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Abstract
Propranolol has a significant anti-cancer effect towards various cancers. Our study aimed at investigating
the underlying mechanism of Propranolol’s therapeutic effect towards ovarian cancer. Specifically,
Propranolol significantly reduced the viability of human ovarian cancer cell lines SKOV-3 and A2780 in a
dose- and time-dependent manner. Flow cytometry analysis revealed that Propranolol induced the cell
cycle arrest at G2/M phase therefore leading to apoptosis. Moreover, autophagy inhibitor 3-MA markedly
enhanced the Propranolol-induced apoptosis. In addition, reactive oxygen species (ROS) increased
dramatically after Propranolol treatment and Propranolol activated the phosphorylation of JNK. What is
more, p38 inhibitor SB203580 and JNK inhibitor SP600125 attenuated the upregulated expression of
LC3-II and cleaved-caspase-3 by the effect of Propranolol. ROS exclusive inhibitor antioxidant N-acetyl
cysteine (NAC) weakens the phosphorylation of JNK proteins induced by Propranolol. In summary, these
results suggested that Propranolol induced cell apoptosis and protective autophagy through the ROS/JNK
signaling pathway in human ovarian cancer cells.
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Introduction
Over the past few decades, ovarian cancer (OC)
has become one of the deadliest gynecologic
malignancies with the leading cause of cancer-related
death among women worldwide, with nearly 140,000
deaths of women occurring every year [1, 2]. Cytoreductive surgery and chemotherapeutic drugs are
the standard treatment for ovarian cancer. Nowadays,
despite significant advances in clinical diagnosis and
systemic therapy, the overall 5-year overall survival
rate is still less than 30% [3]. Therefore, the
mechanisms underlying the tumor progression and
identification of novel chemotherapy are critical
challenges to enhance the therapeutic effect and
prolong survival.
Propranolol (PRO) [4] is a well-known nonselective beta-adrenergic receptor (β-AR) antagonist
(beta-blocker), which is widely typically prescribed
for heart disease, hypertension or angina. In addition,

previous preclinical studies [5, 6] have also found that
β-AR signaling plays an essential role in cancer
progression and the activation of β-AR promotes
angiogenesis. A typical β-AR blocker, propranolol has
exhibited anticancer effects in various types of solid
tumor, including breast cancer [7], hepatocellular
Carcinoma [8], melanoma [9] and thyroid cancer [10].
Furthermore, the systemic perioperative administration of propranolol was demonstrated effective in
reducing tumor burden to women undergoing
ovarian cancer surgery [11], suggesting its potential
benefits in decreasing tumor growth. Nonetheless,
molecular mechanism underlying the anti-cancer
effect of Propranolol related autophagy was still
remains elusive.
As a particular defective checkpoint in cancer
cells, cell cycle deregulation results in genetic
modifications, contributing to tumorigenesis [12]. The
http://www.jcancer.org
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G2/M checkpoint, which functions as cells mitosis
stunner, is considered to be a conspicuous target for
anticancer drugs. There are many essential proteins
involved in G2/M phase transformation, including
cyclin B1, cdc2, and p27 [13]. In addition, Apoptosis
and autophagy are known as a major cellular
molecular mechanism to regulate cancer progression
and maintain the homeostasis. Apoptosis, type-I
programmed cell death (PCD), is characterized by
specific morphological alter and activated caspases
family proteins, which are specific enzymes that
rapidly promote signaling cascades and eliminate
cellular unserviceable organelles and structures [14].
Autophagy is an evolutionarily conserved lysosomal
degradation system that excess or aberrant proteins
and organelles are delivered into lysosomes to be
digested and eventual recycled the resulting macromolecules [15]. This process seems to play a prosurvival role in the physiological and pathological
processes of cells. However, numerous studies
indicated that excessive autophagy resulted in
autophagic cell apoptosis, which is known as type II
PCD [16, 17]. Therefore, autophagy exerts dual effects
of pro-survival and pro-apoptosis in cancer cells,
which is considered as potent therapeutic targets for
the tumor treatment. Thus, the apoptosis and
autophagy induced by propranolol need to be further
explored.
Next, up-streaming pathways as reactive oxygen
species (ROS) and mitogen activated protein kinases
(MAPK) [18] are essential for the induction of
autophagy and apoptosis. ROS, an active form of
diatomic oxygen, has been considered as common
by-products of oxidative energy metabolism. Basic
levels of ROS may promote cell proliferation and
survival, whereas excessive amounts of ROS initiates
electron transport chain in mitochondria and
activated apoptotic effectors including BAX, Bcl-2,
and Cytochrome C, ultimately triggered apoptotic cell
death[19]. Besides, Accumulating evidence suggests
that the accumulation of intracellular ROS reversibly
oxidized autophagy-inducing signaling components
to regulate the autophagic activity processes [20].
Moreover, ROS has been identified as an inducer or
mediator of various intracellular signaling pathways,
such as MAPK signaling transduction cascades, which
are constituted of c-Jun N-terminal kinase(JNK), p38,
and extracellular signal-regulated kinase (ERK)1/2
[21, 22]. JNK, as stress-activated protein kinase
belonging to MAPK family, is a key regulator
involved in variety of cellular events, apoptosis and
autophagy included. Numerous studies highlight the
effect of ROS/JNK on various cancers, such as human
osteosarcoma [23], colon cancer [24], lung cancer [25],
and human prostate cancer [26]. Whether ROS/JNK
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pathway is associated with the effect of propranolol
on human ovarian cancer cells has not been reported.
In this study, we examined whether propranolol
induced apoptosis and autophagy through the
modulation of the ROS/JNK signaling pathway in
human ovarian cancer cells A2780 and SKOV-3.
Together, there is an urgent need to elucidate the anticancer effect and mechanism of propranolol involved
in ovarian cancer cells, which may contribute to
develop more effective therapies for human ovarian
cancer treatment.

Materials and Methods
Reagents and antibodies
Propranolol was obtained from the Chinese
materials research center (Beijing, China). Fetal bovine
serum (FBS) was got from Gibco, Gaithersburg, MD,
USA). N-Acetyl-L-cysteine (NAC), 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium
bromide
(MTT), Hoechst 33258 staining, and Annexin V-PE
Apoptosis Detection Kit were purchased from
Beyotime Institute of Biotechnology (Shanghai,
China). The enhanced chemiluminescence (ECL) were
purchased from Beyotime Institute of Biotechnology
(Shanghai, China). JNK inhibitor (SP600125) and
3-MA (3-Methyladenine) were obteined from sigma
(St. Louis, MI, USA). Antibodies against Cyclin B1,
phospho-cdc2, cdc2, JNK, phosphorylated JNK, and
p21 were obtained from Cell Signaling Technology
(Beverly, MA, USA). Antibodies against Cdk1, Bcl-2,
cleavage caspase-3, cleavage caspase -8, cleavage
caspase -9, BAX, LC3-I, LC3- II, Becline-1, p62,
GAPDH were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). All other
common chemicals and buffers were from Boster
(Wuhan, China).

Cells culture
The human ovarian cancer cell lines A2780 and
SKOV-3 were purchased from the Shanghai Institute
of Biochemistry and Cell Biology, Chinese Academy
of Sciences (Shanghai, China). In this study, the
human ovarian cancer cell lines were cultured in a 25
cm2 flask with DMEM (Gibco) containing 10% fetal
bovine serum (Gibco) at 37 °C/5% CO2 fully
humidified atmosphere.

Cell Viability Assay
The cell viability analysis of A2780 and SKOV-3
cells was performed by MTT assay. Cells were seeded
in 96-well plates at a density of 1×104 cells per well
overnight. Subsequently, cells were pretreated with
Propranolol at different concentrations (0, 80, 100 μM)
for 24 h, 48 h, and 72 h, respectively. 20 μl MTT
solution was added to each well and incubated for
http://www.jcancer.org
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another 4 h at 37 °C. Following 100 μl DMSO
dissolved formazan product, the cell viability was
measured at 570 nm using a microplate (Molecular
Devices, CA, USA). Each experiment was performed
for at least three times.

Cell apoptosis analysis
Cell apoptosis analysis was performed with
Annexin V-PE Apoptosis Detection Kit according to
the manufacturer’s protocols. Briefly, cells were
collected and washed twice with cold PBS buffer.
Then cells were resuspended in 195μl Annexin
V-FITC binding buffer with 5 μl Annexin V-FITC
conjugate and 10 μl PI solution for 10~20 min at room
temperature. The rate of apoptotic cells was
calculated using Cell Quest™ 3.0 software (Becton–
Dickinson) and each group was analyzed in triplicate.

Intracellular ROS detection
The generation of intracellular ROS was assessed
using DCFH-DA Cellular ROS Detection Assay Kit
(Abcam, USA, Cat. No. ab113851) following the
manufacturer’s instructions. As intracellular ROS can
oxidize non-fluorescent dichlorofluorescein (DCFH)
to generate fluorescent compound, dichlorofluorescein (DCF), the test of fluorescence of DCF was
able to reflect the level of intracellular ROS. Briefly,
following treated with 100 μM Propranolol, cells were
incubated with 10 μmol/L non-fluorescent probe
DCHF-DA for 20 min at 37 °C in the dark. Then cells
were washed twice with ice-cold PBS and examined
under flow cytometry (Becton-Dickinson, San Jose,
CA, USA).

Autophagosome detection
To label and monitor the changes of LC3 and
autophagy flow, A2780 and SKOV-3 cells were
transfected
with
the
mRFP-GFP-LC3
dual
fluorescence autophagy indicator system (Hanbio,
shanghai, china) following the instructions. Fortyeight hours after transfection, the cells were treated
with 100 μM Propranolol for another 24 h. Then the
cells were fixed with 4% paraformaldehyde for 15 min
at room temperature and washed with ice-cold PBS
for three times. The cells with mRFP and GFP dots
were quantified under a confocal microscope with
400× magnification. Image J (National Institutes of
Health, Bethesda, MD) was used to merge images.

Western Blot Analysis
The indicated concentrations of Propranololtreated cells were harvested and lysed in RIPA buffer
for 30 min. Cell lysates were centrifuged at 12000g for
10 min at 4 °C and collected the supernatant fraction
for immunoblotting. Protein concentrations were
determined by Bradford reagent (Bio-Rad, Hercules,
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CA ). 50 μg of total extracted cell protein/lane were
separated on 10% sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE) and then electrotransferred to polyvinylidene fluoride (PVDF)
membranes. After blocked for 3 h with 5% non-fat
milk at room temperature, the membranes incubated
overnight at 4 °C with the primary antibodies against
Cyclin B1, phospho-Cdk1, phospho-Cdc25c, JNK,
phosphorylated JNK, p27, Cdk1, Bcl-2, cleavage
caspase-3, cleavage caspase -8, cleavage caspase -9,
BAX, LC3-I, LC3- II, Becline-1, p62 (all 1:1000 dilution)
and GAPDH. Then the membranes were washed with
TBST for three times and incubated with horseradish
peroxidase-conjugated secondary antibodies (1:5000)
for 1 h at room temperature. After washed for three
times with TBST, the membranes were immersed in
enhanced chemiluminescence (ECL) kit. Immunoreactive proteins were detected by AmershamTM
Imager 600 system (GE Healthcare Bio-Sciences,
Pittsburgh, PA, USA) and the statistical analysis and
densitometry values were estimated by Image J
software. GAPDH was used as the loading control.

Statistical analysis
All data in our work was performed using SPSS
software version 16.0 and represented as the mean ±
standard deviation (SD). Difference between the
treated and the control was determined using the
Student’s unpaired t-test. P<0.05 was considered as
statistically significant.

Results
Propranolol suppressed the proliferation of
human ovarian cancer cells
To explore the anti-tumor effect of propranolol
on ovarian cancer cells, SKOV-3 and A2780 were
treated with propranolol at various concentrations
ranging from 24 h, 48 h and 72 h, respectively. The
MTT assay results in Figure 1A & B proved that
propranolol dramatically reduced cell viability in a
dose-dependent and time-dependent manner.
Specifically, the half maximal inhibitory concentration
(IC50) values were approximately 190.00, 61.64 and
110.30, 59.66 at 48 h in SKOV-3 cells and in A2780
cells, respectively.

Propranolol induced cell cycle arrest at G2/M
phase in human ovarian cancer cells
In order to determine whether cell cycle arrest is
responsible for the cell growth inhibition, we explored
the cell cycle distribution detection after exposed to
propranolol for 48 h. As shown in Figure 2A-D, cell
number in G2/M phase was significantly
accumulated in propranolol treated group compared
with control group in both SKOV-3 and A2780 cells,
http://www.jcancer.org
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implying propranolol induced cell cycle arrest at
G2/M phase. Furthermore, the expressions of cell
cycle-regulated proteins were investigated by
Western Blotting to clarify the underlying
mechanisms. The results displayed that propranolol
upregulated the expression of Cyclin B1, cdc2,
phospho-cdc2, and p27 in SKOV-3 and A2780 cells
(Figure 2E-G). All the data above suggested that
propranolol triggered G2/M-phase arrest by
regulating cell cycle-related proteins in human
ovarian cancer cells.
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To further explore the effects of propranolol on
apoptosis and cell death in human ovarian cancer
cells, we performed flow cytometry and western
blotting assay. Figure 3A-D indicated that exposure to
propranolol for 48 h led to a dose-dependent increase
of apoptotic cells proportion in both SKOV-3 and
A2780 cells, whereas the proportion was negligible for
control cells. Furthermore, the expression of apoptotic
signaling proteins involved in exogenous death
receptor pathway and the endogenous mitochondrial
pathway mediated by propranolol was performed by
western blotting (Figure 3E-G). We found that
treating cells with propranolol resulted in an obvious
decrease in the Bcl-2 protein expression and the
activation of BAX, cleavage caspase-3, -8, and -9,
which ultimately triggered the extrinsic and
mitochondrial apoptosis pathways. Taken together,
these data has elucidated that propranolol provoked
apoptotic cell death by activating both extrinsic and
mitochondrial pathways.

investigated autophagic response to propranolol in
SKOV-3 and A2780 cells. Autophagy was
characterized by an increase in autophagic puncta,
which was visualized by LC3II immune fuorescent
staining of SKOV-3 cells in culture after 48-hr
exposure to propranolol. Autophagy was visualized
stably expressing the mRFP-GFP-LC3 (Microtubule
associated protein 1 light chain 3) in in the presence of
100 μM propranolol as the arrowhead points in Figure
4A. The statistical results in Figure 4B & C indicated
that the number of GFP- and mRFP-LC3 puncta
formation was notably increased, suggesting that
treatment with propranolol induced autophagy in
SKOV-3 and A2780 cells. Subsequently, the
expression of several marker protein of autophagy
was examined to verify autophagic flu by Western
Blot (Figure 4D & E).We found that exposure to
propranolol remarkably increased the expression of
beclin-1 and p62, which are two key substrates for
autophagy, indicating that autophagy was triggered
by propranolol treatment.
During autophagy, the conversion of soluble
LC3-I to nonsoluble form of LC3-II have been
supposed as useful signs of autophagy. Furthermore,
to delineate the autophagic flux induced by
propranolol, 3‐MA, an inhibitor of autophagy was
used to block class III phosphatidylinositol 3-kinases
(PI-3Ks) and inhibit the formation of autophagosome
in SKOV-3 and A2780 cells. As shown in Figure 4F &
G, a marked decrease in the LC3‐II/LC3‐I expression
level was observed with 3‐MA pretreatment followed
by 100 μM propranolol treatment for 24 h. All of these
results indicated that propranolol could induce
autophagic flux in SKOV-3 and A2780 cells.

Propranolol triggered autophagy inhuman
ovarian cancer cells

Autophagy inhibitors promoted
propranolol-induced cell apoptosis

Propranolol induced apoptosis of human
ovarian cancer cells

Autophagy, a form of programmed cell survival,
affects tumor initiation and progression. In order to
elucidate whether autophagy was involved in
propranolol induced cell growth suppression, we

To further investigate either protect cell survival
or contribute to cell death that propranolol induced in
ovarian cancer cells, autophagy inhibitor 3-MA was
employed to explore the results. As shown in Figure

Figure 1. Propranolol suppressed the proliferation of human ovarian cancer cells. SKOV-3 (A) and A2780 (B) cells were treated with Propranolol at concentrations
of 0, 20, 40, 60, 80 and 100 µM for 24, 48, 72h, respectively. Cell viability was detected by MTT assay. The data are represented as mean ± SD, and obtained from three
independent experiments. *P<0.05, **P<0.01, as compared with control.

http://www.jcancer.org

Journal of Cancer 2020, Vol. 11
5A-C, the expression of apoptosis‐related proteins
BAX and cleaved-caspase‐3 were markedly upregulated by the presence of 100 μM propranolol, and
the promoting effects offered by propranolol were
further induced by 3-MA in SKOV-3 and A2780 cells,
respectively. Moreover, the analysis of flow cytometry
(Figure 5D-G) also showed the presence of 3-MA was
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markedly enhanced the expression of apoptosis
proteins (Bax, cleaved-caspase-3) after treated with
100 μM propranolol. These data suggested that
cellular reactive autophagy induced by propranolol
play a protective effect against apoptosis in ovarian
cancer cells.

Figure 2. Propranolol induced cell cycle arrest at G2/M phase in human ovarian cancer cells. (A and C) Flow cytometry analysis showed the cell cycle distribution
when the SKOV-3 and A2780 cells were treated with or without 100 µM Propranolol for 48 hours, respectively. (B and D) Bar graphs show the cell cycle distribution when
SKOV-3 and A2780 cells were treated with or without 100 µM Propranolol for 48 hours. Data represent the mean ± SD of three independent experiments. *P<0.05, **P<0.01,
as compared with control. (E)The representative blots show the expression levels of Cyclin B1, P-cdc2, cdc2, p21, and GAPDH was used as the internal control. (F)The relative
expressions of Cyclin B1, P-cdc2, cdc2, and P21 were quantified by normalizing to GAPDH. All data are represented as mean ± SD, and obtained from three independent
experiments. *P< 0.05 vs untreated control group; **P<0.01 vs untreated control group.

http://www.jcancer.org
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Figure 3. Propranolol induced apoptosis of human ovarian cancer cells. (A and C) Flow cytometry showed the different apoptotic stages after the SKOV-3 and A2780
cells treated with 80 µM or 100 µM Propranolol for 48h. (B and D) Bar graphs showed the percentage of late apoptosis when the cells were treated with 80 µM or 100 µM
Propranolol for 48 hours. Data are the mean ± SD of three independent experiments. *P<0.05, **P<0.01, as compared with control. (E) Western blot results showed the
expression levels of BAX, Bcl-2, cleaved caspase 3, cleaved caspase 8, and cleaved caspase 9 in cells treated with 80 µM or 100 µM Propranolol for 48 hours. (F)The relative
expressions of BAX, Bcl-2, cleaved caspase 3, cleaved caspase 8, and cleaved caspase 9 were quantified by normalizing to GAPDH. All data are represented as mean ± SD, and
obtained from three independent experiments. **P< 0.01 vs untreated control group.

ROS generation and JNK activation were
triggered by propranolol
ROS plays an important role in cancer
development and progression, including cell cycle
arrest, apoptosis, autophagy as well as sustained JNK
6 cells, 2’,7’-dichlorofluorescein-diacetate (DCHF-DA)
staining by flow cytometry was applied in our study.
As shown in Figure 6A-C, the production of ROS
represented by fluorescent signal was dramatically

increased when cells exposure to propranolol. Then
we investigated the effect of propranolol on JNK
pathway. Western blot results in Figure 6D showed
that treatment with propranolol notably enhanced the
phosphorylation level of JNK in both SKOV-3 and
A2780cells. To further confirm the role of ROS/JNK in
propranolol-induced cell cycle arrest, apoptosis and
autophagy, we preprocessed the cells with the ROS
exclusive inhibitor antioxidant N-acetyl cysteine
(NAC) and JNK inhibitors SP600125 in the presence/
http://www.jcancer.org
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absence of propranolol. From Figure 6E, the Western
Blot results showed that both NAC and SP600125
apparently remarkably abolished the increased the
protein expression of LC3-II/LC3-I, cleaved caspase3, BAX, phosphorylated JNK, and p21 by propranolol
administration, respectively. Expectedly, NAC
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concomitant with SP600125 had a harder inhibitory
role in propranolol-induced aforementioned protein
expression than NAC or SP600125 treatment alone.
All these results revealed ROS/JNK pathway
activation participated in propranolol-induced cell
cycle arrest, apoptosis and autophagy.

Figure 4. Propranolol triggered autophagy inhuman ovarian cancer cells. (A) Representative images of mRFP-GFP-LC3 lentivirus infection monitored the autophagy
flux in the SKOV-3 and A2780 cells under confocal microscopy (400×magnification). After merging, white arrows pointed to the LC3 positive cells containing yellow puncta were
counted as (B and C) compared with control (**P< 0.01). Then the percentage of LC3 positive cell was calculated relative to all lentivirus infected cells in five different fields under
confocal microscopy. Results are counted from three independent experiments and presented as means ± SD. (D) The expression levels of the autophagy-related proteins,
including Beclin-1 and P62, were investigated by western blots. (E) The quantitative analysis results of Beclin-1 and P62 were normalized to GAPDH. *P< 0.05, **P< 0.01 vs
control group. All data were obtained from three independent experiments. (F) Western blot results showed the expression level of LC3-II in the cells treated with 3MA for 1
hour before incubation with 100 µM Propranolol for 48 hours. (G)The relative expression of LC3-II was quantified by normalizing to GAPDH. All data are represented as mean
± SD, and obtained from three independent experiments. **P< 0.01 vs untreated control group. ##P<0.01 vs Propranolol treatment group.
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Figure 5. Autophagy inhibitors promoted propranolol-induced cell apoptosis. (A) The expressions of BAX and cleaved-caspase 3 were analyzed by western blotting
in the cells treated with 3MA for 1 hour before incubation with 100 µM Propranolol for 48 hours in the SKOV-3 and A2780 cells. (B and C) The relative expressions of BAX and
cleaved-caspase 3 were quantified by normalizing to GAPDH in the SKOV-3 and A2780 cells, respectively. All data are represented as mean ± SD, and obtained from three
independent experiments. **P< 0.01 vs control group. ##P<0.01 vs Propranolol treatment group. (D and F) Flow cytometry showed the different apoptotic stages in the the
SKOV-3 and A2780 cells treated with 3MA for 1 hour before incubation with 100 µM Propranolol. Percentage of apoptotic cells were investigated by flow cytometry and
quantified as (E and G). **P< 0.01 vs control group. ##P<0.01 vs Propranolol treatment group.

Discussion
The climbing researchers [27, 28] have revealed
that propranolol treatment was associated with potent
antitumor properties against various human cancers
through the inhibition of βreceptors, suggesting
propranolol may be functioned as a novel adjuvant
therapeutic strategy for tumors. In this study, we
discovered propranolol regulated the apoptosis,
autophagy through ROS/JNK signal pathway in
ovarian cancer cells for the first time.

Firstly, our data demonstrated the significant
growth inhibitory effects of propranolol on human
ovarian cancer cells via MTT analysis. Anticancer
insights were associated with cell cycle arrest,
apoptosis and autophagy study have proposed for
cancer-cell specific therapeutic strategy. First, flow
cytometer assessment was performed to indicate the
G2/M phase arrest of SKOV-3 and A2780 cells after
propranolol treatment for 48 hours. Some reports [29]
have highlighted that cyclin B1 aggregation and Cdc2
phosphorylation were crucial to promote G2/M
http://www.jcancer.org
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phase transition. Accordingly, western blot analysis
have revealed that propranolol induced G2/M phase
arrest via phosphorylated Cdc25C, phosphorylated
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Cdc2, p27 and downregulation of Cdc2 in both
SKOV-3 and A2780 cells.

Figure 6. ROS generation and JNK activation were triggered by propranolol. (A) SKOV-3 and A2780 cells were treated with 100 µM Propranolol for 48 hours and
incubated with DCFH-DA (10 mM) for 20 min at 37°C, then measured by flow cytometer. The percent of positive cell number were calculated as (B) and (C), **P< 0.05 vs
untreated control group. (D) The expressions of P-JNK and JNK were analyzed by western blotting in the cells treated with 100 µM Propranolol for 48 hours. (E) The expressions
of P-JNK, JNK, BAX, p21, cleaved-caspase 3, and LC3-II were analyzed by western blotting in the cells treated with SP600125 (10 µM) or NAC (5 mM) for 2 hours before
incubated with 100 µM Propranolol for 48 hours. *P< 0.05, **P< 0.01.

http://www.jcancer.org
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As a crucial regulator of cancer progression and
development [30], apoptosis is characterized by the
activation of caspases [31], which are cysteine
proteases involved in the initiation and execution
proteolytic processing cascade. Accordingly, flow
cytometer analysis demonstrated that late apoptotic
cells had a dose dependent increase after 100 μM
propranolol administration for 48 hours. As initiator
caspases, caspase-8 and -9 are the first to be activated
in death receptor pathway and mitochondrial
apoptosis pathway, respectively. Then this activated
the executioner caspase-3 subsequently inducing
apoptosis via Bcl-2 and its family members. Western
blot assay have demonstrated that propranolol
activated pro-apoptotic protein Bax and up regulated
the expression of cleaved-PARP, caspase-3, -8, and -9
as well as down regulated Bcl-2 expression. These
data indicated that propranolol induced caspasedependent apoptosis in SKOV-3 and A2780 cells.
In addition, autophagy [32] is also a major
intracellular degradation mechanism that regulates
cellular homeostasis by maintaining a balance
between cell survival and cell death, which is also
called “double-edge sword”. On one hand, autophagy
[33] decomposed long-lived proteins, damaged
organelles and other structures by lysosomal
hydrolases to promote survival during various stress
conditions. On the other hand, autophagic cell [34]
was exerted a similar pro-apoptotic effect when
excessive autophagy reaches a certain level.
Accumulating findings [35] evidenced the complex
paradoxical role of autophagy in antitumor
chemotherapy. In our study, we firstly investigated
propranolol induced autophagy, as evidenced by the
notably accumulation of aggregated autophagosomes
following treatment with propranolol. After the
process of autophagy initiated, a sequential
recruitment of proteins such as beclin-1 and P62 was
involved and the conversion of LC3-I to LC3-II was
considered as a quantitative indicator of autophagosome formation. The formation of autophagosome membranes has also been identified. Therefore,
in the present work, western blot analysis indicated
the enhanced the ratio of LC3-II/LC3-I and increased
expression of beclin-1 and P62 induced by
propranolol correlates with activation of autophagic
activity in SKOV-3and A2780 cells. To further
ensuring the induction of autophagy flux, SKOV-3
and A2780 cells were pre-incubated with or without
autophagic inhibitor 3-MA, which was adopted to
block the autophagosome formation at an early stage.
Expectedly, pre-incubation with 3-MA significantly
reduced the level of LC3-II/LC3-I compared with
propranolol treatment alone.
Recently, growing evidence [36] indicate that
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autophagy is represented as a double‐edged sword
for therapeutic purposes in tumor treatment. For
example, Jeong-Won Lee et al. revealed that ovarian
cancer growth could be abrogated by blocking ADRBmediated angiogenesis; what is more, the perioperative use of propranolol could have preventive
effects for the surgical stress-induced tumor growth in
both HeyA8 and SKOV3ip1 mice models [37]. To
further clarify the positive or negative effect of
propranolol on SKOV-3 and A2780 cells, we found
that inhibition of autophagy by 3-MA aggravated
propranolol-induced apoptosis. Consistently, the
apoptosis related proteins BAX and cleaved-caspase-3
were synchronously induced in the 3-MA+ propranolol group compare compared to the propranolol
group alone, revealing that propranolol triggered
autophagy acted a protective manner in SKOV-3 and
A2780 cells. Therefore, the viewpoint above revealed
that antitumor drug combined with 3-MA may be a
novel strategy for enhancing antitumor efficacy in
chemotherapy of cancers.
The complexity of cell apoptosis and autophagy
was associated with ROS generation and concurrently
activation of JNK pathways in tumor cells [38]. As
highly reactive molecules derived from oxidative
energy metabolism, ROS levels have crucial role in
regulating the fate of cells. Importantly, cellular
excessive generation of ROS caused irreversible
oxidative damage inducing cell autophagy and
apoptosis. In our work, propranolol triggered a
significant increase in ROS generation by flow
cytometry analysis. Growing evidence [39] has
demonstrated that various oxidative stress signals
also activated JNK pathway to promote cell apoptosis
and autophagy. Western blot results showed that
propranolol significantly enhanced the expression of
JNK phosphorylation both in SKOV-3 and A2780
cells. Our studies have confirmed that ROS inhibitor
NAC and JNK inhibitor SP600125 reversed propranolol-induced increase of LC3-II/LC3-I, cleavedcaspase-3, BAX as well as JNK phosphorylation in
SKOV-3 cells. In summary, these data showed that
propranolol-induced cell apoptosis and autophagy
though the activation of ROS-dependent JNK
pathway. Our study provided a new molecular
mechanism for the therapeutic effects of propranolol
on antitumor therapy.

Acknowledgements
This work was supported by the Henan Science
and Technology Office (No. 172102310377), Science
and technology major project of science and
Technology Department of Henan Province (No.
161100311100), Natural Science Foundation of Henan
Province (No. 162300410269) and Zhengzhou
http://www.jcancer.org

Journal of Cancer 2020, Vol. 11
programs for Science and Technology Development
(No. 153PKJGG165).

Competing Interests
The authors have declared that no competing
interest exists.

References
1.
2.

3.
4.
5.
6.

7.

8.

9.
10.
11.
12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.
25.

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D: Global cancer
statistics. CA Cancer J Clin 2011, 61:69-90.
Force USPST, Grossman DC, Curry SJ, Owens DK, Barry MJ, Davidson KW,
Doubeni CA, Epling JW, Jr., Kemper AR, Krist AH, et al: Screening for Ovarian
Cancer: US Preventive Services Task Force Recommendation Statement.
JAMA 2018, 319:588-594.
Shapira I, Oswald M, Lovecchio J, Khalili H, Menzin A, Whyte J, Dos Santos L,
Liang S, Bhuiya T, Keogh M, et al: Circulating biomarkers for detection of
ovarian cancer and predicting cancer outcomes. Br J Cancer 2014, 110:976-983.
Al-Majed AA, Bakheit AHH, Abdel Aziz HA, Alajmi FM, AlRabiah H:
Propranolol. Profiles Drug Subst Excip Relat Methodol 2017, 42:287-338.
Cole SW, Sood AK: Molecular pathways: beta-adrenergic signaling in cancer.
Clin Cancer Res 2012, 18:1201-1206.
Leosco D, Rengo G, Iaccarino G, Golino L, Marchese M, Fortunato F, Zincarelli
C, Sanzari E, Ciccarelli M, Galasso G, et al: Exercise promotes angiogenesis
and improves beta-adrenergic receptor signalling in the post-ischaemic failing
rat heart. Cardiovasc Res 2008, 78:385-394.
Montoya A, Varela-Ramirez A, Dickerson E, Pasquier E, Torabi A, Aguilera R,
Nahleh Z, Bryan B: The beta adrenergic receptor antagonist propranolol alters
mitogenic and apoptotic signaling in late stage breast cancer. Biomed J 2019,
42:155-165.
Suna N, Ozer Etik D, Ocal S, Selcuk H: Effect of Propranolol Treatment on the
Incidence of Hepatocellular Carcinoma in Patients Waiting for Liver
Transplant With Cirrhosis: A Retrospective, Surveillance Study in a Tertiary
Center. Exp Clin Transplant 2019, 17:632-637.
Benemei S, Geppetti P, De Giorgi V: Improving the Propranolol Treatment of
Melanoma-Reply. JAMA Oncol 2018, 4:1013-1014.
Wei WJ, Shen CT, Song HJ, Qiu ZL, Luo QY: Propranolol sensitizes thyroid
cancer cells to cytotoxic effect of vemurafenib. Oncol Rep 2016, 36:1576-1584.
Jang HI, Lim SH, Lee YY, Kim TJ, Choi CH, Lee JW, Kim BG, Bae DS:
Perioperative administration of propranolol to women undergoing ovarian
cancer surgery: A pilot study. Obstet Gynecol Sci 2017, 60:170-177.
Wu TY, Saw CL, Khor TO, Pung D, Boyanapalli SS, Kong AN: In vivo
pharmacodynamics of indole-3-carbinol in the inhibition of prostate cancer in
transgenic adenocarcinoma of mouse prostate (TRAMP) mice: involvement of
Nrf2 and cell cycle/apoptosis signaling pathways. Mol Carcinog 2012,
51:761-770.
Clemens DL, Schneider KJ, Nuss RF: Ethanol metabolism activates cell cycle
checkpoint kinase, Chk2. Alcohol 2011, 45:785-793.
Young MM, Kester M, Wang HG: Sphingolipids: regulators of crosstalk
between apoptosis and autophagy. J Lipid Res 2013, 54:5-19.
Mizushima N, Levine B, Cuervo AM, Klionsky DJ: Autophagy fights disease
through cellular self-digestion. Nature 2008, 451:1069-1075.
Apel A, Zentgraf H, Buchler MW, Herr I: Autophagy-A double-edged sword
in oncology. Int J Cancer 2009, 125:991-995.
<Programmed cell death in type II neuroblast lineages is required for central
complex development in the Drosophila brain.pdf>.
Son Y, Cheong YK, Kim NH, Chung HT, Kang DG, Pae HO:
Mitogen-Activated Protein Kinases and Reactive Oxygen Species: How Can
ROS Activate MAPK Pathways? J Signal Transduct 2011, 2011:792639.
Tischner D, Manzl C, Soratroi C, Villunger A, Krumschnabel G: Necrosis-like
death can engage multiple pro-apoptotic Bcl-2 protein family members.
Apoptosis 2012, 17:1197-1209.
Chen Y, McMillan-Ward E, Kong J, Israels SJ, Gibson SB: Oxidative stress
induces autophagic cell death independent of apoptosis in transformed and
cancer cells. Cell Death Differ 2008, 15:171-182.
Sui X, Kong N, Ye L, Han W, Zhou J, Zhang Q, He C, Pan H: p38 and JNK
MAPK pathways control the balance of apoptosis and autophagy in response
to chemotherapeutic agents. Cancer Lett 2014, 344:174-179.
Ravindran J, Gupta N, Agrawal M, Bala Bhaskar AS, Lakshmana Rao PV:
Modulation of ROS/MAPK signaling pathways by okadaic acid leads to cell
death via, mitochondrial mediated caspase-dependent mechanism. Apoptosis
2011, 16:145-161.
Wu R, Li D, Tang Q, Wang W, Xie G, Dou P: A Novel Peptide from Vespa
ducalis Induces Apoptosis in Osteosarcoma Cells by Activating the p38 MAPK
and JNK Signaling Pathways. Biol Pharm Bull 2018, 41:458-464.
Li S, Cheng B, Hou L, Huang L, Cui Y, Xu D, Shen X, Li S: Dioscin inhibits
colon cancer cells' growth by reactive oxygen species-mediated mitochondrial
dysfunction and p38 and JNK pathways. Anticancer Drugs 2018, 29:234-242.
Taylor CA, Zheng Q, Liu Z, Thompson JE: Role of p38 and JNK MAPK
signaling pathways and tumor suppressor p53 on induction of apoptosis in
response to Ad-eIF5A1 in A549 lung cancer cells. Mol Cancer 2013, 12:35.

5910
26. Qian M, Tan HM, Yu N, Wang T, Zhang Q: Inactivated Sendai Virus Induces
ROS-dependent Apoptosis and Autophagy in Human Prostate Cancer Cells.
Biomed Environ Sci 2018, 31:280-289.
27. Liao X, Chaudhary P, Qiu G, Che X, Fan L: The role of propranolol as a
radiosensitizer in gastric cancer treatment. Drug Des Devel Ther 2018,
12:639-645.
28. Zhang Q, Bao J, Yang J: Genistein-triggered anticancer activity against liver
cancer cell line HepG2 involves ROS generation, mitochondrial apoptosis,
G2/M cell cycle arrest and inhibition of cell migrationand inhibition of cell
migration. Archives of Medical Science 2019, 15:1001-1009.
29. Ray G, Dhar G, Van Veldhuizen PJ, Banerjee S, Saxena NK, Sengupta K,
Banerjee SK: Modulation of cell-cycle regulatory signaling network by
2-methoxyestradiol in prostate cancer cells is mediated through multiple
signal transduction pathways. Biochemistry 2006, 45:3703-3713.
30. Goldar S, Khaniani MS, Derakhshan SM, Baradaran B: Molecular mechanisms
of apoptosis and roles in cancer development and treatment. Asian Pac J
Cancer Prev 2015, 16:2129-2144.
31. Kaczanowski S: Apoptosis: its origin, history, maintenance and the medical
implications for cancer and aging. Phys Biol 2016, 13:031001.
32. Li YJ, Lei YH, Yao N, Wang CR, Hu N, Ye WC, Zhang DM, Chen ZS:
Autophagy and multidrug resistance in cancer. Chin J Cancer 2017, 36:52.
33. Ravanan P, Srikumar IF, Talwar P: Autophagy: The spotlight for cellular stress
responses. Life Sci 2017, 188:53-67.
34. Wang K, Gong Q, Zhan Y, Chen B, Yin T, Lu Y, Zhang Y, Wang H, Ke J, Du B,
et al: Blockage of Autophagic Flux and Induction of Mitochondria
Fragmentation by Paroxetine Hydrochloride in Lung Cancer Cells Promotes
Apoptosis via the ROS-MAPK Pathway. Front Cell Dev Biol 2019, 7:397.
35. Yujra VQ, Moreira Antunes HK, Monico-Neto M, Quintana HT, de Oliveira F,
Galvani MG, Lee KS, Oshima CTF, Ribeiro DA: Paradoxical sleep deprivation
induces differential biological response in rat masticatory muscles:
Inflammation, autophagy and myogenesis. J Oral Rehabil 2020, 47:289-300.
36. Duffy A, Le J, Sausville E, Emadi A: Autophagy modulation: a target for
cancer treatment development. Cancer Chemotherapy and Pharmacology
2014, 75:439-447.
37. Lee JW, Shahzad MM, Lin YG, Armaiz-Pena G, Mangala LS, Han HD, Kim HS,
Nam EJ, Jennings NB, Halder J, et al: Surgical stress promotes tumor growth in
ovarian carcinoma. Clin Cancer Res 2009, 15:2695-2702.
38. Kwak A-W, Choi J-S, Lee M-H, Oh H-N, Cho S-S, Yoon G, Liu K, Chae J-I,
Shim J-H: Retrochalcone Echinatin Triggers Apoptosis of Esophageal
Squamous Cell Carcinoma via ROS- and ER Stress-Mediated Signaling
Pathways. Molecules 2019, 24:4055.
39. Zhou H, Sun Y, Zhang L, Kang W, Li N, Li Y: The RhoA/ROCK pathway
mediates high glucose-induced cardiomyocyte apoptosis via oxidative stress,
JNK, and p38MAPK pathways. Diabetes/Metabolism Research and Reviews
2018, 34:e3022.

http://www.jcancer.org

