
ONCOLOGY REPORTS  37:  1203-1211,  2017

Abstract. Resveratrol, one of the major polyphenols found 
in red wine, is suggested to have a role as a chemoprevention 
or chemotherapy agent in various human cancer models. 
Herein, we report that resveratrol has a profound antitumor 
effect on human hepatocellular carcinoma (HCC) cells 
by downregulation of the HGF-c-Met signaling pathway. 
Resveratrol inhibited anchorage-dependent and -indepen-
dent growth of HCC cells in a dose-dependent manner. 
Short-term resveratrol exposure substantially decreased 
HGF-induced c-Met signaling pathway activation, and 
long-term exposure to resveratrol markedly inhibited c-Met 
expression on the cell membrane. Additionally, resveratrol 
suppressed HGF-induced cell invasion, and knockdown of 
c-Met decreased the sensitivity of HCC cells to resveratrol 
treatment. Finally, the antitumor activity of resveratrol was 
validated in xenograft model and resveratrol prominently 
restrained tumor growth in vivo. In summary, our results 
suggested that c-Met offers a candidate molecular target for 
hepatocellular carcinoma management.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common 
causes of cancer-related death worldwide. Despite the develop-
ment of new therapeutic strategies and improved patient care, 
the 5-year survival rate of HCC is still dismal at approximately 
15% (1-3). Although the available therapies, including surgical 
resection and transplantation, have significantly improved 
survival in patients with early stage tumors, the prognosis of 
HCC for advanced-stage disease remains very poor (4). HCC is 
known to be associated with hepatitis B virus (HBV), hepatitis 
C virus, and alcohol abuse. However, other risk factors that 
are genetic and physiological also contribute to the etiology 
of HCC (5,6). Therefore, understanding the molecular mecha-
nisms of the complex multistep process of HCC, and identify 
novel chemical entity with activity against HCC, could facili-
tate the development of preventive measures, early diagnostic 
methods, and better treatments.

c-Met, originally identified as a TRP-Met fusion gene 
from a human osteosarcoma cell line, encodes a prototype 
member of a distinct subfamily of heterodimeric receptor 
tyrosine kinases  (7). Hepatocyte growth factor (HGF) is 
the only known high affinity ligand for the c-Met receptor. 
Binding of HGF to c-Met causes receptor multimerization, 
phosphorylation, and catalytic activation. The activation of 
c-Met leads to phosphorylation of multiple downstream effec-
tors, including RAS/MAPK, PI3K/AKT, FAK, and c-SRC, 
that are essential for regulating cell growth, survival, motility, 
and metastasis (8,9). Importantly, the overexpression or acti-
vating mutations of c-Met has been frequently found in many 
human solid tumors, such as liver (10), lung (11), colon (12), 
ovarian (13), breast (14) and gastric (15) cancers. Recently, 
Zhao et al demonstrated that downregulation of the activa-
tion of c-Met via a specific inhibitor, cabozantinib, leading 
to suppressed epithelial-mesenchymal transition and tumor 
growth in breast tumors (16). Clinical retrospective analysis 
revealed that higher expression of c-Met in tumor tissue had 
positive relationship with patients' poor prognosis (17).
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Resveratrol, a natural product found in red grapes and wine, 
is one of the most common dietary flavonoids. Except antioxi-
dant and anti-inflammatory effect as reported, recent studies 
have demonstrated that resveratrol exerted antitumor effects 
on a panel of human cancers, such as breast (18), colon (19), 
ovarian (20), lung (21) and prostate cancer (22). Mechanism 
investigation manifested that multiple signaling pathways 
and mechanisms are involved in the antitumor activity of 
resveratrol, including suppression of various protein kinases, 
such as Akt, ERK and EGFR, induction of cell cycle arrest or 
apoptosis, and inhibition of cell migration and metastasis (23). 
Nonetheless, the antitumor activity of resveratrol in HCC, as 
well as the effect on c-Met signaling pathway, has not yet been 
fully investigated.

In this study, we first reported that the c-Met signaling 
pathway was involved in resveratrol-induced tumor suppres-
sion in hepatocellular carcinoma cells. Our results suggest 
that targeting the activation of HGF-c-Met signaling pathway 
might be an effective preventive and therapeutic pursuit in this 
kind of tumor.

Materials and methods

Cell culture and reagents. The HCC cell line Hep3B was 
purchased from American Type Culture Collection (ATCC). 
The MHCC97-L and MHCC97-H cells were purchased from 
Cell Bank of Chinese Academy of Sciences, Shanghai, China. 
Cells were cytogenetically tested and authenticated before 
being frozen. Each vial of frozen cells was thawed and main-
tained for 2 months (10 passages). Of note, Hep3B, MHCC97-L 
and MHCC97-H were maintained with Dulbecco's modified 
Eagle's medium (DMEM) containing 10% FBS and 1% anti-
biotics. All cell lines were incubated at 37˚C in a humidified 
atmosphere containing 5% CO2. Resveratrol and chemical 
reagents, including Tris, NaCl, SDS and DMSO, for molecular 
biology and buffer preparation were purchased from Sigma-
Aldrich (St. Louis, MO, USA).

MTS assay. The MTS assay was performed as previously 
described  (24). Briefly, human HCC cells were seeded 
(3x103/well/100 µl) into 96-well plates, and treated with various 
doses of resveratrol for different time points as indicated. The 
proliferation was assessed by MTS assay (Promega, Madison, 
WI, USA) according to instructions provided.

Anchorage-independent cell growth assay. The anchorage-
independent cell growth was performed as previously 
described (25). Briefly, cells were suspended (8,000 cells/ml) 
in 1 ml of 0.3% agar with Eagle's basal medium containing 
10% FBS, 1% antibiotics, and different concentrations of 
resveratrol overlaid into six-well plates containing a 0.6% 
agar base. The cultures were maintained in a 37˚C, 5% CO2 
incubator for 2 weeks, and then colonies were counted under 
a microscope using the Image-Pro Plus software program 
(Media Cybernetics, Silver Spring, MD, USA).

Invasion assay. An invasion assay was conducted using a modi-
fied Boyden chamber and Matrigel-coated (BD Bioscience, 
San Jose, CA, USA) polycarbonate nucleopore membranes 
(Corning, Inc., Corning, NY, USA; 8-µm pore size). Serum-free 

medium containing HGF (10 ng/ml) was pipetted into the lower 
wells. MHCC97-H cells were trypsinized and suspended at a 
density of 1x105 cells/100 µl in serum-free medium without 
HGF. Cells were then pretreated with resveratrol for 30 min 
and 100 µl of the cell suspension were loaded into the upper 
wells. The chamber was incubated in a 5% CO2 incubator at 
37˚C. After 24 h of incubation, the membrane was fixed and 
stained with crystal violet solution. Invasiveness was deter-
mined by counting the cells that passed through the filter.

Subcellular proteome fractionation. The subcellular proteome 
fractions were prepared using the ProteoExtract Subcellular 
Proteome Extraction kit (539790, Millipore, Temecula, CA, 
USA) according to the manufacturer's instructions.

Protein preparation and western blotting. Protein samples 
were extracted with RIPA buffer (10 mM Tris-Cl (pH 8.0), 
1 mM EDTA, 0.5 mM EGTA, 1% Triton X-100, 0.1% sodium 
deoxycholate, 0.1% SDS, 140 mM NaCl). Protein concentra-
tion was determined using the BCA Assay Reagent (Pierce, 
Rockford, IL, USA). For immunoblotting, proteins (40 µg) 
were detected with specific antibodies and an HRP-conjugated 
secondary antibody. Primary antibodies were used for immu-
noblotting: p-c-Met, c-Met, p-Akt, p-ERK1/2 and N-cadherin 
from Cell Signaling Technology; β-actin from Sigma-Aldrich, 
Ki67 from Abcam. Secondary antibodies anti-rabbit IgG HRP 
and anti-mouse IgG HRP were purchased from Cell Signaling 
Technology. Antibody conjugates were visualized by chemi-
luminescence (ECL, Thermo Scientific, Rockford, IL, USA).

Lentiviral infection. To generate knockdown c-Met cells, 
pLKO.1-sh-GFP or pLKO.1-sh-c-Met lentivirus plasmids, 
were co-transfected into 293T cells with PSPAX2 and 
PMD2-G. Viral supernatant fractions were collected at 48 h 
after transfection and filtered through a 0.45 µm filter followed 
by infection into cells together with 10 µg/ml polybrene. 
The next day, the medium was replaced with fresh medium 
containing 1 µg/ml puromycin and cells were incubated for 
another 6 days.

In vivo tumor growth assay. All the experimentations for 
animals were approved by the Ethics Committee of Central 
South University, Changsha, Hunan, China. MHCC97-H 
cells (2x106) in 100 µl DMEM medium were inoculated s.c. 
into the right flank of 6-week-old female athymic nude mice. 
Nude mice (n=5) were randomly divided to groups when 
tumor volume reached 50-100 mm3. The dosage of resveratrol 
was 30 mg/kg and was administered every three days by 
intraperitoneal injection, whereas control mice were admin-
istered vehicle. The body weight of each mouse was recorded 
and tumor volume was determined by vernier caliper twice 
a week. Volume was calculated following the formula of 
A x B2 x 0.5, wherein A is the longest diameter of tumor, 
B is the shortest diameter and B2 is B squared. Mice were 
monitored until day 34 and at that time mice were euthanized 
and tumors extracted.

Immunohistochemical analysis. A Vectastain Elite ABC kit 
(Vector Laboratories; Burlingame, CA, USA) was used for 
immunohistochemical staining according to the recommended 
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protocol. Briefly, the slide was baked at 60˚C for 2 h, deparaf-
finized, and rehydrated. To expose the antigens, the slide was 
unmasked by submersion into boiling sodium citrate buffer 
(10 mM, pH 6.0) for 10 min, and then treated with 3% H2O2 for 
10 min. The slide was blocked with 50% goat serum albumin 
in 1X PBS in a humidified chamber for 1 h at room tempera-
ture and then with a first antibody (1:100 dilution in 50% goat 
serum with PBS) at 4˚C in a humidified chamber overnight. 
The slide was washed and hybridized with the secondary 
antibody from Vector Laboratories (anti-rabbit 1:200) for 1 h 
at room temperature. Slides were stained using the Vectastain 
Elite ABC kit.

Statistical analysis. Standard statistical methods were 
performed using Statistics Package for Social Science (SPSS) 
software (version 13.0; SPSS, Chicago, IL, USA). All data 
are presented as mean values ± SD as indicated and analyzed 
using the Student's t-test or ANOVA. A p-value <0.05 was 
considered statistically significant.

Results

Resveratrol inhibits HCC cell growth in vitro. First, we inves-
tigated the effects of resveratrol on cell viability in Hep3B, 
MHCC97-L and MHCC97-H cells. MTS data showed that 
resveratrol significantly decreased anchorage-dependent 
growth (Fig. 1A) of Hep3B, MHCC97-L and MHCC97-H 
cells in a dose-dependent manner. Moreover, treatment with 
resveratrol markedly inhibited anchorage-independent cell 
growth in all test HCC cells (Fig. 1B), and treated with 60 µM 
resveratrol almost blocked the colony formation in soft agar. 
These results indicated that resveratrol inhibits HCC cell 
growth in vitro.

Resveratrol downregulates the c-Met signaling pathway. 
Previous studies have demonstrated that the c-Met signaling 
pathway is dysregulated in human HCC. Hyperactivation of 
c-Met, or its downstream target kinases Akt and ERK1/2 are 
always involved in HCC tumorigenic regulation. Herein, we 

Figure 1. Resveratrol inhibits HCC cell growth in vitro. (A) Resveratrol decreases cell viability. Hep3B (left), MHCC97-L (middle) and MHCC97-H (right) 
cells were treated or not treated with resveratrol as indicated. (B) Resveratrol attenuates Hep3B (top), MHCC97-L (middle) and MHCC97-H (bottom) cells 
anchorage-independent cell growth. Soft agar assays were performed as described in Materials and methods. The asterisks indicate a significant (*p<0.05, 
**p<0.01, ***p<0.001) decrease in cell viability or colony formation by resveratrol-treated cells.
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Figure 2. Resveratrol suppresses c-Met signaling pathway in HCC cells. (A) Resveratrol decreases the phosphorylation of c-Met signaling pathway. Hep3B 
(left) and MHCC97-H (right) cells were treated or not treated with resveratrol as indicated, cell lysates were harvested and protein levels were determined by 
western blot analysis. (B) Resveratrol affects HGF-induced c-Met signaling activation. Hep3B (top) and MHCC97-H (bottom) cells were starved in serum-free 
medium for 24 h, after pre-treated with/without 30 µM resveratrol for 2 h, the cells were stimulated with HGF (10 ng/ml) for various times, cell lysates were 
harvested and protein levels were determined by western blot analysis.

Figure 3. Resveratrol downregulates c-Met expression in HCC cells. (A) Resveratrol inhibits c-Met expression in Hep3B and MHCC97-H cells. Hep3B 
(left) and MHCC97-H (right) cells were treated with 60 µM resveratrol for various time points, the whole cell lysates were extracted and protein levels were 
determined by western blot analysis. (B) Resveratrol decreases the expression of membrane-associated c-Met. Hep3B (left) and MHCC97-H (right) cells were 
treated with 60 µM resveratrol for various time points, the membrane fractions were isolated and analyzed by western blotting using the indicated antibodies.
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found that resveratrol markedly impaired the phosphoryla-
tion of c-Met, Akt and ERK1/2 in a dose-dependent manner 
in Hep3B (Fig. 2A, left) and MHCC97-H cells (Fig. 2A, 
right). Moreover, we found that resveratrol treatment strik-
ingly inhibited HGF-induced c-Met and downstream target 
kinases Akt and ERK1/2 activation in Hep3B (Fig. 2B, top) 
and MHCC97-H cells (Fig. 2B, bottom). Our data implied 
that resveratrol mediated growth inhibition may partly 
depend on the downregulation of c-Met signaling pathway.

Resveratrol suppresses the c-Met protein levels in HCC cells. 
Our data demonstrated that the c-Met signaling pathway 
was inhibited after short-term resveratrol treatment, which 
indicated that resveratrol could dose-dependently suppress 
the tyrosine kinase activity of c-Met. However, no published 
data have demonstrated that resveratrol directly regulates 
c-Met expression in human HCC. As shown in Fig. 3, long-
term exposure (24, 48 or 72  h) to resveratrol decreased 
the protein levels of c-Met in a dose-dependent manner in 
Hep3B (Fig. 3A, left) and MHCC97-H cells (Fig. 3A, right). 
We further performed sub-cellular separation to investigate 
the effect of resveratrol on c-Met sub-cellular expression. As 
shown in Fig. 3B, membrane-associated c-Met was remark-
ably decreased after resveratrol treatment for 24 h in both 
Hep3B (Fig. 3B, left) and MHCC97-H cells (Fig. 3B, right), 
and at the time points of 48 and 72 h, resveratrol almost 
blocked the membrane expression of c-Met. These results 
suggested that after the long-term treatment of resveratrol, 
the expression of c-Met on cell membrane was suppressed.

Resveratrol suppresses HGF-induced invasion in vitro. The 
HGF-c-Met signaling pathway has a crucial role in cancer 
cell invasion and metastasis. Based on previous data, to 
explore the potential anti-invasive effects of resveratrol, inva-
sion assays were performed on Hep3B and MHCC97-H cells. 

As shown in Fig. 3A, HGF substantially induced Hep3B cell's 
invasion, and resveratrol markedly inhibited the HGF-induced 
invasive capacity of malignant Hep3B cells (Fig. 4A). We also 
found that the MHCC97-H cells possessed much higher inva-
sion capacity than Hep3B cell, even without HGF treatment. 
As expected, resveratrol showed very similar inhibitory effect 
against the invasion capacity of MHCC97-H cell (Fig. 4B). 
These results suggested that resveratrol might be an effective 
inhibitor for HGF-induced invasion of Hep3B and MHCC97-H 
cells.

Knockdown of c-Met decreases the sensit ivit y of 
MHCC97-H cells to resveratrol. We then examined whether 
knocking down c-Met expression influences the sensitivity 
of MHCC97-H cells to resveratrol. The efficiency of short 
hairpin RNA (shRNA) knockdown was examined, and the 
expression of C-Met was obviously decreased after shRNA 
transfection (Fig. 5A). Moreover, the growth of cells in soft 
agar also decreased after transfection compared with the 
GFP group (Fig. 5B, left). Resveratrol (30 µM) inhibited 
anchorage-independent growth of MHCC97-H cells trans-
fected with GFP shRNA by ~80%. In contrast, the inhibition 
was <50% in MHCC97-H cells transfected with c-Met 
shRNA, indicating that MHCC97-H cells transfected with 
c-Met shRNAs were more resistant to resveratrol treatment 
(Fig. 5B, right). These results suggested that c-Met plays an 
important role in the sensitivity of MHCC97-H cells to the 
anti-proliferative effects of resveratrol.

Resveratrol inhibits tumor growth and c-Met phosphoryla-
tion in a xenograft mouse model. We examined the effects 
of resveratrol on tumor growth and c-Met activation using a 
human HCC xenograft. MHCC97-H cells were injected (s.c.) 
into the right flank of six-week-old female athymic nude mice. 
Data showed that resveratrol markedly reduced tumor size 

Figure 4. Resveratrol attenuates HGF-induced invasion in vitro. Hep3B (A) and MHCC97-H (B) cells were treated with resveratrol as described in Materials 
and methods. The cells adherent on lower surface of the filters were fixed and stained. Three representative fields were photographed under a light micro-
scope and counted in triplicate to obtain invasion indices. The asterisks indicate a significant (*p<0.05, ***p<0.001) decrease of the invaded cells in resveratrol 
treated group.
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in MHCC97-H xenograft model (Fig. 6A-C). Weights of all 
animals increased normally after treatment with resveratrol or 
vehicle control (Fig. 6D). Additionally, immunohistochemical 
analysis of resveratrol treated MHCC97-H xenograft tumors 
was conducted to evaluate the expression level of p-c-Met and 
Ki-67. Our results showed that Ki-67 and p-c-Met were signifi-
cantly suppressed in the resveratrol treated group compared 
with the vehicle treated group (Fig. 6E). These results clearly 
indicated that resveratrol inhibits tumor cell proliferation 
in vivo. In addition, these findings showed that resveratrol 
significantly inhibited tumor cell c-Met activation.

Discussion

Previous studies have demonstrated that resveratrol displayed 
potent antitumor effect in various types of tumors, including 
lung, breast, prostate and colon cancer  (23,26). Herein, we 
found that resveratrol inhibited hepatocellular carcinoma cell 
anchorage-dependent and -independent growth, as well as 
HGF-induced c-Met signaling pathway activation and tumor 
cell invasion. Importantly, for the first time, we also uncov-
ered that exposure to resveratrol directly downregulated the 
membrane expression of c-Met. Knockdown of c-Met decreased 
the sensitivity of HCC cells to resveratrol treatment. Our in vivo 
data further demonstrated that resveratrol suppressed the HCC 
tumor growth in a xenograft mouse model.

Hepatocellular carcinoma, which accounts for 70-85% 
of the cases, is the most common primary liver cancer (27). 
Despite improvements in local therapies, including surgical 
resection, liver transplantation, and transarterial embolization, 

the prognosis remains poor for the majority of patients who 
develop recurrence, metastasis or present with advanced 
disease  (28). HCC is a complex and heterogeneous tumor 
with several genomic alterations, the dysregulation of several 
signaling cascades such as PI3K/Akt, Ras/ERK, EGF/EGFR 
and HGF/c-Met signaling pathways are involved in the initia-
tion and progression of this kind of disease (29-32). Especially, 
ongoing efforts to study hepato-carcinogenesis have identified 
an important role for c-Met signaling in the promotion of 
tumor growth, angiogenesis, and metastasis. The transcription 
of c-Met is increased in 30-100% of tumors compared with 
surrounding liver tissue. Similarly, c-Met is overexpressed 
at the protein level in 25-100% of HCCs compared with 
normal liver (4,33). Importantly, recent studies suggest that 
c-Met overexpression is significantly associated with clinico-
pathological features of HCC, such as tumor grade, vascular 
invasion or thrombosis, tumor recurrence, metastases, and 
worse prognosis with impaired 5-year survival (34-36). This 
evidence suggests a potential tumor-promoting role of c-Met 
and the HGF-c-Met signaling pathway in HCC.

In the canonical HGF/c-Met signaling pathway, the acti-
vation of c-Met and downstream kinases dependent on the 
binding of HGF on c-Met receptor leads to c-Met homodi-
merization, autophosphorylation, and signal transduction. 
Moreover, c-Met binds with EGF receptor (EGFR) and some 
other receptor tyrosine kinases on cell membrane to activate 
downstream kinases, even in the absence of HGF (4,10,37). 
Regardless of the mode of activation, c-Met dimerization on 
cell membrane and autophosphorylation seem to be necessary 
for activation of downstream kinases in human malignant 

Figure 5. Knockdown of c-Met in MHCC97-H cells decreases the sensitivity to resveratrol. (A) Efficiency of c-Met shRNA in MHCC97-H cells. (B) anchorage-
independent growth of MHCC97-H cells transfected with GFP shRNA or c-Met shRNA, treated or not treated with resveratrol. The asterisks indicate a 
significant (*p<0.05, ***p<0.001) decrease of the sensitivity in c-Met knockdown MHCC97-H cells.
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tumors. In the present study, we firstly demonstrated that 
resveratrol not only decreased HGF-induced c-Met signaling 
activation, but also downregulated c-Met protein on cell 
membrane directly. Given resveratrol is a kind of flavonoid 
which is abundantly distributed in fruits and vegetables, our 
results suggested that a daily diet of high intake of resveratrol 
would be beneficial for HCC patients, especially for those 
c-Met-positive, or the tumors which are addicted to c-Met 
signaling pathways.

Our studies also found the antitumor effect of resvera-
trol was correlated with its effect on cancer cell motility 
and invasiveness. It is well known that the invasion and 
metastasis are the cause of >90% of human cancer deaths, 
and c-Met plays a pivotal role in the process of tumor inva-
sion and metastasis  (9,38-40). c-Met signaling pathway 
regulates epithelial-mesenchymal transition in cancer cells, 
overexpression or hyperactivation of c-Met were involved 

in regulation of metastasis in multiple different types of 
human cancer, including lung (41), liver (42) and breast (14) 
cancer. Additionally, transgenic mice overexpressing HGF 
exhibited increased angiogenesis and VEGF transcription 
in chemically-induced hepatic adenomas and HCC  (43). 
Ogunwobi et al reported that epigenetic upregulation of HGF 
and c-Met drives metastasis in hepatocellular carcinoma (44), 
which indicated that the promotion of metastasis in HCC, at 
least partly, depend on the HGF-c-Met pathway.

Our in vitro data also demonstrated that HGF-induced 
invasion of HCC cells was significantly decreased after 
resveratrol treatment. Our results implied that combination 
of resveratrol with other anti-angiogenetic agents may have 
synergistic effect on invasion or metastasis suppression.

Crosstalk between c-Met and other RTKs on cell 
membrane has also been studied in great depth because of 
its potential importance in the development of resistance 

Figure 6. Resveratrol inhibits tumor growth in MHCC97-H xenograft mouse models. (A) At the treatment end point, mice were sacrificed and tumors were 
removed, weighed and photographed. (B) MHCC97-H cells were subcutaneously injected into the flank of mice. Tumor volumes were measured twice a week. 
(C) The tumor weight of mice from the vehicle group and resveratrol-treated group was measured. (D) During the treatment period, the body weight of mice 
was measured twice a week to determine the effect of resveratrol. (E) Immunohistochemical staining examination of Ki67 and p-c-Met in tumor sections 
from vehicle group mice or resveratrol-treated group mice. All panels are of the same magnification. Data are shown as mean values ± SD. (*p<0.05, **p<0.01 
versus vehicle-treated group).
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to cancer therapeutics (17). For instance, the amplification of 
c-Met is one of the main reasons for lung cancer cells gaining 
acquired resistance to gefitinib treatment (45). Importantly, 
c-Met has also been shown by multiple studies to interact 
directly with the epidermal growth factor receptor (EGFR) 
on membrane, allowing activation of c-Met after stimulation 
with the EGFR ligands EGF or transforming growth factor 
(TGF-α)  (46). Additionally, treatment with EGF in cells 
expressing both c-Met and EGFR directly induced phos-
phorylation of c-Met (47). In cancer cells, c-Met interacts with 
other ERBB family members, such as ERBB2 and ERBB3, 
causing transactivation of both receptors (48). Recently, the 
ligand-independent activation of c-Met through the interaction 
with IGF-1R, was also demonstrated in prostate cancer in an 
IGF-1/IGF-1R signaling pathway-dependent manner  (49). 
Unexpectedly, our results uncovered for the first time that 
exposure to resveratrol directly downregulated the expression of 
c-Met on the cell membrane. The data suggested that resveratrol 
not only inhibited HGF-induced c-Met receptor tyrosine kinase 
activity but also directly decreased the expression of c-Met on 
the cell membrane.

Overall, for the first time, the antitumor activity of resvera-
trol against HCC via suppression of c-Met signaling pathway 
was investigated both in vitro and in vivo.

Similar to other natural compounds, such as EGCG (50) 
and quercetin (51), resveratrol has also been demonstrated 
as a multiple kinase inhibitor in human cancers. Herein, the 
downregulation of HGF-c-Met signaling might not be specific, 
other signaling pathways and mechanisms also involved in 
resveratrol-mediated HCC suppression will need further study 
in the nearly future. Despite the large number of pre-clinical 
studies dealing with different aspects of the biological effects 
of resveratrol, its translation to clinics for cancer therapies is 
far from reality due to a variety of challenges. Different from 
the mechanism reported by previous studies, we demonstrated 
that the c-Met signaling pathway was one of the underlying 
mechanisms for resveratrol to exert its tumor fighting effect. 
Our study implied that c-Met is a potent antitumor target to be 
applied to prevention and clinical treatment of human hepato-
cellular carcinoma.
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