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A Torilis japonica extract exerts anti-proliferative
activities on the US7MG human glioblastoma cell line
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Abstract. Torilis japonica is a wild biennial herb and has
been used as a traditional medicine for the treatment of
inflammation, skin disease and impotence. Here, we studied
the effects of a T. japonica extract on the proliferation of the
U87MG human glioblastoma cell line. The extract inhibited
cell proliferation in a dose- and time-dependent manner,
as determined using the MTT assay. We next investigated
the molecular mechanisms underlying its anti-proliferation
properties by examining cell cycle progression and cell death.
T. japonica extract induced S-phase cell cycle arrest and inhib-
ited the expression of cell cycle-regulatory proteins, including
cyclin A, cyclin-dependent protein kinase 2 and E2F1. The
extract also induced apoptotic cell death as evaluated by
nuclear morphology and flow cytometry using Annexin-V/
PI dual staining. Furthermore, Western blot analysis showed
that apoptotic cell death was mediated by both mitochondria-
independent and caspase-dependent pathways. Together, our
findings indicate that the 7. japonica extract contains bioac-
tive compounds with anti-cancer effects. These materials may
be useful in the chemotherapy of human glioblastoma.

Introduction

Glioblastomas are the most common primary brain tumors and
arise from the transformation of astrocytes or glial precursors
(). The most common and aggressive form of glioblastoma is
glioblastoma multiforme (GBM). Patients with GBM usually
have a short survival time, with 2-year survival rates of only
6% (2). Despite many therapeutic developments, including
surgery, radiation therapy and chemotherapy, glioblastoma
patients continue to have a dismal prognosis (3).

Several lines of evidence indicate that bioactive ingre-
dients in natural plant extracts may be effective against
glioblastomas. A Hemsleya amabilis extract inhibited tumor
cell growth and colony formation, and induced apoptotic cell
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death in astrocytomas (4). Elemene isolated from Rhizoma
zedoariae exhibited anti-proliferative and apoptotic effects on
glioblastoma cells of the C6 and SHG-44 lines (5). A lipid-
soluble extract of Angelica sinensis inhibited proliferation
of the GBM 8401 glioblastoma cell line and had an in vivo
anti-cancer effect (6). Triptolide, derived from Tripterygium
wilfordii, inhibited cell growth and both the p53-independent
and mitochondria-dependent apoptotic cell death pathways
in the glioblastoma lines U251MG and U87MG. This extract
also reduced Ras/Erk levels and lowered the activity of the
Ras/Akt signaling pathway (7.8).

Torilis japonica is a biennial herb widely found in Eastern
Asia. Its fruits have been used as a traditional medicine for
the treatment of inflammation, skin disease and impotence
(9). The major component of T. japonica is torilin, a sesquit-
erpene compound. Recently, it has been found that torilin has
various pharmacological activities, including analgesic, anti-
inflammatory, anti-angiogenic and hepatoprotective effects.
Furthermore, torilin inhibits testosterone Sa-reductase (10-13).
However, the anti-cancer effects, if any, of T. japonica extract
on glioblastoma cells has not been studied.

In the present study, we found that 7. japonica extract
significantly reduced US7MG cell proliferation in a dose- and
time-dependent manner. We also investigated the molecular
mechanisms underlying these anti-proliferative activities.

Materials and methods

Preparation of T. japonica extract. Dried fruits of T. japonica
were purchased from the Kyungdong oriental medicine market
in Seoul, Korea. Dried fruit (100 g) was extracted with 99.8%
methanol (1 1) for 72 h at room temperature, and the extract
was concentrated by rotary evaporation. The extract was
next partitioned using ethyl acetate and water (1:1). The ethyl
acetate phase was further partitioned employing hexane and
90% methanol (1:1). The 90% methanol phase was evaporated
to dryness and the residue dissolved in dimethyl sulfoxide
(DMSO; Sigma-Aldrich, St. Louis, MO, USA).

Cell culture. The human glioblastoma cell line US87MG was
cultured in Dulbecco's modified Eagle's medium supple-
mented with 10% fetal bovine serum, 100 U/ml penicillin and
100 pg/ml streptomycin (all from Hyclone, South Logan, UT,
USA) and was incubated at 37°C in a humidified incubator
under 5% CO,.
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Cell proliferation assay. USTMG cells (3x10%) were plated in
the wells of 96-well plates. After a 24-h incubation, the cells
were treated with various concentrations of 7. japonica extract
(0-100 pg/ml) for the indicated times. After incubation, 10 ul
MTT solution (5 mg/ml) (Sigma) was added to each well and
the cells were further incubated for 4 h at 37°C. Next, 100 pl
of isopropyl alcohol dissolved in 5% 1 N HCIl was added to
solubilize formazan crystals. Absorbance was measured using
a SpectraMax Plus®* microplate reader (Molecular Devices,
Sunnyvale, CA, USA). The DMSO concentration never
exceeded 0.5%.

Cell cycle analysis. U8TMG cells were plated into tissue
culture dishes 100 mm in diameter at a density of 2x10°
cells/dish and treated with the indicated concentrations of
T. japonica extract for 48 h. Cells were harvested by trypsini-
zation, washed with ice-cold PBS and fixed in 70% ethanol for
20 min. Fixed cells were stained with a propidium iodide (PI)
solution (PBS containing 50 zg/ml PI, 10 yg/ml RNase A and
3.8 mM sodium citrate) at 4°C for 20 min. Flow cytometry
was performed using a FACSCanto (BD Biosciences, San
Diego, CA, USA). Data from 10,000 cells per sample were
collected and analyzed.

Nuclear morphology study. USTMG cells were plated on
coverslips at a density of 5x10° cells/coverslip and treated
with T. japonica extract (10 pug/ml). After a 48-h incubation,
cells were fixed in 4% paraformaldehyde for 10 min and
nuclei were stained with 10 xg/ml Hoechst 33258 (Sigma) for
20 min. Nuclear morphology was observed by fluorescence
microscopy (BX-50; Olympus, Tokyo, Japan).

Flow cytometry with Annexin-V/PI dual staining. USTMG
cells (2x10° cells/dish) were plated on culture dishes 100 mm
in diameter and treated with the indicated concentrations of
T. japonica extract for 60 h. Next, the cells were fixed in 70%
ethanol for 20 min. Annexin-V/PI dual staining was performed
using the Annexin-V-FITC Apoptosis Detection kit I (BD
Biosciences), according to the manufacturer's protocol.
Samples were analyzed by FACSCanto flow cytometry. Data
from 10,000 cells per sample were collected and analyzed.

Western blot analysis. USTMG cells were plated into tissue
culture dishes 100 mm in diameter at a density of 2x10° cells/
dish and treated with the indicated concentrations of 7. japonica
extract for 48 h. Cells were next lysed in PBTX buffer (PBS
containing 5 mM MgCl,, | mM EDTA and 0.1% Triton X-100)
also containing protease inhibitors (5 pg/ml aprotin, 10 xg/ml
leupeptin, 2 pg/ml pepstatin A and 2 mM phenylmethylsul-
fonyl fluoride) for 1 h with constant rocking at 4°C. Total cell
lysate was collected after centrifugation at 12,000 rpm at 4°C
for 10 min. Cell lysates were run on 8-12% SDS-PAGE gels
and transferred to PVDF membranes (Westran S; Whatman,
Florham Park, NJ, USA). Membranes were blocked for 1-2 h at
room temperature with 5% non-fat dry milk and incubated with
antibodies against cyclin A, cyclin-dependent protein kinase 2
(cdk2), E2F1, Bax, Bcl-2, caspase-3, caspase-7, caspase-8,
poly (ADP-ribose) polymerase (PARP)-1/2 (all at a 1:500
dilution) (all antibodies were from Santa Cruz Biotechnology,
Santa Cruz, CA, USA), or a-tubulin (1:2,500 dilution; Upstate
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Figure 1. Effect of T. japonica extract on the proliferation of US7MG cells.
Cells were treated with the 7. japonica extract at various concentrations for
different times, and cell death was evaluated using the MTT assay. The data
are the average + SE of values from three independent experiments.

Biotechnology, Temecula, CA, USA). Membranes were next
incubated with the appropriate secondary antibodies, either a
goat anti-mouse IgG horseradish peroxidase (HRP) conjugate
(1:5,000 dilution) or a goat anti-rabbit IgG HRP conjugate
(1:25,000 dilution; both from Zymed, Carlsbad, CA, USA),
for 1 h at 25°C, and bands were visualized with the aid of an
enhanced chemiluminescence detection kit (West-Zol®; Intron
Biotechnology, Sungnam, Korea).

Results

Effect of T. japonica extract on the proliferation of the human
glioblastoma cell line US7MG. To investigate the effect of
T. japonica extract on US7TMG proliferation, cells were treated
with 0-100 pg/ml of T. japonica extract for the indicated times
and cell proliferation rates were determined using the MTT
assay. Fig. 1 shows that the extract inhibited cell proliferation
in a dose- and time-dependent manner. The median effective
doses (ECs, values) of the extract were 175.3,78.6 and 59.6 ug/
ml at 24, 48 and 72 h, respectively.

Effect of T. japonica extract on cell cycle progression. Next,
the basis of the anti-proliferative activity of the extract was
investigated. U§7MG cells treated with the indicated concen-
trations of extract for 48 h were stained with PI and subjected
to flow cytometry analysis. Application of extract increased
the proportion of cells in the S-phase and reduced the propor-
tions in the G1- and G2/M-phase compared to control cells
(Fig. 2A). To determine the mechanisms of extract-induced
cell cycle arrest, Western blot analysis was performed using
antibodies against S-phase cell cycle regulatory proteins,
including cyclin A, cdk2 and E2F1. The expression levels of
these proteins were decreased in a dose-dependent manner
upon treatment with extract (Fig. 2B). These results indicate
that 7. japonica extract arrests cell cycle progression in the
S-phase in US7MG cells.

Effect of T. japonica extract on apoptotic cell death. To
investigate the effect of the extract on the apoptotic cell death
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Figure 2. Effect of T. japonica extract on cell cycle progression in U§7MG
cells. Cells were incubated with the indicated concentrations of 7. japonica
extract for 48 h. (A) Cells were stained by PI and next analyzed by flow
cytometry. (B) Cells were subjected to Western blot analysis using antibodies
against S-phase cell cycle-regulating proteins, including cyclin A, cdk2 and
E2F1. a-tubulin was used as an internal control.

of U8TMG cells, cells were treated with the extract prior to
staining with Hoechst 33258. As shown in Fig. 3A, nuclear
condensation was evident at an extract dose of 10 ug/ml after
48 h of treatment, suggesting that apoptotic cell death was
occurring. To confirm the apoptosis-promoting potential of
the extract, cells were treated with extract at the indicated
concentrations for 60 h, and then Annexin-V/PI dual staining
was performed followed by flow cytometry. The dot plot shows
non-apoptotic liver cells in the lower left quadrant (Annexin-
V-negative/Pl-negative), apoptotic cells in the lower right
quadrant (Annexin-V-positive/PI-negative) and late apoptotic or
necrotic cells in the upper right quadrant (Annexin-V-positive/
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PI-positive). The proportion of apoptotic cells was increased
in a dose-dependent manner upon the addition of extract (Fig.
3B). To investigate the mechanism of extract-induced apoptosis,
cells were treated with extract at the indicated concentrations
for 48 h, and then Western blotting was performed using
antibodies against apoptosis-related proteins. It is known that
a reduction in the expression ratio of the Bcl-2/Bax proteins
indicates mitochondrial dysfunction (14). We found that the
Bcl-2/Bax ratios in treated cells did not differ significantly
from the control value (Fig. 3C), suggesting that the extract
did not cause mitochondrial dysfunction in U87TMG cells.
Caspases are activated by a mitochondria-independent death
receptor signaling pathway or by mitochondria-dependent cyto-
chrome c release (15). Of the various caspases, caspase-8 relays
the signal from a death receptor to other caspases, including
caspase-3 and -7. Treatment with extract activated caspase-3, -7
and -8, suggesting that the extract induces apoptotic cell death
through both death receptor-mediated and caspase-dependent
signaling pathways (Fig. 3C). Additional evidence for caspase
involvement was the cleavage of PARP, observed upon caspase
activation. Treatment of US87MG cells with extract resulted
in the formation of the characteristic PARP-derived 85 kDa
protein fragment in a dose-dependent manner (Fig. 3C).

Discussion

In the present study, we focused on the anti-proliferative
activity of a T. japonica extract and the molecular mechanisms
thereof, using the human glioblastoma cell line US7MG.
Treatment with 7. japonica extract significantly inhibited the
proliferation of U87MG cells in a dose- and time-dependent
manner. The application of extract induced S-phase cell cycle
arrest by reducing the expression levels of cell cycle-regulating
proteins. Additionally, the extract induced apoptosis via the
mitochondria-independent and caspase-dependent signaling
pathways. These results indicate that 7. japonica extract
potently inhibits US7MG cell proliferation by inducing both
cell cycle arrest and apoptosis.

The cell cycle is regulated by complexes of cyclins and
cdks (16). Cyclin A, a member of the cyclin family (a group
of proteins involved in the control of cell cycle progression),
binds to cdk2 and is required if a cell is to progress through
the S-phase, during which time chromosomes are replicated
by DNA polymerase (17). The cyclin A/cdk2 complex phos-
phorylates retinoblastoma protein, which in turn activates
the E2F1 transcription factor involved in the expression of
genes required for DNA synthesis and cell cycle progression
(18,19). As shown in Fig. 2, T. japonica extract significantly
downregulated the expression of cyclin A, cdk 2 and E2F1 in
a dose-dependent manner, suggesting a possible explanation
for the observed S-phase cell cycle arrest.

Mitochondria-dependent apoptosis is accompanied by a
change in the levels of the expression of Bcl-2 family members.
Increased synthesis of pro-apoptotic proteins (including
Bax and Bak) and reduced expression of anti-apoptotic
proteins (including Bcl-2 and Bcl-xL) activate the release of
cytochrome ¢ from mitochondria into the cytosol (20-22).
As shown in Fig. 3C, T. japonica extract did not alter Bcl-2
or Bax expression levels, suggesting that the extract induces
apoptosis via a mitochondria-independent mechanism.
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Figure 3. Apoptosis induced in U87MG cells by a T. japonica extract. (A) Cells were incubated either with or without 10 xg/ml of extract for 48 h and stained
with Hoechst 33258. Arrows indicate cell nuclei with condensed chromatin. Scale bar, 50 ym. (B) US7MG cells were treated with the indicated concentrations of
T. japonica extract for 60 h, stained with Annexin-V/PI and analyzed by flow cytometry. (C) Cells were incubated with the indicated concentrations of 7. japonica
extract for 48 h and subjected to Western blotting using antibodies against apoptotic cell death-related proteins. a-tubulin was used as an internal control.

Caspases are broadly divided into two groups: initiator
caspases (caspase-2, -8, -9 and -10) and effector caspases
(caspase-3, -6 and -7). Initiator caspases induce apoptosis
using a death receptor-mediated signal transduction pathway.
The activation of initiator caspases results in downstream
signaling, leading to the activation of effector caspases (23).
Caspases cleave various endogenous cellular substrates and
induce the morphological and biochemical features of apop-
tosis, including cell shrinkage, DNA fragmentation, chromatin
condensation and membrane blebbing (22,24). In the present
study, treatment with 7. japonica extract increased initiator
and effector caspase activation in U87MG cells, suggesting
that apoptosis was induced via the death receptor mechanism.

In conclusion, we present possible pathways by which the
T. japonica extract induced anti-proliferative activity in the

human glioblastoma U87MG cell line. The extract prohibits
S-phase cell cycle progression via down-regulation of proteins
that control the cell cycle. T. japonica extract also caused
mitochondria-independent and caspase-dependent apoptosis.
When the present results are supplemented with in vivo
experimental data on the anti-tumor effect of the T. japonica
extract, it may be possible to use the extract as a promising
therapeutic agent directed against human glioblastomas.
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