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Gastrin promotes the metastasis of gastric carcinoma
through the f3-catenin/TCF-4 pathway
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Abstract. Gastric cancer is the most common epithelial
malignancy and the second leading cause of cancer-related
death worldwide; metastasis is a crucial factor in the progres-
sion of gastric cancer. The present study applied gastrin-17
amide (G-17) in SGC7901 cells. The results showed that G-17
promoted the cell cycle by accelerating the GO/G1 phase
and by increasing the cell proliferation rate by binding to
the gastrin receptor. The migratory and invasive abilities of
the SGC7901 cells were increased by G-17. The expression
levels of matrix metalloproteinase (MMP)-7, MMP-9 and
vascular endothelial growth factor (VEGF) were enhanced
by G-17 as well. Moreover, G-17 caused the overexpression
of B-catenin and TCF-4. G-17 also caused a preferential
cytoplasmic and nuclear localization of B-catenin with a high
TOP-FLASH activity. Finally, axin reduced the migratory
and invasive abilities of the SGC7901 cells, and inhibited
the expression of p-catenin, TCF-4, MMP-7, MMP-9 and
VEGTF; these effects were counteracted by adding G-17. In
summary, the present study confirmed the proliferation and
metastasis-promoting role of G-17 via binding to the gastrin
receptor, and the B-catenin/TCF-4 pathway was found to be
essential for mediating G-17-induced metastasis in gastric
cancer. These results may provide a novel gene target for the
treatment of gastric cancer.

Correspondence to: Dr Jun Zhang, Division of Gastroenterology,
The Second Affiliated Hospital, Xi'an Jiaotong University, 157 Xi
Wu Road, Xi'an, Shaanxi 710003, P.R. China

E-mail: junzhangjtu@163.com

Abbreviations: G-17, gastrin-17 amide; CCK-B, cholecystokinin-B;
PGL, proglumide; TCF, T-cell factor; MMP, matrix metallo-
proteinase; VEGF, vascular endothelial growth factor

Key words: gastric cancer, gastrin-17 amide, gastrin receptor,
metastasis, 3-catenin

Introduction

Gastric cancer is one of the most common epithelial malig-
nancies and the second leading cause of cancer-related death
worldwide (1). In most patients, gastric cancer is diagnosed
at an advanced stage, accompanied by extensive invasion and
lymphatic metastasis, resulting in the highest mortality rate
among cancers (2). The metastasis of gastric cancer involves
multiple steps and requires the accumulation of the altered
expression of many different genes (3). At present, the mecha-
nisms involved in gastric cancer metastasis are not fully clear
and successful therapeutic strategies are limited. Therefore,
the investigation of new agents, particularly targeted agents (4),
and understanding of the molecular mechanisms involved
in gastric cancer metastasis are vital and may provide novel
avenues for targeted therapy of gastric cancer.

Gastrin, an important gastrointestinal (GI) hormone, is
involved in the stimulation of gastric acid secretion and epithe-
lial proliferation of the GI tract (5). Most gastrin is synthesized
in antroduodenal G-cells, where progastrin matures to bioactive
carboxyamidated gastrins through multiple modifications (6).
The gastrin-17 amide (G-17), accounts for more than 90% of
the G-cell synthesized gastrin in most mammals (7). In vitro
studies have shown that gastrin stimulates the proliferation
of gastric cancer cell lines through the induction of specific
mitogen activated protein kinase (8). Transgenic mice over-
expressing G-17 were found to exhibit enhanced development
and progression of invasive gastric cancer (9). However, the
direct role of gastrin in the promotion of gastric carcinogen-
esis remains elusive.

GI peptides, including gastrin and cholecystokinin (CCK),
are members of a structurally diverse group of molecular
messengers that play important roles in the control of appe-
tite and hormonal secretion (10). The cholecystokinin-B
(CCK-B)/gastrin receptor belongs to the seven transmem-
brane G-protein-coupled receptor superfamily. The CCK-B
receptor on the basolateral domain of the cell membrane is
immunoreactive and displays high-affinity binding ability to
gastrin (11). It has been widely accepted that gastrin, a trophic
factor, promotes the growth of cancer cells both in vitro and
in vivo through the CCK-B receptor, and the expression levels
of the gastrin gene and CCK-B receptor are closely related to
the invasiveness of cancer cells (12). These studies indicate the
need for further research to establish a direct link between the
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gastrin/CCK-B receptor pathway and the metastasis of gastric
cancer.

Activation of Wnt signaling involves the inhibition of
[(-catenin degradation, resulting in the nuclear accumula-
tion of B-catenin and transcriptional activation of T-cell
factor/lymphoid-enhancing factor (TCF/LEF) target
genes (13). Gastrin has been shown to be a functionally
relevant downstream target of the Wnt signaling pathway (4).
Studies have indicated that incompletely processed gastrins are
capable of inducing metastatic processes in colon cancers both
in vitro and in vivo (14). Additionally, Wnt pathway activation
was found to contribute to carcinogenesis in a subset of gastric
adenocarcinomas (15). However, the underlying mechanism of
gastrins in regulating gastric cancer metastasis is still unclear.

In the present study, we aimed to identify the role of G-17
in the context of gastric cancer. We found that G-17 promoted
the expression levels of B-catenin and TCF-4 in gastric
cancer cell lines. In addition, G-17 increased the metastasis
of SGC7901 cells by inducing B-catenin nuclear translocation.
Taken together, our results suggest that G-17 is a pro-metastatic
factor, and may therefore provide a novel therapeutic target for
gastric cancer.

Materials and methods

Cell lines and cultures. Cell plates were pre-covered with
Matrigel (BD Biosciences, Shanghai, China) at 5 pg/cm?.
Human gastric cancer SGC7901 cells were maintained in
Dulbecco's modified Eagle's medium (DMEM) containing
10% fetal bovine serum (FBS) supplemented with 100 U/ml
penicillin and 100 mg/ml streptomycin at 37°C in 5% CO,.
SGC7901 cells were divided into four groups: control group,
cells without any treatment; the G-17 group, cells incubated
with 1x107 mol/l G-17; the proglumide (PGL) group, cells
incubated with 1x10”7 mol/l PGL, which is a gastrin receptor
antagonist; and the G-17 + PGL group, cells incubated concur-
rently with G-17 (1x107 mol/I) and PGL (1x107 mol/l).

Western blot analysis. A total of 25 ug of proteins was loaded
and separated via sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, and then electrotransferred to nitrocel-
lulose membranes (Amersham, Little Chalfont, UK). The
membranes were then blocked in 2.5% non-fat milk for 1 h at
37°C. After washing with Tris-buffered saline with Tween-20,
the membranes were incubated with primary antibodies
against B-catenin, TCF-4, matrix metalloproteinase (MMP)-7,
MMP-9, vascular endothelial growth factor (VEGF) and
B-actin (Santa Cruz Biotechnology, Santa Cruz, CA, USA)
at 4°C overnight. Then, the peroxidase-conjugated secondary
antibody (Boster Corporation, Wuhan, Hubei, China) diluted
in 1:1,000 was added and incubated for 1 h at room tempera-
ture. The immunoreactive protein bands were then visualized
using an enhanced chemiluminescence detection system
(Amersham).

Cell cycle analysis. Cell cycle analysis was determined by
flow cytometry (BD Biosciences, Franklin Lakes, NJ, USA).
SGC7901 cells were harvested, washed with phosphate-buff-
ered saline (PBS), fixed with 75% ethanol overnight at 4°C,
and then incubated with RNase at 37°C for 30 min. Cell
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nuclei were stained with propidium iodide for 30 min. A
total of 10 nuclei were examined in a FACSCalibur flow
cytometer, and DNA histograms were analyzed by CellQuest
software (both from Becton-Dickinson, Mountain View, CA,
USA). Results are presented as the percentage of cells in each
phase.

MTT assay. Cell viability was assessed using 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
Cells were transfected according to the above description
and were seeded into 96-well plates at 6x10° cells/well. The
surviving fractions were determined at 0, 24, 48, 72, 96 and
120 h. Thereafter, the old medium was discarded and fresh
medium containing MTT (5 mg/ml MTT in PBS; Sangon,
Shanghai, China) was added and incubated for an additional
4 h. Then, cell viability was measured with a spectrophotom-
eter (Bio-Rad Laboratories, Hercules, CA, USA) at 470 nm.
Each experiment was performed in triplicate.

Wound healing assay. The CytoSelect 24-well wound healing
assay (Cell Biolabs, Inc., San Diego, CA, USA) was used
to analyze the migration of SGC7901 cells. The assay was
performed according to the manufacturer's recommendations
using 2x10° cells/well. Image acquisition of wound fields
was carried out after the removal of inserts (0 h) and wound
closure documentation was completed after 24 h with a phase-
contrast microscope (Leica DM IL) equipped with a digital
camera (Leica DFC300FX) (both from Leica Microsystems,
Wetzlar, Germany). Image analysis was conducted by Adobe
Photoshop CS7 software.

Transwell invasion assay. Transwell membranes coated with
Matrigel (Becton-Dickinson, Franklin Lakes, NJ, USA) were
used to assay the invasion of the SGC7901 cells in vitro. Cells
were plated at 2x10*/well in the upper chamber in serum-free
medium, and 20% FBS was added to the medium in the lower
chamber. After incubation for 24 h, the non-invading cells
were removed from the top well with a cotton swab, while
the bottom cells were fixed in 95% ethanol, and stained with
hematoxylin. The cell numbers were determined by counting
the penetrating cells under a microscope at a magnification of
x200 in 10 random fields in each well. Each experiment was
performed in triplicate.

TOP/FOP-FLASH luciferase reporter assay. The assay was
conducted according to a previously study (16); each well
was incubated with a mixture containing 20 yl of serum-free
DMEM, 0.6 ul of FuGENE, 0.15 pg of the firefly luciferase
reporter plasmid, 0.15 pg of the f-catenin expression vector,
0.15 pg of the TCF-4 expression vector, and 0.8 ng of the
Renilla luciferase vector phRG-TK. Then, 24 h after transfec-
tion, the cells were lysed in 50 pl of passive lysis buffer, and
the luciferase activity was determined using a luminometer
using the Dual Luciferase Assay System (Promega) on 20 ul
of lysate. Results are expressed as fold induction. Fold induc-
tion was determined by normalizing each firefly luciferase
value to the Renilla luciferase internal control value and by
dividing these normalized values with the mean normalized
value of the corresponding reporter construct transfected with
the empty expression vectors.
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Figure 1. G-17 accelerates the cell cycle progression and proliferation of SGC7901 cells. Control group, cells without any treatment; G-17 group, cells incu-
bated with 1x107 mol/l G-17; PGL group, cells incubated with 1x107 mol/l PGL; G-17 + PGL group, cells concurrently incubated with G-17 (1x107 mol/I) and
PGL (1x107 mol/1). (A) Cell cycle analysis of SGC7901 cells was determined by flow cytometric analysis. (B) The distribution of G0/G1, S and G2/M phases
was evaluated in the SGC7901 cells treated with G-17 or/and PGL for 48 h. (C) The proliferation of SGC7901 cells was determined at the time points 0, 24, 48,
96 and 120 h by MTT assays. All experiments were repeated thrice with three replicates; "P<0.05 vs. the control group, “P<0.05 vs. the PGL group.

Immunofluorescence staining. Fluorescent cells were cultured
on a 8-well chamber CultureSlides (Becton-Dickinson,
Bedford, MA, USA). After 8 h, the cells were fixed in 3%
paraformaldehyde in PBS at room temperature for 8 min, then
permeabilized with 0.2% Triton X-100 for 15 min at room
temperature. After washing in PBS, the cells were incubated
with primary mouse anti-f-catenin monoclonal antibody
(1 mg/ml; Transduction Laboratories, Lexington, K'Y, USA)
at 4°C overnight. After washing, the cells were incubated
with biotinylated goat anti-mouse IgG (Pierce, Rockford, IL,
USA) at room temperature for 1 h. The immunoreactivity was
revealed using Alexa 568-conjugated streptavidin (Molecular
Probes, Eugene, OR, USA), and the cells were counterstained
with 10 mg/ml 4',6-diamidino-2-phenylindole dihydrochloride
(DAPI). The cells were examined under a Nikon fluorescence
microscope (Image Systems, Columbia, MD, USA).

Statistical analysis. All results are presented as mean + SD.
The statistical significance of the studies was analyzed using
the Student's t-test. The difference was considered statistically
significant at P<0.05.

Results

G-17 accelerates cell cycle progression and proliferation
of SGC7901 cells. To investigate the impact of G-17 on the
SGC7901 cells, we studied whether G-17 was capable of
affecting the cell cycle and proliferation. Flow cytometric
analysis indicated that the GO/G1 phase in the SGC7901 cells

was accelerated in the G-17 group, and an accumulation of G0/
G1 phase in the PGL group compared with the control group.
However, the GO/G1 phase was shortened in the G-17 + PGL
group compared with the PGL group (Fig. 1A and B). These
results indicated an activation of GO/G1 progression in the
SGC7901 cells following incubation with G-17. The cell
proliferation assay was performed in SGC7901 cells; G-17
was observed to strongly increase the cell growth compared
with the control group, and the decreased cell numbers caused
by PGL were balanced by G-17 treatment (P<0.05) (Fig. 1C).
These findings demonstrated that G-17 promoted the cell cycle
by accelerating the GO/G1 phase and increasing cell prolifera-
tion levels in the SGC7901 cells.

G-17 increases the migration and invasion of SGC7901 cells.
Given the impact of G-17 on the cell cycle and proliferation
of SGC7901 cells, scratch assays were next carried out to
measure the motility of the SGC7901 cells induced by G-17.
The G-17 group showed an almost complete closure of the
gap, whereas the PGL group reduced the gap by only ~20%
compared with that noted in the control group (P<0.05), indi-
cating that G-17 promoted the migration of SGC7901 cells
via binding to its receptor. In addition, the wound closed by
nearly 75% in the G-17 + PGL group (P<0.05) (Fig. 2A and B),
indicating the antagonistic effect of G-17 towards PGL. The
results of the Transwell assay were coincident with the results
of the scratch assays. The number of invasive SGC7901 cells
was increased by G-17, but decreased by PGL compared with
the control group, and the motile ability was recovered in the
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Figure 2. G-17 antagonizes PGL and increases the metastasis of SGC7901 cells. (A) Wound-healing assays of the SGC7901 cells treated with G-17 or/and PGL
for 24 h. (B) Histogram showing the wound-healing assays of SGC7901 cells in each group. (C) Transwell assays of SGC7901 cells treated with G-17 or/and
PGL for 48 h. (D) Histogram illustrating the Transwell assays of SGC7901 cells in each group. All the experiments were repeated thrice with three replicates;

“P<0.05 vs. the control group, "P<0.05 vs. the PGL group.
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Figure 3. G-17 promotes the expression of cancer metastasis-associated proteins. (A) The expression levels of MMP-7, MMP-9 and VEGF were detected in
the SGC7901 cells by western blotting; relative protein expression levels of (B) MMP-7, (C) MMP-9 and (D) VEGF were quantified using Image-Pro Plus 6.0
software and normalized to B-actin. Data are represented as the mean + SD of all three experiments; "P<0.05 vs. the control group, “P<0.05 vs. the PGL group.

G-17 + PGL group compared with that noted in the PGL group
(P<0.05) (Fig. 2C and D). These observations suggest that G-17
is a positive metastatic regulator of gastric cancer.

G-17 promotes the expression levels of cancer metastasis-
associated proteins. The expression levels of MMP-7, MMP-9

and VEGF were determined by western blotting. The results
indicated that the levels of the three proteins were increased
in the G-17 group and decreased in the PGL group compared
with these levels in the control group (P<0.05), while the
G-17 + PGL group exhibited higher expression levels of
MMP-7, MMP-9 and VEGF in comparison with the PGL
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Figure 4. G-17 promotes the expression levels of 3-catenin and TCF-4 by binding to the G-17 receptor. SGC7901 cells were divided into four groups: control,
G-17, PGL and G-17 + PGL groups. (A) The expression of -catenin was detected in the SGC7901 cells by western blotting, with relative protein expression
quantified using Image-Pro Plus 6.0 software and normalized to (3-actin. (B) A similar western blot assay was performed to detect the expression of TCF-4.
Data are represented as the mean + SD of three experiments; "P<0.05 vs. the control group, “P<0.05 vs. the PGL group.
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Figure 5. G-17 activates the f-catenin nuclear translocation in SGC7901 cells. (A) Immunofluorescence staining of B-catenin in the SGC7901 cells were
stained for f-catenin and counterstained with DAPI as indicated. (B) SGC7901 cells were transfected with the TOP- or FOP-FLASH firefly luciferase reporter
plasmids with the empty expression vectors (lane 1) or with the 3-catenin and TCF-4 expression vectors (lane 2). Data are presented as fold induction relative
to the co-transfection of the reporter plasmid (either TOP- or FOP-FLASH) with the empty expression vectors and expressed as means + SD in at least three

experiments; "P<0.05 vs. the control group, “P<0.05 vs. the PGL group.

group (P<0.05) (Fig. 3). The increased expression of migra-
tion-related proteins further confirmed of the effect of G-17,
which promotes the metastasis of SGC7901 cells.

G-17 promotes the expression of f3-catenin and TCF-4. The
expression levels of -catenin and TCF-4 were detected in the
SGC7901 cells by western blotting. The results indicated that
the levels of both -catenin and TCF-4 were increased in the
G-17 group and decreased in the PGL group compared with
the levels in the control group (P<0.05), while the G-17 + PGL
group exhibited higher expression levels of [-catenin and
TCF-4 in comparison with levels noted in the PGL group
(P<0.05) (Fig. 4). The results indicate that G-17 induced the

activation of the [-catenin pathway via binding to the G-17
receptor in the SGC7901 cells.

G-17 induces the [3-catenin nuclear translocation in
SGC7901 cells. To further explore the mechanism involved
in the metastasis of SGC7901 cells by G-17, the subcellular
localization of B-catenin was evaluated. The G-17 group
displayed predominantly nuclear 3-catenin staining. Cells in
the PGL group showed membranous [3-catenin staining with
minimal cytoplasmic or nuclear staining, whereas cells in the
G-17 + PGL group displayed more cytoplasmic and nuclear
staining of B-catenin as compared with that noted in PGL
group (Fig. 5A). We then compared the ability of SGC7901
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Figure 6. The B-catenin/TCF-4 pathway mediates the G-17-induced metastasis of SGC7901 cells. SGC7901 cells were divided into four groups: the control
group, cells without any treatment; the G-17 group, cells incubated with 1x107 mol/l1 G-17; axin group, cells incubated with 1 pg axin; and the G-17 + PGL
group, cells concurrently incubated with G-17 (1x107 mol/l) and 1 pg axin. (A) Wound-healing assays of SGC7901 cells treated with G-17 or/and axin for 24 h.
(B) Histogram showing the quantification of wound-healing assays of SGC7901 cells in each group. (C) Transwell assays of SGC7901 cells treated with G-17
or/and axin for 48 h. (D) Histogram illustrating the quantification of Transwell assays of SGC7901 cells in each group. (E) The expression levels of $-catenin,
TCF-4, MMP-7, MMP-9 and VEGF were detected in the SGC7901 cells by western blotting. Relative protein expression of (F) f-catenin, TCF-4, (G) MMP-7,
MMP-9 and VEGF were quantified using Image-Pro Plus 6.0 software and normalized to f3-actin. Data are represented as the mean + SD of three experiments;

“P<0.05 vs. the control group, “P<0.05 vs. the G-17 group.

cells in each group to transactivate the luciferase reporter
plasmid containing the wild-type (TOP-FLASH) or mutated
(FOP-FLASH) p-catenin/TCF binding site as regulatory
elements. Cells induced by G-17 displayed a higher ability to
transactivation the TOP-FLASH reporter plasmid than the
control group (Fig. 5B). The G-17 + PGL group exhibited a
higher TOP-FLASH transactivate activity compared with
the PGL group. In accordance with our findings, showing a
preferential cytoplasmic and nuclear localization of [3-catenin
in the G-17-induced cells, these data clearly indicate that
G-17-treated cells had stronger p-catenin/TCF transcriptional
activity than the untreated cells, and that G-17 promoted the
nuclear translocation of 3-catenin to activate the Wnt signaling
pathway in the SGC7901 cells.

The [3-catenin/TCF-4 pathway mediates G-17-induced metas-
tasis of SGC7901 cells. The former experiment provided
convincing evidence that G-17 promotes metastasis by acti-
vating the B-catenin/TCF-4 pathway; however, it is unclear
whether the (-catenin/TCF-4 pathway is necessary for the
G-17-induced metastasis of SGC7901 cells. Axin is known to
inhibit the Wnt-signaling pathway via facilitating the phos-

phorylation and thus the degradation of (-catenin (17). The
results showed that the migratory and invasive abilities of
the SGC7901 cells were suppressed by axin compared with
these parameters in the control group (P<0.05) (Fig. 6A-D),
suggesting the indispensable role of 3-catenin in G-17-induced
metastasis of SGC7901 cells. The motile ability was decreased
in the G-17 + axin group compared with that noted in the G-17
group (P<0.05), indicating that the G-17-induced metastasis in
SGC7901 cells relies on p-catenin. The expression levels of
p-catenin, TCF-4, MMP-7, MMP-9 and VEGF were strongly
inhibited by axin compared with the control group. The inhibi-
tory effect in the G-17 + axin group was detected compared
with the G-17 group (Fig. 6E-G), further showing that the
G-17-induced metastasis was dependent on the B-catenin/
TCF-4 pathway in the SGC7901 cells. These results indicated
that the B-catenin/TCF-4 pathway is essential for mediating
G-17-induced metastasis in SGC7901 cells.

Discussion

Gastric cancer is the second leading cause of cancer-related
deaths worldwide (18). Gastric cancer metastasis is a crucial
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factor in the determination of the clinical staging, prognosis and
survival of gastric cancer patients (19). Therefore, identifying
metastatic factors and elucidating the molecular mechanisms
underlying gastric cancer metastasis have become critical
issues. Accumulated evidence indicates that G-17 has growth-
promoting and oncogenic function in gastric cancers (20,21);
its role in metastasis and the relative mechanism in gastric
cancer were explored in the present study.

The CCK-B receptor is widely distributed throughout
the human GI tract and mediates the normal physiological
function of gastrin. Gastrin has proliferative effects on various
malignancies including gastric and colorectal cancers through
the CCK-B receptor (22,23). Gastrin and CCK have been
reported to mediate the proliferative responses in a variety
of normal and cancer cell model systems (20). Gastrin in
particular has been implicated in accelerating the development
of gastrointestinal cancers (24). Previously, Pradeep er al
reported that G-17 induced the activation of G1 progression
in gastric adenocarcinoma cell line AGSE (25). To investigate
the G-17 function in gastric cancer via binding to its receptor,
a gastrin receptor antagonist, PGL was used in this research.
The results indicated an activation of G1 progression following
incubation with G-17, but a retardation in the GO/G1 phase
with PGL. Our results demonstrated that G-17 promoted cell
cycle progression by accelerating the GO/G1 phase via binding
to the gastrin receptor in SGC7901 cells.

Metastasis is an important element of gastric cancer
progression, and leads to a high mortality rate and poor
prognosis (26). Cell invasive ability is critical for tumor
metastasis (27). In the present study, the migratory and inva-
sive abilities of the SGC7901 cells were increased following
treatment with G-17, whereas they were decreased by PGL,
suggesting that G-17 is a metastasis-associated biomarker
in gastric cancer. Apart from G-17, microRNA-335 (28) and
SOX-2 (29) were reported to be suppressors, while Y-box
binding protein-1 was indicated as a promoter in the metas-
tasis of gastric cancer (30). These findings, along with ours,
indicate that potential prognostic biomarkers could serve as
potential gene targets in gastric cancer metastasis treatment.

MMPs have been recognized as the most important
protease family, and mediate central events in tumor progres-
sion, including invasion, metastasis and angiogenesis (31).
Higher MMP-7 and MMP-9 levels were reported to be asso-
ciated with the invasive phenotype of gastric cancer (32,33).
VEGEF is a well-defined pro-angiogenic and pro-metastatic
factor in numerous human cancers (34), and the upregulation
of VEGF contributes to the tumor invasion and metastasis of
gastric cancer (35). The expression levels of MMP-7, MMP-9
and VEGF were significantly increased by G-17, but were
inhibited by PGL in the present study. The results provide
further evidence of the metastasis-promoting role of G-17 in
gastric cancer via binding to the gastrin receptor.

Studies indicate that B-catenin and TCF4, which are
important genes in the Wnt pathway, are critical oncogenes in
Gl-related tumorigenesis (36). Thus, we evaluated the expres-
sion of B-catenin and TCF-4 in the SGC7901 cells. The results
revealed that G-17 induced the activation of the -catenin
pathway via binding to the gastrin receptor in the SGC7901
cells. Higher (-catenin/TCF activity induced by G-17 was
measured by the TOP-/FOP-FLASH luciferase reporter
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assay, strongly supporting a role of G-17 in activating the
[-catenin/TCF pathway in gastric cancer. Nuclear 3-catenin
has been reported to be the hallmark of an active Wnt
pathway (37). The stimulation of $-catenin nuclear transloca-
tion further confirmed the suppressive role of G-17 in 3-catenin
degradation. These results were coincident with the behavior of
gastrin in colorectal tumor cells, in which it prolonged the t,,,
of B-catenin protein by stabilizing 3-catenin (38), and demon-
strated that gastrin appears to exert the nuclear translocation
of B-catenin to activate the Wnt pathway in gastric cancer.

Axin is known to inhibit the Wnt-signaling pathway
via facilitating the phosphorylation and the degradation of
[B-catenin. To investigate the necessity of the Wnt pathway in
G-17-induced gastric cancer metastasis, G-17 was incubated
with or without axin in the present study. The results showed
that the migratory and invasive abilities of the SGC7901
cells were suppressed by axin, but recovered to some extent
by G-17. These results indicated that the p-catenin/TCF-4
pathway is essential in mediating G-17-induced metastasis in
gastric cancer, and G-17 exhibited antagonism to the 3-catenin
degradation by axin. The present study indicated that the APC/
axin/GSK complex is a degradation agent of p-catenin; the
dissociation of the complex leads to (3-catenin accumulation.
The free-f-catenin then translocates to the nucleus where
it binds to T-cell factors and activates the transcription of a
number of genes, including c-Myc, cyclin D1 and MMP-7 (37).
Compared with the effect of axin in the present study, the
expression levels of -catenin, TCF-4, MMP-7, MMP-9 and
VEGF in the axin + G-17 group were enhanced, and the results
confirmed the suppressive role of G-17 in (3-catenin degrada-
tion in gastric cancer.

Along with these data, our present research explored an
important GI hormone, G-17, in gastric cancer SGC7901 cells.
Through binding to the gastrin receptor, G-17 promoted cell
progression and metastasis, and activated the 3-catenin/TCF-4
pathway. In addition, the $-catenin/TCF-4 pathway was found
to be essential for mediating G-17-induced metastasis and
G-17 suppressed the B-catenin degradation in gastric cancer.
These results offer a potential gene target for the treatment of
gastric cancer.
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