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Abstract. Wnt2 plays a pivotal role in human cancer. However, 
it is not yet known whether Wnt2 contributes to promoting 
migration and invasion of gastric cancer. The present study 
aimed to investigate the expression of Wnt2 in gastric cancer 
tissues and cell lines, and to analyze the effect of Wnt2 on 
gastric cancer cells. Wnt2 expression level was evaluated in 
gastric cancer samples and adjacent normal gastric tissues by 
immunohistochemical and western blot analysis. To inves-
tigate the effect of Wnt2 on gastric cancer cells, an in vitro 
Wnt2 secreting system was established using CHO cells. The 
results indicated that Wnt2 is overexpressed in gastric cancer 
and is implicated in metastasis and TNM stage. Additionally, 
the results of in vitro experiments demonstrated that Wnt2 
contributes to enhancing the migration and invasion abilities 
of gastric cancer cells. These results suggested that Wnt2 may 
be an effective target of treatment for patients with advanced 
gastric cancer.

Introduction

Gastric cancer is one of the most common lethal malignan-
cies and the second leading cause of cancer‑associated cases 
of mortality worldwide (1). Gastric cancer was the second 
leading cause of cancer mortality in China, with an estimated 
297,496 cases of mortality in 2011 (2). Gastric cancer is often 
diagnosed at an advanced stage, and the 5‑year survival rate 
of patients with gastric cancer remains low (3). There is an 
urgent need to improve prevention of gastric cancer and 
identify novel diagnostic methods and therapeutic treatments. 
However, the molecular pathogenesis of progression in gastric 
cancer remains unclear. It is therefore necessary to identify 

the mechanisms involved in the progression of gastric cancer, 
particularly in metastasis. Previous research has highlighted 
the importance of the Wnt signaling pathway, which is involved 
in the regulation of cell proliferation, differentiation, apoptosis 
and migration (4‑6). Several studies have also reported that 
aberrant activation of Wnt signaling pathway is involved in the 
progression of a number of cases of gastric cancer (7). It was 
reported that Wnt signaling is activated in 30‑50% of gastric 
cancer tissues and in numerous types of gastric cancer cell 
line (8‑10). This pathway is initiated by multiple Wnt proteins, 
including Wnt2 and Wnt3  (11,12). Numerous members of 
the Wnt family of proteins, including Wnt1 and Wnt2, have 
been identified to be overexpressed in gastric cancer (13,14). 
However, the precise role of this pathway in gastric cancer 
remains unclear.

The Wnt2 gene, located on human chromosome 7q31, has 
been reported to be involved in tumorigenesis and progression 
in numerous types of tumor, including breast cancer, pleural 
mesothelioma, lung cancer, colorectal cancer and pancreatic 
tumors (15‑19). Wnt2 is expressed in human fetal lung and 
placenta, but almost undetectable in normal gastrointestinal 
tract (20). As an important member of the Wnt protein family, 
Wnt2 has the ability to activate the Wnt signaling pathway in 
certain tumor cells. Although it has been reported that Wnt2 
is frequently upregulated in primary gastric cancer (21), the 
role of Wnt2 in the progression of gastric cancer is unknown, 
particularly the association between Wnt2 expression and 
clinicopathological factors. Furthermore, proliferation and 
metastasis of malignant gastric tumor growth are complex 
processes that are associated not only with the characteristics of 
the tumor itself but also with those of the tumor growth environ-
ment. To the best of our knowledge, none of the aforementioned 
studies reported whether secreted Wnt2 affects the progression 
of gastric cancer via the tumor growth environment.

In the present study, we hypothesized that Wnt2 may serve 
a pivotal role in the progression of gastric cancer. To further 
investigate the role of Wnt2 in the progression of gastric 
cancer, the association between Wnt2 expression and clinico-
pathological factors was analyzed in 137 patients with gastric 
cancer. Subsequently, the expression of Wnt2 was evaluated in 
human gastric tissues and cell lines via immunohistochemical 
assay and western blot analysis. Then, the role of Wnt2 in the 
tumor progression of gastric cancer was investigated, particu-
larly in terms of migration and invasion.
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Materials and methods

Patients and tissue samples. The current study was approved 
by the Ethics Committee of Jining First People's Hospital 
(Jining, China). A total of 137  surgical specimens from 
137  patients with gastric cancer were recruited during 
June 2015 to June 2016 in the Jining First People's Hospital. 
All patients provided signed informed consent forms. The 
tissue specimens were confirmed by pathological diagnosis 
with routine histopathological hematoxylin and eosin‑staining 
of the specimens. The patients enrolled in the study had not 
received any neoadjuvant chemotherapy or radiation therapy 
prior to surgical treatment.

Gastric cancer was staged according to the TNM staging 
system (22). The enrolled patients included 32 patients at stage I, 
46 at stage II, 82 at stage III and 50 at stage IV. The normal 
adjacent tissues were taken from 5‑10 cm away from the tumor 
margin (n=54). The tissue samples were dissected by a senior 
pathologist in the operating room, and immediately frozen in 
liquid nitrogen and stored at ‑80˚C. The tissue samples were 
cut into thin sections (5‑10 µm), fixed in 10% formaldehyde 
and embedded in paraffin at 4˚C. Clinicopathological data 
of patients with gastric cancer were also obtained, including 
sex, age, tumor differentiation, tumor location, tumor size, 
tumor‑node‑metastasis (TNM) stage and lymph node status. 
The patient data are summarized in Table I.

Cell lines and culture conditions. Human gastric cancer 
cell lines, including MKN‑45, SGC‑7901 and BGC‑823, 
and the human normal gastric mucosal epithelial cell line, 
GES‑1, were obtained from Shanghai Institutes for Biological 
Sciences (Chinese Academy of Sciences, Shanghai, China). 
Cell lines were routinely maintained in RPMI‑1640 medium 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
containing 10% fetal bovine serum (FBS; Abcam, Cambridge, 
UK) 100 IU/ml streptomycin, and 100 IU/ml penicillin in a 5% 
CO2 atmosphere at 37˚C.

Plasmid construction and transfection. The Wnt2 gene 
(GeneBank accession no. 7472) was amplified using PCR 
(primers: Forward, 5'‑ATG​TCA​CCC​GGA​TGA​CCA​AG‑3'; 
reverse, 5'‑TCC​AGA​GCT​TCC​AGG​CAG​TC‑3') and cloned 
into a pcDNA 3.1/V5‑His TOPO TA vector (Invitrogen; 
Thermo Fisher Scientific, Inc.). The plasmids were trans-
fected into CHO‑K1 hamster cells (American Type Culture 
Collection, Manassas, VA, USA) using Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. Stably Wnt2‑expressing clones 
(CHO‑W) were screened. CHO cells transfected with the 
empty vector (CHO‑V) were used as the control.

Conditioned medium. CHO‑W and CHO‑V cells were 
cultured in Dulbecco's modified Eagle medium (DMEM; 
Gibco; Thermo Fisher Scientific, Inc.) containing 10% FBS at 
37˚C until they reached 70% confluence. CHO‑W and CHO‑V 
cells were then harvested and continually cultured in DMEM 
with 3% FBS for 24 h. Then, the culture medium was centri-
fuged at 1,000 x g at 4˚C for 30 min and the supernatant was 
collected as conditioned medium for further study, as previ-
ously described (11).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA from the gastric cell lines was 
extracted using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. 
RNA was converted into cDNA using a GoScript™ Reverse 
Transcription kit (cat.  no.  A5001; Promega Corporation, 
Madison, WI, USA) according to the manufacturer's protocol. 
For analysis of Wnt2 gene expression, qPCR was performed 
with the SYBR Green PCR core reagent kit (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). β‑actin was used 
as the endogenous reference. The PCR primer sequences were 
as follows: Wnt2 forward, 5'‑CCC​ACA​GCA​CAT​GAC​TTC​
AC‑3', reverse, 5'‑CTG​TAT​CAG​GGA​CCG​AGA​GG‑3'; β‑actin 
forward, 5'‑GAC​CTC​TAT​GCC​AAC​ACA​GT‑3', reverse, 
5'‑AGT​ACT​TGC​GCT​CAG​GAG​GA‑3', based on a previous 
study  (23). The qPCR thermocycling conditions were as 
follows: 95˚C for 10 min, 40 cycles of 95˚C for 15 sec, 60˚C 
for 30 sec and 72˚C for 40 sec, then 95˚C for 60 sec, followed 
by dissociation curve analysis. Reverse‑transcribed Human 
Total Reference RNA (Stratagene; Agilent Technologies, Inc., 
Santa Clara, CA, USA) was used to generate a standard curve. 
The relative expression of Wnt2 in each cell line was analyzed 
using the comparative Cq method (24).

Western blot analysis. For western blot analysis, whole‑cell 
extracts were prepared using RIPA buffer supplemented 
with protease inhibitor cocktail (Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany). Then, protein quantifica-
tion was performed using a BCA protein assay kit. Protein 
lysates (20 mg) were separated by 10% SDS‑PAGE and then 
electrophoretically transferred onto polyvinylidene fluoride 
membranes. The membranes were blocked in TBST buffer 
containing 5% non‑fat dried milk for 1  h at 25˚C. Then, 
membranes were incubated at 4˚C overnight with monoclonal 
antibodies, including Rabbit anti‑human Wnt2 (dilution, 
1:1,000; cat. no. ab109222; Abcam) and mouse anti‑human 
β‑actin (dilution, 1:10,000; cat.  no.  Ab8226; Abcam). 
Membranes were then washed three times in TBST solution for 
30 min. Finally, membranes were incubated with horseradish 
peroxidase (HRP)‑conjugated anti‑mouse secondary antibody 
(dilution, 1:5,000; cat.  no.  A0545; Sigma‑Aldrich; Merck 
KGaA) and HRP‑conjugated goat anti‑Rabbit IgG (H&L) anti-
body (dilution, 1:2,000; cat. no. AS09 602; Agrisera, Vännäs, 
Sweden) at 25˚C for 1 h.

Immunohistochemical staining. An immunohistochemical 
method was used to detect the protein expression of Wnt2 in 
gastric cancer tissue. Paraffin‑embedded tissue sections (5 µm) 
were deparaffinized, rehydrated in xylene and degradation 
alcohol and heated with a microwave oven in 10 mM citrate 
buffer for 5‑10 min for antigen retrieval. The sections were 
incubated with the rabbit anti‑Wnt2 monoclonal antibody (dilu-
tion, 1:250) overnight at 4˚C. The slides were incubated with 
a HRP‑conjugated goat anti‑rabbit secondary antibody (dilu-
tion, 1:1,000; cat. no. ab6721; Abcam) at 37˚C for 30 min. The 
Wnt2 expression status was assessed by two examiners who 
were blinded to the clinicopathological data using a Zeiss 710 
laser scanning confocal microscope (Zeiss AG, Oberkochen, 
Germany). The intensity of Wnt2 staining was evaluated using 
the following criteria: 0, negative; 1, weak staining; 2, moderate 
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staining; 3, strong staining. The percentage of positive cells 
was classified into five grades as follows: 0, <5%; 1, 5‑25%; 
2, 25‑50%; 3, 50‑75%; 4, 75‑100%. The immunohistochemical 
staining score was calculated as follows: Overall score=positive 
cell score + staining intensity score. An overall score ≤3 was 
defined as negative, and >3 as positive (25).

Application of Wnt2 recombinant protein. DMEM (~1 ml) 
containing 2% FBS was added to 5x104 cells/cm2 gastric cancer 
cells in each well of a 6‑well plate. Recombinant human Wnt2 
protein (Abnova, Taipei, Taiwan) was added obtain concen-
trations of 0, 50, 100 and 200 ng/ml, respectively. Cells were 
cultured in a 5% CO2 incubator at 37˚C for 6 h. Proteins were 
extracted from cells and western blot analysis was performed 
as described above to determine the optimum concentration. 
Subsequently, the optimum concentration of Wnt2 recombi-
nant protein was applied to cells in a 5% CO2 incubator at 37˚C 
for 2, 4, 6, 8 and 16 h to determine the optimum acting time.

Cell viability assay. Cell viability was assessed by an MTT 
assay. SGC‑7901 and BGC‑823 cells were seeded at 104/well 
in 96‑well plates, and incubated for 4 days in DMEM with 10% 
FBS or conditioned medium from CHO‑W or CHO‑V cells. At 
the end of the culture period, 50 µl 2 mg/ml MTT was added 

to the medium and incubated for 3 h at 37˚C with 5% CO2. 
Dimethyl sulfoxide (200 µl/well) was added to dissolve the 
formazan crystals. The measurement was obtained at 570 nm 
using an Epoch Microplate Reader (BioTek Instruments, Inc., 
Winooski, VT, USA). All results are presented as a percentage 
compared to untreated cells.

Cell migration and invasion assays. Cell migration and inva-
sion were analyzed using a Transwell chamber assay (Corning, 
Inc., Corning, NY, USA). SGC‑7901 and BGC823 cells were 
grown with 100  ng/ml Wnt2 recombinant protein or IgG 
[negative control (NC) group] at 37˚C for 24 h. For the cell 
migration assay, a 200 µl monocyte suspension of 106 cells/ml 
was added to the upper chamber with serum‑free medium, and 
medium containing 10% FBS was added to the lower chamber. 
For the invasion assay, 106 cells/ml were resuspended in 200 µl 
serum‑free RPMI‑1640 medium and placed into the upper 
chamber of the insert with Matrigel (BD Biosciences, Franklin 
Lakes, NJ, USA). Following culture with 5% CO2 and 37˚C for 
72 h, cells that remained attached to the upper surface of the 
filters were carefully removed with cotton swabs. Invaded or 
migrated cells were stained with 1% crystal violet for 20 min 
at room temperature and examined with an optical microscope 
(magnification, x200).

Table I. Association between Wnt2 expression and clinicopathological factors of patients with gastric cancer.

	 Wnt2 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 n	 Positive (n=103)	 Negative (n=34)	 P‑value

Sex				    NS
  Male	 99	 42	 57	
  Female	 38	 29	   9	
Age (years)				    NS
  ≥65	 30	 14	 16	
  <65	 107	 57	 50	
Tumor differentiation				    NS
  Well to moderate	 39	 16	 23	
  Poor	 98	 38	 60	
Tumor location				    NS
  Gastric fundus	 8	 5	   3	
  Gastric corpus	 62	 36	 26	
  Pylorus	 67	 37	 30	
Tumor size (cm)				    NS
  ≤5	 79	 32	 47	
  >5	 58	 20	 38	
TNM stage				    <0.001
  I + II	 60	 18	 42	
  III + IV	 77	 55	 22	
Lymph node metastasis				    <0.001
  Negative	 42	 15	 27	
  Positive	 95	 67	 28	

TNM, tumor‑node‑metastasis; NS, no significant difference.
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Monolayer wound healing assay. Gastric cancer cells were 
seeded into a 6‑well tissue culture dish and allowed to grow 
to 90% confluence in complete medium. The monolayers were 
wounded with a plastic pipette tip that was scratched across 
the plate to create a 1‑mm wound, as previously described (26). 
The wounded monolayers were then washed four times with 
medium to remove cell debris and incubated for 48 h. Cells 
were monitored under an optical microscope equipped with a 
camera at x200 magnification.

Statistical analysis. All analyses were performed using 
GraphPad Prism 6 software (GraphPad Software, Inc., La 
Jolla, CA, USA). Continuous variable values were expressed 
as the mean ± standard deviation. Student's t‑test or analysis 
of variance (ANOVA) for unpaired data were used to compare 
mean values. Tukey's post‑hoc test was used with ANOVA. 
The association of risk factors with the prognosis of patients 
with gastric cancer was evaluated by χ2 analysis. All tests were 
two‑sided, and P<0.05 was considered to indicate a statistically 
significant difference. Error bars indicated standard deviation.

Results

Associations between Wnt2 expression and clinicopatholog‑
ical factors of patients with gastric cancer. Clinicopathological 
characteristics and their associations with Wnt2 expression are 
presented in Table I. In the current study, there were 99 males 
and 38 females, and the age at diagnosis ranged from 27 to 
80 years. Tumor differentiation was classified into two levels, 
including well to moderate and poor. The results suggested 
that Wnt2 expression was significantly associated with 
advanced stages of gastric cancer (III + IV) rather than early 
stages (I + II; P<0.001). Furthermore, Wnt2 expression was 
significantly associated with lymph node metastasis (P<0.001). 
However, Wnt2 expression was not associated with sex, age, 
tumor differentiation, tumor location or tumor size.

Expression of Wnt2 in human gastric tissues and cell lines. 
To further understand the clinicopathological significance of 
Wnt2 in gastric cancer, Wnt2 expression level was detected 
in gastric cancer samples and adjacent normal gastric tissues 
by immunohistochemical assay and western blot analysis. As 
indicated in Fig. 1A, the immunostaining of Wnt2 protein 
was different between non‑tumor gastric mucosa and gastric 
cancer tissue. Wnt2 expression was positive in gastric cancer 
tissue, and negative in non‑tumor gastric mucosa. The level 
of Wnt2 in cancer samples was significantly higher compared 
with corresponding adjacent noncancerous tissues (Fig. 1B).

To explore the role of Wnt2 in gastric cancer progres-
sion, the expression of Wnt2 in human gastric cell lines was 
detected, including MKN‑45, GES‑1, SGC‑7901 and BGC‑823. 
As indicated in Fig. 2A, RT‑qPCR analysis of Wnt2 mRNA 
revealed that the transcription level of Wnt2 in cancer cell 
lines, particularly in SGC‑7901 and BGC‑823, was markedly 
higher compared with the normal gastric cell line. Notably, 
transcription levels of Wnt2 in SGC‑7901 and BGC‑823 were 
also markedly higher compared with MKN‑45. Western blot-
ting results revealed that Wnt2 expression in SGC‑7901 and 
BGC‑823 cells was markedly higher increased compared with 
the normal gastric cell line (Fig. 2B).

Establishment of secreted Wnt2 conditioned medium. To 
investigate the effect of Wnt2 on gastric cancer cells, an 
in vitro Wnt2 secreting system was established using CHO 
cells. A Wnt2 expression plasmid was stably transfected into 
CHO cells (CHO‑W), and empty vector‑transfected CHO cells 
(CHO‑V). The conditioned medium was collected after 24 h 
of culture in 3% FBS, and the ectopic expression of Wnt2 in 
CHO cells was validated at the protein level (Fig. 3A and B). 

Figure 2. Expression of Wnt2 in human gastric cell lines. (A) Reverse tran-
scription‑quantitative polymerase chain reaction analysis of Wnt2 mRNA in 
four gastric cancer cell lines and a noncancerous cell line, GES‑1. (B) Western 
blot analysis of Wnt2 protein in four gastric cancer cell lines and GES‑1. The 
40‑kDa band was detected by anti‑Wnt2 antibody (upper row), and the 42‑kDa 
band was detected by anti‑actin antibody (lower row) as the loading control.

Figure 1. Immunohistochemical staining of human gastric tissues. 
(A) Immunostaining of Wnt2 protein in human gastric tissues (magnification 
of the inset, x20; main image, x200). (Aa) Negative Wnt2 expression in normal 
gastric tissue. (Ab) Negative Wnt2 expression in non‑tumor gastric mucosa. 
(Ac) Positive Wnt2 expression in gastric cancer tissue. (B) Expression level 
of Wnt2 protein in gastric cancer tissues was significantly higher compared 
with adjacent non‑cancerous tissues. **P<0.001.
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The results indicated that Wnt2 protein could be detected in 
conditioned medium from CHO‑W.

Wnt2 promotes cell proliferation in gastric cancer cell lines. 
To analyze the effect of Wnt2 on gastric tumor cell prolif-
eration, SGC‑7901 and BGC‑823 cells were incubated for 
4 days in DMEM with 10% FBS or in conditioned medium 
from CHO‑W or CHO‑V. The cell proliferation (MTT) 
assay indicated that the cell growth rate of SGC‑7901 was 
markedly higher in cells cultured with conditioned medium 
from CHO‑W compared with cells cultured with conditioned 
medium from CHO‑V (Fig. 3B). Similar results were observed 
in the BGC‑823 cell line (Fig. 3C and D).

Wnt2 enhances cell migration and invasion. As a previous 
study reported that the positive expression of Wnt2 was closely 
associated with gastric cancer metastasis (14), the effects of 
Wnt2 on SGC‑7901 and BGC‑823 motility and invasiveness 
were evaluated by Transwell and wound healing assays in the 
present study. The results of the Transwell assay demonstrated 
that the recombinant protein Wnt2 increased the invasiveness 
of gastric cancer cells. Following 24 h of culture with recombi-
nant Wnt2, the number of gastric cancer cells that invaded into 
the lower chamber markedly increased. The same trend was 
also observed in the migration assay (P<0.05; Fig. 4A and B). 
Consistent results were also observed in SGC‑7901 cell lines 
(P<0.05; Fig. 4C and D).

The wound healing assay demonstrated that Wnt2 protein 
facilitated the migration of gastric cancer cells. At 48 h after 
scratching the cell surface, the distance from the edge of the 
wound was measured (Fig. 5). Gastric cancer cells (SGC‑7901 

and BGC823) cultured in Wnt2 recombinant protein exhib-
ited significantly increased migration into the wound areas 
compared with the control groups (P<0.05).

Discussion

The Wnt signaling pathway has been identified as one of the key 
signaling pathways in the process of tumorigenesis (26). Wnt 
proteins, including Wnt2 and Wnt3, initiate the Wnt signaling 
pathway  (11,12). In particular, Wnt2 has been reported to 
activate the Wnt signaling pathway (27). Additionally, the Wnt 
signaling pathway plays a pivotal role in the regulation of cell 
proliferation, differentiation, apoptosis and migration (4,5). 
As it has been reported that Wnt2 is frequently upregulated 
in primary gastric cancer (21), the current study focused on 
whether Wnt2 plays a role in the progression of gastric cancer, 
particularly in cell migration and invasion. In the present study, 
the associations between Wnt2 expression and clinicopatho-
logical factors of patients with gastric cancer were evaluated. 
Wnt2 expression level was detected in gastric cancer samples 
and adjacent normal gastric tissues by immunohistochemical 
assay and western blot analysis. The results indicated that 
Wnt2 expression in gastric cancer tissues was significantly 
associated with higher TNM stage, which suggests that Wnt2 
serves a function in the progression of gastric cancer.

In the current study, Wnt2 expression was evaluated in 
four gastric cancer cell lines in comparison with the GES‑1 
cell line. RT‑qPCR analysis of Wnt2 mRNA revealed that the 
transcription levels of Wnt2 in cancer cell lines, particularly 
SGC‑7901 and BGC823, were markedly higher compared with 
a normal gastric cell line. Wnt2 expression in MKN‑45 cells 

Figure 3. Secreted Wnt2 promotes cell proliferation in gastric cancer cell lines. A plasmid containing Wnt2 was stably transfected into CHO cells and CM 
containing secreted Wnt2 was collected for further study. (A) Expression of Wnt2 in CHO‑W was confirmed by western blot analysis. (B) Quantification of 
the western blot analysis indicated that Wnt2 protein could be detected in CHO‑W and the CM of CHO‑W. Effects of normal growth media (DMEM + 10% 
fetal bovine serum), VecCM or VecWnt2CM on the growth of gastric cancer cells (C) SGC‑7901 and (D) BGC823 were compared by an MTT assay. Data 
are presented as the mean ± standard deviation of three independent experiments. CM, conditioned medium; CHO‑W, Wnt2‑transfected CHO cells; CHO‑V, 
empty vector‑transfected CHO cells; DMEM, Dulbecco's modified Eagle's medium; VecCM, control CM; VecWnt2CM, CHO‑Wnt2 CM; OD, optical density.
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was less than that of SGC‑7901 and BGC823, indicating that 
Wnt2 expression may be altered across all gastric cancer cell 
lines. Furthermore, western blot results revealed that Wnt2 
expression in SGC‑7901 and BGC823 was markedly higher 
compared with the normal gastric cell line. Since BGC‑823 
and SGC‑7901 cells have malignant characteristics, Wnt2 may 
serve a function in the development or maintenance of a malig-
nant phenotype (7). Therefore, BGC‑823 and SGC‑7901 were 
selected for subsequent experiments. Using the secreted Wnt2 
conditioned medium, an MTT assay indicated that secreted 

Wnt2 promoted cell proliferation. However, the mechanism 
by which Wnt2 affects proliferation in gastric cancer is still 
unclear, and requires further investigation.

Another notable finding was that Wnt2 promotes metastasis 
of gastric cancer, according to the results of the Transwell and 
wound healing assays. It was previously reported that the Wnt 
signaling pathway induces epithelial‑mesenchymal transition 
(EMT) in tumors (28,29). Additionally, several studies have 
demonstrated that EMT is able to promote the metastasis of 
cancer, as it may change adhesive properties and endow cells 

Figure 5. Effects of Wnt2 on wound healing in gastric cancer cells. Wound healing assay with (A) BGC823 and (B) gastric cancer cells. Microscopic observa-
tions were recorded at 0 and 48 h after scratching the cell surface. Representative images from each experiment are shown. Magnification, x100. *P<0.05. NC, 
negative control.

Figure 4. Recombinant protein Wnt2 promotes the migration and invasion of gastric cells in vitro. (A) Transwell assay for BGC823 cells. Images indicate 
cells that travelled through the micropore membrane with or without Matrigel. (B) Histograms indicate the number of BGC823 cells that migrated or invaded 
through the chamber. (C) Transwell assay for SGC‑7901 cells. Images indicate cells that travelled through the micropore membrane with or without Matrigel. 
(D) Histograms indicate the number of SGC‑7901 cells that migrated or invaded through the chamber. Magnification, x200. NC, negative control. 
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with migratory and invasive properties (28). Furthermore, it 
has been reported that EMT plays an important role in the 
metastasis of gastric cancer  (29). In summary, Wnt2 may 
promote cell motility and invasiveness via activating EMT of 
gastric cancer. However, the molecular processes underlying 
Wnt2 still require further elucidation via direct experiments.

During metastatic progression, tumor cells may form a 
microenvironment that facilitates tumor cells migration and 
invasion (30). It has been reported that local regulation by 
Wnt signals could affect tissue microenvironments in vivo 
and subsequently affect cell differentiation, cell migration and 
adhesion (31). In the wound healing assay in the current study, 
secreted Wnt2 promoted the migration of gastric cancer cells. 
This suggests that secreted Wnt2, which may be present in the 
microenvironment of gastric tumors, could promote the migra-
tion and invasion abilities of gastric cancer cells. Therefore, 
Wnt2 may be a potential target in improving the status of the 
microenvironment and gastric cancer cells. However, further 
investigation is required into the detailed mechanisms of 
secreted Wnt2 in metastasis, particularly in the microenviron-
ment of gastric tumors.

In summary, the present results validated the hypothesis that 
Wnt2 plays a critical role in the progression of gastric cancer, via 
mediating signaling between cancer cells and the stromal envi-
ronment. Based on the current findings, it is also suggested that 
Wnt2 may be considered as a promising target for the treatment 
of gastric cancer. Blocking Wnt2 function may be effective in 
preventing tumor cell metastasis. However, it still remains unclear 
how Wnt2 protein directly affects Wnt signaling in gastric cancer, 
and therefore further studies should be conducted to investigate 
the molecular mechanisms of Wnt2 in the Wnt signaling pathway.
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