.

DOX treatment reduced cardiomyocyte viability and
decreased p72 expression. Following 1 yM DOX treat-
ment for 8, 16, 24 and 48 h, cell viability was decreased by
22 and 35% at 24 and 48 h, respectively (each P<0.05; Fig. 2A).
Preincubation with 10, 100 nM, 1 and 10 uM DOX for 24 h
decreased cell viability by 26 and 54% at 1 and 10 xM DOX,
respectively (P<0.05 and P<0.01, respectively; Fig. 2B). These
results suggested that DOX reduced cardiomyocyte viability
in a time- and dose-dependent manner. Furthermore, protein
expression levels of p72 were also detected under the same
conditions. As presented in Fig. 2C and D, p72 expression
levels were decreased following DOX treatment at the concen-
tration of 1 uM for 24 h. Thus, 1 uM DOX was used for 24 h
in the remaining experiments.

p72 exerts a protective effect on DOX-induced cardiomyocyte
injury. To investigate the effect of p72 on cardiomyocyte
apoptosis, adenovirus vectors expressing p72 were introduced
into primary cardiomyocytes. As presented in Fig. 3A, over-
expression of p72 reduced DOX-induced ROS production in
cardiomyocytes. Following induction of p72 overexpression,
cell viability was significantly enhanced in the DOX-induced
group (P<0.05; Fig. 3B). TUNEL staining was also conducted
to detect apoptotic cells. Notably, p72 overexpression
significantly reduced DOX-induced cell apoptosis (Fig. 3C).

These data indicated that p72 exerts a protective effect in
DOX-induced cardiomyocyte injury.

p72 enhances ERa activation and Akt phosphorylation. To
investigate the underlying mechanism by which p72 regulates
cardiomyocyte viability, the downstream signaling pathway
was assessed. As presented in Fig. 4, overexpression of p72
significantly enhanced ERa activation and increased the
phosphorylation level of Akt (each P<0.01). By contrast, DOX
significantly reduced ERa activation (P<0.05) and increased
the phosphorylation level of Akt (P<0.05). These data indi-
cated that p72 overexpression protected against cardiomyocyte
injury predominantly by enhancing ERa activation and Akt
phosphorylation.

Discussion

In numerous types of malignancy, DOX is commonly applied
as an effective antitumor agent. However, it is also found
to result in irreversible chronic cardiomyopathy and heart
failure (14). A previous study has indicated that oxidative
stress may be key in DOX-induced cardiomyocytes (14). In
the present study, ROS production and cell apoptosis were
demonstrated to be significantly enhanced in cardiomyocytes.
Furthermore, DOX reduced cardiomyocyte viability in a time-
and dose-dependent manner. These data indicated that DOX
induced cardiomyocyte apoptosis predominantly via increased
ROS production and activation of caspase-3.

Enhanced ROS production results in aberrant downstream
signaling pathways in different cell types (15,16). Thus, the
present study investigated the downstream signaling and
observed decreased phosphorylation levels of Akt, which has
been suggested to enhance cell survival (15). This is consistent
with other previous studies, which demonstrate DOX effects
PI3K/Akt signaling (15,16).

Estrogen receptors are suggested to be important in various
pathophysiologies, including cardiac dysfunctions (17,18).
In clinic practice, estrogen treatment markedly improves
myocardiac infarct size and heart failure (19). Previous
studies have determined that ERs activate the downstream
PI3K/Akt signaling pathway, thereby limiting the inflamma-
tory responses in vivo and in vitro (19,20).
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As an RNA helicase, p72 binds to double and single
stranded RNA. By stimulating ATPase activity, it provides
enough energy to unwind RNA duplexes (21). Previous
studies have indicated that p72 functions as a transcription
activator in an estrogen-dependent manner (21,22). Similarly
to p68, p72 directly binds to ERa, thereby stimulating its
transcription (23).

The present study demonstrated p72 was reduced
following treatment with DOX, suggesting it exerts a possible
protective effect. Furthermore, the current study indicated
that overexpression of p72 resulted in reduced DOX-induced
cardiomyocyte injury. Notably, p72 enhanced ERa activation
and downstream Akt phosphorylation. This is consistent with
the present study.

In conclusion, the present study demonstrated a protec-
tive role of p72 in DOX-induced cardiomyocyte apoptosis,
predominantly via ERa activation and PI3K/Akt phosphoryla-
tion.
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