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Artesunate promotes cervical cancer cell apoptosis
by regulating Bcl2 family molecules and reducing
the mitochondrial membrane potential
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Abstract. Artesunate (ART), an antimalarial drug, has a broad
spectrum of antitumour effects in cancer types such as esopha-
geal and gastric cancer. However, evidence demonstrating the
role of ART in cervical cancer cells is limited. In the present
study, the inhibitory effect of ART on the growth of cervical
cancer cells through the modulation of the cell cycle and apop-
tosis was investigated. The growth-inhibitory effect of ART
on a cervical cancer cell line (SiHa) was detected using a Cell
Counting Kit-8 assay after treatment with ART for 24 h, after
which the half-maximal inhibitory concentration (ICs,) was
calculated. Using flow cytometry assays, apoptosis, the cell
cycle, the levels of reactive oxygen species (ROS) and calcium
(Ca?) ions, as well as the mitochondrial membrane potential
were evaluated in SiHa cells following treatment with ART
for 24 and 48 h. The mRNA expression levels of Bcl2, Bel-xl,
(myeloid cell leukaemia 1) Mcl-1, Bcl2-like protein 11 (BIM),
(Bcl2-related ovarian killer protein) Bok, Bax and (Bcl2
homologous antagonist/killer) Bak in SiHa cells were detected
using reverse transcription-quantitative PCR. ART inhibited
the growth of SiHa cells in a dose-dependent manner. The ICs,
of ART in SiHa cells was 26.32 ug/ml. According to the ICs,
value, 15, 30 and 100 pg/ml ART were selected for further
experiments, and normal saline (0 yg/ml ART) was used as
the control group. The results indicated that treatment with
15,30 and 100 xg/ml ART for 24 and 48 h induced apoptosis,
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increased the levels of ROS, the levels of Ca** and the mRNA
expression levels of BIM, Bok, Bax and Bak, but decreased
the cell proliferation indices, the mitochondrial membrane
potential and the mRNA expression levels of Bcl2, Bel-xI and
Mcl-1 in a dose- and time-dependent manner. In conclusion,
ART inhibited the growth of SiHa cells and induced apoptosis
via a mechanism associated with the regulation of Bcl2 family
member expression, which was associated with the increase of
the levels of ROS and Ca?* and the reduction of the mitochon-
drial membrane potential.

Introduction

Cervical cancer is a common malignant tumour in women
worldwide that is associated with high morbidity and
mortality, threatening the life and health of female patients.
According to Global Cancer Statistics 2020 (GLOBOCAN
2020 data) (1), the incidence and mortality of cervical cancer
rank fourth among all malignant tumours in women world-
wide, accounting for ~6.5 and 7.7%, respectively. The China
Cancer Registry data showed that the mortality-to-incidence
ratio was 0.30 in 2014. In 2014, ~102,000 new cases of cervical
cancer were estimated to have occurred in China, with a crude
incidence rate of 15.30/100,000 (2). Currently, the conven-
tional treatment methods for cervical cancer include surgery,
radiotherapy and chemotherapy (3,4), but the toxic side effects
of chemotherapy drugs and the occurrence of drug resistance
affect the treatment efficacy (5). Therefore, it is important to
identify low-toxicity and high-efficiency anticancer drugs.
Chinese herbal medicine has a history in the treatment
of cancer, and its low toxicity and side effects provide it with
unique characteristics in the treatment of cancer. Artesunate
(ART), derived from artemisinin, is an antimalarial drug,
used for severe and drug-resistant malaria (6-8). ART has
antioxidant, immunomodulatory and antitumour effects in
addition to its antimalarial effects (9-11). The antitumour
effects of ART have been previously studied and the results
showed that ART has growth-inhibitory effects on a variety
of tumour cells, with low toxicity and side effects (12-15).
The study by Vatsveen et al (16) demonstrated that ART has
potent apoptosis-inducing effects on a broad range of B-cell
lymphoma cell lines both in vitro and in vivo. Furthermore,
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the study by Yin et al (17) indicated that ART could be an
effective antitumour agent through modulating the oestrogen
receptor (ER)-a-mediated liver kinase B1/AMP-activated
protein kinase/mTOR pathway in a heart- and neural crest
derivatives-expressed protein 2-dependent manner, and that
ART is an effective therapeutic agent for ER-a-positive
endometrial cancer. The study by Mancuso et al (18) reported
that ART inhibits the growth of leukaemia, multiple myeloma
and lymphoma cells by inducing cell apoptosis, autophagy
and ferroptosis. Additionally, other studies indicated that
ART inhibits the growth of oesophageal cancer and gastric
cancer cells by inducing apoptosis (19,20). However, there are
only a small number of reports on the molecular mechanism
by which ART inhibits cervical cancer, such as the study by
Saeed et al (21).

Apoptosis is a type of cell death, in which the orderly and
autonomous death of cells controlled by genes can eliminate
abnormal cells in the body. This serves an important role
in maintaining the stability of the internal environment.
Apoptosis is an active form of cell death controlled by
multiple genes, including those of the Bcl2 and caspase
families, and is regulated by multiple pathways, including
the membrane receptor pathway and the mitochondrial
pathway. The mitochondria-mediated apoptosis pathway
is associated with the antitumour effect of drugs, such as
epigallocatechin-3-gallate (22). Mitochondria are unique
and important organelles and are the ‘power factories’ of the
cell (23). Changes in mitochondrial function are associated
with apoptosis and participate in the process of apoptosis
by releasing proapoptotic factors, increasing the generation
of reactive oxygen species (ROS), and increasing intracel-
lular calcium (Ca®*) ion levels (24-26). There are numerous
members of the Bcl2 family, including Bcl2, Bel-x1, (myeloid
cell leukaemia 1) Mcl-1, Bcl2-like protein 11 (BIM),
(Bcl2-related ovarian killer protein) Bok, Bax and (Bcl2
homologous antagonist/killer) Bak. These proteins have
either antiapoptotic or proapoptotic effects. Most members
of the Bcl2 family have two structural homology regions
through which different members can form heterodimers,
and Bcl2 members are functional or functionally regulated
through dimerization. Bcl2 can localize to mitochondria,
stabilize the mitochondrial membrane potential, prevent
apoptosis and protect cells (27). Dysfunction of the expres-
sion of Bcl2 family members can cause dysregulation of
apoptosis and lead to the occurrence of diseases, including
cancer and autoimmune diseases (27). Tumour cells have
the ability to avoid apoptosis and survive, thus, apoptotic
disorders can lead to malignant tumours (28).

In the present study, the anticancer effects of ART in vitro
and the associated molecular mechanisms of a low-toxicity
and high-efficiency dose of ART for the clinical treatment of
cervical cancer were investigated.

Materials and methods

Cancer cell line and culture. The SiHa cell line
(cat. no. CL-0210) was obtained from Procell Life Science &
Technology Co., Ltd., and was cultured in minimum essen-
tial medium (MEM) supplemented with 10% FBS and 1%
penicillin and streptomycin (cat. no. CM-0210; Procell Life

Science & Technology Co., Ltd.). The cells were maintained
in an incubator at 37°C with 5% CO,.

Chemicals and reagents. ART was purchased from
Guilin Pharmaceutical (Shanghai) Co., Ltd. An annexin
V-phycoerythrin (PE)/7-aminoactinomycin D (7-AAD) kit
(cat. no. 559763) and propidium iodide were purchased from
BD Biosciences. The primers used in the present study were
purchased from Sangon Biotech Co., Ltd.

Cytotoxicity assay. The cells were seeded in 96-well plates at a
density of 1x10* cells/well. Once the cells were attached, seri-
ally diluted ART solution was added at a final concentration
of 0.5 1, 5, 10, 50, 100, 400 or 800 ug/ml in a final volume
of 200 ul/well. Normal saline (NS) was used for the control
group. After drug treatment for 24 h at 37°C, the medium was
replaced with an equivalent volume of fresh MEM containing
20 pul Cell Counting Kit-8 (CCK-8; Wuhan Boster Biological
Technology, Ltd.), followed by incubation for an additional 2 h.
The cytotoxic effects of ART were determined by measuring
the optical density at 450 nm using a microplate reader. The
growth inhibition rate was calculated as follows: [(1-absor-
bance of the ART treated group)/absorbance of the control
group] x100.

ART intervention experiments. SiHa cells were seeded in
6-well plates at a density of 1x10° cells/well. Once the cells
reached 80-85% confluence, ART was added to each well at
concentrations of 15, 30 and 100 ug/ml, and NS was added to
the control group. ART concentrations of 15,30 and 100 pg/ml
were selected that were close to the half-maximal inhibitory
concentration (ICsy) value of ART. After ART treatment for
24 and 48 h at 37°C, SiHa cells were collected using centrifu-
gation (200 x g, 25°C, 5 min). The cell concentration was
adjusted to 1x10%ml. Each experiment was repeated three
times. SiHa cells treated with NS or 15, 30, or 100 zg/ml ART
were referred to as the control and 15, 30 or 100 xg/ml ART
groups, respectively.

Assessment of cell apoptosis using flow cytometry (FCM).
A SiHa cell suspension (1 ml containing 1x10° cells/ml) was
collected, washed once with cold PBS (4°C), and resuspended
in 100 ul 1X binding buffer. Subsequently, 5 xl annexin V-PE
was added, and the mixture was placed on ice for 15 min in
the dark. Next, 390 pl 1X binding buffer and 5 pl 7-AAD were
added, and the mixture was incubated for 15 min in the dark
at 37°C. Cell apoptosis was measured using a FC500 flow
cytometer (Beckman Coulter, Inc.). The EXPO32 ADC soft-
ware version 1.2 (Beckman Coulter, Inc.) was used to analyse
the fluorescence data and evaluate the apoptosis rate.

Assessment of cell cycle distribution using FCM. SiHa cell
suspension (I ml) was fixed with 70% ethanol at 4°C for
24 h. Subsequently, the cells were washed once with cold
PBS (4°C), and 1 ml propidium iodide (containing RNAse A)
was added before incubation at 4°C in the dark for 30 min.
The cells were then measured using a FC500 flow cytometer,
and the cell cycle data were analysed using MultiCycle AV
software version 275 (Phoenix Flow Systems, Inc.). The prolif-
eration index (PI) was calculated using the following formula:
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PI=(S + G,/M)/(Gy, + S + G,/M) x100%. The PI represents the
state of cell proliferation (29).

Flow cytometric analysis of the generation of ROS in SiHa
cells after ART treatment. SiHa cells were washed with cold
PBS (4°C), and stained with 1 ml dichlorodihydrofluorescein
diacetate (5 yg/ml; Cayman Chemical Company) for 30 min in
the dark at 37°C. The stained cells were then washed once with
cold PBS (4°C), resuspended in 1 ml PBS, and analysed using a
FC500 flow cytometer. Fluorescence data were analysed using
EXPO32 ADC software version 1.2.

Analysis of Ca** levels in SiHa cells after ART treatment
using FCM. SiHa cells were washed with cold PBS (4°C), and
stained with 1 ml Fluo-3 AM (1 #M; Beyotime Institute of
Biotechnology) for 30 min in the dark at 37°C. The stained
cells were then washed once with cold PBS (4°C), resuspended
in 1 ml PBS, and analysed using a FC500 flow cytometer.
Fluorescence data were analysed using EXPO32 ADC
software version 1.2.

Flow cytometric analysis of the mitochondrial membrane
potential of SiHa cells after ART treatment. SiHa cells were
washed with cold PBS (4°C), and stained with 0.5 ml JC-1
reagent (Beyotime Institute of Biotechnology) for 20 min in
the dark at 37°C. The stained cells were then washed twice
with 1X JC-1 staining buffer, resuspended in 1 ml 1X JC-1
staining buffer, and analysed using a FC500 flow cytometer.
Fluorescence data were analysed using EXPO32 ADC software
version 1.2 and presented as the ratio of JC-1 aggregates/JC-1
monomers.

Evaluation of mRNA expression levels using reverse
transcription-quantitative PCR (RT-gPCR). SiHa cells were
collected using centrifugation (200 x g, 25°C, 5 min) and
washed once with PBS. Total RNA was extracted from the
cells using 1 ml RNA isolater (Vazyme Biotech Co., Ltd.).
As the template for PCR, cDNA was synthesized using the
HiScript II First Strand cDNA Synthesis kit (Vazyme Biotech
Co., Ltd.) according to the manufacturer's protocol. Based
on the manufacturer's protocol for the qPCR SYBR-Green
Master Mix kit (Vazyme Biotech Co., Ltd.), gPCR was
performed. The primer sequences used were: Bcl2 forward,
5-ATCGCCCTGTGGATGACTGAGT-3' and reverse, 5-GCC
AGGAGAAATCAAACAGAGGC-3'; Bel-xl forward, 5-GCC
ACTTACCTGAATGACCACC-3' and reverse, 5-AACCAG
CGGTTGAAGCGTTCCT-3"; BIM forward, 5'-CAAGAG
TTGCGGCGTATTGGAG-3' and reverse, 5'-ACACCAGGC
GGACAATGTAACG-3"; Mcl-1 forward, 5'-CCAAGAAAG
CTGCATCGAACCAT-3' and reverse, 5'-CAGCACATTCCT
GATGCCACCT-3"; Bax forward, 5“-TCAGGATGCGTCCAC
CAAGAAG-3' and reverse, S-TGTGTCCACGGCGGCAAT
CATC-3"; Bak forward, 5“TTACCGCCATCAGCAGGA
ACAG-3' and reverse, 5'-GGAACTCTGAGTCATAGCGTC
G-3'; Bok forward, 5'-ACGCCTGGCTGAGGTGTGCG-3'
and reverse, 5'-"AGGAACGCATCGGTCACCACAG-3'"; and
GAPDH forward, 5-GTCTCCTCTGACTTCAACAGCG-3'
and reverse, 5'-ACCACCCTGTTGCTGTAGCCAA-3'. The
internal reference used was human GAPDH. The thermo-
cycling procedure used was as follows: Initial denaturation

at 95°C for 5 min; followed by 40 cycles of 95°C for 10 sec
and 60°C for 30 sec. Dissociation was performed at 95°C for
15 sec, 60°C for 1 min and 95°C for 15 sec. For each sample,
each experiment was repeated three times. The relative mRNA
expression levels of Bcl2, Bel-x1, Mcl-1, BIM, Bok, Bak and
Bax were calculated using the 2244 method (30).

Statistical analysis. All the data are presented as the
mean + SD (n=3). Two-way ANOVA were performed to
compare multiple groups, followed by the Bonferroni post hoc
test. The data were analysed using SPSS software (version 21;
IBM Corp.). P<0.05 was considered to indicate a statistically
significant difference.

Results

Inhibitory effect of ART on SiHa cells. As shown in Fig. 1A,
SiHa cell survival decreased in a dose-dependent manner after
treatment with different concentrations of ART ranging from
0.5-800 pg/ml for 24 h. After treatment with ART for 24 h, the
ICy, was 26.32 ug/ml. Based on the IC, value, three concen-
trations of ART (15, 30 and 100 ug/ml) were selected for the
subsequent experiments.

In addition, the proliferation indices of SiHa cells were
notably reduced in the ART-treated groups compared with
that in the control group in a dose- and time-dependent
manner. Furthermore, the proportion of cells in the G, phase
was notably increased in the ART-treated groups compared
with that in the control group in a dose- and time-dependent
manner (Fig. 1B and C).

ART induces SiHa cell apoptosis. After exposure to various
concentrations of ART (15, 30 or 100 pg/ml) for 24 or 48 h,
with O ug/ml ART used as the control, SiHa cells exhibited
a dose- and time-dependent apoptosis as demonstrated using
Annexin V-PE/7-AAD staining and FCM (Fig. 2A).

The total apoptosis rate of SiHa cells, including the
early apoptosis rate and late apoptosis rate, was increased
by 15, 30 or 100 gg/ml ART in a dose- and time-dependent
manner (Fig. 2B). The total apoptosis rates of SiHa cells in the
15,30 and 100 pg/ml ART groups were significantly increased
compared with that in the control group (P<0.01). Furthermore,
the total apoptosis rate of SiHa cells in the 100 gg/ml ART
group was significantly increased compared with that in the
15 and 30 pug/ml ART groups (P<0.01). In addition, with the
increasing treatment duration and dose of ART, the late apop-
tosis rate increased compared with that of the control group
(P<0.05; Fig. 2C). The early apoptosis rates of SiHa cells in the
15,30 and 100 pg/ml ART groups were significantly increased
compared with that in the control group (P<0.01; Fig. 2D). The
percentages of live cells in the 15, 30 and 100 yg/ml ART
groups were significantly decreased compared with that in the
control group (P<0.01; Fig. 2E).

ART modulates ROS production, Ca®* levels and the mito-
chondrial membrane potential. To further investigate the
mechanism of SiHa cell apoptosis induced by ART, the ROS
production, Ca** level and mitochondrial membrane poten-
tial of SiHa cells after ART treatment were detected using
FCM (Figs. 3-5). The results indicated that ROS production
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Figure 1. Inhibitory effect of ART on SiHa cells. (A) Growth curve of SiHa cells treated with ART for 24 h. A Cell Counting Kit-8 assay demonstrated that
ART inhibited the proliferation of SiHa cells in a dose-dependent manner (R?=0.9915 and half-maximal inhibitory concentration=26.32 pg/ml). (B) The cell
cycle distribution of SiHa cells was detected using FCM after treatment with various concentrations of ART for 24 and 48 h. (C) FCM results demonstrated
that the PI of SiHa cells was notably decreased in the ART-treated groups compared with that in the control group in a dose- and time-dependent manner.
Furthermore, the proportion of cells in the G,/G, phase was notably increased in the ART-treated groups compared with that in the control group in a dose- and
time-dependent manner. “'P<0.01 vs. 0 ug/ml ART group; *P<0.01 vs. 48 h group. ART, artesunate; FCM, flow cytometry; PI, proliferation index.

in SiHa cells increased after 30 or 100 pg/ml ART treat-
ment in a dose- and time-dependent manner (Fig. 3A).
ROS production in the 30 and 100 yg/ml ART groups was
significantly increased compared with that in the control
group (P<0.01; Fig. 3B). Furthermore, ROS production in the
100 ug/ml ART group was significantly increased compared
with that in the 15 and 30 pg/ml ART groups (P<0.01; Fig. 3B).
Additionally, the Ca*" concentrations in SiHa cells in the
15, 30 and 100 pg/ml ART groups were notably increased
compared with that in the control group in a dose- and
time-dependent manner (Fig. 4A and B). The Ca®* concen-
tration in the 100 ug/ml ART group was also significantly
increased compared with that in the 15 and 30 ug/ml ART
groups (P<0.01; Fig. 4B).

In addition, the mitochondrial membrane potential in the
15, 30 and 100 ug/ml ART groups was notably decreased
compared with that in the control group in a dose- and
time-dependent manner (Fig. 5).

Treatment with ART notably increased ROS production
and Ca** and decreased the mitochondrial membrane poten-
tial, suggesting that ART triggered apoptosis in SiHa cells
in a dose- and time-dependent manner accompanied by the
modulation of ROS, Ca?" and the mitochondrial membrane
potential.

ART modulates Bcl2 family expression levels in SiHa cells.
Bcl2, Belxl, Mcl-1, BIM, Bok, Bax and Bak regulate cell
apoptosis via pore formation in mitochondrial complexes,

and the balanced expression of Bcl2, Bel-x1, Mcl-1, BIM, Bok,
Bax and Bak maintains the stability of the mitochondrial
membrane. Therefore, these molecules can serve as markers for
the analysis of the mechanism of action of the mitochondrial
signalling pathway-induced apoptosis (31). RT-qPCR revealed
notable dose- and time-dependent decreases in the expression
levels of Bcl2, Bel-x1 and Mcl-1 mRNAs compared with those
in the control group (Fig. 6). Furthermore, the expression levels
of BIM, Bok, Bak and Bax mRNAs, which are proapoptotic
gene transcripts (32), were notably upregulated in a dose- and
time-dependent manner compared with that in the control
group following treatment with ART for 24 and 48 h (Fig. 6).
These expression profiles were in line with the increase in
apoptotic activity and mitochondrial membrane modulation
observed in SiHa cells after ART treatment.

Discussion

In the present study, the inhibitory effect of ART on the growth
of SiHa cervical cancer cells was detected using a CCK-8
assay. ART inhibited the growth of SiHa cells in the range
of 0.5-800 ug/ml ART in a concentration-dependent manner.
The ICs, value for SiHa cells treated with ART for 24 h was
26.32 ug/ml. It was demonstrated that ART could inhibit the
growth of SiHa cells, which is consistent with the findings
of previous reports showing that ART inhibits the growth of
tumour cells (33,34). The inhibitory effect of ART on SiHa
cell growth and the underlying molecular mechanism were
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Figure 2. ART induces SiHa cell apoptosis. (A) SiHa cell apoptosis was detected using flow cytometry after treatment with various concentrations of ART
for 24 and 48 h. (B) Total percentages of SiHa cells undergoing apoptosis, including early apoptotic and late apoptotic SiHa cells, were notably increased in
the 15,30 and 100 gg/ml ART groups compared with the control group in a dose- and time-dependent manner. Furthermore, the total percentage of apoptotic
SiHa cells in the 100 xg/ml ART group was significantly increased compared with those in the 15 and 30 yg/ml ART groups. (C) Percentages of late apoptotic
SiHa cells in the 30 and 100 pxg/ml ART groups were significantly increased compared with that in the control group after treatment for 24 and 48 h in a
dose-dependent manner. The percentage of late apoptotic SiHa cells in the 100 yg/ml ART group was significantly increased compared with those in the
15 and 30 pug/ml ART groups after treatment with ART for 24 and 48 h. (D) Percentages of early apoptotic SiHa cells in the 15, 30 and 100 pg/ml ART groups
were significantly increased compared with that in the control group. (E) Percentages of live SiHa cells in the 15, 30 and 100 yg/ml ART groups were notably
decreased compared with that in the control group in a dose- and time-dependent manner. The percentage of live SiHa cells in the 100 pg/ml ART group was
significantly decreased compared with those in the 15 and 30 xg/ml ART groups after treatment with ART for 24 and 48 h. "P<0.05 and “P<0.01 vs. 0 ug/ml
ART group; "P<0.01 vs. 100 ug/ml ART group; “4P<0.01 vs. 48 h group. ART, artesunate.

investigated further. ART increased SiHa cell apoptosis and ~ membrane potential are associated with cell apoptosis (35).
decreased the PI of SiHa cells. A decrease in the mitochondrial membrane potential leads

Mitochondria are at the core of the mitochondria-medi-  to the release of cytochrome ¢, the entry of Ca*" into the
ated apoptosis pathway, and changes in the mitochondrial cytosol and the increase in the generation of ROS, resulting in
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Figure 3. ART induces ROS generation in SiHa cells. (A) ROS generation in SiHa cells after treatment with ART for 24 or 48 h was detected using flow
cytometry. (B) ROS generation in SiHa cells increased after ART treatment in a dose- and time-dependent manner. ROS generation in the 30 and 100 pg/ml
ART groups was significantly increased compared with that in the control group. Furthermore, ROS generation in the 100 pzg/ml ART group was significantly
increased compared with that in the 15 and 30 pg/ml ART groups. B and C represent gates. “P<0.01 vs. 0 ug/ml ART group; #P<0.01 vs. 100 pg/ml ART
group; ““P<0.01 vs. 48 h group. ART, artesunate; ROS, reactive oxygen species.

irreversible apoptosis (36). Mitochondria-mediated apoptosis
serves an important role in the therapeutic efficacy of new
antitumour drugs, such as epigallocatechin-3-gallate and
ropivacaine (22,37). In the present study, compared with those
in the control group, the mitochondrial membrane potential of
SiHa cells treated with 30 and 100 yg/ml ART for 24 and 48 h
significantly decreased, and the production of ROS and
intracellular Ca** levels significantly increased. These results
are consistent with the reported mechanism of drug-induced
apoptosis in tumours (38,39). Greenshields et al (40) reported

a dose- and time-dependent inhibitory effect of ART on the
growth of triple-negative MDA-MB-468 and HER2-enriched
SK-BR-3 breast cancer cells. ART inhibited breast cancer
cell proliferation via ROS-dependent G,/M arrest and
ROS-independent G, arrest. ART-treated MDA-MB-468 and
SK-BR-3 cells also exhibited apoptotic cell death, which was
both ROS- and iron-dependent. ART-induced oxidative stress
was indicated to impair the mitochondrial outer membrane
integrity and damage the cellular DNA of MDA-MB-468
and SK-BR-3 cells (27). Huang et al (41) reported that ART
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Figure 4. ART increases the Ca** concentration in SiHa cells. (A) Ca** concentrations in SiHa cells were detected using flow cytometry. (B) Ca** concentrations
in SiHa cells in the 15, 30 and 100 pg/ml ART-treated groups were notably increased compared with that in the control group in a dose- and time-dependent
manner. The Ca?* concentration in the 100 yg/ml ART group was significantly increased compared with that in the 15 and 30 yg/ml ART groups. C and D
represent gates. “P<0.01 vs. 0 ug/ml ART group; “P<0.01 vs. 100 pg/ml ART group; ““P<0.01 vs. 48 h group. ART, artesunate; Ca, calcium.

serves as a senescence and autophagy inducer to exert its
inhibitory effect on colorectal cancer in a ROS-dependent
manner. The results of the present study suggested that
ART can induce apoptosis in cervical cancer SiHa cells
through a mitochondria-mediated apoptosis pathway. The
molecular mechanism through which ART may regulate the
mitochondrial membrane potential in SiHa cells was further
investigated.

The expression profile of the Bcl2 family on the mito-
chondrial membrane is associated with the function of the
mitochondria. A number of Bcl2 family members, including

Bcl2, Bclx1, Mcl-1, BIM, Bax, Bok and Bak, are expressed
on the outer membrane of mitochondria. In the state of
increasing the Bax expression, Bax forms a heterodimer
with the Bcl2 homology 3 (BH3) domain of Bcl2 and
Bcel-x1 (31). An increase in the expression of Bax or the
expression of BIM, Bak or Bok can cause Bax to dissociate
from the heterodimer and translocate from the cytosol to
the mitochondrial outer membrane, possibly leading to the
release of proapoptotic factors (ROS and Ca**) (32). High
expression of Bcl2 in the mitochondrial outer membrane
can result in binding to BIM, Bax, Bak and Bok proteins
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Figure 5. ART decreases the mitochondrial membrane potential of SiHa cells. After treatment with 0, 15,30 and 100 zg/ml ART, the mitochondrial membrane
potential of SiHa cells stained with JC-1 was detected using flow cytometry. The mitochondrial membrane potential of SiHa cells in the 15, 30 and 100 pug/ml
ART treated groups was notably reduced compared with that in the control group in a dose- and time-dependent manner. The mitochondrial membrane
potential of SiHa cells in the 100 ug/ml ART group was significantly reduced compared with that in the 15 gg/ml ART group. “P<0.01 vs. 0 ug/ml ART group;

#P<0.01 vs. 100 pg/ml ART group; ““P<0.01 vs. 48 h group. ART, artesunate.

to prevent their function and reduce the transmembrane
flow of Ca?* (42). The results of the present study revealed
that the expression levels of Bcl2, Bel-xl and Mcl-1, which
inhibit apoptosis, were significantly decreased in SiHa cells
treated with 15, 30 and 100 xg/ml ART for 24 and 48 h. The
expression levels of the Bcl2 family members BIM, Bax,
Bak and Bok were notably increased after ART treatment.
Holien ef al (43) reported that ART treatment efficiently

inhibits cell growth and induces apoptosis in myeloma
and diffuse large B-cell lymphoma cell lines. Apoptosis is
induced concomitantly with the downregulation of Myc and
antiapoptotic Bcl2 expression, as well as with the cleavage of
caspase-3 (43). In this study, the role of Bcl2 family members
in ART-induced apoptosis of cervical cancer SiHa cells was
comprehensively studied to provide an experimental basis for
the further study of the molecular mechanism through which
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Figure 6. ART modulates the expression of the Bcl2 family in SiHa cells. RT-qPCR results showed that the mRNA expression of Bcl2, Bel-x1 and Mcl-1 in the
15, 30 and 100 pg/ml ART treated groups was notably reduced compared with that in the control group in a dose- and time-dependent manner. The mRNA
expression of Bcl2, Bel-x1 and Mcl-1 in the 100 yg/ml ART group was significantly reduced compared with that in the 15 pg/ml ART group. RT-qPCR results
also showed that the mRNA expression of Bax, Bak, Bok and BIM in the 15,30 and 100 yg/ml ART treated groups was notably increased compared with that
in the control group in a dose- and time-dependent manner. The mRNA expression of Bax, Bak, Bok and BIM in the 100 yg/ml ART group was significantly
increased compared with that in the 15 and 30 g/ml ART groups (P<0.01). “P<0.01 vs. 0 zg/ml ART group; *P<0.01 vs. 100 ug/ml ART group; *“P<0.01 vs.

48 h group. ART, artesunate; RT-qPCR, reverse transcription-quantitative PCR.

ART regulates the mitochondrial membrane potential of
SiHa cells. Furthermore, in the present study, the association
between the expression of the multimolecular Bcl2 family
and mitochondrial apoptosis was investigated. To the best
of our knowledge, the molecular mechanism via which ART
regulates the Bcl2 family molecules to induce apoptosis by
modulating the mitochondrial membrane potential has not
been reported in the literature. However, the lack of western
blotting experiments was a limitation of the present study
that should be conducted in future studies.

At present, a number of studies on the antitumour effect
of ART have been reported (41,44,45). In the present study,
ART-induced apoptosis in cervical cancer SiHa cells through
the induction of the mitochondria-mediated apoptosis pathway
was investigated. Additionally, the molecular mechanism
through which ART may regulate the mitochondrial membrane
potential was also explored. The results of the present study
revealed that ART had an anti-growth effect on SiHa cervical
cancer cells, and the mechanism was associated with the

induction of SiHa cell apoptosis and inhibition of cell prolif-
eration. The mechanism of apoptosis induction is associated
with the regulation of the expression levels of the Bcl2 family
members Bcl2, Bel-x1, Mcl-1, BIM, Bax, Bak and Bok, which
mediate the mitochondrial apoptosis pathway (31,32,42). The
present study provides an experimental basis for the clinical
application of ART as an anticancer drug. Other potential anti-
cancer mechanisms of ART, such as the molecular mechanism
associated with inhibiting cell proliferation and inducing cell
apoptosis, will be investigated in future studies. In further
experiments, the toxic effects of ART on cervical cancer cells
using non-cancer cervical cells and positive drug groups will
also be investigated.

In conclusion, ART had an antiproliferative effect on
SiHa cervical cancer cells, and the mechanism was associ-
ated with the induction of SiHa cell apoptosis and inhibition
of cell proliferation. The mechanism of apoptosis induction
may involve the regulation of the Bcl2 family members Bcl2,
Bcel-x1, Mcl-1, BIM, Bax, Bak and Bok, which mediate the
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mitochondrial apoptosis pathway. The molecular mecha-
nism of ART-induced SiHa cell apoptosis should be studied
further, and the molecular mechanism through which ART
inhibits cell proliferation should also be investigated in future
experiments.
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