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Abstract
AIM: To investigate the effects of dihydromyricetin 
(DHM) on the migration and invasion of human hepatic 
cancer cells.

METHODS: The hepatoma cell lines SK-Hep-1 and 
MHCC97L were used in this study. The cells were cul-
tured in RPIM-1640 medium supplemented with 10% 
fetal bovine serum at 37 ℃ in a humidified 5% CO2 

incubator. DHM was dissolved in dimethyl sulfoxide and 
diluted to various concentrations in medium before ap-
plying to cells. MTT assays were performed to measure 
the viability of the cells after DHM treatment. Wound 
healing and Boyden transwell assays were used to as-
sess cancer cell motility. The invasive capacity of cancer 
cells was measured using Matrigel-coated transwell 

chambers. Matrix metalloproteinase (MMP)-2/9 activity 
was examined by fluorescence analysis. Western blot 
was carried out to analyze the expression of MMP-2, 
MMP-9, p-38, JNK, ERK1/2 and PKC-δ proteins. All data 
were analyzed by Student’s t  tests in GraphPad prism 5.0 
software and are presented as mean ± SD.

RESULTS: DHM was found to strongly inhibit the mi-
gration of the hepatoma cell lines SK-Hep-1 (without 
DHM, 24 h: 120 ± 8 μmol/L vs  100 μmol/L DHM, 24 
h: 65 ± 10 μmol/L, P  < 0.001) and MHCC97L (without 
DHM, 24 h: 126 ± 7 μmol/L vs  100 μmol/L DHM, 24 
h: 74 ± 6 μmol/L, P  < 0.001). The invasive capacity 
of the cells was reduced by DHM treatment (SK-Hep-1 
cells without DHM, 24 h: 67 ± 4 μmol/L vs  100 μmol/L 
DHM, 24 h: 9 ± 3 μmol/L, P  < 0.001; MHCC97L cells 
without DHM, 24 h: 117 ± 8 μmol/L vs  100 μmol/L 
DHM, 24 h: 45 ± 2 μmol/L, P  < 0.001). MMP2/9 activ-
ity was also inhibited by DHM exposure (SK-Hep-1 cells 
without DHM, 24 h: 600 ± 26 μmol/L vs  100 μmol/L 
DHM, 24 h: 100 ± 6 μmol/L, P  < 0.001; MHCC97L cells 
without DHM, 24 h: 504 ± 32 μmol/L vs  100 μmol/L 
DHM 24 h: 156 ± 10 μmol/L, P  < 0.001). Western blot 
analysis showed that DHM decreased the expression 
level of MMP-9 but had little effect on MMP-2. Further 
investigation indicated that DHM markedly reduced 
the phosphorylation levels of p38, ERK1/2 and JNK in 
a concentration-dependent manner but had no impact 
on the total protein levels. In addition, PKC-δ protein, a 
key protein in the regulation of MMP family protein ex-
pression, was up-regulated with DHM treatment.

CONCLUSION: These findings demonstrate that DHM 
inhibits the migration and invasion of hepatoma cells 
and may serve as a potential candidate agent for the 
prevention of HCC metastasis.
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Core tip: The novel findings of this report are that dihy-
dromyricetin (DHM) can strongly inhibit the migration 
and invasion (in transwell experiments) of the hepatic 
cancer cell lines SK-Hep-1 and MHCC97L. Western blot 
analysis showed that DHM down-regulated the level 
of matrix metalloproteinase 9 (MMP-9) protein but 
had little effect on the expression of MMP-2. Further 
investigation indicated that this reduction of MMP-9 
expression underlies the inhibitory effects of DHM on 
cell migration and invasion and that this decrease was 
associated with an increase in the total protein levels 
of PKC-δ and decrease in the protein phosphorylation 
levels of members of the MAPK signaling pathway.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most 
common cancers and the third leading cause of  cancer-
related deaths worldwide; approximately 700000 deaths 
due to HCC are reported annually[1,2]. The incidence of  
HCC has demonstrated a particularly dramatic increase in 
China. However, liver transplantation and surgical resec-
tion are limited treatment options for HCC. Chemopre-
vention is still an important approach to decreasing the 
mortality rate of  patients with liver cancer. Therefore, 
there is a special need to develop new agents with strong 
efficacy in the treatment of  HCC.

Cancer metastasis is a multistep process that accounts 
for more than 90% of  all cancer-related deaths[3,4]. Cancer 
invasion is an indispensable step in successful metasta-
sis, which involves the proteolytic degradation of  the 
extracellular matrix (ECM) and basement membrane of  
normal surrounding tissues[5]. Matrix metalloproteinases 
(MMPs), a family of  zinc-dependent proteolytic enzymes, 
can degrade various components of  the ECM and base-
ment membrane. Among MMPs, MMP-2 and MMP-9 
are believed to play a pivotal role in the degradation of  
laminin, type Ⅳ collagen and gelatin, components of  the 
ECM and basement membrane[6]. Additionally, high levels 
of  MMP-2 and MMP-9 expression have been shown to 
be related to inflammation, tissue repair, cancer progres-
sion, invasion, and metastasis[7]. Therefore, the inhibition 
of  cancer cell invasion and metastasis by some pharma-
cological agents can be partially attributed to the down-
regulation of  protein levels of  MMP-2 and MMP-9[8, 9].

Dihydromyricetin (DHM) is one of  many ac-
tive flavonoids that were reported to possess anti-

cancer activities[10,11]. DHM is also known as ampelopsin 
[(2R,3R)-3,5,7-trihydroxy-2-(3,4,5--trihydroxyphenyl)-
2,3-dihydro--chromen-4-one], and its chemical structure 
is shown in Figure 1A. DHM is one of  the active compo-
nents isolated from the classical Chinese herb Ampelopsis 
grossedentata. DHM was reported to have various pharmaco-
logical activities such as hepatic protection[12,13], antioxida-
tion[14,15], anti-inflammation[16] and hypoglycemic effects[17].

In addition, previous studies indicated that DHM 
could inhibit the growth of  xenograft tumors from the 
human lung cancer cell line GLC-82 in nude mice[18]. 
DHM sodium was reported to cause a cell cycle arrest 
and suppress the proliferation of  bladder carcinoma[19]. 
Moreover, DHM could reverse multidrug resistance in 
the human leukemia cell line K562/ADR by increas-
ing the intracellular accumulation of  chemotherapeutic 
drugs and inhibiting the efflux of  drugs mediated by 
p-glycoprotein[20]. In recent years, it has been reported 
that DHM can inhibit angiogenesis in hepatocellular car-
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Figure 1  Chemical structure of dihydromyricetin and cell viability after 
dihydromyricetin treatment. A: The chemical structure of dihydromyricetin 
(DHM); B, C: The effects of DHM treatment on cell viability of SK-Hep-1 (B) and 
MHCC97L (C) cells were tested by measuring cell proliferation. After the cells 
were treated with DHM in a concentration range from 0 to 100 μmol/L for 24 h, 
MTT assay was used to determine cell proliferation. The data showed DHM 
treatment at the indicated concentrations (0-100 μmol/L) did not apparently af-
fect cell proliferation (n = 6, Student’s t test).
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cinoma cells by down-regulating the expression and pro-
duction of  vascular endothelial growth factor and basic 
fibroblast growth factor[21,22]. The potential mechanisms 
of  its anti-cancer effects may be attributed to inhibiting 
cell proliferation, causing cell cycle arrest or apoptosis, 
or anti-oxidant and anti-angiogenesis activities. However, 
whether DHM can inhibit the migration and invasion of  
liver cancer cells remains vague and needs to be clarified.

In this study, human hepatocellular carcinoma SK-
Hep-1 and MHCC97L cells were used to elucidate the 
potential effects of  DHM on cell migration, adhesion, 
and invasiveness in vitro; the mechanisms underlying these 
activities were analyzed by Western blot to examine the 
expression levels of  endogenous MMP-2 and MMP-9 
and the possible roles of  DHM in the MAPK and pro-
tein kinase C (PKC)δ signaling pathways.

MATERIALS AND METHODS
Chemicals and reagents
DHM was purchased from Sigma-Aldrich Biotechnol-
ogy (St. Louis, MO, United States), dissolved in dimethyl 
sulfoxide (DMSO) at a concentration of  50 mmol/L as a 
primary stock solution and stored at -20 ℃ for less than 
three months. The purity of  DHM used in the present 
study was greater than 99.90%. The desired final concen-
trations of  DHM for cell treatment were obtained by dilu-
tion with the appropriate culture medium, and the final 
content of  DMSO was kept less than 0.3% throughout 
all experiments. Primary antibodies against PKC-δ, c-Jun 
N-terminal kinase (JNK), P-JNK, MMP-2, MMP-9, ex-
tracellular signal-regulated kinase (ERK1/2), p-ERK1/2, 
p38, and P-p38 were obtained from Cell Signal Technol-
ogy (Beverly, MA, United States). The secondary antibody 
was provided by Earthox (Cat: E030120-01) and used at a 
dilution of  1:3000. MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] was purchased from Sigma-
Aldrich Biotechnology (St. Louis, MO, United States). 

Cell lines and culture 
The human hepatic cancer cell lines SK-Hep-1 (human 
liver adenocarcinoma cells) and MHCC97L (human he-
patocellular carcinoma) were obtained from the Shanghai 
Cell Bank of  Chinese Academy of  Sciences and cultured 
in Dulbecco’s Modified Eagle Medium (DMEM) supple-
mented with 10% fetal bovine serum (FBS) (Gibco, 
United States), 100 U/mL penicillin and 100 mg/L strep-
tomycin at 37 ℃ in a humidified 5% CO2 incubator.

Cell viability assay
MTT assay was used to evaluate cell viability and the ef-
fects of  DHM treatment on the viability of  SK-Hep-1 and 
MHCC97L cells. Briefly, the cells were seeded at a density 
of  1 × 104 cells/well into 96-well plates. After 24 h of  
incubation, the cells were treated with various concentra-
tions (5, 10, 25, 50 or 100 μmol/L) of  DHM for 24 h at 
37 ℃ in a 5% CO2 incubator; untreated cells served as a 
control. Next, 20 µL of  MTT solution (5 mg/mL) was 

added to each well and the incubation was continued for 
4 h. The medium was subsequently removed, and 150 μL 
DMSO was added. The absorbance of  each well was mea-
sured at 570 nm with an automated spectrophotometric 
plate reader (PerkinElmer, United States).

Wound healing assay
The effect of  DHM on wound healing ability was exam-
ined in vitro as previously reported, with some modifica-
tions[23,24]. Briefly, the cells were plated in 6-well plates and 
grown to 80%-90% confluence. A wound was created in 
the adherent cells using a pipette tip. The cells were then 
washed twice with phosphate buffered saline (PBS) to 
remove cell debris and floating cells. After this, the cells 
were incubated in the absence or presence of  50 or 100 
μmol/L DHM for 12 or 24 h. The wounds were subse-
quently observed under an inverted microscope, and im-
ages covering the entire width of  the wounds were cap-
tured at various time points using a 10 × objective. The 
number of  cells was analyzed using Image J software via 
a tool named “analyze particles”. At least three randomly 
selected areas were assayed for each well. 

Cell motility assay
Cell motility was assayed in vitro as previously de-
scribed[25,26], with some modifications. A total of  1 × 
105 cells in 100 μL of  DMEM growth medium in the 
absence or presence of  50 or 100 μmol/L DHM were 
seeded into the top inserts (chambers) above porous 
polycarbonate membranes with a pore size of  8.0 μm; 
these inserts fit into the bottom wells of  the Boyden 
transwell system in 24-well plates (BD Biosciences). Sub-
sequently, 600 μL of  growth medium containing 10% 
FBS was added to the bottom wells. After incubation for 
24 h, the cells that passed through membrane into the 
bottom wells were fixed in 75% ethanol and then stained 
with hematoxylin and eosin (HE) solution. Subsequently, 
the cells in more than four fields of  each bottom well 
were randomly photographed and counted for each assay. 
The experiments were carried out three times, and the 
means and standard deviations of  numerous values were 
calculated.

Cell invasiveness assay
Cell invasion was measured in vitro using a method simi-
lar to the cell motility assay, except that the inserts were 
coated with Matrigel. Briefly, transwell inserts (chambers) 
were coated with 100 μL of  Matrigel (BD Biosciences) 
diluted with serum-free DMEM medium and placed in 
an incubator at 37 ℃ to solidify the Matrigel for 3-4 h. 
Subsequently, SK-Hep-1 cells were harvested, and the 
cell density was adjusted to 1 × 106 cells/mL. Similarly, 
the cell density of  MHCC97L was adjusted to 5 × 106 
cells/mL. Then, 100 μL of  cells suspended in DMEM 
growth medium in the absence or presence of  DHM 
was immediately added to each top insert above the 
polycarbonate membrane. Six hundred microliters of  
growth medium containing 10% FBS was added to the 
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μmol/L) for 24 h. Next, 90 μL of  medium was removed 
and added to 10 μL of  substrate working solution. This 
mixture was incubated for 18 h at 37 ℃ in a 5% CO2 
incubator; fluorescence was then measured using a mi-
croplate reader with a filter set for excitation/emission of  
320/405 nm.

Statistical analysis
The data are presented as mean ± SD. Statistical compar-
isons between two groups were performed using Student’
s t tests; the significance levels were defined as P < 0.05, 
P < 0.01 and P < 0.001.

RESULTS
DHM inhibits the migration of SK-Hep-1 and MHCC97L 
cells 
To evaluate the effects of  DHM on cell viability, MTT 
assays were used to analyze the effects of  DHM on the 
viability of  SK-Hep-1 and MHCC97L cells treated with 
various concentrations of  DHM. First, we tested the 
acute toxicity of  DHM at concentrations ranging from 
150 mg/kg (500 μmol/L) to 1.5 g/kg (5000 μmol/L) 
body weight in mice; we observed no significant effects 
at these doses on body weight or tissue morphology. Be-
cause body fluid only accounts for 60% of  body weight 
and taking bioavailability into account, we estimated that 
100 μmol/L DHM is a safe concentration. Second, we 
have demonstrated that DHM inhibits liver cancer cell 
(HepG2) proliferation and induces apoptosis at con-
centrations of  10-150 μmol/L[27]. Therefore, we used 
concentrations from 5 μmol/L to 100 μmol/L in this 
study. Our data showed that the viability of  SK-Hep-1 
and MHCC97L cells was not affected by treatment with 
DHM in a concentration range of  5 to 100 μmol/L 
(Figure 1B and C). Therefore, we carried out subsequent 
experiments in this concentration range. 

Wound healing assays were performed to deter-
mine the effects of  DHM on cell migration. When cell 
monolayers with 80%-90% confluence were scraped and 
treated without or with 50 and 100 μmol/L DHM for 12 
or 24 h, the untreated cells (control cells) migrated to the 
gap created by a pipette tip, whereas the cells that were 
treated with 50 or 100 μmol/L DHM did not migrate 
(Figure 2). These data clearly demonstrated that DHM 
can suppress the migration of  SK-Hep-1 cells and MHC-
C97L cells.

To further quantify the effects of  DHM on the mi-
gration of  SK-Hep-l and MHCC97L cells, we used the 
Boyden transwell system with porous polycarbonate 
membranes to determine cell motility. After SK-Hep-1 
cells were treated with 50 or 100 μmol/L DHM for 24 
h, the number of  SK-Hep-1 cells that passed through 
the membrane per field under an inverted microscope at 
100 × magnification was reduced from 122.71 ± 13.44 to 
75.13 ± 11.48 and 58.63 ± 11.26, respectively, compared 
with the control (Figure 3A and B). Similarly, the number 
of  migrated MHCC97L cells per field was reduced from 

lower chambers. After incubation for 24 h, the cells that 
invaded through the filter (membrane) to the bottom 
wells were fixed in 75% ethanol and then stained with 
HE solution. The cells in more than four fields of  each 
bottom well were randomly photographed and counted 
for each assay. The experiments were performed three 
times, and the means and standard deviations of  numer-
ous values were calculated.

Cell adhesion assay
The cell adhesion assays were carried out as previously 
reported[8], with some modifications. Each well of  96-well 
plates was coated with 10 μL of  fibronectin (RD systems, 
United States); the plates were then placed in an incuba-
tor to dry at 37 ℃ for two days and washed twice with 
PBS before use. After pre-treatment of  SK-Hep-1 and 
MHCC97L cells with 50 or 100 μmol/L DHM for 24 h, 
cells were harvested, and then they were resuspended in 
serum-free DMEM medium. One hundred microliters 
of  a cell suspension at a density of  5 × 105 cells/mL was 
added to each well, and the plates were incubated for 1 h. 
Subsequently, the growth medium and non-adherent cells 
were gently removed, and the adherent cells were counted 
using an MTT assay. The experiments were carried out at 
least three times.

Western blot analysis
After treatment with various concentrations of  DHM for 
24 h, the cells were harvested and lysed in lysis buffer (0.5 
mol/L Tris-HCl, pH 7.4, 1 mmol/L phenylmethylsulfo-
nyl fluoride (PMSF), 1.5 mol/L NaCl, 2.5% deoxycholic 
acid, 1% NP-40, 10 mmol/L ethylenediaminetetraacetate 
(EDTA), 1 mmol/L sodium orthovanadate, and protease 
inhibitor cocktail). After 30 min of  incubation on ice, 
total cell lysates were prepared by centrifugation at 4 ℃ 
for 10 min at 12000 × g. The supernatant containing 
the soluble protein was collected, and its concentration 
was determined using BCA assays (Beyotime, China). 
Equal amounts of  protein (30 μg) of  each sample were 
prepared, separated on 10% SDS-PAGE gels, and trans-
ferred to polyvinylidene difluoride (PVDF) membranes. 
The membranes were then blocked with 5% skim milk 
in 1 × TBST containing 0.1% Tween 20 for 1 h at room 
temperature and then incubated with primary antibod-
ies (such as MMP-2, MMP-9, p38, P-p38, ERK1/2, 
P-ERK1/2, PKC-δ, JNK and P-JNK) for 8-12 h at 4 ℃. 
The membranes were subsequently washed and then 
incubated with horseradish peroxidase-conjugated anti-
rabbit secondary antibodies for 1 h at 37 ℃. The bands 
were detected using an enhanced chemiluminescence 
reagent and system (Amersham Biosciences Corp., NJ, 
United States).

MMP-2/MMP-9 activity assay
The activity of  MM-2/MMP-9 was measured using a 
kit from Merck Millipore (CBA003). According to the 
manufacturer’s protocol, the cells were first treated with 
different concentrations of  DHM (0, 10, 50, or 100 
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Figure 2  Effect of dihydromyricetin on wound healing in vitro. Cell monolayers of 80%-90% confluence were scraped with a pipette tip and treated without or 
with 50 or 100 μmol/L dihydromyricetin (DHM) for 12 or 24 h. Wound healing was evaluated in photographs taken at the indicated time point by assaying the migration 
of cells into the wound. DHM treatment inhibited SK-Hep-1 (A, C) and MHCC97L (B, D) cell migration compared to the corresponding controls.
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119.56 ± 16.62 to 83.50 ± 11.98 and 67.45 ± 4.87, re-
spectively (Figure 3C and D). These results further con-
firmed that DHM significantly decreased the migration 
of  SK-Hep-1 and MHCC97L cells.

DHM inhibits cell invasion in vitro
It is well known that the basement membrane underlies 
epithelial and endothelial cell layers and acts as a dense 
meshwork, thereby providing a physical boundary and 
signaling substrate to orient cells through integrin-base 
adhesion[14]. Because the proteolytic disruption of  the 
basement membrane is a key step in the invasiveness 
and metastasis of  cancer cells, we used assays that were 
similar to the cell motility assays but added a Matrigel 
coating to the transwell chambers to mimic the basement 
membrane; these adapted transwell chambers were used 
to test the effects of  DHM on the invasiveness of  SK-
Hep-1 and MHCC97L cells. After incubation for 24 h 
in the presence of  50 and 100 μmol/L DHM, we found 
that the number of  cells that invaded through the Matri-
gel and membrane was decreased (Figure 4), whereas the 
control cells were strongly able to invade through the 
Matrigel and membrane. As shown in Figure 4A and B, 
the number of  SK-Hep-1 cells per field under an inverted 
microscope at 100 × magnification was decreased from 
69.6 ± 26.60 to 19.60 ± 5.59 and 7.80 ± 5.22 after treat-
ment with 50 and 100 μmol/L DHM for 24 h, respec-
tively, compared to the control. Similarly, the number of  
MHCC97L cells per field was decreased from 122.67 ± 
8.09 to 84.89 ± 5.16 and 44.22 ± 5.41, respectively (Figure 
4C and D). These results demonstrated that the invasion 
of  SK-Hep-1 and MHCC97L cells could be significantly 
suppressed by DHM treatment.

DHM inhibits cell adhesion in vitro
Cancer metastasis is a complex process involving cell 
migration, adhesion and invasiveness. Cancer cell adhe-
sion to the extracellular matrix or basement membrane 
is a crucial step during cancer invasiveness. Therefore, 
we determined the effect of  DHM on cell adhesion. 
The data demonstrated that pre-treatment of  SK-Hep-
1(Figure 4E) and MHCC97L (Figure 4F) cells with 
DHM for 24 h significantly inhibited cell adhesion. 
Fewer DHM-treated cells than control cells adhered to 
fibronectin, which indicates that the adhesion ability of  
SK-Hep-1 and MHCC97L cells was inhibited by DHM 
treatment.

DHM down-regulates MMP-9 rather than MMP-2
It is well-known that MMPs are the key enzymes for de-
grading the extracellular matrix; in particular, MMP-2 and 
MMP-9 are considered to play an important role in can-
cer invasion and metastasis[28]. We initially demonstrated 
that MMP2/9 activity was inhibited by DHM via fluo-
rescence analysis (Figure 5). Accordingly, to explore the 
mechanisms underlying the anti-invasive effect of  DHM, 
we examined MMP-2 and MMP-9 protein expression in 
SK-Hep-1 and MHCC97L cells. After incubation in the 
absence or presence of  DHM at various concentrations 
for 24 h, the cells were harvested, and the total protein 
was examined by Western blot. We found that the pro-
duction of  MMP-9 protein in SK-Hep-1 and MHCC97L 
cells was down-regulated by DHM in a concentration-
dependent manner. However, MMP-2 protein was not 
down-regulated in SK-Hep-1 and MHCC97L cells. 
(Figure 5A, B, D and E). These results demonstrated 
that DHM treatment could suppress the expression of  
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MHCC97L cells. Each experiment was carried out at least three times. bP < 0.01 vs control, Student’s t test.
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MMP-9 in SK-Hep-1 and MHCC97L cells but had little 
effect on MMP-2.

The down-regulation of MMP-9 is associated with the 
MAPK and PKC-δ  signaling pathways
To further study whether the inhibition of  MMP-9 ex-
pression by DHM occurs through the MAPK or PKC-δ 
signaling pathways, the total protein levels of  ERK1/2, 
p38, JNK, their phosphorylated forms, and PKC-δ pro-
tein were measured by Western blot. DHM treatment 
for 24 h had little effect on ERK1/2 expression in SK-
Hep-1 and MHCC97L cells. However, the phosphory-
lated forms of  ERK1/2 in SK-Hep-1 and MHCC97L 
cells were down-regulated by DHM in a concentration-
dependent manner. Moreover, DHM treatment markedly 

reduced P-p38, but p38 protein levels were constant. 
In addition, JNK levels were found to be decreased by 
DHM treatment in SK-Hep-1 and MHCC97L cells, and 
the phosphorylated forms of  JNK were significantly 
down-regulated in SK-Hep-1 and MHCC97L cells in a 
concentration-dependent manner. In addition, we found 
that DHM treatment for 24 h increased the expression of  
PKC-δ in SK-Hep-1 and MHCC97L cells in a concentra-
tion-dependent manner (Figure 5F-K). 

DISCUSSION
HCC is a highly malignant type of  solid tumor that is as-
sociated with frequent metastasis. Currently, there is no 
effective treatment for this malignancy[29]. Previous stud-
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ies have demonstrated roles of  MMPs in the migration, 
invasion and metastasis of  HCC[30,31]. The suppression of  
MMPs, including MMP-2/9, decreases cancer cell inva-
sion and migration. Accordingly, potential inhibitors of  
MMPs will undoubtedly be valuable in our attempts to 
treat HCC and other cancers.

DHM is one of  the principal pharmacological compo-
nents of  Ampelopsis grossedentata, which is a traditional Chi-
nese herb used to treat tinea corporis in south China[11,32]. 
Recently, a study demonstrated that DHM can inhibit the 
migration and invasion of  human prostate cancer and 
breast cancer cells and suppress lung metastasis of  pros-
tate cancer cells in mice[11]. In this study, we confirmed 
that DHM can significantly inhibit the migration and 
invasion of  the hepatocellular carcinoma SK-Hep-1 and 
MHCC97L cell lines. The inhibitory effects of  DHM 
cannot be attributed to a cell growth arrest, because 
DHM treatment in the tested concentration range (0-100 
μmol/L) for 24 h did not affect the viability of  SK-
Hep-1 and MHCC97L cells. However, previous studies 
showed that DHM could significantly suppress the pro-
liferation of  human HepG2 hepatic cancer cells[22] and 
LNCap and PC-3 human prostate cancer cells[23]. In this 
study, we found that DHM could significantly inhibit the 
adhesion of  SK-Hep-1 and MHCC97L cells to fibronec-
tin. Furthermore, we confirmed that DHM inhibited the 
adhesion of  SK-Hep-1 and MHCC97L cells to fibronec-
tin in a concentration-dependent manner. These results 
are consistent with previous findings that the adhesion 
ability of  B16 mouse melanoma cells treated with DHM 
was significantly decreased[33]. 

MMP-9 is an important enzyme in the degradation 
of  the extracellular matrix and basement membrane; 
MMP-9 therefore has a critical role in tumor invasion 
and angiogenesis[25,34]. Additionally, MMP-9 is highly 
expressed in various cancers and cancer cell lines, includ-
ing hepatocellular carcinoma cells, such as SK-Hep-1 
and MHCC97L cells. The suppression of  MMP activity, 
including MMP-9, is an important strategy to prevent 
cancer cell invasion[35,36]. In our study, we confirmed that 
DHM could significantly decrease MMP-9 expression 

in SK-Hep-1 and MHCC97L cells and that this effect is 
closely associated with inhibitory effects on cell migra-
tion, invasion and adhesion. Unexpectedly, the MMP-2 
protein remained constant after 24 h of  incubation with 
DHM. Our results demonstrated that DHM suppressed 
the invasion and migration of  SK-Hep-1 and MHCC97L 
cells directly through the MMP-9 pathway.

The MAPK signal pathways, including JNK, ERK1/2 
and p38 MAPK, play an important role in the regulation 
of  cancer invasion and metastasis[37]. MAPK pathways 
can coordinate the activation of  gene expression and 
regulate cell migration and invasion, exerting a profound 
effect on cancerous metastasis. It has been shown that 
MMP expression in cancers involves the activation of  
MAPK signal pathways[38]. Another study has indicated 
that JNK, ERK1/2 and p38 are all involved in the 
regulation of  MMP expression in skin fibroblasts[39]. To 
determine whether the down-regulation of  MMP-9 ex-
pression is associated with MAPK signal pathways, we 
assessed the effects of  DHM on JNK, ERK1/2, p38 and 
their phosphorylated forms. Our data demonstrated that 
DHM treatment could markedly decrease the phosphory-
lation level of  p38 but did not affect the level of  total 
p38 expression in SK-Hep-1 and MHCC97L cells. In ad-
dition, phosphorylated ERK1/2 was down-regulated by 
DHM treatment for 24 h in SK-Hep-1 and MHCC97L 
cells. The total cellular protein expression of  JNK in SK-
Hep-1 and MHCC97L cells was down-regulated after 
DHM treatment for 24 h, and P-JNK was also found to 
be reduced in a concentration-dependent manner. MAPK 
signal pathways contain the upstream kinases of  MMPs 
in SK-Hep-1 and MHCC97L cells. Our results suggest 
that the cooperation of  ERK1/2, p38 and JNK plays a 
crucial role in DHM-mediated cell migration and inva-
sion in SK-Hep-1 and MHCC97L cells. A previous study 
has demonstrated that the expression of  MMP-9 and 
MMP-2 was down-regulated by nm23-H1 protein, a tu-
mor metastasis suppressor[40,41]. Whether the mechanism 
of  DHM decreasing MMP-9 expression in SK-Hep-1 
and MHCC97L cells is associated with the up-regulation 
of  nm23-H1 remains to be clarified in the future. Other 

Figure 5  Effect of dihydromyricetin on matrix metalloproteinase-2/matrix metalloproteinase-9 expression and the signaling pathways upstream of matrix 
metalloproteinase (MMP)-9. SK-Hep-1 and MHCC97L cells were treated with or without dihydromyricetin at the indicated concentrations for 24 h. The cells were 
then collected and lysed in lysis buffer. The total cell lysates were examined by Western blot. Matrix metalloproteinase (MMP)-2 and MMP-9 protein expression was 
detected by Western blot in SK-Hep-1 (A, D) and MHCC97 L (B, E) cells after dihydromyricetin (DHM) treatment for 24 h. MMP2/9 activity was measured by fluores-
cence analysis (C). The levels of ERK1/2, p38, JNK, PKC-δ, p-ERK1/2, p-p38, and p-JNK in SK-Hep-1 (F) and MHCC97L (G) cells were also measured by Western 
blot assays. A bicinchoninic acid (BCA) assay was used to measure the protein concentration of each sample. DHM regulated p-ERK1/2 (H), P-p38 (I), p-JNK (J) and 
PKC-δ (K) levels in a concentration-dependent manner. bP < 0.01 vs control, Student’s t test.
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reports have shown that the inhibitory effect of  DHM 
on human prostate cancer PC-3 cell migration and in-
vasion was related to the down-regulation of  CXCR4 
protein level[11]. We speculate that DHM inhibits cell mi-
gration and invasion via different target genes in different 
cell lines.

PKC contains classical (α, βⅠ, βⅡ and γ) and novel 
(δ, ε, η and θ) isoforms. It was reported that PKC-δ 
plays a key role in MMP-9 induction through the Ras/
ERK pathway in MCF-7 cells[42]. Additionally, it has been 
demonstrated that there is a direct interaction between 
PKC-δ and the cytoskeleton[43]. The inhibition of  PKC-δ 
can diminish the TNF-α-induced secretion of  MMP-9 
in neutrophils[44] and decrease eosinophil migration, sug-
gesting an important role of  PKC-δ in actin reorganiza-
tion and the regulation of  cell motility[45]. In this study, 
we found that DHM increased PKC-δ expression in SK-
Hep-1 and MHCC97L cells in a concentration-dependent 
manner. 

The mechanism by which DHM regulates invasion 
and migration through the MMP-9 pathway appears to 
be complicated. Further studies should be carried out 
to explore the effects of  DHM on the enzymatic activi-
ties of  MMP-9 and the expression of  other MMP family 
members. In addition, a previous report indicates that 
the NF-κB and activator protein-1 binding sites in the 
MMP-9 promoter are involved in MMP-9 transcription 
in cancer cells[46]. Therefore, the transcriptional activity of  
MMP-9 should also be examined to confirm whether the 
DHM-mediated down-regulation of  MMP-9 is caused 
by a suppression of  the translocation of  NF-κB proteins 
to the nucleus and/or an inhibition of  its DNA binding 
sites to regulate the transcription of  MMP-9.

In conclusion, we found that DHM significantly inhib-
ited the migration and invasion of  human hepatocellular 
carcinoma SK-Hep-1 and MHCC97L cells by decreas-
ing MMP-9 protein expression. Moreover, the down-
regulation of  MMP-9 is associated with an increase in the 
level PKC-δ protein and the suppression of  the phos-
phorylation of  p38, ERK1/2 and JNK in SK-Hep-1 and 
MHCC97L cells. These results suggest that DHM has a 
strong anti-metastatic activity due to its ability to restrain 
the adhesion, migration and invasion of  cancer cells.
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