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Abstract: The prognosis of patients with advanced hepatocellular carcinoma (HCC) remains obscure. From a clini-
cal point of view, the ERK MAPK pathway and the PI3K/AKT pathway are activated in the majority of liver cancer. In 
addition, long term used to single agent treatment of HCC, frequently results in reverse activation of the ERK MAPK 
pathway or the PI3K/AKT pathway, leading to drug resistance. Thus, it is important to research the mechanism of 
combination agents that could suppress different pathways to treat HCC. Here, we found that combination natural 
product magnolin with BRAF inhibitor SB590885 synergistically suppressed the proliferation, promoted cell cycle 
arrest and apoptosis in hepatocellular carcinoma cells Bel-7402 and SK-Hep1. Furthermore, we demonstrated that 
the magnolin and the SB590885 combination led to increased impaired proliferation via inhibition of the ERK MAPK 
pathway and the PI3K/AKT pathway. These findings highlight the important role of agent combination and provided 
the approaches of therapeutic improvement for patients with advanced HCC.

Keywords: Magnolin, SB590885, hepatocellular carcinoma cells, PI3K-AKT/mTOR pathway, ERK MAPK pathway

Introduction

As the increasing incidence and mortality, can-
cer is the key cause of death in the world and is 
a worldwide problem. Among cancers, hepato-
cellular carcinoma is identified for the fifth 
most common cancer and the second major 
cause of cancer related mortality worldwide 
[1-6]. Several studies have reported the molec-
ular characterization of hepatocellular carcino-
ma (HCC) [7-9]. However, HCC that is diagnosed 
at an advanced stage remains very poor 
prognosis. 

As the development of drug resistance, the effi-
cacy of the single therapeutic agents is limited 
[10]. Thus, new approaches that inhibit the 
tumor growth have important role in clinical 
impact. Combined treatments could be more 
effective for suppressing cancer and could be 
more effective for achieving treatment of can-
cer patients. Magnolin is an active ingredient of 
volatile oil from Magnoliafargesii [11, 12], 

which has been traditionally used as an oriental 
medicine to treat nasal congestion associated 
with headaches, sinusitis, inflammation, and 
allergic rhinitis [13-15]. Previous studies have 
shown that magnolin suppresses cell migration 
and invasion through targeting the ERKs/RSK2 
signaling pathway [14-16]. Recent study has 
demonstrated that magnolin inhibits prostate 
cancer cell growth in vitro and in vivo through 
the PI3K/AKT pathway [12]. Furthermore, mag-
nolin also promotes the autophagy and cell 
cycle arrest in colorectal cancers through sup-
pressing the LIF/Stat3/Mcl-1 dependent man-
ner [17]. SB590885 is a serine/threonine-pro-
tein kinase B-Raf (B-RAF) inhibitor. Previous 
studies have shown that the combination of 
SB590885 and AKT inhibitor ZSTK474 impacts 
on proliferation of papillary thyroid cancer cell 
lines via inhibition of the ERK MAPK and PI3K/
AKT signaling pathway [18, 19]. However, 
whether the combination of magnolin and 
SB590885 inhibits the hepatocellular carcino-
ma (HCC) growth is very poor.
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Therefore, in this study we combined magnolin 
with SB590885 to test whether this therapeu-
tic strategy could provide an improvement in 
treatment of advanced HCC, without increased 
toxicity. Our results demonstrated that the ma- 
gnolin and the SB590885 combination result-
ed in impacting on proliferation via inhibiting 
the ERK MAPK pathway and the PI3K/AKT 
pathway in HCC cells.

Materials and methods 

Cell culture

The HCC cell lines Bel-7402 and SK-Hep1 were 
obtained from the Shanghai Genechem Co 
(Shanghai, China). The cell lines were cultured 
in RPMI-1640 medium supplied with 1% peni-
cillin/streptomycin (Invitrogen, Carlsbad, CA, 
USA) and 10% fetal bovine serum (Gibco, 
Carlsbad, CA, USA) were maintained at 37°C in 
a humidified incubator containing 5% CO2. 

Cell viability assay

Cell viability was tested using the CCK-8 assay 
according to the manufacturer’s instructions. 
Cells (7×103)/well were seeded into a 96-well 
plate and cultured in regular growth medium 
containing 10% fetal bovine serum. After 24 h, 
cells were exposed to serial dilutions of magno-
lin (25 μM, 50 μM, 75 μM, 100 μM, 125 μM) 
SB590885 (3 μM, 6 μM, 9 μM, 12 μM, 15 μM). 
After the cells were incubated at 37°C for 48 h, 
the medium was washed and 100 μL of RPMI-
1640 and 10 μL of CCK-8 reagent were added. 
The cells were incubated for 2 h at 37°C. Finally, 
the absorbance was measured at 450 nm 
using Spectra Max i3X (Molecular Devices, 
Silicon Valley, CA, USA). All cell viability assays 
were performed at least three times. The com-
bination index (CI), which was calculated by the 
Chou-Talalay equation, demonstrates synergis-
tic effects with CI <1, additive effects with CI 
=1, and antagonism with CI >1 [20].

Colony formation assay

The HCC cell lines Bel-7402 and SK-Hep1 were 
incubated in a six-well plate with 100 μM mag-
nolin and 12 μM SB590885 for 10 days as pre-
viously described [12, 19]. Colonies were stai- 
ned with crystal violet and then counted under 
microscope.

Cell cycle and apoptosis analysis

The HCC cell lines Bel-7402 and SK-Hep1 were 
incubated in a complete cell culture medium 

with 100 μM magnolin and 12 μM SB590885 
for 48 h. The cells were collected in cold PBS 
and next incubated with 150 μL RNase A (10 
μg/mL) for 30 min at 37°C in the dark, stained 
with 400 μL propidium iodide (PI) (50 μg/mL)
and placed at 4°C in the dark for 30 min [12, 
21]. The stained cells were analyzed using a 
flow cytometer (BD Bioscience, CA, US) [21]. 
For apoptosis analyses, high-affinity Annexin-V 
(AV) and PI (BD Biosciences, CA, USA) were 
used as previously described [22].

Western blot analysis

SK-Hep1 and Bel-7402 cells were plated into 
6-well plates for 24 h, and then treated with 
100 µM magnolin, 12 µM SB590885 and the 
combination for 48 h. The total protein from the 
cells was extracted using RIPA buffer with pro-
teinase inhibitors (Beyotime, China). Protein 
samples were subjected to SDS-PAGE and then 
transferred to PVDF membranes (Millipore, US). 
After blocking with 5% BSA for 1 hour, the mem-
branes were incubated with primary antibodies 
such as Bcl-2, Bax, cleaved PARP, cleaved cas-
pase-9, P21, P27, CyclinD1, p-MEK, MEK, p- 
ERK, ERK, AKT, p-AKT, P70S6K, p-P70S6K, S6, 
p-S6, β-actin (Cell Signaling Technology, Inc. 
(Danvers, MA, USA)) and GAPDH (Qian Chen 
Biotech, Shanghai) at 4°C overnight. After wa- 
shing thrice, the membranes were incubated 
with the secondary anti-rabbit or anti-mouse 
antibody for 1.5 h at room temperature. Protein 
bands were visualized by a BIO-RAD ChemiDoc 
Imaging System.

Statistical analysis

Statistical analyses were performed using SP- 
SS 17.0 (IBM, Armonk, New York, USA). Graphs 
were completed with GraphPad Prism 7.0 soft-
ware (GraphPad software, San Diego, CA, USA). 
All experiments mentioned above were per-
formed at three independent experiments. St- 
atistical significance was determined by Stu- 
dent’s t-test, and a two-sided P-value <0.05 
was considered statistically significant.

Results

Combined treatment of magnolin with 
SB590885 influences viability and clonogenic 
potential of hepatocellular carcinoma cells

To evaluate the effect of the combination treat-
ment on hepatocellular carcinoma, we tested 
the effects on morphology, viability of Bel-7402 
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and SK-Hep1 cells. We found that magnolin 
treatment for 48 hours did not inhibit the viabil-
ity of Bel-7402 and SK-Hep1 cells, meanwhile 
SB590885 single treatment suppressed the 
viability of Bel-7402 and SK-Hep1 cells. In- 
triguingly, combination significantly decreased 
the cell viability than any other single treated 
groups (Figure 1A and 1B). The CI values mea-
suring the degree of drug interaction suggested 
that there is a synergistic interaction between 
magnolin and SB590885 (Table 1). Further- 
more, we performed the clonogenic assay, over 
a 10-day treatment, although SB590885 sin-
gle treated group exhibited the suppressed 
single cell colony progression, the combination 
almost eliminated colony formation (Figure 1C 

and 1D). Taken together, these results indicate 
that the combination of magnolin and SB59- 
0885 synergistically inhibited the growth of 
hepatocellular carcinoma cells and induced the 
cell death.

Combination treatment induced the cell apop-
tosis in hepatocellular carcinoma cells

Apoptosis is identified as an underlying antitu-
mor mechanism. Thus we tested the effects  
of the combined treatment on apoptosis in 
Bel-7402 and SK-Hep1 cells. We found that 
combination of magnolin and SB590885 sig-
nificantly promoted the apoptosis in Bel-7402 
and SK-Hep1 cells compared to single agent 
treatment via the apoptosis assay (FITC/PI 

Figure 1. Anti-proliferation effects of combination treatments in HCC cells. After treatment with magnolin (25 μM, 
50 μM, 75 μM, 100 μM, 125 μM) and SB590885 (3 μM, 6 μM, 9 μM, 12 μM, 15 μM) in combination or single 
treatment for 48 h, the CCK-8 assay was used to determine cell viability (A) Bel-7402 cell line, (B) SK-Hep1 cell line. 
These results are mean ± SD of three independent experiments performed in triplicate. **P<0.001 versus single 
treatments (one-way ANOVA followed by a Student-Newman-Keuls test). The combination of 100 μM magnolin and 
12 μM SB590885 significantly inhibited colony formation in cells (C) Bel-7402 cell line (D) SK-Hep1 cell line. These 
results are mean ± SD of three independent experiments performed in triplicate. **P<0.001 versus single treat-
ments (one-way ANOVA followed by a Student-Newman-Keuls test).
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suppressed the phosphorylation lev-
els of MEK and ERK in Bel-7402 and 
SK-Hep1 cells (Figure 4A and 4B). 
These results suggested that combi-
nation magnolin and SB590885 sup-
pressed the growth of hepatocellular 
carcinoma cells via inhibited the ERK 
MAPK signaling pathway.

Combined treatment of magnolin with 
SB590885 regulates the PI3K/AKT/
mTOR pathway in hepatocellular car-
cinoma cells

staining) (Figure 2). Furthermore, to confirm 
these results, using western blot analysis, we 
found that the expression of BAX, cleaved cas-
pase-3 and cleaved PARP increased in combi-
nation treated group compared to single treat-
ed group (Figure 2). However, the level of anti-
apoptosis protein BCL-2 decreased in combina-
tion treated group compared to single treated 
group (Figure 2). These data suggested that 
magnolin facilitated SB590885 promoted ap- 
optosis in HCC cells.

Combination treatment induced the cell cycle 
arrest in hepatocellular carcinoma cells

Because of the potent inhibitory effects of the 
combination of magnolin and SB590885 on 
HCC cell proliferation and viability, we next 
determined the cell cycle progression after 
drug treatment. Flow cytometry analyses dem-
onstrated that combination treatment promot-
ed cell cycle arrest in the G0/G1 phase (Figure 
3). To confirm these results, we performed we- 
stern blot analysis and found that the expres-
sion of p21 and p27 increased in combination 
treated group compared to single treated group 
(Figure 3). In contrast, the level of cyclinD1 
decreased in combination treated group com-
pared to single treated group (Figure 3). These 
data suggested that combination magnolin and 
SB590885 promoted cell cycle arrest in HCC 
cells.

Combined treatment of magnolin with 
SB590885 regulates the ERK MAPK pathway 
in hepatocellular carcinoma cells

To determine the underlying molecular mecha-
nism, we investigated the effects of magnolin 
and SB590885 on the ERK MAPK pathways in 
HCC cells. We found that combination treat-
ment magnolin and SB590885 significantly 

Single agent treatment inhibited the ERK MAPK 
pathway often resulted in reversing activation 
the PI3K/AKT/mTOR pathway. Thus we also 
investigated the effects of magnolin and SB- 
590885 on the PI3K/AKT/mTOR pathways in 
HCC cells. We found that combination treat-
ment magnolin and SB590885 significantly 
suppressed the phosphorylation levels of AKT, 
P70S6K and S6 in Bel-7402 and SK-Hep1 cells 
(Figure 5A and 5B). These results suggested 
that combination magnolin and SB590885 su- 
ppressed the growth of hepatocellular carcino-
ma cells via inhibited the PI3K/AKT/mTOR sig-
naling pathway.

Discussion

HCC is one of the most prevalent and lethal 
cancers with multiple genetic aberrations in 
worldwide. Although the new therapeutic ag- 
ents have been identified for treatment of can-
cer patients in recent years, the optimal and 
effective use of targeted therapies of treatment 
the hepatocellular carcinoma (HCC) remain 
unclear. Thus agent combination based chemo-
therapy could be more effectively for treatment 
the cancer patients. In this study, we provide 
evidence that combined treatments have im- 
portant role in the chemoprevention of HCC.

Sorafenib is a small-molecule inhibitor that 
acts on VEGFR, platelet-derived growth factor 
receptor, and Raf kinases, known as extended 
the survival of advanced hepatocellular carci-
noma (HCC) patients [10, 23]. However, the effi-
cacy of sorafenib is limited by the development 
of drug resistance. Our results indicate that the 
combination of magnolin and (BRAF) inhibitors 
SB590885 significantly inhibits the prolifera-
tion and viability in hepatocellular carcinoma 
(HCC). Consistent with recent observations [12, 

Table 1. Synergistic indexes of combination treatment 
with Magnolin and SB590885 in Bel-7402 and Sk-Hep1 
hepatocellular carcinoma cell lines

Bel-7402 Sk-Hep1

Magnolin (μM) SB590885 
(μM) CI Magnolin 

(μM)
SB590885 

(μM) CI

25 3 1.04 25 3 1.01
50 6 1.61 50 6 0.81
75 9 0.39 75 9 0.51
100 12 0.28 100 12 0.21
125 15 0.19 125 15 0.20
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17], we found that the combination of magnolin 
and SB590885 induces apoptosis along with 
G0/G1 phase cell cycle arrest in cancer cells. In 
addition, our results indicated that the com-
bined treatment groups significantly inhibited 
the clonogenic potential of both Bel-7402 and 
SK-Hep1 cells. These data suggested that the 
combination of magnolin and SB590885 sup-
pressed the growth of hepatocellular carcino-
ma cells by decree sing cell proliferation rate.

Several studies have shown that the phosphati-
dylinositol-3 kinase PI3K/AKT/mTOR pathway 
is activated in approximately 50% of patients 
with HCC [24, 25]. Long term use of the ERK 
MAPK inhibitor in treatment of HCC, frequently 
results in reverse activation of the PI3K/AKT 
pathway, leading to drug resistance. For exam-
ple, sorafenib has been demonstrated to acti-
vate the PI3K/AKT pathway in HCC cells [26] 

and this over-activation is identified to be one 
of the mechanisms of resistance to sorafenib 
treatment [27]. Previous studies have shown 
that magnolin suppresses cell migration and 
invasion through targeting the ERKs/RSK2 sig-
naling pathway [14-16]. Recent study has dem-
onstrated that magnolin inhibits prostate can-
cer cell growth in vitro and in vivo through the 
PI3K/AKT pathway [12]. Furthermore, magnolin 
also promotes the autophagy and cell cycle 
arrest in colorectal cancers through suppress-
ing the LIF/Stat3/Mcl-1 dependent manner 
[17]. SB590885 is a serine/threonine-protein 
kinase B-Raf (B-RAF) inhibitor. Previous studies 
have shown that the combination of SB590885 
and AKT inhibitor ZSTK474 impact on prolifera-
tion of papillary thyroid cancer cell lines via inhi-
bition of the ERK MAPK and PI3K/AKT signaling 
pathway [18, 19]. Our results suggested that 
the combination magnolin and SB590885 sup-

Figure 2. Effect of combination treatment on HCC cell apoptosis. BCL2, BAX, cleaved caspase-9 and cleaved PARP 
were tested using western blot analysis (A) Bel-7402 cell line, (B) SK-Hep1 cell line. Additive effects of combina-
tion treatment of magnolin and SB590885 on apoptosis in HCC cell lines after 48 h of exposure (C) Bel-7402 cell 
line (D) SK-Hep1 cell line. These results are mean ± SD of three independent experiments performed in triplicate. 
**P<0.001 versus single treatments (one-way ANOVA followed by a Student-Newman-Keuls test).
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Figure 3. Effect of combination treatments on HCC cell cycle arrest. The p21, p27, and cyclinD1 were tested using western blot analysis (A) Bel-7402 cell line, (B) 
SK-Hep1 cell line. Additive effects of combination treatment of magnolin and SB590885 on cell cycle arrest in HCC cell lines after 48 h of exposure (C) Bel-7402 
cell line (D) SK-Hep1 cell line. These results are performed with three independent experiments in triplicate. 
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pressed the growth of hepatocellular carcino-
ma cells via inhibited the ERK MAPK and PI3K/
AKT/mTOR signaling pathway. Our findings high-
light the key role of the ERK MAPK and PI3K/
AKT/mTOR pathway in the resistance to single 
agent therapies and provide a potential drug 
regimen of magnolin in combination with SB- 
590885 for treating patients with HCC in the 
clinical treatment. 
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