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Torilis japonica extract, a new potential EMT suppressor
agent by regulation of EGFR signaling pathways
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Abstract. Abnormal metastasis of carcinoma is associated with
the loss of epithelial features and the acquisition of a mesen-
chymal phenotype. The stimulation of cells with epidermal
growth factor (EGF) resulted in morphological changes
and induced epithelial-mesenchymal transition (EMT).
EGF stimulation resulted in increased mobility along with
upregulated actin polarization related proteins, E-cadherin
regulators and the mesenchymal markers. Treatment with
Torilis japonica extract (TJE) along with stimulation by
EGF prevented changes in cell morphology, mobility, expres-
sion of actin polarization proteins and EMT markers. Using
specific inhibitors and siEGFR, it was demonstrated that TJE
suppressed EMT through EGFR inactivation and regulation
of its downstream signaling pathways. We suggest that TJE is
a new potential reagent for EGFR-targeted therapy and anti-
abnormal metastasis in MCF-7 breast cancer.

Introduction

Epithelial-mesenchymal transition (EMT) is a biological
process that allows a polarized epithelial cell to undergo
biological changes that enable it assume a mesenchymal cell
phenotype, for example, invasion, migration, and increased
production of metastasis related components. A general
character of EMT is degradation of the underlying basement
membrane and the formation of a mesenchymal cell that can
migrate from its origin, which is the epithelial layer. EMT is
associated with implantation, embryo formation, and organ
development, and it has the ability for wound healing and
tissue regeneration (1-4); however, in case cells have under-
gone genetic and epigenetic changes such as an overexpressed
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oncogene or over-activation of growth factor receptors, EMT
occurs excessively and these effects lead to abnormal metas-
tasis (5-7).

A representative example of this phenomenon is abnormal
metastasis of cancer cells. Induction of EMT by cancer cells is
driven through the complex interplay between the tumor envi-
ronment and cells (8). Some growth factors can promote EMT
by triggering of specific intracellular signaling pathways, and
this is closely associated with EGF, VEGF and TGF (9,10).
Especially, activation of epidermal growth factor receptor
(EGFR) by EGF may play significant roles in cancer EMT
(11-13). A main point of these signaling events is the loosening
of the E-cadherin mediated cell to cell interaction that results
from the expression of several transcriptional repressors such
as Snail, Slug, Twist, and Zinc finger E-box binding homeobox
(ZEB) (14-17). It has been reported previously that cells show
an increase in mesenchymal markers such as vimentin and
N-cadherin in case of a change in phenotype during the EMT
process (18,19). Furthermore, cancer cells committed to EMT
exhibit increased mobility by the activation of cell polariza-
tion related proteins such as VEGF and p-VASP (10,20-23).
Blocking this process would be a therapeutic strategy to limit
abnormal metastasis of cancer cells.

A number of studies have investigated the beneficial effects
of diet on cancer prevention. In particular, the finding in recent
studies that cancers that were often seen in Western countries,
such as breast cancer or stomach cancer, are now frequently
diagnosed in eastern countries is thought to reflect a change
in dietary patterns (24,25). For this reason, there has been
an increase in using food ingredients for the prevention and
treatment of cancer. In particular, attention has been paid to
herbs that are used in eastern medicine. Recently research has
found that herb medicines are effective in inhibiting cancer
proliferation and invasion and have fewer side-effects than
existing drugs (26,27).

In this study, we investigated a specific herb for anti-metas-
tasis in MCF-7 breast cancer cells. The fruit of Torilis japonica
is used as a substitute for ‘She chuang zi’, which is a principal
Chinese medicament prescribed as an anti-allergenic, anti-
fungal, antibacterial and sedative agent. In addition, several
books state that this herb is effective against tumors; however,
these effects have not been examined scientifically (28,29).
Consequently, we investigated an ethanol extract from the fruit
of Torilis japonica (TJE) and showed that it suppresses EGFR
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phosphorylation and its downstream proteins. In addition,
despite EGF-stimulation, TJE treated groups showed induced
E-cadherin expression levels and reduced metastasis-related
proteins such as VEGF and p-VASP. Also TJE repressed
expression of EMT markers. Taken together, the results show
that TJE suppresses cell polarity and loss of cell-cell contact
for the inhibition of abnormal metastasis.

Our results indicate that TJE is a new potential food ingre-
dient for EGFR-targeted therapy for anti-abnormal metastasis
in MCF-7 breast cancer cells.

Materials and methods

Plant material and preparation of TJE. Dried whole fruit
of Torilis japonica was purchased from Na-num Pharmacy
(Na-num Pharmacy, Kyung-buk, Korea). Plant material
(200 g) was extracted two times with 95% ethanol at room
temperature for 3 days and was subsequently filtered. The
combined filtrate was concentrated under vacuum at 60°C, and
completely dried by freeze drying. The yield was 10% and TJE
powder was dissolved in DMSO for in vitro studies.

Reagent. MTT and Phalloidin, EGF, PD 98059, LY 294002
are purchased from Sigma-Aldrich (Sigma-Aldrich, St. Louis,
MO, USA). Avastin are purchased from Roche (Roche Applied
Science, Basel, Switzerland). Specific antibodies that recog-
nized p-EGFR, p-Akt, p-Erk, Akt, Erk, B-actin are obtained
from Cell Signaling Technology (Beverly, MA, USA) and
EGFR, VEGF, VASP and p-VASP are purchased from Santa
Cruz Biotechnology (Dallas, TX, USA).

Cell culture. MCF-7 cells were obtained from the American
Type Culture Collection (ATCC, Rockville, MD, USA). Cells
were grown in RPMI-1640 medium for MCF-7 (Hyclone,
Waltham, MA, USA) containing 10% fetal bovine serum
(Hyclone) and 1% antibiotics (100 mg/l streptomycin,
100 U/ml penicillin) at 37°C in a 5% CO, atmosphere. Cells
were suspended by trypsin-EDTA (Hyclone) and separated
1.5x10%/ml at each plates, every 48 h.

Cell proliferation assay (MTT). Cells were seeded at 4,000/
ml each well in 96-well plate, and incubated 24 h. After the
incubation, treated with test compound and incubate at 37°C
in a 5% CO, atmosphere. After 24 h, cells were incubated
with 20 ul MTT (5 mg/ml with PBS) solution for 1 h. Optical
densities of solution, in each well, were determined by
microplate reader (Bio-Rad Laboratories, Inc., Tokyo, Japan)
at 595 nm.

Observation of cellular morphology and actin-cytoskeleton.
Cells were seeded 1x10%/ml in 12-well plate with cover glasses.
After treatment the indicated time and dose at 37°C in a
5% CO, atmosphere, the cells were visualized with the use
of bright field microscopy (Carl Zeiss, Thornwood, NY, USA)
for morphological changes. For the actin-cytoskeleton obser-
vation, the cells, which were treated with compound, were
fixed with 3.7% formaldehyde for 20 min and pemeabilized
with 0.2% Triton X-100 for 20 min. Cells were washed with
PBS twice and reacted with E-cadherin antibody overnight at
4°C. Cells were washed with PBS twice and reacted with the
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secondary antibody and stained with 0.1% Phalloidin-FITC
for 40 min and fluorescence was detected by fluorescence
microscopy (Carl Zeiss).

Wound healing assay. Cells were seeded 2.5x10%ml in a 6-well
plate, and incubated to 100% confluence at well. After the
incubation a wound was made in the cell monolayer at center
of well, and the cells were treated with TJE at the indicated
dose for 24 h. The healing of the wound was detected with a
bright field microscope (Carl Zeiss).

Invasion assay. Quantitative cell invasion assays were
performed using a modified Boyden chamber (Costar-Corning,
NY, USA) with an 8.0-um pore polycarbonate membrane
inserts with Matrigel in 24-well plates in a routine manner. The
lower chamber was filled with complete medium for control
and complete medium with TJE at the indicated dose and
EGF. The MCF-7 cells (5x10* cells/ml) in serum-free medium
were added into the upper chamber. The cells were allowed to
invade for 24 h at 37°C. The non-invasive cells were removed
from the upper surface of the membrane by scraping with a
cotton swab, and the invasive cells were stained with crystal
violet and photographed under a bright field microscope.

Immunofluorescence staining. Cells were seeded at 1x10°/ml
in a 12-well plate with cover glasses. After treatment for the
indicated time and dose at 37°C in a 5% CO, atmosphere,
the cells were fixed with 3.7% formaldehyde for 20 min and
pemeabilized with 0.2% Triton X-100 for 20 min. Cells were
washed with PBS twice and reacted with E-cadherin antibody
overnight at 4°C. Cells were washed with PBS twice and
reacted with the secondary antibody and stained with 0.1%
Phalloidin-FITC for 40 min. For counter staining, cells were
stained with Hoechst 33342 for 20 min and fluorescence was
detected by confocal microscopy (Carl Zeiss).

Transient transfection with small interfering RNA. Small
interfering RNA (siRNA) was purchased by Dharmacon
(Dharmacon, Chicago, IL, USA). For transient transfection,
cells were seeded at 5x10*/ml on a 6-well plate with antibiotic-
free medium. After incubation overnight, targeting siRNA
was transfected using DharmaFECT]1 transfection reagent
(Dharmacon) according to the manufacturer's instructions.
After incubation for 72 h, cells were treated with TJE and EGF
for the indicated time.

Western blotting. Cells were seeded at 1x10°/ml in a 6-well
plate and incubated for 24 h. After the incubation, cells were
treated with test compound for 6 h at 37°C in a 5% CO,
atmosphere. Cells were rinsed twice with ice-cold PBS and
scraped with lysis buffer (50 mM Tris-HCI pH 8.0, 150 mM
NaCl, 1% NP40, 0.5% sodium deoxycholate, | mM PMSF)
and subjected to the western blot analysis. First antibody was
applied overnight at 4°C and the second antibody for 75 min at
room-temperature with slow agitation.

Polymerase chain reaction (PCR). Total RNA was extracted
using RiboEx (GeneAll, GeneAll biotechnology, Seoul,
Korea) according to the manufacturer's instructions, and
cDNA was generated using ReverseAids cDNA synthesis kit
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Table I. Primer sequences for the amplification of the target gene.

1675

Gene Primer sequence (5'-3") Amplification size (bp) Annealing temperature ("C)
E-cadherin For: CGGACGATGATGTGAACACC
Rev: TTGCTGTTGTGCTTAACCCC 213 60.0
N-cadherin For: GACAATGCCCCTCAAGTGTT
Rev: CCATTAAGCCGAGTGATGGT 179 595
Vimentin For: GAGAACTTTGCCGTTGAAG
Rev: TCCAGCAGCTTCCTGTAGGT 170 59.5
Snail For: CCCCAATCGGAAGCCTAACT
Rev: ACAGAGTCCCAGATGAGCA 157 60.0
Slug For: CTTTTTCTTGCCCTCACTGC
Rev: GCTTCGGAGTGAAGAAATGC 224 59.0
Twist For: GTCCGCAGTCTTACGAGGAG
Rev: CCAGCTTGAGGGTCTGAATC 159 57.5
ZEBI1 For: TGGACTGAGTGTGGAAAAGC
Rev: TGGTGATGCTGAAAGAGACG 237 60.0
ZEB2 For: TTCCTGGGCTACGACCATAC
Rev: GCCTTGAGTGCTCGATAAGG 393 60.0
GAPDH For: CAAGGTCATCCATGACAACTTTG
Rev: GTCCACCACCCTGTTGCTGTAG 496 58.0
L ) 140
(Thermo Scientific, Waltham, MA, USA) according to the . —TJE
manufacturer's instructions. RT-PCR was performed with 120 - o~ TJE+EGF
the following temperature profile: a pre-denaturation step - ‘ w
of 10 min at 95°C, followed by 35 cycles of 95°C for 30 sec, £ 100 -
annealing temperature for 30 sec and 72°C for 30 sec and a § " g
final exposure at 72°C for 10 min. The specific primers are ‘E 80 e
listed in Table L. <
g‘ 60 ***
Statistical analysis. Cell viability and invasive cells, EGFR '§ a0
activities were statistically analyzed using unpaired t-test =
(SPSS, Chicago, IL, USA). P<0.05 was considered statistically Q 20
significant.
0
Results None

TJE reduces cell proliferation. The anti-proliferation effects of
TJE were investigated through regulation of EGFR activities
by treating cells with TJE (10-100 xg/ml) and co-treatment
with TJE (10-100 pug/ml) and EGF (50 ng/ml) for 24 h. Then
the cells were measured for cell proliferation. It was shown
that there was a decrease in cell proliferation in both the TJE
treated groups and TIE/EGF co-treatment groups (Fig. 1).

TJE suppresses cell migration and invasion through regula-
tion of EGF-induced EMT. Morphological changes of MCF-7
breast cancer cells after EGF treatment in the absence or pres-
ence of TJE were observed by bright field and fluorescence
microscopy. EGF induced morphological changes were revers-
ible 24 h after treatment. Cells appeared to have lost cell to
cell contact. Moreover, cells treated with EGF showed changes

TIE (95% EtOH) pg)’ml, MCF-’T, 24 h

Figure 1. Cell proliferation rate was measured by MTT assay. Cells were
treated with the indicated concentrations of TJE or co-treated with EGF
50 ng/ml after TJE treatment for 24 h. “P<0.01, ""P<0.001 (each experiment,
n=3).

in the actin-cytoskeleton architecture and morphology with
lamellipodia and filopodia becoming clearly visible. A
complete inhibition of these changes was observed in groups
with TJE treatment (Fig. 2A).

Also the anti-migration and anti-invasion abilities of TIE
were investigated via EGF regulation. Anti-migration ability
was investigated using a wound healing assay. While EGF
treated cells grew to confluence in a mono-layer, TJE treated
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Figure 2. Involvement of TJE in MCF-7 breast cancer cell motility. (A) Morphological changes and cytoskeletal polarization of cells after EGF treatment in
the absence or presence of TJE. Morphological changes of cells were observed using a bright-field microscopy. Arrows indicate EMT cells, which appeared to
have lost cell to cell contact. In addition, actin-cytoskeletal polarization was observed by fluorescence microscopy. (B) Anti-migration abilities were detected
by wound healing assay. Representative images of the reduction of MCF-7 breast cancer cells by TJE treatment with EGF. (C) Invasion of MCF-7 breast cancer
cells with or without TJE treatment. Invasive cells were determined by counting cells in four microscopic fields per sample. Compared to control; "P<0.05,
“P<0.01, ""P<0.001 and compared to EGF-treated group; “#P<0.001 (each experiment, n=3). NS, not significant. (D) Invasion of MCF-7 breast cancer cells
with or without TJE treatment. Invasive cells were stained by crystal violet for counting cells in microscopic fields per sample. a, control; b, EGF 50 ng/ml;

¢, TIE 40 ug/ml in EGF; d, TJE 60 yg/ml in EGF.

groups did not grow to confluence and the results were dose-
dependent. EGF induced cell invasive activity, but there was
a decrease in invasive cells dose-dependently in the TJE
co-treated groups (Fig. 2B-D).

Taken together, these data show that TJE suppresses cell
movement for abnormal metastasis through the regulation of
EGF-induced EMT.

TJE regulates EGFR activation and its downstream proteins.
To examine how TJE reduces cell metastasis, the control by
TJE of the activation of EGFR and its downstream pathways
such as Akt and Erk was investigated by using western blot-
ting to analyze changes in levels of p-EGFR, p-Akt, and p-Erk
after co-treatment with different concentrations of TJE and
EGF. The results show that TJE strongly suppresses EGFR
activation and its downstream pathways in a dose-dependent
manner (Fig. 3A). Using a specific chemical inhibitor, it was
demonstrated that EGF-induced EMT is related to Akt and
Erk signaling pathways and TJE is able to repress both these
pathways (Fig. 3B).

TJE regulates expression of actin polarization related proteins
and EMT marker genes. Gene and protein expression were
analyzed to determine whether or not EGF treated MCF-7
cells show differences in their expression of actin polarization
proteins and EMT marker genes with TJE treatment.

By western blotting, it was determined that actin polar-
ization related proteins such as VEGF and p-VASP were

upregulated by EGF stimulation. In addition, EGF treatment
increased the expression of E-cadherin transcriptional regula-
tors, ZEB1, ZEB2, and Snail and E-cadherin repressors such
as Slug and Twist as well as expression levels of mesenchymal
markers N-cadherin and vimentin. On the contrary, these
changes were inhibited in a dose-dependent manner in the
EGF-stimulation groups treated with TJE (Fig. 3C).

Using a specific chemical inhibitor, it was demonstrated
that EGF-stimulated expression of actin polarization-related
proteins and EMT markers is through Akt and Erk signaling
pathways and that TJE is able to repress EGF-induced expres-
sion through reduced Akt and Erk activation. Groups treated
with Avastin (VEGF inhibitor) showed a decrease in VASP
phosphorylation as well as EMT markers, which indicates
that reduction of actin polarization and EMT by TJE was
also through control of VEGF expression (Fig. 3D).

Regulation of VEGF, p-VASP, and EMT markers by TJE
treatment through control of EGFR activation. It was
confirmed that TJE controls actin polarization and EMT
through regulation of EGFR activation by comparing groups
treated with the specific EGFR inhibitor GW 2974, and with
TJE. The results show that, like the EFGR specific inhibitor
group, TJE downregulates EGFR phosphorylation. Moreover,
expression of actin polarization proteins and EMT markers is
reduced in both TJE and inhibitor treated groups (Fig. 4B).
Based on the above data, EGFR knock-down using siRNA
transfection was performed to confirm that TJE decreases
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Figure 3. Evaluation of the inhibitory effect of TJE on EGFR pathway and EMT. Specific inhibitors were applied for 30 min before EGF-stimulation. (A) The
change of EGFR phosphorylation levels was examined and its downstream protein phosphorylation levels were detected by western blotting. (B) Using a
specific chemical inhibitor, activation of EGFR and its downstream protein activation levels were detected by western blotting. (C) The change of actin
polarization protein levels was detected by western blotting. In addition, EMT marker gene expression levels were examined by PCR. (D) Using a specific
chemical inhibitor, expression levels of actin polarization proteins and EMT marker genes were examined.
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Figure 4. Inhibitory effect of TJE on EGF-induced EMT is presented by regulated EGFR activation. (A) The change of EGFR phosphorylation and actin
polarization protein expression levels were detected by western blotting. EMT marker genes were examined by PCR. (B) Cells were transfected with EGFR
siRNA using DharmaFECT and treated with TJE in EGF-stimulation. The change of EGFR phosphorylation and actin polarization protein expression levels
were detected by western blotting. In addition, EMT marker genes were examined by PCR.
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Figure 5. Inhibitory effect of TIE on reduced cell-to-cell junction by EGF-stimulation. Cells were treated with the indicated concentration of TJE in
EGF-stimulation and stained the F-actin (green), E-cadherin (red). For the counter staining, a nucleus stained by Hoechst 33342.

EMT via the EGFR pathway. For the EGFR knock-down
group, there was no change in expression of VEGF, p-VASP,
and EMT markers with EGF-stimulation and the absence of
TIE (Fig. 4A).

TJE regulates actin polarization and E-cadherin expression
by controlling EGFR activation. Previous studies have found
a significant correlation between E-cadherin and cell to cell
contact. While E-cadherin has been considered as an active
suppressor of invasion and migration in many epithelial
cancer cells through induced adhesion ability to the extracel-
lular matrix, EGF induces invasion and migration through
the expression of an E-cadherin regulator and suppressor
(18,19,30).

Immunofluorescence analysis of E-cadherin and F-actin
with or without TJE in EGF-stimulation shows that despite
EGF-stimulation, TJE upregulated expression of E-cadherin
and reduced cytoskeleton polarization (Fig. 5).

Discussion

Regulation of gene expression by EGF results in modula-
tion of EMT, and especially EMT is a key process in breast
cancer progression. Previous studies have found that breast
cancer cells and other carcinoma induce EMT when cells are
exposed to EGF (30-32); thus, modulating EGF is an obvious
strategy to regulate breast cancer progression and abnormal
metastasis. In this study, we showed that MCF-7 breast cancer
cells can induce EMT by EGF-stimulation and that treatment
with TJE leads to the repression of EGFR pathways. TJIE
induced the epithelial phenotype and completely inhibited
EGF-stimulated EMT.

EGF-exposed MCF-7 cells undergo EMT and acquire a
mesenchymal phenotype with increased mobility and cyto-
skeleton polarization. In addition, EGF induces expression of
actin polarization-related proteins and EMT marker genes.
This effect leads to decreased expression of E-cadherin and
is associated with the tumor stage and clinicopathological
features. These effects usually activate several pathways
through the EGF receptor (30). The two major intracellular
signaling pathways activated by EGFR are the Erk MAP
kinase pathway and the PI3K/Akt pathway. Previous research
has focused on an anti-metastasis effect from one of these
pathways, but not from both. As a consequence, while it was
possible to discover the reduction in EMT from one of the
EGFR downstream signaling pathways, the effect of the other
pathway was unclear (33-35); on the other hand, in this study
we found that TJE treatment led to a decrease in EGF-induced
EMT though blocking of both pathways. TJE had a similar
effect to the use of the inhibitors PD 98059 for Erk inhibition
and LY 294002 for Akt inhibition (Fig. 3). Moreover, using the
EGFR specific inhibitor GW 2974 and EGFR knock-down by
siRNA transfection, it was confirmed that TJE regulates EGFR
activation and reduces EGF-stimulated EMT through control
of EGFR activation and its downstream pathways (Fig. 4).

Breast cancer is the leading cause of cancer death among
females worldwide and accounted for 14% of total cancer
deaths in 2008 (24). Almost all deaths were caused by abnormal
metastasis such as invasion to other organs or lymph nodes
(36-38). Moreover, recently breast cancer has been diagnosed
frequently in eastern countries and this is believed to reflect
a change of dietary patterns (25). For this reason, researchers
have been trying to find food ingredients that have a beneficial
effect for anti-metastasis in breast cancer.
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This study describes for the first time the ability of an

extract from fruit of Torilis japonica to inhibit EGF-stimulated
EMT in MCF-7 breast cancer cells. TJE downregulates EGFR
activation and both its downstream pathways, the Erk MAP
kinase and Akt signaling pathways. Also TJE treatment
results in suppression of EGF-induced EMT by inducing
the cell adherent related gene E-cadherin and decreasing
mesenchymal markers with the E-cadherin suppressor gene.
Taken together, these results suggest that TJE has the potential
to interfere with EGFR signaling and act as a suppressor of
abnormal metastasis in MCF-7 breast cancer.
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