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Tanshinone lI-A inhibits invasion and metastasis
of human hepatocellular carcinoma cells in vitro
and in vivo

Xu Yuxian', Tian Feng?, Li Ren?, and Liu Zhengcai?

'Department of Epidemiology, Faculty of Preventive Medicine, Fourth Military Medical University,
Xi‘an; 2Department of Urology, Chinese PLA 210th Hospital, Dalian, Liaoning Province;
3Department of Hepatobiliary Surgery, Xijing Hospital, Fourth Military Medical University, Xi‘an, China

ABSTRACT

Aims and background. Tanshinone II-A is an alcohol extract of the root of the tradi-
tional Chinese medicinal plant Salvia miltiorrhiza Bunge, whose effects and mecha-
nism in tumor metastasis are still unclear. The aim of this study was to investigate the
effects of tanshinone II-A on tumor invasion and metastasis in human hepatocellular
carcinoma (HCC) and its possible mechanism of action.

Methods and study design. The HCC cell lines HepG2 and SMMC-7721 were treated
with tanshinone II-A at different doses. Invasion and metastasis of tumor cells were
examined by in vitro and in vivo assays. The molecular mechanisms of tanshinone
II-A for inhibiting invasion and metastasis of HCC cells were investigated by Western
blot and gelatin zymography.

Results. Treatment with tanshinone II-A had inhibitory effects on the migration and
invasion of HCC cells. Increasing doses resulted in enhanced inhibitory effects. At 0.5
mg/L, the inhibitory effect was noticeable. At 1 mg/L, the inhibitory rate was 53.15%.
The inhibitory effect became stronger with time; among 24, 48, 72 and 96 hours of
treatment, the most significant effects were observed at 72 hours. Tanshinone II-A al-
so significantly inhibited in vivo metastasis of HepG2 cells. Tanshinone II-A inhibited
in vitro and in vivo invasion and metastasis of HCC cells by reducing the expression
of the metalloproteinases MMP2 and MMP9 and by blocking NF-kappa B activation.

Conclusions. Tanshinone II-A effectively inhibited invasion and metastasis of HCC
cells in vitro and in vivo, partly by inhibiting the activity of MMP2 and MMP9, and
partly via the NF-kappa B signal transduction pathway.

Introduction

Liver cancer is the sixth most common cancer worldwide and the third most common
cause of cancer-related mortality. It is an important public health problem throughout
the world, particularly in developing countries!. In China, hepatocarcinoma is one of the
most common causes of malignancy-related death?. Even in Western countries, the mor-
bidity of liver cancer is steadily increasing®*. Until now, systemic treatment of human he-
patocellular carcinoma (HCC) has not been effective in most cases, and its clinical ther-
apy is a major challenge. Despite efforts to improve its prognosis, the overall survival of
HCC patients is still unsatisfactory’. Increasing evidence shows that traditional Chinese
medicines can be considered potential drugs for cancer treatment. For example, Gin-
senoside Rg3 inhibits angiogenesis in Lewis lung carcinoma®%, invasion and metastasis
in intestinal adenocarcinomas and B16 melanoma”?, and proliferation of prostate can-
cer cells!?. Recently, reports showed that tanshinone II-A could reverse malignant phe-
notypes and inhibit the growth of the HCC cell line SMMC-77211%12,

Tanshinone II-A is an alcohol extract of the root of Salvia miltiorrhiza Bunge, a tra-
ditional Chinese medicine that is known to have antiinflammatory, antioxidative and
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cytotoxic activities>!3. It was shown that tanshinone II-
A could induce differentiation of a human cervical car-
cinoma cell line (ME180) and leukemia cells (NB4, HL60
and K562), and reverse the malignant phenotype of the
HCC cell line SMMC-7721 2111415 However, there have
been no studies on the inhibition of invasion and
metastasis by tanshinone II-A in hepatocarcinoma cells.
We used in vitro and in vivo methods to investigate the
effect of tanshinone II-A on the invasion and metastasis
of the human hepatocarcinoma cell lines HepG2 and
SMMC-7721.

Materials and methods

Cell culture and materials

The HCC cell lines HepG2 and SMMC-7721 were pro-
vided by the Shanghai Institute of Cancer Research?16.
The cells were maintained on cell plates at 37°C, 5% CO,
in DMEM (GIBCO) supplemented with 10% FBS, 100
units/mL penicillin and 0.1 mg/mL streptomycin.

Drugs and treatment

Tanshinone II-A was obtained from the Institute of
Traditional Chinese Medicine at a concentration of 96%.
It was dissolved in DMSO to a final concentration of 0.2
mL/L. The solution was filtered through a 0.22-pm mi-
cropore filter and stored at 4 °C, then diluted further in
cell culture medium?. HepG2 and SMMC-7721 cells
were seeded in flasks or dishes. The tanshinone II-A
group was treated with different doses (0.25, 0.5, 1.0, 1.5,
2mg/L) for 24, 48, 72 and 96 hours. The negative control
group was treated with an equal concentration of DM-
SO. The cells were measured over 96 hours of treatment.

In vitro invasion assay

Cell invasion assays were performed as described pre-
viously!'” using Transwells (8-um pore size, Corning
Costar Corp.). A 50-pg aliquot of matrigel solution was
placed on the lower surface of a polycarbonate filter and
incubated at 37 °C for 2 hours to produce an artificial
basement membrane. After rinsing with PBS, the filters
were placed into wells, and 600 uL of DMEM containing
10% bovine serum was added to the lower compart-
ment. HepG2 or SMMC-7721 cells, either with or with-
out tanshinone II-A at different doses, were added to the
upper compartment of the chamber (100 uL serum-free
DMEM containing 5x10* cells), and 600 pL of condi-
tioned medium was added to the lower chamber. After
24-hour, 48-hour, 72-hour and 96-hour incubations,
cells were removed from the upper surface of the filter
with a cotton swab; the cells that had invaded into the
bottom surface of the filter were fixed with methanol
and stained with hematoxylin. The invasive ability was
determined as the number of penetrating cells seen un-
der a microscope at 200x magnification in 10 random
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fields per well. Each experiment was performed in trip-
licate.

In vitro migration assay

The in vitro migration assay was performed as previ-
ously described!” using Transwells (8-um pore size,
Corning Costar Corp.) without matrigel, and was similar
to the invasion assay. HepG2 or SMMC-7721 cells were
suspended at 2x10*/mL. The incubation time was 24
hours. Each experiment was performed in triplicate.

Wound-healing assay

For monolayer wound-healing assays, a total of 2x10°
cells were collected and plated in a 12-well plate. At
100% confluence, 2 parallel wounds of 1 mm were made
using a pipette tip. Wound size after 24 hours was meas-
ured using Zeiss LSM Image Browser software, version
3.1, in 3 independent experiments.

In vivo orthotopic implantation in nude mice

Male athymic BALB/c nu/nu mice were obtained
from the Shanghai Institute of Materia Medica, Chinese
Academy of Science. Nude mice were handled using
best humane practices and were cared for in accor-
dance with the NIH Animal Care and Use Committee
guidelines. Human HCC tumor models were estab-
lished by orthotopic inoculation as described previous-
ly'®19, A left upper abdominal pararectal incision was
made under anesthesia. The left lobe of the liver was ex-
posed and part of the liver surface mechanically in-
jured with scissors. A piece of HepG2 tumor tissue (size,
2mm x 2 mm x 2 mm) was fixed within the liver tissue,
the wounds were closed primarily and the abdominal
wall was closed. Nude mice bearing orthotopic
xenografts were randomized into a control group CO (0
g/kg/d) and intervention groups C1 (1.5 g/kg/d), C2 (4.5
g/kg/d) and C3 (13.5 g/kg/d), with stepwise increased
doses of tanshinone II-A. Daily intragastric administra-
tion of tanshinone II-A was performed for 5 consecutive
weeks, beginning 24 hours after orthotopic implanta-
tion. Five weeks later, the mice were sacrificed. The lung
tissues were observed visually, and the number of visi-
ble tumors on the lung surface were counted. Lung tis-
sues were prepared as serial sections before being HE
dyed and observed under a light microscope. Each ex-
perimental group contained 10 mice.

Gelatin zymography

Gelatin zymography analysis was performed as de-
scribed?’. HepGz2 cells were grown in SFCM for the re-
quired time period. To obtain conditioned SFCM con-
taining matrix metalloproteinases MMP2 and MMP9 as
standards, HepG2 cells were grown in SFCM for 24
hours. The culture supernatant was collected by cen-
trifugation. Gelatinases were separated from the SFCM
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using Gelatin Sepharose 4B beads and shaking
overnight at 4 °C. The beads were washed 3 times with
Tris-buffered saline with 0.02% Tween-20 (TBST) and
suspended in 50 mL of 1X sample buffer (0.075 g Tris, 0.2
g SDS in 10 mL water, pH 6.8) for 30 minutes at 37°C.
The extract was then subjected to zymography on 7.5%
by sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) co-polymerized with 0.1% gel-
atin. Gels were washed in 2.5% Triton-X-100 for 30 min-
utes to remove SDS and incubated overnight in reaction
buffer (50 mM Tris-HCI pH 7, 4.5 mM CaCl2, 0.2 M Na-
Cl). After incubation, gels were stained with 0.5%
Coomassie Blue in 30% methanol and 10% glacial acetic
acid. The bands were visualized by destaining the gel
with 30% methanol and 10% glacial acetic acid.

Preparation of nuclear extract

After treatment, cells were harvested and washed
twice with ice-cold PBS, and resuspended in 1 mL of the
same buffer. Nuclear extracts were prepared on ice as
previously described?!. After centrifugation at 13,000
rpm, the cell pellet was suspended in ice-cold buffer (10
mM HEPES, 1.5 mM MgCl2, 0.2 mM KCl, 0.2 mM
phenylmethylsulphonylfluoride, 0.5 mM dithiothreitol),
vortexed for 10 seconds and centrifuged at 13,000 rpm
for 5 minutes. The nuclear pellet was washed in 1 mL
buffer (20 mM HEPES, 25% glycerol, 0.42 M NaCl, 1.5
mM MgCl2, 0.2 mM EDTA), resuspended in 30 mL
buffer, rotated for 30 minutes at 4 °C, then centrifuged
for 20 minutes. The supernatant was used as a nuclear
extract. The nuclear extracts were analyzed for protein
content using the Bradford assay.

Western blot analysis

Protein extraction and immunoblot analyses were
performed as described!’. Cells were washed twice with
Hanks’s balanced salt solution and lysed in RIPA buffer
[50 mM Tris-HCI pH 7.4, 1% (v/v) Triton X-100, 1 mM
EDTA, 1 mM leupeptin, 1 mM phenylmethylsulfonyl
fluoride, 10 mM NaF 1mM NazVO,]. The lysates were
centrifuged at 14,000 rpm for 30 minutes at 4 °C and the
supernatants were collected. To detect the expression of
secreted, active MMPs in the supernatant, 10 mL of con-
ditioned medium was concentrated 100-fold in 10 kDa
microcentrifuge concentrators (Millipore). Cell lysate
(60 pg) or supernatant proteins (10 pg) were separated
by SDS-PAGE, blotted onto nitrocellulose membranes
and incubated with the following primary antibodies:
mouse monoclonal anti-MMP2 and anti-MMP9 (dilut-
ed 1:300; Santa Cruz Biotechnology), anti-NF-kB p65
(diluted 1:1000, Santa Cruz Biotechnology). and mouse
monoclonal anti-f-actin (diluted 1:5000; Sigma Chemi-
cal Co.) overnight at 4 °C. After repeated washing, the
membranes were incubated with horseradish-peroxi-
dase-conjugated anti-mouse secondary antibody (San-
ta Cruz Biotechnology) diluted 1:2000. The bands were
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visualized using the enhanced chemiluminescence
(ECL) system (Amersham Pharmacia Biotech). Each ex-
periment was performed in triplicate.

Statistical analysis

Stastical analysis was performed with the Kruskal-
Wallis rank test, and the Mann-Whitney U-test was used
to calculate P values and compare differences in im-
munohistochemistry data. Assays for characterizing cell
phenotypes were analyzed by Student’s t-test. The SPSS
statistical software package (SPSS Inc., Chicago) was
used to analyze data. Differences were considered sta-
tistically significant at P <0.05.

Results

Tanshinone II-A inhibits in vitro invasion
and metastasis of HCC cells

The HCC cell lines HepG2 and SMMC-7721 are known
to have invasive abilities, as demonstrated by penetra-
tion of a matrigel-coated transwell in an in vitro inva-
sion assay. They metastasize in vivo to the lung rather
than other organs after orthotopic implantation in nude
mice. Since invasive and migratory potentials are com-
mon features in the process of tumor metastasis, we in-
vestigated the influence of tanshinone II-A on the inva-
sive and migratory abilities of HCC cells using an in vit-
ro invasion and migration assay. We found that tanshi-
none II-A had inhibitory effects on the invasive and mi-
gratory ability of HepG2 and SMMC-7721 cells in a
dose- and time-dependent manner (Tables 1 and 2). As
shown in Figure 1, tanshinone II-A induced marked,

Table 1A - Number of invasive HepG2 cells after treatment
with tanshinone II-A

Tanshinone II-A (mg/L)

Time (h) 0 0.25 0.5 1 1.5 2

24 26 +6 23+4 18+4 165 13+4 11+3
48 38+4 35+9 27+6 175 165 14zx6
72 57 +9 50+11 35+8 26+8 208 17+x6
96 62+5 58 +8 39+6 305 267 21x5

Table 1B - Number of invasive SMIMC-7721 cells after treat-
ment with tanshinone II-A

Tanshinone II-A (mg/L)

Time (h) 0 0.25 0.5 1 1.5 2

24 317 276 213 19+4 17+6 14+4
48 48+6 437 366 27 7 22+4 197
72 7176 665 41=x9 36+9 279 235
96 79+8 75+x13 50x12 40=+7 3127 254
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Table 2A - Number of migratory HepG2 cells after treatment
with tanshinone II-A

Tanshinone II-A (mg/L)

Time (h) 0 0.25 0.5 1 1.5 2

24 56+9 506 437 305 25+x5 206
48 78+ 6 74 +9 68+5 41+11 35+x6 28+6
72 97+12 91«8 76+9 49x9 42+9 32+8
96 115+11 103+14 84+6 58%6 49+9 375

Table 2B - Number of migratory SMMC-7721 cells after treat-
ment with tanshinone II-A

Tanshinone II-A (mg/L)

Time (h) 0 0.25 0.5 1 1.5 2
24 71+8 64 +5 55+8 38+9 33+4 279
48 98 +7 92+12 77+11 467 42+7 34+7
72 121+13 109+14 88=+15 557 50+9 37+9
96 134+10 126+8 95+10 61=+9 54+6 41x5
60 B0 mg/L
B 0.25 mg/L
50 B 0.5 mg/L
B1mgL
40 B1.5mg/L
02 mg/L

30

20

Number of invasive cells

10

HepG2

SMMC-7721

Figure 1 - Effects of tanshinone II-A on invasion by hepatocarcinoma
cells. A representative experiment of 3 with similar results is shown.
After 48 hours of incubation with 0.25, 0.5, 1.0, 1.5 and 2 mg/L tan-
shinone II-A, the invasive ability was evaluated by counting cells that
invaded through a transwell with matrigel and an 8-ym pore mem-
brane. *P <0.05 and ** P <0.01 vs cells without treatment.

dose-dependent inhibition of the invasion abilities of
HepG2 and SMMC-7721 cells. At 0.5 mg/L, an inhibito-
ry effect was noticeable, while at 1 mg/L the inhibitory
rate was 53.15%, with an average inhibition rate of
48.15% compared with the control group at 48 hours.
Similar results were observed in in vitro migration as-
says. Tanshinone II-A significantly inhibited migration
of HepG2 and SMMC-7721 cells in a Boyden chamber
assay without matrigel, with an average inhibition rate
of 48.15% compared to the control group at 24 hours.
The results were also similar in the wound-healing assay
(Figure 2A and 2B). The inhibitory effect became gradu-
ally stronger over time, with time points taken at 24, 48,
72 and 96 hours. The most significant effect was ob-
served at 48 hours (Table 2). Both in vitro invasion and
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Number of migratory cells

1 mg/L

0 mg/L 0.5 mg/L 2 mg/L

Figure 2 - Effects of tanshinone II-A on migration by hepatocarcino-
ma cells. A representative experiment of 3 with similar results is
shown. A) After 24 hours of incubation with 0.25, 0.5, 1.0, 1.5 and 2
mg/L tanshinone II-A, the migratory ability was evaluated by count-
ing cells that migrated through an 8-ym pore membrane in a tran-
swell. *P <0.05 and **P <0.01 vs cells without treatment.
B) The migratory ability of HepG2 was evaluated by a wound-
healing assay after 24 hours of incubation with 0, 0.5, 1.0, and 2
mg/L tanshinone II-A.

migration assays suggested that tanshinone II-A had the
potential to inhibit HCC metastasis.

Tanshinone II-A inhibited in vivo metastasis
of HCC cells

An in vivo orthotopic implantation assay in nude
mice was used to examine the inhibiting effects of tan-
shinone II-A on in vivo metastasis of HepG2 cells. Com-
pared to the control group, tanshinone II-A significant-
ly inhibited lung metastasis of liver cancer after ortho-
topic implantation of HepG2 tumor tissue (Table 3). The

Table 3 - Number of visible tumors on the lung surface of
mice treated with different doses of tanshinone II-A

Dose Number of
Group (g/kg/d) lung metastases P value
co 0 14 x5
(@] 1.5 12+4 P >0.05
2 4.5 9+4 P <0.05
(] 13.5 6+3 P <0.01

Tanshinone IIA treatment for 5 weeks at the indicated dose. The
lung tissues were observed visually, and the number of visible tu-
mors on the lung surface were counted.
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tumor inhibition rates in the C2 and C3 groups were
35.71% and 57.14% (Figure 3, both P <0.05). Both the in
vitro invasion assay and the in vivo nude mice assay
suggested that tanshinone II-A could inhibit hepatocel-
lular carcinoma metastasis.

Regulation of MMP2 and MMP9 by tanshinone II-A
in invasion by HCC

Extracellular matrix (ECM) degradation is an essential
step in tumor invasion and metastasis, and is mainly
mediated by metalloproteinases such as MMP2 and
MMP9?223, We therefore examined the effect of tanshi-
none II-A on the expression of MMP2, MMP9 and uPA
in HCC cells. Western blotting and gelatin zymography
showed that expression of MMP2 and MMP9 proteins in
the cytoplasm (inactive form, 92 kDa) and supernatant
(active form, 86 kDa) of HepGz2 cells was downregulated

A 60
x50
g 40|
2 30
2 20
IS
o
0 ' ' !
0 1.5 45 13.5
Tanshinone (g/kg/d)
B

4.5 (g/kg/d)

Figure 3 - Effects of tanshinone II-A on the metastatic ability of
HepG2 cells in nude mice. A) Inhibition by tanshinone II-A of metas-
tasis of HepG2 cells in nude mice. An in vivo metastasis model was
made by orthotopic implantation of HepG2 tumor tissue into the liv-
ers of nude mice. Experimental and control groups consisted of 10
mice each. Groups were treated with tanshinone II-A at 0 g/kg/d, 1.5
g/kg/d, 4.5 g/kg/d and 13.5g/kg/d, respectively. Four weeks later, the
mice were sacrificed. The number of visible tumors on the lung sur-
face was counted. *P <0.05 vs the control group without tanshinone
1I-A. B) Serial sections of lung tissues were HE dyed and observed un-
der a light microscope.
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by tanshinone II-A in a time- and dose-dependent man-
ner (Figure 4). Levels of the f-actin loading control were
similar for all samples, and SMMC-7721 cells gave simi-
lar results. Taken together, these results suggested that
the inhibiting effect of tanshinone II-A on metastasis of
HCC cells was at least partially mediated by downregu-
lation of MMP2 and MMP9 proteins, which normally
cause ECM degradation.

Involvement of NF-kB in the effects of tanshinone 1I-A
on HCC

Previous studies showed that expression of MMPs can
be induced during hyperglycemia via the activation of
transcription factors such as NF-kB2*. The phosphoryla-
tion of p65, a major subunit of NF-«B, leads to translo-
cation to the nucleus, which is required for transcrip-
tional activation. We investigated p65 levels in the nu-

A 0 05 {1 2 Tanshinone (mg/L)
66kDa [ \I\P2

72kDa [ Pro-MMP2
86kDa N \IMP9

o2koa NN Fro-MMPO

B 24 48 72 96 Time (hs)
66kDa [ \IVIP2

I Pro-MMP2
I \MPY
. Pro-MMPY
I ot

72kDa
86kDa
92kDa
45kDa

C 0 05 1 2
86kDa

Tanshinone (mg/L)
MMP9

66kDa MMP2

Figure 4 - The effect of tanshinone II-A on MMP2 and MMP9 in he-
patocarcinoma cell lines. A representative experiment of 3 with sim-
ilar results is shown. The expression of MMP2 and MMP9 in the cy-
toplasm, and the active forms of MMP2 and MMP9 in the super-
natant were evaluated by Western blot. B-actin was used as an in-
ternal control. A) After 48 hours of incubation with 0, 0.5, 1.0 and 2
mg/L tanshinone II-A, the levels of MMP2 and MMP9 in hepatocarci-
noma cells decreased dose-dependently compared to cells without
treatment (P <0.05), as indicated by the ratio of MMP2/actin and
MMP9/actin. B) After 24, 48, 72 and 96 hours of incubation with 1
mg/L tanshinone II-A, the levels of MMP2 and MMP9 in hepatocarci-
noma cells decreased time-dependently (P <0.05). B-actin was used
as internal control. C) HepG2 cells were pre-cultured in serum-free
medium treated with tanshinone II-A (0, 0.5, 1, 2 mg/L) for 24 hours.
The activities of MMP2 and MMP9 were determined by gelatin zy-
mography on the cell supernatants.
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cleus of HCC cells after treatment with tanshinone II-A.
As shown in Figure 5, translocation of NF-«B in the nu-
clear fractions of HepG2 was significantly and dose-de-
pendently decreased by treatment with tanshinone II-A.

Discussion

HCC is a malignant tumor with a high worldwide
death rate. Fifty-five percent of HCC cases are in China
alone. In Europe, the mortality from primary liver can-
cer increased 4-fold for men and 2-fold for women be-
tween 1979 and 1994*24, and there was a 41% increase in
the mortality rate over the past 2 decades in the United
States3. HCC is one of the most prevalent cancers in Asia
and Africa?®. More than 70% of patients are not candi-
dates for surgical treatment at the time of HCC diagno-
sis, and systemic treatment is often not effective. Even
in patients undergoing curative resection, postopera-
tive metastasis and recurrence remain major obstacles
for further survival?6. Most patients are of middle or ad-
vanced age when diagnosed. Therefore, finding a new
therapy for mid- and late-stage hepatocarcinoma from
traditional Chinese medicine may expand our under-
standing of this disease and develop new therapeutic
drugs.

Tanshinone II-A is an alcohol-extracted product from
the root of the traditional Chinese medicine plant Salvia
miltiorrhiza Bunge. Althrough previous reports showed
that it could induce apoptosis and inhibit the prolifera-
tion of some kinds of tumors?, its effect on metastasis of
HCC and the mechanisms are not fully known. In the
present study, we provide evidence that tanshinone II-A
can effectively suppress invasion and metastasis of he-
patocarcinoma in in vitro assays. Further, we examined
the mechanisms of the inhibiting effects of tanshinone
II-A. Previous studies showed that invasion and metas-
tasis of solid tumors require the action of tumor-associ-
ated proteases, which promote the dissolution of the
surrounding tumor matrix and the basement mem-
brane?’. MMPs play an important role in that process in
carcinomas?®3!, In this study, we observed the relation-
ship between tanshinone II-A treatment and MMPs. We
found that tanshinone II-A treatment could reduce the
levels of MMP2 and MMP9 proteins. Downregulation by

0 0.5 1 2 Tanshinone (mg/L)

Figure 5 - The effect of tanshinone II-A on NF-kB p65 in hepatocarci-
noma cell lines. A representative experiment of 3 with similar results
is shown. The expression of p65 in the nucleus was evaluated by
Western blot. f-actin was used as internal control.
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tanshinone II-A of MMP2 and MMP9 could reduce
degradation of the ECM and basement membrane and
the subsequent mobilizing of growth factors that pro-
mote survival, cell migration and invasion32. Thus, in
vitro evidence demonstrated that tanshinone II-A sig-
nificantly inhibited invasion of HCC cells, at least partly
by downregulating the protein expression of MMP2 and
MMP9.

NF-kB exists in the cytoplasm bound to an inhibitory
protein, I-kB. Upon stimulation, it acts as an inducible
transcription factor by forming homodimers or het-
erodimers with proteins of the NF-kB family, including
p65, p50/p105, p52/p100, RelB, and c-Rel?!. Previous
work showed that NF-kB activation is associated with
the expression of MMPs and human aortic smooth
muscle cell (HASMC) migration3?. When NF-kB was ac-
tivated by stimulating phosphorylation, I-kB was de-
graded3*35. Activated NF-«B is translocated into the nu-
cleus, leading to transcriptional expression of genes as-
sociated with cellular metastatic properties?!. In this
study we evaluated the effect of tanshinone II-A on
phosphorylation of the p65 subunit during NF-xB acti-
vation. We found that p65 phosphorylation was altered,
which might lead to a decrease in translocation in a
dose-dependent manner by treatment with tanshinone
II-A. A limitation of this study is the relative high
dosages of tanshinone II-A required to observe anti-
cancer effects. This is just a preliminary study and fur-
ther optimization of tanshinone II-A through trials de-
termining adequate dosage in cell and animal models is
required. It could be that this compound may serve as a
lead compound to generate drugs that would work at
lower doses, but only if it is chemically appropriate for
this compound.

In summary, we found that tanshinone II-A could sig-
nificantly inhibit in vitro invasion and metastasis of
HCC cells, at least in part by downregulating the protein
expression of MMP2 and MMP9. These activities may be
partly mediated by blocking NF-«kB activation. We be-
lieve that tanshinone II-A could be a prospective highly
effective anticancer drug with low toxicity that could
lead to a therapeutic drug for HCC.
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