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Abstract. Epithelial-mesenchymal transition (EMT) is
thought to be a key step for cancer metastasis. Using an
immunohistochemical approach with gastric carcinoma
tissue, we found the expression of protease-activated
receptor-1 (PAR1), along with a metalloproteinase known
to activate PAR1, were associated with poorer prognosis,
compared with expression-negative tumors,and activated PAR1
promotes gastric cancer cell invasion and proliferation in vivo.
In this study we observed EMT induction by the PAR1 agonist
o-thrombin, in human gastric cell lines stably expressing
PARI1. We investigated a-thrombin-induced changes in
the cell forms of pcDNA3.1-MKN45 (MKN45/Mock),
pcDNA3.1-PARI1 transfected MKN45 (MKN45/PAR1), and
MKN74. Expression levels of epithelial and mesenchymal
markers as well as the distribution of transcriptional factors
of E-cadherin in the cytoplasm and nucleus were also
noted in these cell lines. We observed a-thrombin-induced
morphological changes in MKN45/PAR1 and MKN74 cells.
Western blotting and immunohistochemistry of these cells
indicated a fall in the expression level of E-cadherin and an
increase in fibronectin expression after 48 h. PAR1 activation
also induced significant increases in nuclear levels of the Snail
which is a repressor of E-cadherin gene expression. We found
EMT in gastric cancer cell lines that underwent o-thrombin-
induced PAR1 activation.

Introduction

Gastric cancer is one of the most fatal cancers, especially
in eastern Asia. In recent years, despite the progress made
in diagnosis and treatment of gastric cancer, the mortality
rate of gastric cancer remains high, mainly due to complex
biological characteristics of gastric cancer and its high rate of
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malignancy (1). Most patients are diagnosed at an advanced
stage and therefore it remains one of the most life-threatening
pathological events involving the spread of tumor cells from
a primary tumor to other organs. Currently, some studies
have described the metastasis of gastric cancer, but its exact
mechanism remains unknown. Similar to tumorigenesis,
tumor metastasis also includes multiple factors and genes.
Metastasis consists of five distinct steps: i) detachment
of tumor cells from the primary tumor; ii) invasion into
surrounding tissue; iii) intravasation into blood or lymphatic
vessels; 1v) dissemination in the blood stream or the lymphatic
system; and, v) extravasation and outgrowth at secondary
sites. To detach from the primary tumor and to invade
into the surrounding tissue, tumor cells need to dismantle
cell-cell junction, remodel cell-matrix contact sites, and
follow a chemo-attractive path through the extracellular
matrix, mined by secreted proteinases. These processes are
commonly observed in various normal conditions, such as in
developmental processes i.e. gastrulation or neural crest cell
migration, where differentiated, epithelial cells dedifferentiate,
move to a distant site, and then re-differentiate to form a new
structure. This temporary and reversible phenomenon is known
as the epithelial-mesenchymal transition (EMT), a process that
is currently in the limelight of investigating the onset of cancer
cell migration, invasion and metastatic dissemination (2,3).
Recent studies have shown that abnormal EMT is closely
related to tumorigenesis and progression of epithelial cancers,
such as lung cancer, colon cancer and breast cancer (4,5).

The association of thrombin and cancer is documented (6).
But, the role of thrombin in propagation of the pro-malignant
phenotype has not been fully elucidated. This pro-malignant
role of thrombin has been attributed to its stimulation of
tumor adhesion (7-10), growth (11), metastasis (12-14), and
angiogenesis (15,16). Thrombin, a multifunctional serine
protease, activates platelets and regulates the behavior of
other cells through G-protein coupled protease-activated
receptors (PARs) (17,18). Protease-activated receptor-1 (PAR1),
the prototype of this family, is activated when thrombin
cleaves the amino-terminal extracellular domain at a specific
site (19). PARI is overexpressed in invasive and metastatic
tumors and the expression levels directly correlate with the
degree of invasiveness of the cancer. PAR1 has been found to
be instrumental in cell growth and invasion of tumor-derived
cells (20,21).
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We previously reported that the expression of PAR1, along
with a metalloproteinase known to activate PAR1 (MMP1)
were associated with poorer prognoses, compared with
expression-negative tumors, and activated PAR1 promotes
gastric cancer cell invasion in vivo as well as cell morphological
changes (22-24). These results underline the relevance of EMT
and PARI activity to gastric cancer, however there are few
reports on the role of PAR1 in EMT. Therefore, this study
investigated the role of PARI activity in EMT by observing the
expression levels of epithelial and mesenchymal markers, such
as E-cadherin and vimentin. This study on the relationship
between PARI1 activity and EMT in gastric cancer further
elucidates metastasis which in turn could serve to impact
gastric cancer prognoses and potentially add knowledge for
targeted therapy.

Materials and methods

Reagents. An antibody against PAR1 (clone WEDEIS5) was
purchased from Beckman Coulter (Fullerton, CA, USA).
Anti-E-cadherin, fibronectin, vimentin, p-catenin, Twist,
E12/E47 and Snail were purchased from Abcam (Cambridge,
UK). Anti-GAPDH was from Imgenex (San Diego, CA, USA).
Human a-thrombin was purchased from Sigma-Aldrich
(catalog no. T1063) (St. Louis, MO, USA). The selective PAR1
antagonist SCH79797 (catalog no. 1592) (IC50=70 nM) was
purchased from Tocris Bioscience (Avonmouth, UK) (25).

Cell culture. The human gastric cancer cell lines, MKN45
and MKN74 cells, were obtained from the Riken Cell
Bank (Tsukuba, Japan). Cells were cultured at 37°C in
5% CO, in RPMI-1640 medium containing 10% fetal
bovine serum (FBS). Cells were propagated by mechanical
re-suspension using a scraper, without the use of trypsin.
PARI1 is expressed in MKN74, not in MKN45 (23).

Western blot assay. Whole, cytoplasmic and nuclear cell
protein was extracted using RIPA-buffer (Wako, Osaka, Japan)
containing 1% protease inhibitor cocktail (Sigma-Aldrich)
and NE-PER (Thermo Scientific, Rockford, IL, USA).
Protein concentration was measured with a protein assay
reagent (Bio-Rad, Hercules, CA, USA). Proteins were resolved
by SDS-PAGE using a 5-20% SuperSep gel (Wako) and
analyzed by western blotting using polyvinylidene difluoride
membranes (Millipore, Bedford, MA, USA) according to the
manufacturer's instructions. Membranes were blocked with
3% non-fat dry milk in TBS plus 0.1% Tween-20 (TBST).
The membranes were probed with anti-E-cadherin antibody
at 1:1,000 dilution, anti-fibronectin and anti-vimentin antibody
at 1:750 dilution, anti-B-catenin antibody at 1:2,000 in
TBST. Protein bands were incubated with primary antibody
overnight at 4°C. An enhanced chemiluminescence detection
system (ImmunoStar; Wako) was used for visualized of
immunoreactive bands after the reaction with the HRP-labeled
secondary antibody against mouse or rabbit IgG. Equal
loading of samples was confirmed by probing the membranes
with GAPDH antibody.

Measurement of Snail activation by electrophoretic mobility
shift assay. MKN45/mock, MKN45/PAR1 and MKN74 were
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treated for 24 h with 15 nM o-thrombin or 15 nM a-thrombin
and 70 nM SCH79797. Nuclear fractions were extracted from
the cultured cells using NE-PER (Thermo Scientific).

In the electrophoretic mobility shift assay (EMSA), the
double-stranded oligonucleotide probes were labeled with
biotin. Non-labeled oligonucleotides were used as competitors
for biotin-labeled oligonucleotide binding. The sequences
flanking the E-boxes are for E-box 1, 5'-CTGAGATTAC
ATGCGTGAGTCACTA-3'; for E-box 2, 5"TGTTGTGTG
CATGTGTTATGGAACC-3"; and for E-box 3, 5'-ATTACA
ACACGAGCCCACCATGCCT-3" Briefly, 20 pl of binding
reaction containing 2 pg of nuclear extract was prepared
according to the kit instruction manual and incubated at room
temperature for 20 min. Complexes were resolved on 5-20%
SuperSep gel (Wako) in 0.5X TBE buffer at 4°C. When elec-
trophoresis was completed, binding reactions were
electrophoretically transferred to N+ nylon membrane. The
transferred DNA then was cross-linked to the N+ nylon
membrane, and the biotin-labeled DNA-protein complex was
detected by streptavidin-HRP using a LightShift Chemi-
Iuminescent EMSA kit (Thermo Scientific).

Immunofluorescence. Cultured cells were fixed with 4%
paraformaldehyde at room temperature, permeabilized with
0.1% Triton X-100 in PBS and blocked with 3% FBS in
PBS. Following overnight incubation at 4°C with primary
antibodies, and incubation in the dark with Alexa 405 and 488
Fluor dye-labeled secondary antibodies, immunofluorescence
was detected using a Leica DMLB confocal laser fluorescence
microscope (Leica Microsystems, Mannheim, Germany).

Results

PARI activation via a-thrombin induces epithelial marker
downregulation and mesenchymal marker upregulation.
Given the shape change caused by a-thrombin activation
of PAR1 (24), we hypothesized that EMT would have been
induced in gastric cancer cells. To test this hypothesis, we
collected cell lysate from MKN45/mock, MKN45/PAR1
and MKN74 treated with 15 nM a-thrombin or 15 nM
a-thrombin and 70 nM SCH79797. When MKN45/mock
was treated with a-thrombin or a-thrombin plus SCH7979
for 24 h, we showed that the epithelial and mesenchymal
markers were stably expressed at a level that did not change
over time (Fig. 1A). MKN45/PAR1 and MKN74 treated with
a-thrombin presented reduced expression levels of the epithe-
lial markers E-cadherin and [-catenin in cytoplasmic lysate
and an icreased expression level of 3-catenin in nuclear lysate.
On the other hand, the expression levels of fibronectin and
vimentin, which are mesenchymal markers, were increased
in cytoplasmic lysate (Fig. 1B). MKN45/PAR1 and MKN74
treated with a-thrombin along with SCH79797 presented
expression levels of fibronectin and vimentin similar to that of
MKN45/mock (Fig. 1C).

Immunofluorescence of E-cadherin and fibronectin expression.
Our investigation of the role of thrombin in the morphology
of MKN45/PAR1 and MKN74 cells employed immunofluore-
scence staining to visualize the expression levels of E-cadherin
and fibronectin in untreated MKN45/mock, MKN45/PAR1
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Figure 1. Protease-activated receptor-1 (PAR1) activation-dependent expression of epithelial-mesenchymal transition (EMT) markers in MKN45/PAR1
and MKN74 cells. Whole-cell and nuclear-cell lysates of MKN45/mock, MKN45/PAR1 and MKN74 cells were probed for EMT-marker expression by
western blotting. (A) EMT-marker expression remains the same in MKN45/mock cells treated with a-thrombin or a-thrombin plus SCH79797 for 24 h.
(B) MKN45/PAR1 and MKN74 cells treated with a-thrombin present decreased levels of E-cadherin and 8-catenin and increased levels of fibronectin and
vimentin in whole-cell lysates over time. Nuclear lysates of these a-thrombin-treated cells presented an increase in -catenin over time suggesting movement
of B-catenin into the nucleus. (C) When treated with a-thrombin and SCH79797, MKN45/PAR1 and MKN74 cells present results similar to MKN45/mock
cells. Equal loading of protein was confirmed with anti-GAPDH antibody.
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Figure 2. Fluorescence immunocytochemical staining of fibronectin and E-cadherin in MKN45/mock, MKN45/PAR1 and MKN74 cells, when treated
with a-thrombin or a-thrombin plus SCH79797. (A) MKN45/mock cells present no significant changes in fibronectin and E-cadherin expression.
(B) MKN45/APR1 and MKN74 cells treated with a-thrombin presented a decreased level of E-cadherin expression and an enhanced level of fibronectin
expression. (C) MKN45/APR1 and MKN74 cells treated with a-thrombin and SCH79797, presented fibronectin and E-cadherin expression levels similar to
that of untreated cultures of these cells.
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Figure 3. Electrophoretic mobility shift assays (EMSAs), demonstrate specific interaction with the E-cadherin promoter. (A) EMSAs were performed with
nuclear extracts from MKN45/mock and MKN74 cells and demonstrate an E-cadherin E-box 1-3 nuclear protein complex. No levels of specific E-box
complexes are seen in MKN45/mock and MKN74 cells. These cells are the control. (B) These lanes show nuclear extracts from MKN45/PAR1 and MKN74
cells, treated with a-thrombin for 12 h, and demonstrate an E-cadherin E-box1-3 nuclear protein complex. Higher levels of specific E-box complexes are seen in
MKN45/PAR1 and MKN74 cells treated with a-thrombin that overexpress relative to control cells. (C) Specific complexes were inhibited by protease-activated

receptor-1 (PAR1) selective antagonist SCH79797.

and MKN74 cells and these cells were treated with 15 nM
o-thrombin in the absence and presence of 70 nM SCH79797.

MKN45/PAR1 and MKN74 cells underwent a morpho-
logical change from round- or epithelial-like to a spindle-like
shape phenotype upon treatment with a-thrombin and this
morphological change was not observed in response to treatment
with a combination of a-thrombin and SCH79797 (Fig. 2).
The expression of E-cadherin decreased and the expression of
fibronectin increased in response to treatment of MKN45/PAR1
and MKN74 cells with a-thrombin while no such change in
expression levels were observed in these cells that were either
untreated or underwent a-thrombin treatment in the presence of
SCH79797 (Fig. 2).

Snail, transcriptional factor, travels into the nucleus. Next,
we investigated the impact of a-thrombin induced PAR1
activation upon E-cadherin expression. Several E-cadherin
transcriptional repressors have been characterized (Snail,
E12/E47, Twist, and SIP-1) and shown to interact with proximal
E-boxes of the E-cadherin promoter.

To test whether or not PAR1 agonist-mediated elevation
is associated with an increase in binding to the E-cadherin

promoter, we examined the binding of these transcriptional
repressors to E-boxes by means of EMSA and western blotting.
Assessment was carried out of E-cadherin promoter E-box
binding by nuclear proteins from MKN45/mock and MKN74
as control, MKN45/PAR1- and MKN74-treated a-thrombin,
and MKN45/PAR1 and MKN74 treated with a-thrombin and
SCH79797. We designed oligonucleotide probes comprising
E-box binding sequences as described previously (26). No shifted
band was evident when the labeled oligonucleotide was exposed
to nuclear lysates derived from MKN45/mock and MKN74
cells (Fig. 3A). In contrast, labeled oligonucleotide incubated
with nuclear lysate from MKN45/PAR1 and MKN74 cells with
a-thrombin clearly shows a retarded electrophoretic mobility
band (Fig. 3B). Slightly leaky expression of a shifted band was
observed when the labelled oligonucleotide was incubated with
nuclear lysate from MKN45/PAR1 and MKN74 cells treated
with a combination of a-thrombin and SCH79797 (Fig. 3C).
Subsequently, we employed western blotting to examine
nuclear expression of Twist, Snail and E12/E47. Twist and
E12/E47 were not detected in nuclear lysates of MKN45/PAR1
and MKN74 that underwent a-thrombin induced PAR1 activa-
tion (Fig. 4). Snail was present in the nuclear lysates derived
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Figure 4. Snail detected in nuclear lysate. The impact of a-thrombin treatment of MKN45/PAR1 and MKN74 cells upon nuclear localization of transcription
factors in these cells (Twist, Snail and E12/E47) was profiled by means of western blotting. Twist and E12/E47 were not able to migrate into the nucleus, when
treated with a-thrombin while Snail was able to do so, when these cells were treated with a-thrombin for 12 h.

from MKN45/PAR1 and MKN74 that underwent a-thrombin
induced PARI activation while Snail was not detected in
nuclear lysates of these cells in which a-thrombin-induced
PARI activation was suppressed by SCH79797 (Fig. 4).

Discussion

In the current study, we demonstrate that PAR1 activity
induces pro-migratory effects in gastric cancer cell lines by
inducing EMT. Malignant tumors including gastric cancer
are multi-step processes associated with changes in gene
expression involved in cell proliferation, invasion, and
metastasis. The most troubling metastasis in gastric cancer is
peritoneal dissemination, for which anticancer therapies have
been developed. However, despite the proven benefits of these
treatments (27,28), patients with peritoneal dissemination
of gastric cancer still have poor prognosis and outcomes of
gastric cancer require further improvement.

Many metastasis-related proteins have been reported in
various cancers including gastric cancer. PAR1, G-protein
coupled receptor, was identified as one of the most
upregulated proteins in advanced gastric cancer by immuno-
histochemistory (23). PAR1, also known as the coagulation
factor II (thrombin) receptor, is a protein that in humans is
encoding the F2R gene (29). Thrombin activates PARI in
alveolar epithelial cells and this pathway is associated with
epithelial to myofibroblats transition and collagen secretion,
and thrombin-induced EMT is mediated through PAR1 (30).
Additionally, PAR1-mediated extracellular signal-regulated

kinase activation and promoted the transition of tubular
epithelial cells into cells of mesenchymal phenotype.

Recent studies have revealed that PAR1 activity encouraged
cancerinvasion in various cancers (23,31,32). EMT,characterized
by a gain of mesenchymal cell markers (fibronectin, vimentin,
smooth muscle actin, and N-cadherin) and a loss of epithelial
markers (E-cadherin and B-catenins) (33,34), is a process
whereby cells undergo molecular alterations that facilitate cell
motility and invasion (35). In this study we shown that thrombin
via PARI induced EMT in gastric cancer MKN45/PAR1 and
MKNT74 cell lines and this was associated with time-dependent
downregulation of E-cadherin accompanied by an upregulation
of vimentin and p-catenin. Thrombin also induced a
morphological alteration in MKN45/PAR1 and MKN74 cells
to a spindle-shaped phenotype. Additionally, we show that
expression of E-cadherin, vimentin and 3-catenin remained
unchanged in MKN45/PARI1 cells exposed to SCH79797, which
is a specific PAR1 antagonist. The most common biochemical
change associated with EMT is the loss of E-cadherin expression.
These data imply that PARI activation by thrombin induces
EMT in gastric cancer and may be conducive to invasion and
metastasis.

E-cadherin transcriptional repressors such as Snail, Slug,
E12/E47, and Twist have traditionally been implicated in
promoting EMT in various systems of embryonic development
and tumor progression (36,37). The transcription factor
Twist is a component of embryonic morphogenesis (38).
Snail, a Zinc-finger transcription factor, has been isolated in
Drosophila embryos (39). During the embryonic development,
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Snail has been implicated in the triggering of EMT in the
precursor cells of the mesoderm and neural crest (40). Snail
is known to directly repress E-cadherin gene transcription
by binding to the E-box on the E-cadherin promoter (41).
Several reports have also implicated that Snail not only in
E-cadherin repression but also in the acceleration of cancer
invasion in various carcinomas (41,42). Snail expression
correlated with histological grade and lymph node status
in breast carcinomas (43), and Snail mRNA expression
levels independently correlated with capsular invasion in
hepatocellular carcinoma (44). We showed by means of
western blotting and EMSA that the transcription factor Snail
moved from cell cytoplasm to the nucleus. These data indicated
that PARI activation via thrombin induced Snail-mediated
E-cadherin transcriptional repressor and ultimately EMT in
gastric cancer cells.

We conclude that at least one of the facets of PAR1 activity
by thrombin induced upregulation of malignant phenotype is
via the upregulation of Snail in gastric cancer cells. SCH79797,
which is a PARI antagonist, blocked these effects of thrombin.
Thrombin, MMP1 and urokinase-type plasminogen activator,
which are PARI1 agonist, contribute to tumor invasion and
tumorigenesis (45,46). These results suggest that inhibition
of PARI signaling pathway may be a new strategy to prevent
tumor invasion and metastasis.
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