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Antiproliferative effect of the methanol extract
from the roots of Petasites japonicus on Hep3B
hepatocellular carcinoma cells in vitro and in vivo
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Abstract. Traditional medicinal plants have been used in
the treatment of various diseases for centuries. A number of
plant-derived compounds have been proposed as anticancer
agents and are currently undergoing medical development.
Petasites japonicus (PJ), also known as Butterbur, is a herb
cultivated in East Asia that is used as a traditional herbal medi-
cine. The aim of the present study was to investigate whether
a methanol extract of PJ demonstrated anticancer activity
against Hep3B hepatocellular carcinoma (HCC) cells. The
anticancer property and underlying mechanism of the extract
were evaluated by assessing the effect on cell viability, nuclear
morphology and the expression of phosphorylated (p)-mTOR,
p-Akt, B-catenin and p-glycogen synthase kinase-3[3, which
are markers for cancer cell proliferation and metastasis.
These results were obtained by the MTT assay, fluorescence
microscopy and Western blot analysis. The methanol extract
of PJ was shown to decrease the cell viability in a concentra-
tion-dependent manner. In addition, the methanol extract of PJ
was found to inhibit the growth of Hep3B HCC cells through
inhibiting the Akt/mTOR and Wnt signaling pathways. These
results suggest that the methanol extract of PJ exerts an anti-
cancer effect on Hep3B HCC cells.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common solid
tumor and a leading cause of cancer mortality worldwide. The
majority of HCC cases (80%) arise in Eastern Asia and Africa.
The risk factors of HCC include a high metastasis potential
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and tumor recurrence (1,2). Previously, several studies focused
on the factors involved in the molecular pathogenesis of HCC,
including p53, Ras/extracellular signal-regulated kinase, phos-
phatidylinositide 3-kinase (PI3K)/Akt and Wnt signaling (3-5).
The Wnt proteins and downstream molecules regulate multiple
processes that have a critical role in cancer cell development,
tumor growth, proliferation, differentiation and metastasis (6).
Previous studies have shown that aberrant activation of Wnt
signaling is associated with cancer development, as demon-
strated in cervical, colon and breast cancer cells (7,8). Upon
activation of the Wnt canonical signaling pathway, f-catenin
becomes phosphorylated at the Ser33/37 residue by glycogen
synthase kinase (GSK)-3p in the Axin complex, triggering
subsequent proteasomal degradation. 3-catenin translocates into
the nucleus, where the protein activates target genes coding for
proteins that are associated with cell proliferation (9). Several
studies have demonstrated that the phosphorylation of GSK3f
(inactive form) by Akt promotes angiogenesis, metastasis and
cell survival. In addition, the Akt/mTOR signaling pathway
has been shown to be associated with cell survival, and the
pathway has been found to be frequently activated in various
cancer cell types (10,11). Therefore, targeting the Akt/mTOR
and Wnt signaling pathways may be a promising approach in
the molecular therapy of cancer.

Petasites japonicus (PJ), also known as Butterbur, is
cultivated in Eastern Asia and is used as both a traditional
medicine and vegetable. Petasiphenol can be isolated from the
scapes of PJ, and has been shown to possess antimutagenic and
microbicidal activities (12). In addition, pyrrolizidine alka-
loids from the stalks of PJ have been shown to inhibit tumor
formation (13). PJ is also known for its anti-inflammatory and
antiallergenic effects (14,15). The roots of PJ are used in Korea
as traditional medicines to treat anodynia and as an antidote
for food poisoning. However, to the best of our knowledge,
there has been no systematic study investigating the bioac-
tivity of PJ. In particular, there are no studies in the literature
investigating the in vitro and in vivo anticancer properties of
PJ roots. Thus, it was hypothesized that the methanol extract
of PJ roots (PJE) may modulate molecular signaling pathways
and inhibit the proliferation of HCC cells.

In the present study, the effect of PJE on the rate of apop-
tosis and growth of Hep3B HCC cells was evaluated in vitro
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and in vivo. In addition, the underlying mechanisms were
investigated by analyzing the expression levels of key mole-
cules involved in the Akt/mTOR and Wnt signaling pathways.
The aim of the current study was to further the understanding
of the anticancer mechanisms of PJE and demonstrate that PJE
contains natural herb materials that may be used to develop
anticancer drugs. The active compounds responsible for the
cytotoxic effect of PJE require further investigation.

Materials and methods

Cell culture and reagents. Hep3B cells were obtained from
the American Type Culture Collection (Manassas, VA, USA).
Cells were grown in Dulbecco's modified Eagle's medium
(WelGENE, Seoul, Korea), containing 10% fetal bovine serum
(FBS) and 1% antibiotics (Gibco®, Invitrogen Life Technologies,
Grand Island, NY, USA), at 37°C in a 5% CO, incubator. The
3-(4,5-dimethylthiazol-2-yl)-2.5-diphenyltetrzolium bromide
(MTT) dye, and propidium iodide (PI) staining solution were
obtained from Sigma-Aldrich (St. Louis, MO, USA). BIO
and XAV 939 were obtained from Sigma-Aldrich (St. Louis,
MO, USA). Rapamycin and LY294002 were purchased from
Calbiochem (San Diego, CA, USA)

Preparation of the PJ extract and fractions. The dried roots of
PJ were purchased from Kapdang Co. (Seoul, Korea). In total,
50 g of the powdered root of PJ was extracted with 500 ml
methanol (95%) for 48 h. The extract solution was evaporated
to dryness under reduced pressure to yield the crude methanol
extract. Subsequently, the PJE was suspended in H,O and
partitioned successively with n-Hexane, ethyl acetate and
ethanol. Each extract was evaporated to dryness under reduced
pressure to yield the respective extracts.

Measurement of cell viability. Cells were seeded in 12-well
plates at 1x10° cells/ml and incubated with 0,50, 100,200 pg/ml
PJ for 24 or 48 h. The respective medium was removed, and
the samples were incubated with 20 ul MTT solution (5 mg/
ml) in phosphate-buffered saline (PBS) for 1 h. Converted
purple formazan dye from MTT was solubilized in dimethyl
sulfoxide, and the optical densities were measured using a
microplate reader (Bio-Rad, Hercules, CA, USA) at 595 nm.

Nuclear morphology. Cells were seeded in 12-well plates and
treated with PJE for 24 h at 50 or 100 xg/ml concentrations. The
cells were stained with Hoechst 33342 (Sigma, St. Louis, MO,
USA) for 30 min. Slides were washed with PBS, and mounting
fluid was poured over the slide. The slides were covered with a
cover slip and sealed with lacquer. Cells were observed under a
fluorescence microscope (Olympus Optical Co., Tokyo, Japan)
to assess any alterations in the nuclear morphology.

Apoptosis analysis. Cells were seeded in 60-mm plates at
1x10° cells/ml and incubated for 24 h. PJE was applied at
the indicated concentrations and the samples were incubated
for 24 h. The cells were subsequently harvested and resus-
pended with PBS. Apoptotic cells were identified using a
FITC-Annexin V Apoptosis Detection kit (BD Biosciences,
San Jose, CA, USA). The stained cells were analyzed by
fluorescence-activated cell sorting (BD Biosciences, San Jose,
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CA, USA) to determine the percentages of Annexin V-positive
cells.

Western blot analysis. Cells were seeded in six-well plates
(2x10° cells/ml) and were pretreated with the following inhibi-
tors for 30 min: 50 nM rapamycin, 10 nM LY294002, 3 uM
XAV 939 and 0.5 uM BIO. The cells were subsequently treated
with PJE for 24 h. Cells were washed with PBS and lysed with
radioimmunoprecipitation assay lysis buffer [SO mM Tris-HCl
(pH 8.0), 1% NP 40, 0.5% sodium deoxycholate, 150 mM NaCl
and 1 mM phenylmethylsulfonyl fluoride). Protein concentra-
tions were determined using the Bradford assay. All samples
were separated by sodium dodecylsulfate polyacrylamide gel
electrophoresis, and the proteins were transferred onto a nitrocel-
lulose membrane. The membrane was incubated overnight with
primary antibodies (dilution, 1:1,000) at 4°C. The membrane
was then incubated with secondary IgG antibodies (dilution,
1:10,000) conjugated to horseradish peroxidase at room temper-
ature for 90 min, and the proteins were visualized by enhanced
chemiluminescence (Intron Biotechnology, Inc., Seongnam,
Korea). The following antibodies were used: Polyclonal rabbot
anti-human phosphorylated (p)-mTOR (2971S), monoclonal
mouse anti-human p-Akt (4051S), polyclonal rabbit anti-human
p-GSK3p (9336S) and monoclonal rabbit anti-human total
form of B-catenin (9582S) were purchased from Cell Signaling
Technology (Danvers, MA, USA).

Animals. Eight nude mice (4-weeks-old) were obtained from
SLC (Tokyo, Japan). Of these, four mice made up the control
group and the other four mice made up the experimental group.
All mice housed in Hannam University Animal Research
Center. Hep3B cells (2x10° cells/ml) were subcutaneously
inoculated in four-week-old nu/nu mice at the left flank. After
one week, the experimental mice were treated with an injection
of PJE (30 g/g/day). The control group received daily injec-
tions with vehicle only (0.2 cc PBS). Tumor size was measured
in two perpendicular diameters using a caliper every three
days. The tumor volume was calculated using the following
formula: Volume = 1/2(length x width?). The body weight of
each animal was measured at a set time, once per week. All the
animal experiments were approved by the Ethics Committee
for Animal Experimentation of Hannam University (Daejeon,
Korea).

Statistical analysis. All the experiments were repeated at least
three times, and the results are expressed as the mean + stan-
dard deviation for each group. The Student's t-test was used to
evaluate statistical significance, where P<0.05 was considered
to indicate a statically significant difference. All analyses were
carried out using Microsoft Excel (Redmond, Washington,
USA).

Results

Cytotoxic effect of PJE on Hep3B cells. To determine the
cytotoxic effects on Hep3B cells, the methanol extract and
various fractions of PJ were applied at two concentrations
(50 and 100 pg/ml) for 24 and 48 h (Fig. 1A-D). PJE was
shown to be the most potent, inhibiting cell proliferation in a
dose-dependent manner. The ethanol fraction did not exhibit
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Figure 1. Antiproliferative effect of Petasites japonicus (A) n-Hexan fraction, (B) ethyl acetate fraction, (C) ethanol fraction and (D) methanol extract on
Hep3B cells. Hep3B cells were treated with different concentrations of the various fractions for different time periods, and the cell viability was detected using
an MTT assay. Results are expressed as the mean + standard deviation.
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Figure 2. PJE induces apoptosis in Hep3B cells. (A) Cells were treated with PJE for 24 h, stained with 10 M Hoechst 33342 and analyzed with fluorescence
microscopy. (B) Cells were treated with PJE for 24 h, and the apoptotic effects were analyzed using Annexin V-PI staining. PI, propidium iodide; PJE,
methanol extract of Petasites japonicus.

any antiproliferative activity. The results indicated that PTE by cell apoptosis, a staining procedure was employed that used
exerted an antiproliferative effect on Hep3B cells. the fluorescent DNA-binding dye, Hoechst 33342. As shown

in Fig. 2A, when treated with PJE at 100 pg/ml, an increased
PJE induces apoptosis in HCC cells. In order to determine  number of Hep3B cells formed apoptotic bodies when
whether the PJE-induced decrease in cell viability was caused = compared with the control cells. As shown in Fig. 2B and C,
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Figure 3. PJE impairs HCC cell growth through the inhibition of the Akt/mTOR and Wnt signaling pathway in vitro and in vivo. (A) With increasing concentra-
tions of PJE, the expression levels of p-mTOR, p-Akt, 3-catenin and p-GSK3f were shown to significantly decrease in the Hep3B cells. (B) PJE group exhibited
reduced tumor growth compared with the control group. (C) Western blot analysis of each tumor lysate at the end of the experiment. PJE, methanol extract of
Petasites japonicus; HCC, hepatocellular carcinoma; p, phosphorylated; GSK, glycogen synthase kinase.
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Figure 4. PJE suppresses HCC cell growth via the modulation of Akt/mTOR and 3-catenin/p-GSK3 activity. Cells were pretreated with inhibitors for 30 min,
and subsequently with PJE for 24 h. Effect of PJE following (A) pretreatment with LY294002 or rapamycin and (B) pretreatment with XAV 939 or BIO on the

expression levels of p-mTOR, p-Akt, 3-catenin and p-GSK3p in Hep3B cells. PJE, methanol extract of Petasites japonicus; HCC, hepatocellular carcinoma;
p, phosphorylated; GSK, glycogen synthase kinase.
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the number of Annexin V-positive cells increased markedly
following treatment with the high concentration of PJE.

PJE suppresses HCC cell growth in vitro and in vivo through
inhibiting the Akt/mTOR and Wnt signaling pathways.
Akt/mTOR and Wnt signaling pathways play a critical role
in the growth and survival of HCC cells. Therefore, whether
PJE inhibited the Akt/mTOR and Wnt signaling pathways
in Hep3B cells was investigated by analyzing the expression
levels of Akt, mTOR, B-catenin and GSK3f. As shown in
Fig. 3A, PJE suppressed the expression of -catenin and phos-
phorylated Akt, mTOR and GSK3p.

To investigate the therapeutic effects of PJE in vivo, mice
with implanted Hep3B tumors were injected subcutaneously
with PJE on consecutive days. As shown in Fig. 3B, changes
in the body weight and tumor size of the mice were moni-
tored. After the animals were sacrificed, the primary tumor
nodules were isolated. As shown in Fig. 3C, the expression
levels of (3-catenin, p-mTOR, p-Akt and p-GSK3p decreased
significantly in the PJE-treated group when compared with the
control group.

PJE reduces HCC cell growth through the inactivation of
Akt/mTOR activity or the Wnt signaling pathway. Western
blot analysis was used to clarify the mechanism by which
PJE-induced suppression of specific molecules mediates the
suppression of the Akt/mTOR or Wnt signaling pathways
in Hep3B cells. The results revealed that PJE significantly
suppressed the expression levels of p-mTOR, p-Akt, f-catenin
and p-GSK3p. In addition, pretreatment with rapamycin and
LY294002, which are specific inhibitors of mTOR and PI3K,
respectively, followed by PJE treatment, effectively reduced
the expression levels of 3-catenin and phosphorylated mTOR,
Akt and GSK3p (Fig. 4A). As shown in Fig. 4B, suppres-
sion of key molecules in the Wnt signaling pathway by PJE
led to decreased growth of HCC cells. In addition, -catenin
and p-GSK3p were suppressed further when simultaneously
treated with inhibitors such as XAV 939 or BIO, which are
specific inhibitors of B-catenin and GSK3f. These results
suggest that PJE may significantly suppress the expression
levels of p-mTOR, p-Akt, B-catenin and p-GSK3p.

Discussion

Phytotherapy refers to the use of herbal medicine in the
treatment of diseases. For hundreds of years, individuals
have used plants to treat infirmities worldwide. Currently,
traditional herbal medicine is a promising alternative to
chemotherapy, and science has opened the doors for basic
research in the field of phytomedicine. PJ has been used as
a traditional herbal remedy and food source. In addition,
previous studies have reported that PJ extract suppresses
the viability of various cancer cell types, including colon,
breast and cervical cancer (16-18). To the best of our knowl-
edge, the present study demonstrated for the first time that a
methanol extract of PJ roots exhibits anticancer activities in
HCC by modulating cellular molecular signaling pathways.
It was hypothesized that PJE suppressed cell proliferation
by inhibiting the Akt/mTOR and Wnt signaling pathways.
In cancer cells, a number of signaling pathways may be
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potential targets for anticancer therapy. Previous studies have
reported the frequency of Akt/mTOR and Wnt signal activa-
tion in cancer cells (19-21). In the canonical Wnt signaling
pathway, B-catenin translocates to the nucleus and binds to
T cell factor (TCF), which subsequently causes the phos-
phorylation of GSK3 and the transcription of oncogenes. The
B-catenin/TCF complex activates the transcription of genes
that promote cell growth, and has been found to be associated
with tumorigenesis (22,23). Akt functions partially through
the phosphorylation of GSK3a and 3, which in turn, regulates
cell metabolism. The phosphorylation of Akt at Ser473 results
in its activation and in elevated levels of p-mTOR (24). The
Akt/mTOR pathway regulates several cellular functions that
are critical for carcinogenesis, cell growth and mobility (25).
Thus, the Akt/mTOR and Wnt signaling pathways are poten-
tially important therapeutic targets for anticancer therapy. The
results of the present study demonstrated that PJE suppressed
cell proliferation in vitro by inhibiting the Akt/mTOR and
Wat signaling pathways. In addition, the in vitro data corre-
lated with the inhibition of tumor growth. Thus, the results
confirmed that PJE induces apoptosis and suppresses the
expression levels of p-mTOR, p-Akt, §-catenin and p-GSK3p.

In conclusion, to the best of our knowledge, the present
study was the first to isolate and screen material from PJ
and examine its potent anticancer activity. In vitro methods,
including a cell proliferation assay and cell cycle analysis, were
used to demonstrate that PJE induces apoptosis and suppresses
the Akt/mTOR and Wnt signaling pathways by reducing the
expression levels of B-catenin, p-Akt, p-mTOR and p-GSK3p.
In addition, the in vivo experiments further confirmed that
PJE suppressed the Akt/mTOR and Wnt signaling pathways.
Therefore, these observations highlight the potential value of
PJE as an anticancer agent.
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