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Abstract. Liver cancer is an aggressive malignancy with a very 
high fatality rate. Although megestrol acetate (MA) and arsenic 
trioxide (ATO) have shown an antitumor effect in liver cancer 
cells, the therapeutic benefits of MA or ATO alone in patients 
with liver cancer were limited. The aim of the present study 
was to elucidate whether the co‑treatment of MA/ATO could 
enhance antitumor efficacy in liver cancer cell lines (Hep G2 
and BEL 7402) and explore the underlying anti‑cancer mecha-
nisms. The cell viability, apoptotic response and expression 
levels of associated proteins were detected by Cell Counting 
Kit‑8 assay, flow cytometry and western blotting, respectively. 
An xenograft model in nude mice bearing a Hep G2 tumor 
was used to estimate tumor growth in vivo. Co‑treatment with 
MA/ATO markedly improved the inhibition of cell viability, 
enhanced apoptosis, and increased the phosphorylation of p38, 
c‑Jun N‑terminal kinase 1/2 and extracellular signal‑regulated 
kinase 1/2 on liver cancer cell lines. Furthermore, the tumor 
growth in the murine Hep G2 cancer xenograft model was 
significantly inhibited by combined treatment with MA/ATO. 
The results indicated that MA/ATO combined treatment 
enhanced antitumor efficacy and possessed potential applica-
tion for treating liver cancer.

Introduction

Liver cancer, one of the most common primary malignancies 
with a high fatality rate, often responds poorly to current 
therapies (1). For instance, hepatocellular carcinoma (HCC) 
accounts for about 80‑90% of primary liver cancers  (2). 
Patients diagnosed with early stages of HCC were potentially 
cured by surgical resection, liver transplantation (TPX) or 
locoregional procedures such as radiofrequency ablation 
combined with chemoembolization (3). However, more than 
50% of patients with HCC presented an advanced disease at 
diagnosis, while approximately two thirds of HCC patients 
had unresectable tumors with limited treatment options (3,4). 
Various clinical trials reported that treatment of patients with 
unresectable HCC by single‑agent chemotherapy had low 
response rates (0‑20%) with poor prognosis. However, combi-
nation chemotherapy had clinical efficacy with enhanced 
effectiveness when compare with single‑agent treatment (5,6). 
Therefore, combinations of chemotherapy drugs with two or 
more agents might facilitate the optimization for treating 
patients with liver cancers.

Normal human liver was modulated by sex hormones 
in morphology and function (7). Megestrol acetate (MA), a 
synthetic progestin with multiple drug actions, was widely 
used in management of endometrial carcinoma and breast 
carcinoma (8‑11). Hepatoblastoma (HB) is a rare but the most 
common primary hepatic malignancy of infants and young 
children (12). Previous study showed that MA could inhibit the 
growth of HB‑derived Hep G2 cells in vitro and in vivo (13). 
However, the underlying mechanism was not well understood. 
In addition, it was reported that variant liver estrogen recep-
tors (ERs) were the strongest negative predictors of survival in 
inoperable HCC (14), which indicated the potential benefits of 
progestins on treatment of HCC.

Besides, arsenic trioxide (ATO), which have a remarkable 
therapeutic effect on treatment of APL (acute promyelocytic 
leukemia) (15), could induce apoptosis in solid tumor cell 
lines, such as cervical cancer cells, human sarcoma cells, 
hepatoblastoma cells and HCC cells (16‑19). It was revealed 
that Mitogen Activated Protein Kinase (MAPK) pathway, 
including MAPK groups of ERK, JNK and p38, played an 
essential role in cellular responses, such as proliferation, 
differentiation, senescence and so on (20‑22). Activation of 
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MAPKs, such as p38 MAPK and JNK, were important for 
cancer prevention by drug therapy against cancer (23,24). 
Previous study showed that ATO treatment activated both 
p38 MAPK and JNK pathway in Hela cells (18). In a similar 
vein, it was revealed that ATO could induce apoptosis with 
increase of cleaved‑caspase‑3 and phosphorylation of p38 
MAPK and JNK in two different sarcoma cell lines (HOS 
and HT1080 cell lines) (17). However, the result of a phase II 
clinical trial indicated that therapeutic effect of single‑agent 
ATO was limited in treatment of HCC (25). Multiple studies 
further showed that some agents synergized with ATO in anti-
tumor effect, such as N‑(β‑elemene‑13‑yl) tryptophan methyl 
ester (ETME), sorafenib, icariin and genistein (26‑29). Thus, 
combination treatment with ATO may be potential strategy 
with promising outcomes for patients with liver cancer.

In the present study, we investigated the antitumor activity 
and underlying mechanisms of MA/ATO combination in liver 
cancer cell lines (Hep G2 and BEL 7402 cells). It was showed 
that treatment of combined MA/ATO enhanced the inhibition 
of cell viability and apoptosis in liver cancer cells. In addition, 
the results provided evidences that MAPK signaling pathway 
was involved in the antitumor effect of MA/ATO combination.

Materials and methods

Cell lines and cell culture. Human liver cancer cell lines 
(Hep G2 and BEL 7402) were obtained from Shanghai Cell 
Bank (Shanghai, China). Hep G2 cell has been identified to 
be a HB‑derived cell line (30), while BEL 7402 is a HCC cell 
line. Hep G2 cells were grown in Dulbecco's modified Eagle's 
medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplemented with 12% (v/v) fetal bovine 
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 100 µg/ml 
streptomycin, and 100 U/ml penicillin. BEL 7402 cells were 
grown in RPMI‑1640 medium (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% (v/v) Fetal bovine 
serum (Gibco; Thermo Fisher Scientific, Inc.), 1.5 g/l NaHCO3 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany), 2.5 g/l 
glucose (Sigma‑Aldrich, USA), 0.11  g/l sodium pyruvate 
(Sigma‑Aldrich; Merck KGaA), 100  µg/ml streptomycin 
(Gibco; Thermo Fisher Scientific, Inc.), and 100 U/ml peni-
cillin (Gibco; Thermo Fisher Scientific, Inc.). Cells were 
incubated at 37˚C in a humidified atmosphere containing 
5% CO2 according to the standard procedure.

Chemicals. MA and ATO were obtained from Sigma‑Aldrich 
(Merck KGaA). MA was diluted by anhydrous ethanol to a 
final concentration of 10 mM. ATO was firstly diluted in 
1  mM NaOH (Sigma‑Aldrich; Merck KGaA). Then, the 
alkaline solution with ATO was titrated by hydrochloric 
acid (Sinopharm Chemical Reagent Co., Ltd., Shanghai, 
China) to neutral. After that, the neutral solution was added 
with ddH2O to a final concentration of 10 mM ATO. The 
stock solution of MA (10  mM) and ATO (10  mM) was 
filtered with 0.22 µm syringe driven filters (EMD Millipore, 
Billerica, MA, USA), and then was stored in ‑20˚C no more 
than 1 month.

Cell proliferation assay. Hep G2  cells (5x103  cells/well) 
and BEL 7402 cells (2x103 cells/well) were independently 

seeded in 96‑well cell culture plates and incubated overnight. 
Then, the culture medium was replaced with fresh one with 
or without drugs. After incubation for 24, 48, 72  h, cell 
viability was evaluated using Cell Counting Kit‑8 kit (Dojindo 
Molecular Technologies, Inc., Kumamoto, Japan) as described 
previously (31).

Analyses of apoptosis. Hep G2 and BEL 7402 cells were seed 
in 6‑well cell culture plates (1x106 cells/well) and incubated 
overnight. Then, culture media were removed and replaced 
with fresh media containing with or without drugs at 37˚C 
for 24 h. The cells were harvested, washed, and resuspended 
in phosphate‑buffered saline (PBS). The apoptotic cell death 
rate was examined with Annexin V‑FITC and PI double 
staining using the Annexin V‑FITC apoptosis detection kit 
(Roche, Penzberg, Germany). After staining the cells with 
Annexin V‑FITC/PI, flow cytometric analysis was performed 
by BD Accuri™ C6 personal flow cytometer (BD Biosciences, 
Franklin Lakes, NJ, USA), and the data was analyzed using 
FlowJo software (Tree Star, Ashland, OR, USA).

Western blotting. Proteins from Hep G2 and BEL 7402 cells 
treated with or without chemicals for 24 h were extracted 
with RIPA lysis (Beyotime Institute of Biotechnology, 
Haimen, China) buffer supplemented with protease inhibitor 
cocktail (Roche Diagnostics, Indianapolis, IN, USA) and 
phosphatase inhibitor (Roche Diagnostics) on ice. Then, the 
total proteins were fractionated using SDS‑PAGE and then 
transferred to 0.45 µm PVDF membrane (EMD Millipore). 
PVDF membranes containing proteins were blocked with 5% 
skimmed milk at room temperature for 1 h, and then stained 
with primary antibodies (Cell Signaling Technology, Inc., 
Danvers, MA, USA) overnight at 4˚C. Following washing, 
the membranes were incubated with appropriate secondary 
antibodies labeled by horseradish peroxidase (Cell Signaling 
Technology, Inc.) for 1 h. Proteins were visualized by chemi-
luminescence procedures using Immobilon Western HRP 
Substrate (EMD Millipore). Blots were reproved with GADPH 
to compare protein load in each lane. All experiments were 
repeated three times.

Animal studies. Five‑week‑old BALB/C male nude mice 
weighing between 16 and 20 g were obtained from Shanghai 
SLAC laboratory Animal Co., Ltd. (SLAC; Shanghai, China). 
HepG2 cells were collected in 0.2 ml of PBS, and the cell 
suspensions were then injected subcutaneously into mice 
(5x106 cells per mouse). When the tumors reached approxi-
mately 100  mm3, mice were randomized (n=9/group) to 
intraperitoneally administrated of drugs (10 mg/kg/d MA, 
3.5 mg/kg/d ATO or their combination) on daily for 20 consec-
utive days. Both of MA and ATO was diluted to 1 mg/ml in 
saline solution using ultrasonic waves. The volumes of the 
transplanted tumors were measured and estimated as previ-
ously described (13,32). All procedures for care and use of 
animals were performed under national and international laws 
and policies. Experimental facilities and laboratory space 
was kindly provided by Hangzhou Hibio Bio‑tech Co., Ltd. 
(Hangzhou, China). The ethical approval was obtained from 
Hangzhou Hibio Animal Care and Use Committee of the 
Hangzhou Hibio Bio‑tech Co., Ltd.
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Statistical analysis. All data were analyzed using SPSS 
16.0  (SPSS, Inc., Chicago, IL, USA) and Microsoft Excel 
(Microsoft Corporation, Redmond, WA, USA). The experiments 
were repeated at least three times to ensure the reproducibility. 
Statistical data were expressed as means ± standard deviation 
(n≥3). A one‑way analysis of variance (ANOVA) followed 
by a least significant difference test was adopted to analyze 
inter‑group differences. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Combined MA/ATO treatment improved growth inhibition in 
Hep G2 and BEL 7402 cells. To evaluate the effect of MA and 
ATO on proliferation of HCC cells (Hep G2 and BEL 7402), 
cell viability was measured by CCK8 assay. The results indi-
cated that single‑agent MA or ATO inhibited cell growth by 
time and dose dependence (Fig. 1A and B). However, slightly 
increase of viability of BEL 7402 cells was observed in MA 

Figure 1. Growth inhibition by treatment with MA, ATO and a combination of MA/ATO on Hep G2 and BEL 7402 cells. (A) The Hep G2 cell inhibition 
rates following treatment with MA (2.5, 5, 10, 20, 37.5, 75 and 150 µM) or ATO (1, 2.5, 5, 10, 25, 50 and 100 µM) for 24, 48 and 72 h. (B) The BEL 7402 cell 
inhibition rates following treatment with MA (2.5, 5, 10, 20, 37.5, 75 and 150 µM) or ATO (1, 2.5, 5, 10, 25, 50 and 100 µM) for 24, 48 and 72 h. (C) The growth 
inhibition rates following treatment with single‑agent MA (75 µM), single‑agent ATO (5 µM) or their combination in Hep G2 and BEL 7402 cells. Data were 
expressed as the mean ± standard deviation (n=3). ***P<0.001 vs. MA group; ##P<0.01 and ###P<0.001 vs. ATO group. MA, megestrol acetate; ATO, arsenic 
trioxide.
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group at low concentrations (1, 5 µM). The inhibition rates of 
single‑agent MA (75 µM) on Hep G2 cells were 33.58±2.36, 
48.09±2.97, and 71.91±3.00% after treatment with 24, 48 
and 72 h, respectively. The inhibition rates of single‑agent 
MA (75 µM) on BEL 7402 were 43.14±5.06, 50.37±4.11 and 
60.72±4.62% after treatment with 24, 48 and 72 h, respectively. 
Moreover, the inhibition rates of single‑agent ATO (5 µM) on 
Hep G2 were 2.15±0.45, 7.88±1.21 and 9.40±0.96% after treat-
ment with 24, 48 and 72 h, respectively. The inhibition rates 
of single‑agent ATO (5 µM) on BEL 7402 were 25.48±2.16, 
68.39±1.75 and 91.46±0.96% after treatment with 24, 48 and 
72 h, respectively. The combined treatment of MA (75 µM) 
and ATO (5 µM) significantly inhibited growth of Hep G2 
and BEL 7402 cells compare to that in single‑agent treatment 
(Fig. 1C). The inhibition rate of co‑treatment of MA/ATO on 
Hep G2 cells was 49.72±2.80% (vs. MA, P<0.001; vs. ATO, 

P<0.001), 62.00±2.11% (vs. MA, P<0.001; vs. ATO, P<0.001) 
and 86.81±4.60% (vs. MA, P<0.001; vs. ATO, P<0.001) after 
24, 48 and 72 h, respectively, while it on BEL 7402 cells 
was 64.00±0.70% (vs. MA, P<0.001; vs. ATO, P<0.001), 
92.82±1.17% (vs. MA, P<0.001; vs. ATO, P<0.001) and 
97.80±0.24% (vs. MA, P<0.001; vs. ATO, P<0.01) after 24, 48 
and 72 h, respectively.

Combined exposure to MA/ATO enhanced caspase 3 
cleavage, PARP cleavage and apoptosis on Hep G2 and BEL 
7402 cells. To examine apoptosis of Hep G2 and BEL 7402 
cells treated with MA (75 µM), ATO (5 µM) and their combi-
nation for 24 h, Annexin Ⅴ/PI staining and flow cytometry 
was performed. As shown in Fig. 2, low level of apoptosis 
was detected in control group (3.17±0.25% in Hep G2 cells, 
3.52±0.30% in BEL 7402  cells), single‑agent MA group 

Figure 2. Co‑treatment of MA/ATO enhanced apoptosis in liver cancer cell lines. Hep G2 and BEL 7402 cells were treated with anhydrous ethanol (Control), 
MA (75 µM), ATO (5 µM) and MA/ATO combination, for 24 h. (A) Flow cytometry analysis of apoptosis with Annexin V and PI staining. (B) Statistical 
analysis of apoptotic data. A significant increase in the percentage of apoptotic cells was observed in the MA/ATO group. Data were expressed as the 
mean ± standard deviation (n=3). *P<0.05 and ***P<0.001 vs. Control; +++P<0.001 vs. MA group; ###P<0.001 vs. ATO group. MA, megestrol acetate; ATO, 
arsenic trioxide; PI, propidium iodide.
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(4.53±0.24% in Hep G2 cells, 5.91±0.89% in BEL 7402 cells) 
and single‑agent ATO group (5.20±0.70% in Hep G2 cells, 
5.15±0.16% in BEL 7402 cells). Interestingly, apoptotic levels 
was extremely enhanced in combination treatment of MA 
and ATO, up to 47.73±5.77% (vs. control, P<0.001; vs. MA, 
P<0.001; vs. ATO, P<0.001) in Hep G2 cells, and 50.27±5.31% 
(vs. control, P<0.001; vs. MA, P<0.001; vs. ATO, P<0.001) in 
BEL 7402 cells (Fig. 2A and B).

Activation of cysteine proteases (caspases) is the best 
recognized biochemical hallmark for apoptosis, while active 
caspase 3 is one of important markers reflecting the extent 

of apoptosis. In addition, cleavage of substrates of active 
caspase 3, such as poly (ADP)‑ribose polymerase (PARP), 
was characteristic to most apoptotic cells (33). In order to 
further verify the effect of MA/ATO in apoptosis, caspase 3 
and PARP cleavage immunoblots were conducted on Hep 
G2 and BEL 7402 cells after treatment of MA (75 µM), ATO 
(5 µM) and their combination for 24 h. The relative protein 
expression of cleaved caspase 3 on Hep G2 cells was detected 
to be 1.23±0.35 in MA group, 1.46±0.47 in ATO group, and 
3.43±0.85 in MA/ATO combined group. Meanwhile, the 
relative protein expression of cleaved caspase 3 on BEL 

Figure 3. Combined treatment of MA/ATO markedly promoted the cleavage of caspase 3 and PARP. Hep G2 and BEL 7402 cells were treated with anhydrous 
ethanol (Control), MA (75 µM), ATO (5 µM) and MA/ATO combination, for 24 h. Western blot analysis of cleavage form expression of caspase 3 and PARP 
in (A) Hep G2 cells and (B) BEL 7402 cells, respectively. Caspase 3 and PARP cleavage were significantly increased following treatment with MA/ATO in 
Hep G2 and BEL 7402 cell lines. Expression of GAPDH protein served as the loading control. Data were expressed as the mean ± standard deviation (n=3). 
**P<0.01 and ***P<0.001 vs. Control; +P<0.05, ++P<0.01 and +++P<0.001 vs. MA group; ##P<0.01 and ###P<0.001 vs. ATO group. MA, megestrol acetate; ATO, 
arsenic trioxide; PARP, poly (adenosine 5'‑diphsophate)‑ribose polymerase; p‑, phosphorylated.
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7402 cells was detected to be 0.99±0.15 in MA group, 
0.78±0.23 in ATO group and 1.64±0.23 in MA/ATO 
combined group. The relative protein expression of cleaved 
PARP on Hep G2 cells was detected to be 1.13±0.14 in MA 
group, 0.94±0.20 in ATO group and 1.66±0.35 in MA/ATO 
combined group. The relative protein expression of cleaved 
PARP on BEL 7402  cells was detected to be 2.37±0.07 
in MA group, 1.35±0.23 in ATO group and 3.35±0.31 in 
MA/ATO combined group (Fig. 3A). The results revealed 
that both caspase 3 and PARP was significantly cleaved 
in co‑treatment group of MA and ATO after 24 h in Hep 
G2. Besides, the expression levels of cleaved caspase 3 and 
cleaved PARP in BEL 7402 were found with the same trend 
(Fig. 3B).

Phosphorylation of p38, JNK1/2 and ERK1/2 was strongly 
induced by MA/ATO on Hep G2 and BEL 7402 cells. It was 
reported that ATO could induce apoptosis through activation 
of p38 and JNK (18,34,35). To investigate whether co‑treatment 
of MA/ATO affected MAPKs in HCC cells, phosphorylation 
levels of p38, JNK1/2 and ERK1/2 were measured by immu-
noblot. The results revealed that single agent MA could not 
induce significant changes of p‑JNK1/2, p‑p38 and p‑ERK1/2 
in both cell lines. In contrast, the expression of p‑p38 
(1.92±0.49 on BEL 7402 cells), p‑JNK1/2 (18.24±4.95 on BEL 
7402 cells) and p‑ERK1/2 (5.04±2.27 on Hep G2 cells) was 
significantly enhanced by treatment of ATO compare to that in 
control (Fig. 4). Moreover, co‑treatment of MA/ATO induced 
significantly increase of relative expression level of p‑JNK1/2 

Figure 4. Combined treatment of MA/ATO increased the phosphorylation of p38, JNK1/2 and ERK1/2. Hep G2 and BEL 7402 cells were treated with 
anhydrous ethanol (Control), MA (75 µM), ATO (5 µM) and MA/ATO combination, for 24 h. Western blot analysis of the phosphorylation of p38, JNK1/2 and 
ERK1/2 on (A) Hep G2 cells and (B) BEL 7402 cells, respectively. Activation of p38, JNK1/2 and ERK1/2 was highly enhanced by treatment with MA/ATO. 
Expression of GAPDH protein served as the loading control. Data were expressed as the means ± standard deviation (n=3). *P<0.05, **P<0.01 and ***P<0.001 
vs. Control; +P<0.05, ++P<0.01 and +++P<0.001 vs. MA group; ##P<0.01 and ###P<0.001 vs. ATO group. MA, megestrol acetate; ATO, arsenic trioxide; JNK, 
c‑Jun N‑terminal kinase; ERK, extracellular signal‑regulated kinase; p‑, phosphorylated.
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(10.66±5.72), p‑p38 (3.64±0.55) and p‑ERK1/2 (15.69±4.99) on 
Hep G2 cells compare to control group or single drug group, 
while the relative expression level of p‑JNK1/2 (41.49±14.65), 
p‑p38 (2.27±0.52) and p‑ERK1/2 (13.11±2.63) on BEL 
7402 cells was also obviously increased. It was suggested that 
activation of ERK1/2, p38 and JNK was highly induced by 
MA/ATO co‑treatment.

Combined MA/ATO treatment suppress Hep G2 cell growth 
in vivo. To evaluate whether MA/ATO antitumor efficacy 
observed in vitro for HCC cells was recapitulated in vivo, nude 
mice harboring human liver cancer tumor (Hep G2 cells) were 
treated with the drugs. Consistence with the synergistic effect 
in vitro, combined MA/ATO treatment displayed enhanced 
antitumor activity without significant toxicity (Fig. 5). At 
the end point, it revealed a significant reduction of tumor 
weight in MA/ATO group (1.28±0.15 g) compared to that in 
control group (1.59±0.12 g) and in ATO group (1.54±0.09 g), 
respectively. Although there was no statistically significant 
regression of tumors in MA/ATO group than that in MA group 
(1.43±0.11 g), the average weight of tumor in MA/ATO group 
was lower than that in single‑agent MA group. Besides, it was 
well tolerated without significant weight loss after 20 days of 
combined MA/ATO treatment (Data not shown). It indicated 
that MA/ATO treatment induces significant tumor regression 
in xenograft model with well toleration.

Discussion

MA has been used clinically for treatments of several malig-
nancies, including ovarian cancer and breast cancer. MA 
(160 mg/day) was effective in inhibiting tumor growth or in 
improving anorexia, cachexia and performance status with 
minimal side effects in patients with advanced HCC (36,37). 
In contrast, it was revealed that there were some benefits 
with MA (320 mg/day) in improving appetite and reducing 
nausea/vomiting in HCC patients but without any function 
in prolonging OS (38). Thus, even though MA was proved to 

be with a low incidence of side effects in the dosage range up 
to 800 mg/day (39), it was not recommend for treating liver 
cancer. It was reported that MA mediated growth inhibition 
of HB cell line Hep G2 in vitro and in vivo. In this study, we 
found that MA could inhibit cell growth in dosage and time 
dependent way on different liver cell lines, including HB cell 
line Hep G2 and HCC cell line BEL 7402. And inhibitory 
rates of MA were reached the peak at 75 µM potentially 
cause of drug crystallization at the higher concentration. 
However, the results showed that MA either had no signifi-
cant inhibition effect or contrarily promoted cell growth at 
low concentration on the cell lines. Thus, considering the 
conflicting outcomes of MA at different concentration, the 
inhibition efficacy of MA was potentially highly related to 
drug concentration.

Several studies revealed that ATO was effective for inhib-
iting proliferation of liver cancer cell lines, such as HB derived 
HepG2 cells, HCC derived SK‑Hep‑1 cells, and HCC derived 
HuH7 cells (40‑42). However, a phase II trial aimed at evalu-
ating the efficacy and toxicity of ATO revealed that treatment of 
ATO alone in patients with HCC had no significant therapeutic 
benefit (25). Recently, studies about ATO focused on combina-
tion treatment with other drugs, such as icariin, metformin, 
shikonin, sorafenib. The results showed that combined treat-
ments with ATO potentially enhanced the antitumor effect in 
HCC (27‑29,43,44). There was study showed that ATO induced 
mitochondrial apoptotic cell death by ROS increase which was 
potentially required for activations of p38 MAPK and JNK 
in human cervical cancer cells (18,28,43). Notably, metformin 
synergized with ATO inhibited proliferation of intrahepatic 
cholangiocarcinoma cells potentially via promoting cell 
apoptosis and regulating AMPK/p38 MAPK‑ERK3/mTORC1 
pathways (45). In addition, combination treatment of indo-
methacin and ATO enhanced growth inhibition and apoptosis 
induction with remarkable phosphorylation of p38 and 
ERK1/2 in A549 lung cancer cells (46). In the present study, 
co‑treatment of MA/ATO could strongly improve cell growth 
inhibition by apoptosis along with activation of caspase 3 and 

Figure 5. Co‑treatment with MA/ATO significantly inhibited the growth of Hep G2 cells in a mouse model. Mice were administered with saline solution 
(Control), MA (10 mg/kg/day), ATO (3.5 mg/kg/day) or a combination of MA (10 mg/kg/day) and ATO (3.5 mg/kg/day). (A) Differences in tumor volume and 
(B) tumor weight at the end point. Statistical data were expressed as the mean ± standard deviation (n=6). ***P<0.001 vs. Control; ##P<0.01 vs. ATO group. 
MA, megestrol acetate; ATO, arsenic trioxide.
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cleavage of PARP on liver cancer cells. Meanwhile, combined 
treatment of MA/ATO synergistically induced phosphoryla-
tion of JNK1/2, p38 as well as ERK1/2. Thus, the antitumor 
effect of MA/ATO combination potentially relied on apoptosis 
induction in which MAPK pathway was involved. However, 
the delicate mechanism of MA/ATO combination on inhibiting 
liver cancer cells need more extensive and in‑depth studies.

In the present study, the tumor growth in nude mice 
harboring human liver cancer tumor (Hep G2 cells) was 
significantly inhibited by MA/ATO combination compare 
to that in control. It worth noting that Hep G2 cell line was 
proved to be originated from hepatoblastoma (30). Different 
from HCC, hepatoblastoma is the most common primary 
malignant liver cancer in children (12). In the current study, 
the results of MA/ATO combination in evaluating the anti-
tumor effect in  vivo were very preliminary with a small 
sample size (6 of 9) just using a single HB cell line Hep G2. 
Thus, further investigations in  vivo should be conducted 
using a larger number of mice bearing additional validated 
liver cell lines.

In conclusion, we investigated the antitumor effect and the 
potential underlying mechanism of co‑treatment of MA/ATO 
on HCC cells. We demonstrated that combined treatment of 
MA/ATO significantly enhanced the cell growth inhibition 
effect, and leaded to increased induction of apoptosis and 
phosphorylation of p38, JNK1/2 and ERK1/2. Meanwhile, 
combined treatment of MA/ATO also induced tumor regres-
sion in vivo analyzed. These results suggested that combination 
of MA/ATO may be a potential strategy for the treatment of 
HCC.
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