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Abstract. Zerumbone is an active component of 
Zingiber zerumbet (L.) Smith and can perform a diverse range 
of antitumor activities. However, the underlying molecular 
mechanisms of zerumbone action have not yet been elucidated. 
The aim of the present study was to investigate the antitumor 
effects, and the associated molecular mechanisms, of zerum-
bone in hepatoma HepG2 cells. Treatment with zerumbone 
markedly induced apoptosis in hepatoma HepG2 cells and 
suppressed their invasion and metastasis in a dose‑dependent 
manner. Further investigation revealed that treatment with 
zerumbone led to the dose‑dependent induction of apoptosis 
and cell cycle arrest at G2/M phase in cancer cells. Zerumbone 
treatment led to the increased expression of p27, cytochrome 
c, caspase‑3 and‑9, and Bcl‑2‑associated X expression, but 
the decreased expression of cyclin‑dependent kinase 1, cyclin 
B1, B‑cell lymphoma‑2, focal adhesion kinase, Ras homolog 
gene family, member A, Rho‑associated protein kinase‑1, and 
matrix metalloproteinase‑2 and‑9 in HepG2 cells. In addition, 
the phosphorylation of p38 mitogen‑activated protein kinase 
and extracellular signal‑regulated kinase 1/2, but not C‑Jun 
N‑terminal kinase 1/2, was regulated in a dose‑dependent 
manner in response to zerumbone treatment. The results of the 
current study indicate that zerumbone could be used as potential 
anticancer agent in for the treatment of hepatoma in the future.

Introduction

Hepatoma is a malignant tumor that occurs more frequently in 
children than adults; it often cannot be completely excised and 
the 5‑year survival rate was ~40% in China (1). Multiple factors 
are involved in the carcinogenesis of hepatoma, including 
genetic susceptibility and environmental factors  (2,3). 

Currently, although multiple therapeutic methods, including 
surgery and chemotherapy, are available for the treatment of 
hepatoma, the prognosis is often not satisfactory owing to the 
rates of recurrence and metastasis (4,5). Thus, the development 
of novel drugs with high efficacy and low toxicity for the treat-
ment of hepatoma is required.

Traditional Chinese medicines (TCMs) have been used to 
treat cancer in China for thousands of years owing to their high 
efficacy and low toxicity (6,7). Certain natural products have 
been widely used for the treatment of cancer, including hepa-
toma (8,9). Zerumbone, a monocyclic sesquiterpene derived 
from Zingiber zerumbet (L.) Smith, is reported to produce a 
variety of pharmacological effects, including antioxidant, anti-
viral, anti‑inflammatory antibacterial activities (10). Notably, 
zerumbone has been reported to have anticancer efficacy in 
certain cancer cell lines, including those of breast, bladder 
and brain cancer (11,12); however, there are limitations to the 
antitumor mechanism.

The present study aimed to investigate the effect of zerum-
bone on the proliferation, cell cycle distribution and apoptosis 
of hepatoma HepG2 cells, and assess its possible mechanism 
in  vitro. These data demonstrated that zerumbone could 
inhibit HepG2 cell proliferation and metastasis of hepatoma by 
inducing apoptosis. Furthermore, it was also demonstrate that 
zerumbone induced apoptosis through the mitogen‑activated 
protein kinase (MAPK)‑extracellular signal‑regulated kinase 
(ERK) pathways. In conclusion, the data of the present study 
indicated that zerumbone may be a useful plant product for the 
treatment of hepatoma.

Materials and methods

Cell culture. The human hepatoma HepG2 cell line was 
purchased from the Type Culture Collection of the Chinese 
Academy of Sciences (Shanghai, China). Cells were main-
tained in Dulbecco's Modified Eagle's Medium (DMEM; 
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
supplemented with 10% fetal bovine serum (FBS; Gibco; 
Thermo Fisher Scientific, Inc.) in a humidified incubator under 
5% CO2 at 37˚C.

MTT assay for cell viability. The cytotoxicity of zerumbone was 
detected by MTT assay. Briefly, HepG2 cells were seeded in 
96‑well culture plates at a density of 4x104 cells per well at 37˚C 
for 24 h. Next, cells were incubated with different concentrations 
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(0, 2, 5, 10, 20, 50, 100 µM) of zerumbone in culture medium 
for 48 h. Following this, 20 µl/well of MTT solution (dissolved 
in PBS) was added and the plates were incubated at 37˚C for 
4 h. The absorbance was measured at 490 nm with a microplate 
reader to assess the optical density (OD), from which cell counts 
were determined. The inhibition rate of zerumbone on these 
cells was calculated as follows: Inhibition rate (%)=(1‑experi-
mental group OD/control group OD) x100.

Flow cytometry analysis. Cells were treated with 0.1% DMSO 
control or zerumbone (10 or 30 µM) for 48 h, and then fixed 
overnight with 70% ethanol in ice‑cold PBS at ‑20˚C, and 
then resuspended with 50 µg/ml of propidium iodide (PI) 
(Sigma‑Alrich; Merck KgaA, Darmstadt, Germany) and 
50 µg/ml of RNAse A (Sangon Biotech Co., Ltd., Shanghai, 
China) and incubated in the dark for 15 min at room tempera-
ture. The DNA contents of samples were analyzed using a 
FACSCalibur flow cytometer (BD Biosciences, San Jose, CA, 
USA). Apoptosis was determined using Annexin V‑FITC. 
Following treatment of HepG2 cells with different concentra-
tions (10 or 30 µM) of zerumbone for 48 h. Cells were washed 
twice with PBS at 4˚C and the supernatant was discarded. Add 
100 µl pre‑cooled binding buffer (EMD Millipore, Billerica, 
MA, USA) to re‑suspend the cells for ice bath. Next, 10 µl 
Annexin V‑fluorescein isothiocyanate (FITC; EMD Millipore) 
and 10 µl PI were added to the cell suspension and gently 
mixed. The calls were then incubated at room temperature 
for 15 min dark staining, after which another 400 µl binding 
buffer was added to re‑suspend the cells. Next, Multimode 
Plate Reader (Varioskan LUX; Thermo Fisher Scientific Inc., 
Waltham, MA, USA) was used to detect the percentage of 
apoptotic cells. The experiment was repeated three times.

Cell adhesion assay. A cell adhesion assay were performed, 
as previously described (3). Briefly, each well of a 96‑well 
plate was coated with 10 µl fibronectin (R&D Systems, Inc., 
Minneapolis, MN, USA), and the plates were incubated at 
37˚C for 2 days and washed twice with DMEM. HepG2 cells 
were pretreated with 0, 10 or 30 µM zerumbone for 48 h at 
37˚C, cells were harvested and then seeded into the 96‑well 
fibreonectin‑coated plate at a density of 5x105 cells/ml for 
100 µl. After 2 h, the plates were washed and 10 µl MTT 
(5  mg/ml) solution (dissolved in PBS) was added to the 
adhered cells. Absorbance was detected at 570 nm using the 
Multilabel counter after a 4‑h incubation. Values reported are 
from 3 independent experiments.

Cell migration assay. HepG2 cells were pretreated with 0, 10 
or 30 µM zerumbone for 48 h at 37˚C. Cells were collected and 
adjusted to a single‑cell suspension of 5x105/ml cells. Next, 
100‑µl cell suspension was placed in each insert upper chamber 
without matrigel (Corning Incorporated, Corning, NY, USA) 
containing 200 µl FBS free DMEM, whereas 600 µl DMEM 
in the lower chamber contained 10% FBS. After incubating 
for 6 h, the chamber was washed twice with PBS, and the 
cells on the apical side of each insert were scraped off using 
cotton buds. The cells that had migrated and attached to the 
lower surface of the insert were fixed with 4% formaldehyde 
10 min and stained with 0.1% crystal violet for 20 min at 
room temperature. After washing with PBS and air‑drying, 

the number of cells that had migrated through the membrane 
was counted randomly in five fields under a light microscope 
(magnification, x400). The migration rate was calculated using 
the following formula: Migration rate (%)=number of migrated 
cell/number of inoculated cells x100.

Cell invasion assay. For the cell invasion assay, transwell filters 
(Corning Incorporated) were coated with 100 µl Matrigel 
(300 µg/ml) on the upper surface of a polycarbonic membrane. 
The chambers were placed into a 37˚C incubator for 2 h prior 
to use. Next, 5x104 cells in 200 µl low serum (1% FBS) DMEM 
containing 0.1% DMSO (control), 10 or 30 µM zerumbone was 
added to the upper chamber, and 600 µl medium containing 
10% FBS was added to the lower chambers. Cells were cultured 
at 37˚C in a humidified incubator with 5% CO2 for 24 h. After 
incubation, invaded cells on the lower side of the membrane 
were fixed with 4% paraformaldehyde for 20 min at room 
temperature, and then washed with PBS three times before 
being stained with 0.1% crystal violet for another 10 min. The 
stained cells were visualized under an inverted microscope 
(magnification, x200) and counted in five random fields. The 
results were averaged for three independent experiments.

Western blot analysis. HepG2 cells were harvested, rinsed 
twice with ice‑cold PBS and re‑suspended in radioimmu-
noprecipitation assay lysis buffer (Sigma‑Aldrich; Merck 
KGaA) and 50  ng protein samples were quantified using 
a bicinchoninic acid assay Sigma‑Aldrick; Merck KGaA) 
and separated by 12% SDS‑PAGE and transferred onto 
polyvinylidene difluoride membranes. The membranes were 
dried, pre‑blocked with 5% non‑fat milk in PBS‑Tween 
(0.1%) overnight at room temperature, then incubated with 
the following specific antibodies overnight at 4˚C: Cyclin 
dependent kinase inhibitor 1B (CDKN1B, also known as p27) 
(1:2,000), cyclin‑dependent kinase 1 (CDK1, also known as 
CDC2) (1:2,000), cyclin B1 (1:2,000), B‑cell lymphoma‑2 
(Bcl‑2) (1:2,000), Bcl‑2‑associated X (Bax) (1:2,000), cyto-
chrome c (1:2,000), cleaved caspase‑3 (1:1,000), cleaved 
caspase‑9 (1:1,000), focal adhesion kinase (FAK) (1:2,000), 
Ras homolog gene family, member A (RhoA) (1:2,000), 
Rho‑associated protein kinase‑1 (ROCK‑1) (1:2,000), matrix 
metalloproteinase‑2 (MMP‑2) (1:2,000), MMP‑9 (1:2,000), 
phosphorylated (p)‑p38 MAPK (1:1,000), p38 MAPK (1:1,000), 
p‑ERK1/2 (1:1,000), ERK1/2 (1:1,000), p‑c‑Jun N‑terminal 
kinase (JNK) (1:1,000), JNK (1:1,000) and β‑actin (1:5,000) 
at 4˚C overnight followed by incubated with goat anti‑mouse 
horseradish peroxidase (HRP)‑conjugated secondary antibody 
(1:2,000; cat no. ab7068; Abcam, Cambridge, UK) at room 
temperature for 1 h. Immune complexes were visualized using 
the Pierce ECL Western Blotting kit (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) analysis. The expression levels of Bcl‑2, Bax, cyto-
chrome c, FAK, RhoA, ROCK‑1, MMP‑2 and MMP‑9 were 
detected by RT‑qPCR using ABI Prism 7900 sequence detec-
tion system (Applied Biosystems; Thermo Fisher Scientific, 
Inc.). Total RNA was extracted from the HepG2 cells which 
were treated by 10 or 30 µM zerumbone 48 h using TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according 
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to the manufacturer's protocol. Subsequently, cDNA was 
synthesized using M‑MLV First Strand cDNA Synthesis kit 
(Invitrogen; Thermo Fisher Scientific, Inc.). qPCR reactions 
were performed using a SYBR Premix Ex Taq (Takara 
Biotechnology Co., Ltd., Dalian, China) according to the 
manufacturer's protocol. Thermocycling conditions were as 
follows: Denaturation for 30 sec at 95˚C, 20 sec at 95˚C, 45 sec 
at 68˚C for 30 cycles, 5 min at 68˚C for final extension, then 
4˚C for holding. Specific primers for each gene were designed 
as follows: The PCR primer sets were following: p27 forward, 
5'‑CTG​CCC​TCC​CCA​GTC​TCT​CT‑3' and reverse, 5'‑CAA​
GCA​CCT​CGG​ATT​TT‑3'; CDC2 forward, 5'‑GCG​GCG​GGG​
TAC​CCC​CTG​CAG​TAA​GTG​CAG​AAA​TCT‑3' and reverse, 
5'‑CGC​CGG​AGG​ATC​TTC​GCA​GCG​GCA​GCT​ACA​ACA​
AC‑3'; cyclin B1 forward, 5'‑GCA​AAT​GAC​AAA​GCA​AAT​
GGG​G‑3' and reverse, 5'‑ACA​ACC​AGC​AGA​AAC​CAA​
CAG​C‑3'; Bcl‑2 forward, 5'‑CGT​ACA​GTT​CCA​CAA​AGG​
CA‑3' and reverse, 5'‑ATG​TGT​GTG​GAG​AGC​GTC​AA‑3'; 
Bax forward, 5'‑CCC​GAG​AGG​TCT​TTT​TCC​GAG‑3' and 
reverse, 5'‑CCA​GCC​CAT​GAT​GGT​TCT​GAT‑3'; cytochrome 
c forward, 5'‑CTT​TGG​GCG​GAA​GAC​AGG​TC‑3' and reverse 
5'‑TTA​TTG​GCG​GCT​GTG​TAA​GAG‑3'; FAK forward, 
5'‑GCA​ATT​TCC​TGG​TCC​ACT​TG‑3' and reverse, 5'‑CGT​
TAT​TTG​CCA​AAA​GGA​TTT​C‑3'; RhoA forward, 5'‑GGA​
AAG​CAG​GTA​GAG​TTG​GCT‑3' and reverse, 5'‑GGC​TGT​
CGA​TGG​AAA​AAC​ACA​T‑3'; ROCK‑1 forward, 5'‑GGC​
AGG​AAA​ATC​CAA​ATC​AT‑3' and reverse, 5'‑GGG​GAC​
AGT​TTT​GAG​ACT​CG‑3'; MMP2 forward, 5'‑AAG​AAG​TAG​
CTG​TGA​CCG​CC‑3' and reverse, 5'‑TTG​CTG​GAG​ACA​AAT​
TCT​GG‑3'; MMP9 forward, 5'‑GCA​CTG​CAG​GAT​GTC​ATA​
GG‑3' and reverse, 5'‑ACG​ACG​TCT​TCC​AGT​ACC​GA‑3'; and 
GAPDH forward, 5'‑CCA​CAT​CGC​TCA​GAC​ACC​AT‑3' and 
reverse, 5'‑ACC​AGG​CGC​CCA​ATA​CG‑3'. Relative mRNA 
expression was calculated using the 2‑ΔΔCq method (13), using 
GAPDH as an endogenous control and untreated samples as 
the calibrator.

Statistical analysis. The experimental data were analyzed 
using SPSS 11.0 (SPSS, Inc., Chicago, IL, USA). Data are 
expressed and the mean ± standard deviation. The quantita-
tive ratios of different groups were compared using one‑way 

analysis of variance with tukey's post test. P<0.05 was 
considered to indicate a statistically significant difference. All 
statistical tests were two sided.

Results

Zerumbone inhibits the proliferation of HepG2 cells. After 
cells were treated with different concentrations (0, 2, 5, 10, 
20, 50 or 100 µM, n=5) of zerumbone for 48 h, the cell growth 
inhibition for the HepG2 cells is presented in Fig. 1. The 
results of the MTT assay demonstrated that zerumbone inhib-
ited the growth of HepG2 cells in a concentration‑dependent 
manner (Fig. 1). The half‑maximal inhibitory concentration 
(IC50) value for zerumbone was 23.64±1.23 µM. Thus, doses 
higher and lower than the IC50 (10 and 30 µM) were used in 
subsequent experiments.

Zerumbone induces apoptosis in HepG2 cells. HepG2 cells 
were cultured in 10 or 30 µM zerumbone for 48 h and the 
proportion of apoptotic HepG2 cells was then determined 
using annexin V‑FITC staining and flow cytometry. Following 
treatment of HepG2 cells with 10 or 30 µM zerumbone for 
48 h, the percentage of apoptotic cells increased from 3.00 to 
28.28 or 52.30% following 10 or 30 µM zerumbone treatment, 
respectively (Fig. 2A). These results indicated that zerumbone 
treatment could induce apoptosis in HepG2 cells in a concen-
tration‑dependent manner.

Zerumbone induced cell cycle arrest at G2/M phase. Cell 
cycle analysis by flow cytometry showed treatment with 
10 or 30 µM zerumbone for 48 h increased the proportion 
of cells in G2/M phase (from 10.05±0.13 to 23.1±0.21 or 
34.96%±0.25 following 10 or 30 µM zerumbone treatment, 
respectively) (Fig. 2B and C). These results indicated that 
zerumbone induced cell cycle arrest at G2/M in HepG2 cells in 
a concentration‑dependent manner.

Zerumbone reduces the adherence abilities of HepG2 cells. 
To test the effect of zerumbone on the capacity of cancer cells 
to bind to the extracellular matrix, a cell adhesion assay was 
performed in HepG2 cells. As shown in Fig. 2, the adherence 

Figure 1. Zerumbone inhibits cell growth in HepG2 cells. Absorbance of the HepG2 cells using a MTT assay for (A) proliferation and (B) adhesion. *P<0.05 
vs. control. Data are presented as the mean ± standard error of the mean.
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abilities of HepG2 cells were significantly reduced following 
pre‑treatment with zerumbone. These results indicated that 
zerumbone effectively inhibited the adherence ability of 
HepG2 cells.

Zerumbone inhibits cancer cell migration. Cellular migration 
was analyzed using a transwell migration assay. As shown in 
Fig. 3A, compared with the control group, the migratory ability 
of HepG2 cells was significantly inhibited by zerumbone 
treatment in a dose‑dependent manner (P<0.05). The results 
indicated that zerumbone treatment significantly inhibited the 
migration of the HepG2 cells.

Zerumbone inhibits cancer cell invasion. The effect of 
zerumbone on cancer cell invasion by was investigated using a 
transwell invasion assay. As shown in Fig. 3B, the cell invasion 
rate in the zerumbone‑treated groups was significantly lower 
than those in the control group.

Zerumbone induces activation of caspase‑3 and‑9 and apop‑
tosis and cell cycle‑associated genes in HepG2 cells. The 
caspase cascade triggered by caspase family members, among 
them the frequently activated death proteases caspase‑3 and‑9, 
serves a key role in apoptosis  (14). To investigate whether 
caspase activation was involved in zerumbone‑induced apop-
tosis, activation of caspase‑3 and‑9 was detected by western 
blotting. As shown in Fig.  4A, HepG2 cells treated with 

zerumbone markedly increased the expression level of cleaved 
caspase‑3 and‑9, compared with the control cells. Other 
apoptosis‑and cell cycle‑associated genes in HepG2 cells 
were also investigated by western blotting and RT‑qPCR. As 
shown in Fig. 4, compared to the control, zerumbone treatment 
significantly increased the expression level of p27, Bax, and 
cytochrome‑c, but decreased the expression level of CDC2, 
cyclinB1 and Bcl‑2. These results indicated that zerumbone 
induced the activation of caspase‑3, caspase‑9, cytochrome‑c 
and Bax, and decreased the expression level of Bcl‑2, eventu-
ally leading to the apoptosis in HepG2 cells.

Zerumbone treatment downregulates the expression levels of 
FAK, RhoA, ROCK‑1, MMP‑2 and MMP‑9 in HepG2 cells. FAK, 
RhoA, ROCK‑1, MMP‑2 and MMP‑9 are metastasis‑associated 
proteins. The present study determined the effect of zerumbone 
on the expression of FAK, RhoA, ROCK‑1, MMP‑2 and MMP‑9 
by western blotting and RT‑qPCR. As depicted in Fig.  5, 
treatment with zerumbone reduced the mRNA and protein 
expression of FAK, RhoA, ROCK‑1, MMP‑2 and MMP‑9 in 
HepG2 cells, compared with the control group.

Zerumbone regulates MAPK and ERK phosphorylation 
in HepG2 cells. The MAPK signaling pathway serves 
a notable role in the action of chemotherapeutic drugs. 
Zerumbone inactivated ERK and activated p38 MAPK in 
a time‑dependent manner (Fig. 6). No effect of zerumbone 

Figure 2. Flow cytometry analysis of HepG2 cells treated with ZER. (A) Histogram of cell apoptosis after treatment with ZER for 48 h by FITC fluorescence. 
(B) HepG2 cells were incubated with indicated concentrations of ZER for 48 h, stained with PI and analyzed for DNA content by flow cytometry. (C) Cell cycle 
distribution was monitored by flow cytometry using a PI staining assay. *P<0.05 vs. control. ZER, zerumbone.
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Figure 4. Zerumbone induces activation of caspase‑3 and‑9 and other apoptosis‑associated genes in HepG2 cells. (A) The protein expression of cleaved 
caspase‑3, cleaved caspase‑9, p27, CDC2, cyclinB, cytochrome c, Bax and Bcl‑2 were measured by western blot analysis. β‑actin was used as an internal 
control. (B) The mRNA expression of Cyt‑c, Bax and Bcl‑2 were measured by reverse transcription‑quantitative polymerase chain reaction analysis. All 
experiments were performed in triplicate. *P<0.05, **P<0.01 vs. control. p27, cyclin‑dependent kinase inhibitor 1B; CDC2, cyclin‑dependent kinase 1; Cyt‑c, 
cytochrome c; Bcl‑2, B‑cell lymphoma‑2; Bax, Bcl‑2‑associated X; ZER, zerumbone.

Figure 3. Zerumbone inhibits migration and invasion in HepG2 cells. (A) Cellular migration or invasion was determined using transwell assays. The migratory 
and invasive abilities of HepG2 cells were reduced following treatment with zerumbone in a concentration‑dependent manner, compared with the control 
group (P<0.05). (B) Histogram of the number of migrated cells following treatment with zerumbone for 48 h. (C) Histogram of the number of invaded cells 
following treatment with zerumbone for 48 h. *P<0.05 vs. control. 
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treatment was observed on the regulation of JNK. These 
findings indicate that inactivation of ERK and activation of 
p38 MAPK may serve a crucial upstream role in mediating 
zerumbone activity and inhibiting metastasis in HepG2 
cells.

Discussion

Hepatoma has a high incidence in China and the prevalence was 
30‑40% at 5 years postoperatively globally (15). It is difficult to 
detect during its early stages owing to a lack of symptoms (16). 
Prognosis for patients with hepatoma is poor owing to the 
high rate of recurrence and metastasis. Thus, it is essential to 
investigate the molecular mechanisms driving recurrence and 
metastasis for improving patient prognosis, and to develop a 

novel strategy for treating patients with hepatoma by inhibiting 
specific targets. The present study evaluated the ability of 
zerumbone to suppress the growth of hepatoma cancer cells 
in vitro. Zerumbone could significantly inhibit adhesion, migra-
tion and invasion in HepG2 cells, and could induce apoptosis. 
Western blot analysis revealed that zerumbone could induce 
activation of caspase‑3, caspase‑9 and and Bax, decrease the 
expression level of Bcl‑2, suppress the expression of MMP‑2 
and MMP‑9, the activity of JNK and ERK was increased, and 
increase the expression of p‑p38 MAPK. These results indicated 
that zerumbone could inhibit hepatoma growth and metastasis 
via the MAPK‑ERK signal pathway.

To elucidate the mechanism of zerumbone action in hepa-
toma cells, the expression of cell cycle‑and apoptosis‑associated 
genes was examined in HepG2 cells. The release of cytochrome 
c from the mitochondria into cytoplasm has been considered 
to be an important event in the apoptotic process mediated by 
mitochondria (17). In the present study, the data revealed that 
zerumbone could cause the release of cytochrome c. Induction 
of apoptosis was associated with the regulation of anti‑and 
pro‑apoptotic proteins. Bcl‑2 (a notable apoptosis‑inhibiting 
protein) and Bax (an apoptosis‑promoting protein) serve key 
roles in the apoptotic process (18). Induction of Bax expression 
results in a downstream program of mitochondrial dysfunction, 
leading to caspase‑9 activation and the subsequent activation 
of caspase‑3 (19). The present study revealed that zerumbone 
treatment of HepG2 cells resulted in a dose‑dependent decrease 
in Bcl‑2 levels and an increase in Bax. Caspase‑3 and‑9 were 
also activated in a dose‑dependent manner following zerum-
bone treatment. These results demonstrated that zerumbone 
induced mitochondrial activation‑mediated cell apoptosis and 
HepG2 cell death.

The development and progression of tumor metastasis 
involves a complex multistep process, including cancer cell 
adhesion, migration and invasion  (20). A previous study 
demonstrated that changes in cytogenetic characteristics are 
responsible for the invasion and metastasis of cancer cells (21). 
RhoA, ROCK‑1, FAK, MMP‑2 and MMP‑9 are classical 
metastasis‑associated genes; the effect of zerumbone on 

Figure 6. Zerumbone regulated MAPK and ERK phosphorylation in HepG2 
cells. HepG2 cells were incubated with zerumbone for 48 h, and the phos-
phorylated ERK1/2, JNK and p38 was detected by western blot assay. MAPK, 
mitogen‑activated protein kinase l ERK, extracellular signal‑regulated 
kinase; JNK, c‑Jun N‑terminal kinase; ZER, zerumbone.

Figure 5. Zerumbone downregulates the expression levels of FAK, RhoA, ROCK‑1, MMP2 and MMP9 in HepG2 cells. (A) The protein expression of FAK, 
RhoA, ROCK‑1, MMP2 and MMP9 were measured by western blot analysis. β‑actin was used as an internal control. (B) The mRNA expression of FAK, 
RhoA, ROCK‑1, MMP2 and MMP9 were measured by reverse transcription‑quantitative polymerase chain reaction analysis. All experiments were performed 
in triplicate, *P<0.05, **P<0.01 vs. control. FAK, focal adhesion kinase; RhoA, Ras homolog gene family, member A; ROCK‑1, Rho‑associated protein kinase‑1; 
MMP2, matrix metalloproteinase‑2; ZER, zerumbone.
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these molecules was assessed to investigate the underlying 
mechanism of zerumbone in  vitro  (22). RhoA, is a small 
GTPase protein belonging to the Rho family; it is primarily 
associated with cytoskeletal regulation, mediating actin stress 
fiber formation and actomyosin contractility (23). ROCK‑1 is 
a serine/threonine kinase that belongs to the Rho family and 
acts to indirectly diminish the activity of upstream RhoA by 
stimulating Rac1 activity (24). FAK is involved in cellular 
adhesion and mediates a key notable early step in cell migra-
tion (25). MMP‑2 and MMP‑9 serve a pivotal role in mediating 
the malignant behavior of cancer cells, including invasion 
and metastasis, by degrading the extracellular matrix (26). In 
the present study, zerumbone was demonstrated to decrease 
the migration and invasion of hepatoma cells. In addition, 
the mRNA and protein expression of RhoA, ROCK‑1, FAK, 
MMP‑2 and MMP‑9 was inhibited following zerumbone treat-
ment in HepG2 cells. These results indicated that suppressing 
tumor metastasis could be achieved through regulating reor-
ganization of the actin cytoskeleton via Rho GTPase signaling 
pathways.

The MAPK pathways serve a notable role in mediating 
the survival of mammalian cells and tumor metastasis (27). 
The MAPK family includes JNK, p38 MAPK and ERK. p38 
MAPK phosphorylation has been implicated to serve a notable 
role in cell apoptosis, and activation of p38 MAPK decreases 
ERK1/2 activity (28). The results of the present study demon-
strated that the phosphorylation of P38 MAPK was upregulated 
and phosphorylation of ERK1/2 was downregulated following 
zerumbone treatment of HepG2 cells but did not exhibit a 
significant influence on total JNK protein expression. These 
results indicated that regulation of ERK1/2 and p38 MAPK 
serves a critical role in restraining cancer cells from invasion 
and metastasis and inducing apoptosis and cell cycle arrest in 
response to zerumbone treatment in HepG2 cells.

In conclusion, considering the results of the present 
study, we hypothesize that zerumbone effectively inhibits the 
proliferation, and invasion and migration of hepatoma cells 
in vitro. We hypothesize that the inactivation of ERK1/2 and 
activation of p38 MAPK are important initiating signals of the 
mitochondrial‑mediated apoptosis induced and invasion and 
metastasis restrained by zerumbone. These results indicated 
that zerumbone might be a potential anticancer agent for the 
treatment of hepatoma. However, the present study prelimi-
narily investigated several molecules involved in the MAPK 
pathways, and rescue experiments would be required to 
confirm the findings and further demonstrate how zerumbone 
regulates hepatoma invasiveness.
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