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A B S T R A C T

Metastasis is responsible for the great majority of deaths in cancer patients. Matrix metalloproteinases (MMPs)
have critical functions in cancer metastasis. Especially, MMP-2 and MMP-9 play a major role in tumor-cell
migration and invasion. Therefore, to first find out the inhibitory effect of eupatilin on expression of MMPs in
SNU182 cells, we used quantitative real-rime PCR to measure MMP-2 and MMP-9 mRNA levels. Eupatilin
suppressed transcription of MMP-2 in SNU182 cells more than did the corresponding controls. Also, eupatilin
significantly blocked tube formation when treated with a concentration of 3.125 or 6.25 μg/mL on human
umbilical vein vascular endothelial cells (HUVECs). Eupatilin induced significant anti-angiogenic potential as-
sociated with down-regulation of hypoxia-inducible factor 1-alpha (HIF-1α), vascular endothelial growth factor
(VEGF), and phosphorylated Akt expression. Thus, tube-formation inhibition and MMP-2-mediated migration
are likely to be important therapeutic targets of eupatilin in hepatocellular carcinoma metastasis.

Hepatocellular carcinoma (HCC) is one of the most malignant can-
cers and the third leading cause of cancer-related deaths in the world.1,2

The primary cause of HCC death is metastasis, and it is urgent to un-
derstand the mechanism of HCC metastasis and to improve the effec-
tiveness of current treatment medications. Despite the development of
treatments such as transplantation, surgery, and carotid embolization,
the prognosis of advanced HCC is still very poor, and the management
of HCC remains a significant challenge for physicians.3

Invasion of tumor cells is necessary for tumor establishment and
migration. Invasiveness is an active process in which cancer cells pass
through the anatomical boundary between tissue components, and in
this process, degrading the extracellular matrix (ECM) is required.4

Matrix metalloproteinases (MMPs) degrade ECM components as a zinc-
dependent endopeptidases family. Also, the activity of the MMPs family
is an important factor associated with HCC metastasis. Collagenases
MMP-2 and MMP-9, also known as type IV collagenases, are the major
enzymes for collagen degradation and removal of extracellular matrix
molecules in the extracellular matrix and basement membrane.5 Ab-
normal expression of MMP-2 and MMP-9 is associated with multiple

stages of tumor growth, vascular invasion, tumor progression, and
metastasis.6

Angiogenesis is a cancer feature that is essential for supplying
oxygen and nutrients to all proliferating tumor cells.7 Tumor cells se-
crete a variety of growth factors that form blood vessels at the tumor
site because of tissue stimulation, which is mainly induced by vascular
endothelial growth factor (VEGF).8

Eupatilin (5,7-dihydroxy-3,4,6-trimethoxyflavone, Fig. 1(A)) is an
active ingredient of the oriental herb Artemisia asiatica Nakai and is
widely used for the treatment of gastritis and peptic ulcers. Eupatilin
has shown various pharmacological activities of anti-oxidation, anti-
inflammation, and cyto-protection.9,10 Actually, eupatilin has been re-
ported to ameliorate gastric mucosal injury, cerulein-induced pan-
creatitis, and dextran sulfate sodium-induced colitis and reflux eso-
phagitis.11 In animal models of liver disease, eupatilin has protected
against hepatic fibrosis induced by dimethylnitrosamine and liver da-
mage by acetaminophen or carbon tetrachloride.12 The therapeutic
effect of eupatilin can be involved in anti-apoptotic effects in hepato-
cytes, unlike apoptosis in other cells.13 However, little is known about
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the effects of eupatilin on metastasis.
We performed this study to investigate the anti-metastasis activity

of eupatilin and to elucidate its underlying mechanisms. We in-
vestigated the effects of various concentrations of eupatilin and cis-
platin on the proliferation of HepG2 cells by using an MTT assay.
Eupatilin (≥98% purity, Fig. 1(A)) was prepared from an ethanolic
extract of A. asiatica as reported previously.10 As shown in Fig. 1(B),
eupatilin inhibited the proliferation of HepG2 cells in a dose-dependent
manner. Eupatilin inhibited the viability of HepG2 cells by 43.24% at a
concentration of 200 μM. Cisplatin inhibited the viability of HepG2 cells
by 38.84% at a concentration of 40 μM (Fig. 1(C)). However, the an-
ticancer effect was so weak we could not measure the value of IC50

when the high concentrations of the two compounds were treated,
because HepG2 cells are resistant to toxicity.

Next, we used SNU hepatocellular carcinoma-cell lines to confirm
the effect on metastasis. SNU hepatocellular carcinoma-cell lines (such
as SNU 182 cells) have proven valuable in carcinogenicity studies on
the development of hepatocellular carcinoma.14 Prior to investigating
the anti-metastatic effect of eupatilin, we examined the cytotoxicity of
eupatilin in SNU182 cells. As shown in Fig. 2(A and B), eupatilin did
not affect cell viability for 48 h at concentrations up to 20 μM. There-
fore, 20 μM eupatilin was used for the following experiments. MMPs
have critical functions in cancer metastasis. Especially, MMP-2 and
MMP-9 play a major role in tumor cell migration and invasion.15,16

Therefore, to measure the inhibitory effect of eupatilin on expression of
MMPs in SNU182 cells, we did quantitative real-rime PCR to measure
MMP-2 and MMP-9 mRNA levels. As shown in Fig. 2B, the levels of the
MMP-2 mRNA were decreased more than in untreated control cells,
after incubation with eupatilin in SNU182 cells. In contrast, there were
no changes in MMP-9 mRNA expression following the treatment with
eupatilin.

MMP-2 and -9 have similarity as type IV collagenase, however there
are differences; MMP-2 is expressed constantly in most normal cells
including fibroblasts, keratinocytes, vascular endothelial cells, chon-
drocytes, monocytes, and osteoblasts in vitro, and it is also normally
present in serum. However, MMP-9 is expressed constantly in poly-
morphonuclear leukocytes, and expression by TPA (12-O-tetra-
decanoylphorbol-13-acetate), growth factors, cytokines in normal ker-
atinocytes.17,18 According to the previous report, MMP-2 is strongly
positive in gastric cancer, but not over-expressing in precancerous le-
sions. Conversely, MMP-9 is overexpressed not only in gastric cancer
but also pre-cancerous polyp and it may be involved as an early con-
tributor to cancer.19 Therefore, further study is needed to confirm that
eupatilin does not participate in the inhibition of MMP-9 expression.

In the following study, we conducted an experiment on angiogenesis
using HUVECs to confirm the effect of the blood vessels on metastasis.
The angiogenesis process is completed by the proliferation, migration,
tube formation and differentiation into vascular forms of vascular

Fig. 1. The cytotoxic effect of eupatilin in HepG2
hepatocarcinoma cell line. (A) Chemical structure of
eupatilin. (B) Cytotoxic effect of eupatilin in HepG2
cells, which were treated with indicated concentra-
tions of eupatilin for 24 h. Cell viability was mea-
sured by using an MTT assay and is represented by
the percentage of control. (C) Cytotoxic effect of
cisplatin in HepG2 cells, which were also exposed to
the indicated concentrations of cisplatin, as a posi-
tive control, for 24 h. The graph shows the percen-
tage of cell viability compared with that of the
control. Data are expressed as means ± s.e.m.
Similar results were obtained in three independent
experiments; *p < 0.05 compared to the control
value.
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Fig. 2. The effect of eupatilin on MMP2 and MMP9
mRNA expression in SNU-182 cells. (A) Cytotoxic
effect of eupatilin in SNU182 cells, which were
treated with the indicated concentrations of eu-
patilin for 24 h. Cell viability was measured by using
an MTT assay and is represented by the percentage
of control. (B) SNU182 cells were treated with the
indicated concentrations of eupatilin for 24 h. The
expression of MMP2 and MMP9 mRNA in SNU182
was detected using RT-PCR analysis. The relative
mRNA expression was quantitatively analyzed and
is represented by fold-increases compared with
control. Data are expressed as means ± s.e.m.
Similar results were obtained in three independent
experiments; *p < 0.05 compared to the control
value.

Fig. 3. The effect of eupatilin on a tubule formation
in HUVEC cells. (A) HUVEC cells were treated with
the indicated concentrations of eupatilin for 24 h,
and cell viability was measured using an MTT assay.
The graph indicates the percentage of viable cells.
(B) Representative images for tubule formation were
photographed after the exposure to the indicated
concentrations of eupatalin and 1.6 μM shikonin
(positive control). (C) The length of tubes was
measured using the Image J soft and is represented
by the percentage of tubule formation compared
with control. Data are expressed as means ± s.e.m.
Similar results were obtained in three independent
experiments; *p < 0.05 compared to the control
value.
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endothelial cells.20 A method of verifying the inhibition of angiogenesis
in the development of new blood vessels is vascularization of vascular
endothelial cells on Matrigel containing various growth factors.21 Tube
formation was examined as reported previously with some modifica-
tion.22,23 As shown in Fig. 3A, eupatilin inhibited HUVECs proliferation
in a dose-dependent manner. Treatments with up to 6.25 μM of eu-
patilin had no effect on the HUVECs, whereas treatment with
12.5–100 μM decreased cell viability. The effect of a nontoxic dose
(3.125 and 6.25 μM) of eupatilin and 1.6 μM shikonin (positive control)
on HUVEC tube formation is shown in Fig. 3(B and C). Representative
tube images are shown (Fig. 3B); eupatilin at a concentration of 3.125
or 6.25 μM significantly blocked tube formation (Fig. 3C). Compared
with the control, 14.08% inhibition of tube formation was achieved
with 3.125 μM eupatilin, 24.77% inhibition with 6.25 μM eupatilin, and
31.77% inhibition with 1.6 μM shikonin, respectively.

HIF-1α is a constitutive protein of hypoxic-specific transcription
factor, which induces mass induction in a hypoxic state, and expresses
genes related to red blood-cell production, angiogenesis, and glucose
metabolism in order to maintain the oxygen homeostasis in the
cells.24,25 Also, the process of angigenesis begins when endothelial cells
are stimulated by angiogenic factors.26 The expression of Akt is known
to be an important protein involved in the mechanism of angiogenesis.
These roles are involved in such angiogenic processes as endothelial-
cell proliferation, migration, and tube formation, and are known to
regulate angiogenic factors, such as VEGF and bFGF.27,28 Previously,
experiments related to angiogenesis have demonstrated that eupatilin

inhibits angiogenesis, but the question of what mechanism causes it is
not yet resolved. Western blot, preparation of cell lysates, supernatant
collection and protein quantification were performed as previous stu-
dies with minor modification.29 Fig. 4A is a photograph of the elec-
trophoresis of the Western blot analysis we obtained. Fig. 4B shows the
levels of HIF-1α, VEGF, phosphorylated-Akt (p-Akt), and Akt. As shown
in Fig. 4B, the Western blot analysis showed that the expressions of HIF-
1α (0.83 ± 0.02 and 0.84 ± 0.02-fold at 3.125 and 6.25 μM, respec-
tively), VEGF (0.88 ± 0.01 and 0.69 ± 0.01-fold at 3.125 and
6.25 μM, respectively), and p-Akt (0.82 ± 0.02 and 0.80 ± 0.02-fold
at 3.125 and 6.25 μM, respectively) were lower in the cells treated with
eupatilin than in the control. In particular, eupatilin reduced the VEGF
activation value by 31% at the level of 6.25 μM.

In conclusion, we confirmed the toxic effect of eupatilin in liver-
cancer cells and confirmed the decrease in the level of MMP-2 mRNA
after incubation with eupatilin in SNU182 cells. Eupatilin also inhibited
tube formation through down-regulation of HIF-1α, VEGF, and Akt in
HUVECs. Thus, tube-formation inhibition and MMP-2 mediated mi-
gration are likely to be important therapeutic targets of eupatilin in
HCC metastasis.
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