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Abstract. Wnt proteins have been reported to contribute to the 
progression of various types of cancer. Wnt6 is a member of the 
Wnt family and may promote tumorigenesis in gastrointestinal 
cancer and cervical cancer. In the present study, the expression 
of Wnt6 in human colon cancer cell lines was evaluated, in 
order to investigate the role of Wnt6 in the development of 
colon cancer. Additionally, the effects of Wnt6 upregulation 
or downregulation on proliferation, apoptosis, cell cycle and 
cell migration of colon cancer cells have been investigated. 
Furthermore, western blot analysis was employed to evaluate 
the expression of Wnt6, B-cell lymphoma 2-associated 
X protein (Bax), caspase-3 and matrix metalloproteinase 
(MMP)2. The results of the present study demonstrated that 
the expression of Wnt6 was increased in HCT116 and SW480 
cells compared with the remaining colon cancer cell lines. 
Furthermore, overexpression Wnt6 resulting from transfection 
of pGPU6/GFP/Neo-Wnt6-Homo-1 plasmid promoted the 
proliferation, cell cycle and migration of HCT116 and SW480 
cells, but inhibited cell apoptosis in vitro. The expression of 
caspase-3 and MMP2 was increased, whereas the expression 
of Bax was decreased in response to upregulation of Wnt6. 
These results suggested that Wnt6 may serve a vital function 
in the development of colon cancer.

Introduction

Colon cancer is a common malignant tumor of the gastrointes-
tinal tract and is the fourth leading cause of cancer-associated 
mortality (1). The 5-year survival rate of patients with colon 
cancer is 50% (1,2). The onset of colon cancer is associated 
with genetic and environmental factors (e.g., exposure to 
carcinogens and smoking) (3). Inactivation of tumor suppressor 

genes and mutation of oncogenes lead to the development of 
malignant tumors (3). Previous studies investigated the effect 
of drugs on the proliferation, adhesion, invasion and migra-
tion of colon cancer cells, and the underlying molecular 
mechanisms of drug resistance in colon cancer (4-9).

The Wnt signaling pathway regulates diverse develop-
mental processes, including cell adhesion, proliferation, 
differentiation, migration and apoptosis (10). Previous studies 
have demonstrated that numerous types of cancer, including 
melanoma, hepatocarcinoma, gastrointestinal, breast and 
ovarian cancer (11), are associated with abnormal Wnt 
signaling pathway. Abnormal activation of Wnt signaling 
pathway has been reported in colorectal cancer (12,13). Wnt 
family of proteins includes at least 19 secreted-type glycopro-
teins with conserved 22-24 cysteine residues, and serves vital 
functions in carcinogenesis and embryogenesis (14). Previous 
studies have reported that Wnt6 is upregulated in gastrointes-
tinal cancer and cervical cancer, and overexpression of Wnt6 
promotes physiological or pathological processes via activation 
of Wnt/β-catenin signaling pathway in various cancer cell 
lines (15-18). Wnt6 is highly expressed in colorectal adenoma 
and may be associated with increased risk of colorectal 
cancer (19). However, the role of Wnt6 in occurrence, progres-
sion and metastasis of colon cancer remains unclear.

In the present study, the expression of Wnt6 was evaluated 
in colon cancer cell lines (LoVo, SW480, HCT116, SW620 and 
HT29). The effects of overexpression and knockdown of Wnt6 
on proliferation, cell cycle and apoptosis of colon cancer cells 
were investigated. The aim of the present study was to inves-
tigate the function of Wnt6 in tumorigenesis and progression 
of colon cancer and provide the basis for a novel therapeutic 
target in the treatment of colon cancer.

Materials and methods

Cell culture. Wnt6 high expression cell lines were selected 
from five human colon cancer cell lines (LoVo, SW480, 
HCT116, SW620 and HT29). Cells were maintained in 
Dulbecco's modified Eagle's medium (DMEM; Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (FBS, Gibco; Thermo 
Fisher Scientific, Inc.), 100 U/ml of penicillin and 100 µg/ml 
of streptomycin, and were cultured at 37˚C in a humidified 
atmosphere containing 5% CO2.
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Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from cells using TRIzol 
reagent (Ambion; Thermo Fisher Scientific, Inc.). RNA was 
reverse-transcribed into cDNA using PrimeScript™ 1st Strand 
cDNA Synthesis kit (Takara Biotechnology Co., Ltd., Dalian, 
China), and qPCR was performed using a KAPA SYBR Green 
qPCR kit (Kapa Biosystems, Inc., Wilmington, MA, USA). 
The primer sequences for Wnt6 were as follows: 5'-CGG 
AAG TGG TGG CAG AG-3' (forward) and 5'-CAG GAT GCG 
TCC AAA GG-3' (reverse). The primer sequences for β-actin 
were as follows: 5'-ACA CTG TGC CCA TCT ACG-3' (forward) 
and 5'-TGT CAC GCA CGA TTT CC-3' (reverse). Each reaction 
(20 µl total volume) contained 10 µl SYBR, 0.40 µmol/l each 
primer and 0.2±0.02 µg cDNA template. The thermocycling 
conditions were as follows: Pre‑denaturation at 95˚C for 
3 min, followed by 40 cycles of denaturation at 95˚C for 5 sec, 
annealing at 60˚C for 20 sec and elongation at 72˚C for 20 sec. 
The threshold cycle (Ct) was determined for each reaction 
by using the 2-ΔΔCq method, which generated Ct values for 
each gene of interest normalized to the endogenous control 
gene (β-actin) (20). For each group, three replicates of each 
measurement were performed.

Cell transfection. Cells (HTC116 or SW480) in 1x105 cells/ml 
were seeded in 6-well plates and cultured until cells reached 
confluency (70-80%). Cells were then transfected with 
800 ng/well of plasmids using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.), according to 
the manufacturer's protocol. The primers for Wnt6 were as 
follows: 5'-CAC CCT GCC GCC CTT ACC CTC C-3' (forward) 
and 5'-GAT CCG GGT CAC AGG CAG AGG C-3' (reverse). The 
corresponding cDNAs were inserted into the pGPU6/green 
fluorescent protein (GFP)/Neo vector to construct the recombi-
nant pGPU6/GFP/Neo-Wnt6-Homo-1 plasmid, to overexpress 
Wnt6 (GenePharma Shanghai, China). An empty vector (EV) 
was used as a negative control. Additionally, specific short 
hairpin (sh)RNA-expressing vectors were employed to knock-
down Wnt6. Negative control (NC) pGPU6/GFP/Neo-shNC 
(target sequence, GTT CTC CGA ACG TGT CAC GT) and 
pGPU6/GFP/Neo-Wnt6-Homo-A (target sequence, AAG 
TGG TGG CAG AGC TAG CTC) vectors were obtained 
from Shanghai GenePharma Co., Ltd. (Shanghai, China). 
Untransfected HCT116 or SW480 cells consider as control 
group.

MTT assay. Cell proliferation was evaluated using an MTT 
assay. HCT116 and SW480 cells were seeded in 96-well 
plates and transfected with expression or empty vector with 
1x104 cells in each well. At indicated timepoints (24, 48 
and 72 h), 20 µl MTT (5 mg/ml; Bioswamp, Wuhan, China) 
was added to each culture prior to incubation at 37˚C for 
an additional 4 h. Then, DMEM medium was removed and 
150 µl dimethylsulfoxide was added to each well and mixed 
for 10 min. Absorbance was read at a wavelength of 490 nm.

Flow cytometric analysis of apoptosis. Apoptosis was detected 
by double staining with Annexin V‑fluorescein isothiocyanate 
(FITC)/propidium iodide (PI) (BD Biosciences, Franklin Lakes, 
NJ, USA), according to the manufacturer's protocol. At 48 h 
post-transfection, HCT116 and SW480 cells (1x106 cells/ml) 

were washed three times with ice-cold PBS and incubated for 
30 min at 4˚C in the dark in 200 µl binding buffer containing 
10 µl Annexin V‑FITC and 10 µl PI. Apoptotic cells were 
analyzed using a flow cytometer (Beckman Coulter, Inc., Brea, 
CA, USA) and Cytomics FC 500 MCL with CXP software 5.0 
network (Beckman Coulter, Inc.).

Analysis of cell cycle. Cell cycle was analyzed using flow 
cytometry. At 48 h post-transfection, HCT116 and SW480 
cells in 1x106 cells/ml were washed with ice-cold PBS and then 
fixed with 70% ethanol at 4˚C for 1 h. Following washing with 
PBS, cells were stained with PI [10 mM Tris (pH 7.0), 0.1% 
NP‑40, 1 mM NaCl, 0.7 µg/ml ribonuclease A and 5 µg/ml 
PI] for 30 min in the dark. Cell cycle analysis was performed 
using a flow cytometer and Cytomics FC 500 MCL with CXP 
5.0 software.

Cell migration assay. Cell migration were assessed using 
Transwell assays. HCT116 and SW480 cells (1x105 cells/ml) 
were starved in serum-free DMEM medium for 24 At 48 h, 
cells were fixed for 10 min using 4% paraformaldehyde 
(Bioswamp; Wuhan Beinglay Biological Technology Co., 
Wuhan, China) and incubated with 0.5% crystal violet 
(Bioswamp; Wuhan Beinglay Biological Technology Co.) 
for 30 min. A total of 100 µl cell suspension was seeded into 
transwell chambers with 8 µm prore polycarbonate membrane 
insert (Corning Incorporated, Corning, NY, USA). A total 
of 600 µl RPMI‑1640 medium (Beijing Solarbio Science & 
Technology, Co., Ltd., Beijing, China) containing 20% FBS 
was added in lower chambers. Following incubation for 24 h 
in transwell chamber, cells remaining on the upper membrane 
were removed carefully with a cotton swab. Stained cells 
were counted in three fields using a light microscope (Nikon 
Corporation, Tokyo, Japan; magnification, x200).

Western blot analysis. Western blot analysis was performed 
as previously described (21). Antibodies against Wnt6 
(cat. no. ab50030, 1:500 dilution; Abcam, Cambridge, UK), 
B-cell lymphoma 2 (Bcl-2)-associated X protein (Bax) 
(cat. no. ab32503, 1:2,000 dilution; Abcam), caspase-3 
(cat. no. ab32351, 1:2,000 dilution; Abcam), matrix metal-
loproteinase (MMP)2 (cat. no. ab37150, 1:1,000 dilution; 
Abcam) and β-actin (cat. no. 49675, 1:1,000 dilution; Cell 
Signaling Technology, Inc., Danvers, MA, USA) were used. 
HCT116 and SW480 cells were washed twice with PBS 
and homogenized in radioimmunoprecipitation assay lysis 
buffer (Beyotime Institute of Biotechnology, Haimen, China) 
containing protease inhibitor (cat. no. 58715; Cell Signaling 
Technology) and centrifuged at 12,000 x g for 15 min at 4˚C. 
The concentration of the proteins was measured using a bicin-
choninic acid assay kit (cat. no. P0011; Beyotime Institute of 
Biotechnology). A total of 30 µg proteins were separated by 
10% SDS‑PAGE and transferred onto a polyvinylidene difluo-
ride membrane (Merck KGaA, Darmstadt, Germany). The 
membranes were blocked with 5% skim milk for 2 h at room 
temperature in Tris-buffered saline. Then, the membranes 
were incubated with primary antibodies overnight at 4˚C. 
Anti-β-actin antibody was selected as internal reference. Then, 
the membranes were washed with Tris-buffered saline and 
incubated in biotinylated goat IgG conjugated to horseradish 
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peroxidase (HRP) secondary antibody (cat. no. ab7090, 
Abcam) for 2 h at room temperature. Immunoreactivity was 
visualized by colorimetric reaction using an enhanced chemi-
luminesence substrate buffer (Merck KgaA). Membranes were 
scanned with Gel Doz EZ imager (Bio-Rad Laboratories, Inc., 
Hercules, CA, USA). Bans were quantified using Quantity One 
5.0 software (Bio-Rad Laboratories, Inc.).

Statistical analysis. Data were analyzed using SPSS soft-
ware (version 18.0; SPSS, Inc., Chicago, IL, USA). The 
relevant data are expressed as the mean ± standard error of 
the mean. Statistical analysis was performed using one-way 
analysis of variance followed by Duncan's multiple range 
test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Figure 1. Expression of Wnt6 in human colon cancer cell lines. (A) RT-qPCR analysis of the expression levels of Wnt6 in colon cancer cells (LoVo, SW480, 
HCT116, SW620 and HT29). **P<0.01 vs. LoVo; ##P<0.01 vs. SW480; ▲▲P<0.01 vs. HCT116; rrP<0.01 vs. SW620. HCT116 cells and SW480 cell were 
transfected with The shNC, shWnt6, EV or pWnt6 were successfully transfected into (B) HCT116 cells and (C) SW480 cell and detected using fluorescence 
microscope. The expression levels of Wnt6 in (D) HCT116 cells and (E) SW480 cells transfected with shNC, shWnt6, EV or pWnt6 as detected using RT-qPCR. 
**P<0.01 vs. shNC; ##P<0.01 vs. shWnt6. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; sh, short hairpin; NC, negative control; 
EV, empty vector; p, plasmid; CON, control.
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Results

Expression of Wnt6 in human colon cancer cell lines. 
RT-qPCR was employed to evaluate the expression levels of 
Wnt6 in human colon cancer cells. The results demonstrated 
that HCT116 and SW480 cells exhibited increased expression 
levels of Wnt6 (Fig. 1A). Therefore, we selected HCT116 
and SW480 cells lines in the further studies, to explore the 
effect of Wnt6 expression on colon cancer. Additionally, 
pGPU6/GFP/Neo-Wnt6-Homo-1 plasmid was constructed to 
assess the effects of overexpression of Wnt6, whereas specific 
shRNA-expressing vectors were employed to knockdown 
Wnt6. Fig. 1B and C demonstrate the transfection efficiency 
of vectors using HCT116 and SW480 cells. As presented in 
Fig. 1D and E, shWnt6 (a plasmid carrying shRNA targeting 
Wnt6) significantly reduced the expression of Wnt6, whereas 
pWnt6 (Wnt6 overexpression plasmid) significantly increased 
the expression of Wnt6 in HCT116 and SW480 cells.

Overexpression of Wnt6 induced colon cancer cell 
proliferation. Cell proliferation was evaluated using an MTT 
assay. Cells were divided into the following groups: Control, 
shNC (transfection with negative control), shWnt6 (transfec-
tion with shWnt6), EV (transfection with empty vector) and 
shWnt6+pWnt6 (combined transfection with shWnt6 and 
pWnt6). The results demonstrated that cell proliferation was 
decreased in the shWnt6 group compared with that of the 
shNC group at 24, 48 and 72 h (Fig. 2A and B), indicating 
downregulation of Wnt6 inhibited the proliferation of HTC116 
and SW480. Cell viability was significantly increased in the 
shWnt6+pWnt6 group in a time-dependent manner compared 
with the shWnt6 group (Fig. 2A and B). Therefore, knockdown 
of Wnt6 decreased cell proliferation and transfection with 
pWnt6 reversed this effect in HCT116 and SW480 cells.

Overexpression of Wnt6 inhibits the apoptosis of colon cancer 
cell. Cell apoptosis was evaluated using Annexin V-FITC/PI 
staining and flow cytometry. As presented in Fig. 3A and B, 
the percentage of apoptotic cells was significantly increased 
in the shWnt6 group compared with that of the shNC group. 
However, shWnt6+pWnt6 group exhibited decreased apoptosis 
compared with that of shWnt6 group. Knockdown of Wnt6 
increased apoptosis and transfection with pWnt6 reversed this 
effect in HCT116 and SW480 cells.

Overexpression of Wnt6 promotes colon cancer cell cycle. 
The effect of Wnt6 on cell cycle was evaluated using flow 
cytometry. As presented in Fig. 4A and B, cells transfected 
with shWnt6 exhibited a significant G0-G1 cell cycle arrest 
accompanied with a reduction of cell numbers in S-phase, 
which was reversed in response to transfection with pWnt6. 
These results suggest that knockdown of Wnt6 may induce 
cell cycle arrest in G0-G1 phase in colon cancer cell lines and 
transfection with pWnt6 reversed this effect.

Overexpression of Wnt6 induces the migration of colon cancer 
cell. Cell migration was evaluated using Transwell assays. As 
presented in Fig. 5A and B, transfection with shWnt6 signifi-
cantly suppressed the migration of cells compared with that 
of the shNC group, whereas shWnt6+pWnt6 group exhibited 

increased numbers of migrated cells. Knockdown of Wnt6 
decreased the migratory ability of cells and transfection with 
pWnt6 reversed this effect in HCT116 and SW480 cells.

Overexpression of Wnt6 effects on the expression of 
apoptosis‑associated proteins. The expression of Bax, 
caspase-3 and MMP2 was assessed using western blot analysis. 
The results confirmed that shWnt6‑transfected cells exhibited 
decreased expression levels of Wnt6 compared with that of 
the shNC group, whereas the shWnt6+pWnt6 group exhibited 
increased expression levels of Wnt6 compared with that of 
the shNC group (Fig. 6A and B). Additionally, the expression 
levels of caspase-3 and MMP2 were decreased, whereas the 
expression levels of Bax were increased in response to shWnt6 
(Fig. 6). The expression of caspase-3 and MMP2 was increased, 
whereas the expression of Bax was decreased following 
overexpression of Wnt6 (achieved by pWnt6) (Fig. 6A and B).

Discussion

The Wnt/β-catenin signaling pathway is triggered by a series 
of signaling cascade reactions, thus leading to transcription of 
target genes in the nucleus (10). The Wnt signaling pathway is 
involved in cell proliferation, apoptosis and epithelial-mesen-
chymal transition (EMT) (22). Additionally, previous studies 
demonstrated that aberrant Wnt signaling pathway promotes 
cell proliferation and tumorigenesis (23) in various types of 
cancer, including gastrointestinal (24), breast (25), kidney (26), 
pancreatic (27), prostate cancer (28), melanoma (29) and 

Figure 2. Wnt6 promotes cell proliferation in HCT116 and SW480 cells. 
Cell proliferation was evaluated using an MTT assay. The proliferation of 
(A) HCT116 and (B) SW480 cells in CON, shNC, shWnt6, EV and shWnt6 
groups. **P<0.01 vs. shNC; ##P<0.01 vs. shWnt6. sh, short hairpin; NC, nega-
tive control; EV, empty vector; p, plasmid; CON, control.
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osteosarcoma (30). Wnt6 is a member of the Wnt protein 
family that has been reported to be involved various types of 
cancer (19,31). However, the function of Wnt6 in colon cancer 
remains unclear.

In the present study, the expression of Wnt6 was increased 
in HCT116 and SW480 cells compared with LoVo and HT29 
cells. Therefore, HCT116 and SW480 cells were selected for 
subsequent experiments. The expression pattern of Wnt6 may 

Figure 3. Wnt6 decreases apoptosis in HCT116 and SW480 cells. The percentage of apoptotic cells in (A) HCT116 and (B) SW480 cells in CON, shNC, shWnt6, 
EV and shWnt6 groups was evaluated using flow cytometry. **P<0.01 vs. shNC; ##P<0.01 vs. shWnt6. sh, short hairpin; NC, negative control; EV, empty vector; 
p, plasmid; CON, control. 
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differ in colon cell lines due to differences in histological 
differentiation, tumor staging and biological characteristics. 
Kirikoshi et al (15) reported that Wnt6 is strongly expressed 
in SW480 cells. Wnt proteins have been reported to promote 
various types of cancer. Wnt1 regulates the progression of breast 
cancer by promoting cell proliferation and migration (32). 

Overexpression of Wnt2 contributes to tumorigenesis of 
colorectal and lung cancer (33,34). Wnt10b expression serves 
an important function in the development of endometrial 
cancer (35). In the present study, it was demonstrated that inhi-
bition of Wnt6 may inhibit cell proliferation, cell cycle process 
and migration, and promote cell apoptosis, and overexpression 

Figure 4. Inhibition of Wnt6 induces cell cycle arrest in G0-G1 phase. The cell cycle distribution in (A) HCT116 and (B) SW480 cells was evaluated using flow 
cytometry in CON, shNC, shWnt6, EV and shWnt6 groups. **P<0.01 vs. shNC; ##P<0.01 vs. shWnt6. sh, short hairpin; NC, negative control; EV, empty vector; 
p, plasmid; CON, control.
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of Wnt6 reversed this effect, thus upregulation of Wnt6 may 
contribute to tumorigenesis and development of malignant 
colon tumor.

The results demonstrated that the expression of caspase-3 
and MMP2 was increased, whereas the expression of Bax 
was decreased following overexpression of Wnt6. Caspase-3 
has been demonstrated to be cleaved in apoptotic cells and 
the expression of caspase-3 precursor decreased (36). The 
results of the present study demonstrated that overexpression 
of Wnt6 increased the expression of caspase-3 precursor, 
indicating that Wnt6 may inhibit cell apoptosis. MMP2 is 
involved in the breakdown of extracellular matrix. MMP2 is 

associated with the development of various malignant tumors 
and may promote EMT, a key process involved in cancer 
metastasis (37). Wnt6 increased the expression of MMP2 
indicating that Wnt6 may promote cell migration. Bax is an 
apoptosis-promoting member of the Bcl-2 family (38). The 
results of the present study demonstrated that overexpres-
sion of Wnt6 decreased the expression of Bax, indicating 
that Wnt6 may inhibit cell apoptosis. Wnt1, Wnt3 and Wnt8 
have been reported to activate Wnt/β-catenin signaling 
pathway (39,40). However, whether Wnt6 may activate the 
Wnt signaling pathway in colon cancer requires further 
investigation.

Figure 5. Wnt6 promotes the migration of HCT116 and SW480 cells. The migration of (A) HCT116 and (B) SW480 cells was evaluated using Transwell assays 
in CON, shNC, shWnt6, EV and shWnt6 groups. **P<0.01 vs. shNC; ##P<0.01 vs. shWnt6. sh, short hairpin; NC, negative control; EV, empty vector; p, plasmid; 
CON, control.
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The present study demonstrated that HCT116 and 
SW480 cells exhibit increased expression levels of 
Wnt6. Downregulation of Wnt6 by shWnt6 inhibited cell 

proliferation and migration and induced cell apoptosis 
of HCT16 and SW480 cells. Additionally, overexpression 
of Wnt6 may promote the proliferation, cell cycle and 

Figure 6. Wnt6 regulates the expression of Bax, caspase-3 and MMP2. The expression of Bax, caspase-3 and MMP2 in (A) HCT116 and (B) SW480 cells 
was evaluated using western blot analysis. **P<0.01 vs. shNC; ##P<0.01 vs. shWnt6. sh, short hairpin; NC, negative control; EV, empty vector; p, plasmid; 
CON, control; Bax, B-cell lymphoma 2-associated X protein; MMP, matrix metalloproteinase.
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migration of HCT116 and SW480 cells, but inhibit cell 
apoptosis by upregulation of the expression of caspase-3 
and MMP2, and downregulation of the expression of Bax. 
These results indicated that Wnt6 may serve a vital function 
in the progression of colon cancer and may be utilized as a 
potential therapeutic target.
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