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Abstract. Colorectal cancer (CRC) is one of the major 
causes of cancer-associated mortality worldwide. Wnt family 
member 10A (Wnt10a) is an oncogene associated with the 
carcinogenesis and progression of renal cell carcinoma, and 
is strongly expressed in the CRC cell line SW480. However, 
the role of Wnt10a in CRC has been rarely reported. In the 
present study, the expression levels of Wnt10a were higher 
in 40 tumor tissues compared with in paired control tissues, 
as determined by RT-qPCR method. In addition, the clinic 
opathological association analysis indicated that Wnt10a 
expression was associated with tumor stage (T3+T4, P=0.015). 
Furthermore, Wnt10a was highly expressed in the SW480, 
SW620 and HCT116 cell lines. In order to explore the role 
of Wnt10a in CRC, Wnt10a expression was knocked down 
by siRNA technology in HCT116 cell line. Cell proliferation 
was significantly inhibited by 55% in CCK‑8 assay following 
Wnt10a knockdown and cell migration rate was decreased 
by 50% in Transwell assay. In addition, western blot analysis 
demonstrated that Wnt10a knockdown decreased the expres-
sion levels of β-catenin, cyclin D1, lymphoid enhancer-binding 
factor 1 and protein kinase B, which was consistent with results 
obtained with the Wnt/β‑catenin specific inhibitor LGK‑974. It 
was thus suggested that Wnt10a downregulation inactivated 
the Wnt/β-catenin signaling pathway in HCT116 cells. In 
conclusion, the present study demonstrated that Wnt10a may 
have an oncogenic role during carcinogenesis of CRC through 
activation of Wnt/β-catenin signaling. 

Introduction

Colorectal cancer (CRC) is the third most common and third 
most lethal type of cancer in men and women in the United 

States (1). The 5-year survival rate for patients with metastatic 
CRC is <15% (2). The main therapeutic options for CRC 
include traditional methods, such as surgery, chemotherapy, 
and possibly radiation if the tumor is well localized (2-6). 
In addition, genetic heterogeneity of CRC is associated with 
patient prognosis (7). It is therefore crucial to determine the 
underlying mechanism of CRC in order to develop novel 
therapeutic drugs for its treatment.

Genes from the WNT family are known to serve critical roles 
during embryonic development and tissue homeostasis (8-10). 
The Wnt family is comprised of 19 members that can be catego-
rized into two classes based on β-catenin involvement: The 
canonical pathway or β-catenin-dependent pathway, and the 
non-canonical pathway or β-catenin-independent pathway (8). 
In the canonical pathway, Wnt ligand binds to Frizzled receptor 
and inhibits the activity of glycogen synthase kinase-3β 
(GSK3β), which leads to aberrant accumulation of β-catenin in 
the cytoplasm followed by translocation to the nucleus. In the 
nucleus, β-catenin then binds to T-cell factor (TCF)/lymphoid 
enhancer-binding factor (LEF) and activates the transcription of 
downstream target genes. In addition, GSK3β can phosphorylate 
β-catenin, inducing ubiquitination and proteosomal degradation 
when the appropriate Wnt ligand is lacking (8,11).

The aberrant activation of Wnt/β-catenin signaling has been 
implicated in various types of tumor (8,12,13). Furthermore, 
mutated β-catenin is an important mechanism involved in the 
carcinogenesis of various types of tumor (14). However, other 
mechanisms disrupt the growth and/or invasion of tumors, 
including polymorphisms and differential expression of Wnt 
protein. For example, overexpression of Wnt family member 1 
(Wnt1) is associated with advanced metastasis in patients with 
non-small cell lung cancer, and promotes migration and inva-
sion of H1299 cells (15). Furthermore, Wnt7a is abundantly 
expressed in the epithelium of serous ovarian cancer, and 
promotes the tumor growth and progression of ovarian cancer 
via the Wnt/β-catenin signaling pathway (16). In addition, 
the upregulation of Wnt5a is associated with poor prognosis 
in patients with CRC, and Wnt5a knockdown in the SW480 
cell line inhibits migration and invasion of SW480 cells (17). 
Polymorphisms in Wnt6 and Wnt10a genes increase the risk 
of colorectal adenoma (18), and Wnt10a is highly expressed in 
renal cell carcinoma (RCC) tissue, thus serving an oncogenic 
role during carcinogenesis of RCC (19). Wnt10a has also been 
reported to be strongly expressed in SW480 cells (20,21). 
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However, to the best of our knowledge, there is currently no 
study available on the function of Wnt10a and its underlying 
mechanism in the carcinogenesis and progression of CRC.

In the present study, Wnt10a was revealed to be over-
expressed in CRC tissues, and its expression was associated with 
the survival rate of patients with CRC. In addition, a functional 
assay demonstrated that Wnt10a may promote HCT116 cell 
proliferation through activation of the Wnt/β-catenin signaling 
pathway. The in vivo data further supported the oncogenic role 
of Wnt10a in CRC. In conclusion, results from the present study 
suggested that Wnt10a may be a tumor-promoting gene in CRC 
and may be a novel target for the treatment of patients with CRC.

Materials and methods

Cell lines and tissue samples. The human CRC cell lines 
HCT116, SW480 and SW620 were purchased from the 
Cell Bank Type Culture Collection of Chinese Academy of 
Sciences (Shanghai, China). HCT116 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.) and antibiotics (100 U/ml penicillin 
and 100 µg/ml streptomycin). SW480 and SW620 cells were 
cultured in L‑15 medium (Gibco; Thermo Fisher Scientific, 
Inc.) containing 10% FBS. All cells were cultured at 37˚C in a 
humidified incubator containing 5% CO2.

A total of 40 patients with primary colon adenocarcinoma 
were selected between June, 2016 and December, 2017 at the 
Department of Oncology of The First Affiliated Hospital of 
Nanjing Medical University (Nanjing, China). The develop-
ment and pathogenic progression of CRC were diagnosed and 
classified by histopathological examination according to the 
study by Cunninghan et al (22). Tissues 5 cm distant from the 
resection margin were harvested and defined as paratumoral 
control tissues. Written informed consent was obtained from 
individual subjects. The experimental protocols were approved 
by the Ethics Committee of The Second Affiliated Hospital 
of Southeast University (Nanjing, China). All experiments 
complied with current national laws.

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). Total RNA from colorectal and para-
tumoral tissues or cells was extracted using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). The cDNA was 
prepared from 2 µg total RNA with a Reverse Transcription 
System (Promega Corporation, Madison, WI, USA), according 
to the manufacturer's protocol. A volume of 1 µl cDNA was 
then used as a template for RT-qPCR with the standard 
SYBR Green RT-PCR kit (Takara Bio. Inc., Otsu, Japan) to 
evaluate the mRNA expression levels of Wnt10a and GAPDH 
(internal control). Primer sequences of Wnt10a and GAPDH 
are presented in Table I. RT-qPCR was performed on an ABI 
7500 real-time PCR system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). Data were analyzed with the ABI 7500 
V2.0.6 software and results were presented as relative quanti-
fication normalized to GAPDH. Analyses were based on the 
calculations of 2‑∆Cq where ∆Cq=Cq (Target)‑Cq (Reference). 
Fold change was calculated using the 2‑∆∆Cq method (23). All 
samples were examined in triplicate. The RT-qPCR procedure 

was performed as follows: Pre‑denaturation at 95˚C for 1 min, 
followed by 45 cycles of denaturation at 95˚C for 15 sec, and 
annealing and extension at 60˚C for 30 sec.

Semi‑quantitative RT‑PCR. Total RNA extraction from tumor 
cells and cDNA preparation were performed as aforemen-
tioned. A volume of 1 µl cDNA was used as a template for 
PCR analysis of Wnt10a and GAPDH expression. The Taq 
polymerase was supplied by Takara Biotechnology Co., Ltd. 
(Dalian, China) and the procedure was performed as follows: 
Pre‑denaturation at 95˚C for 1 min, followed by 20 cycles of 
denaturation at 95˚C for 15 sec, annealing and extension at 
58˚C for 30 sec, and hold at 72˚C for 10 min. The PCR prod-
ucts were run on a 1% agarose gel with the help of Goldview 
reagent (YBscience, Shanghai, China). A total of 1 g of agarose 
was added into 100 ml TAE buffer (Sangon Biotech Co., Ltd., 
Shanghai, China) and boiled for 2 min. Then 5 µl of Goldview 
reagent was directly added into the buffer prior to becoming 
solid and 1% agarose gel was prepared after pouring the buffer 
into a module with a comber. The PCR products were added 
into the comber well and analyzed.

Transfection of HCT116 cells with siRNA. The sequences of 
Wnt10a-siRNA and negative control (NC) siRNA, which were 
provided by Shanghai GenePharma Co., Ltd. (Shanghai, China), 
are presented in Table I. Briefly, HCT116 cells were transiently 
transfected with Wnt10a-siRNA fragments using Lipofectamine® 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to 
the manufacturer's protocol. Briefly, HCT116 cells in the expo-
nential growth phase were seeded into 12-well plates at a density 
of 1x104/ml. After 24 h, cells were transfected with 20 µmol 
Wnt10a-siRNA by Lipofectamine® 2000. After 6 h, culture 
medium was replaced with 500 µl DMEM containing 10% FBS. 
Transfected cells were cultured at 37˚C in a humidified incubator 
containing 5% CO2 before used in following functional assays.

Cell proliferation assay. Cell proliferation was evaluated by 
MTT assay. HCT116 cells transfected with Wnt10a-siRNA 
were seeded into 96-well plates at a density of 2.5x103cells/well 
in 100 µl DMEM. Subsequently, 20 µl MTT solution (5 mg/ml; 
Merck KGaA, Darmstadt, Germany) was added into each 
well from the 2nd to 5th day of incubation, for 4 h. After 
removal of the supernatant, 100 µl dimethyl sulfoxide was 
added to dissolve the crystals. The absorbance values (A) 
were measured at a wavelength of 490 nm with a microplate 
reader. Relative cell growth rate (Rt) was calculated as follows: 
Rt=A490 nm (Dayn+1)/A490 nm (Day1); n=0-4. Each experi-
ment was performed in triplicate and repeated three times.

Wound healing assay. A total of 24 h following Wnt10a-siRNA 
transfection, a scratch was created using a plastic pipette tip, 
and cells were gently washed twice with PBS in order to 
remove the debris. Cells were then cultured in serum-free 
DMEM for 24 h. At the designated time point, the distance 
cells had traveled in five randomly selected fields along the 
scratch were obtained and recorded with Nikon inverted 
microscope ECLIPSE TS2 (Nikon Corporation, Tokyo, Japan). 
The migration rate was calculated as follows: Migration 
rate = (S0h - S24h)/S0h x 100%, where S0h was the distance of the 
scratch at 0 h and S24h the distance at 24 h.
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Western blotting. Cells were cultured in 6-well plates and 
transfected with Wnt10a‑siRNA, LGK974 alone or combined. 
LGK974 was purchased from Selleck Chemicals (Shanghai, 
China) and used at 1 µmol for 36 h in vitro assays. Following 
transfection for 36 h, total protein was extracted using iced 
lysis buffer (1% Triton X‑100; 50 mM Tris‑HCl, pH 7.4; 
150 mM NaCl; 0.1% SDS; 1 mM phenylmethanesulfonyl 
fluoride and 1 mM EDTA). The protein concentration was 
determined with the bicinchoninic acid assay. Proteins (10 µg) 
were separated on a 10% SDS‑PAGE gel, electrotransferred 
onto nitrocellulose membranes followed by blocking with 
5% non‑fat milk at 25˚C for 1 h. The membranes were incu-
bated overnight with primary mouse monoclonal antibodies 
against β-catenin (cat. no. sc-7963; dilution, 1:250), protein 
kinase B (Akt; cat. no. sc135829; dilution, 1:200), cyclin D1 
(cat. no. sc70899; dilution, 1: 300, Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA) lymphoid enhancer-binding factor 1 
(LEF1, cat. no. ab215999; dilution, 1:400) and GAPDH 
(cat. no. ab9484; dilution, 1:200; Abcam, Cambridge, MA, 
USA). Membranes were then washed and incubated with 
horseradish peroxidase-conjugated secondary antibody 
(cat. no. abs20001, 1: 2,000; Absin Bioscience Inc, Shanghai, 
China) for 1 h at room temperature. Immunoreactivity was 

determined using an enhanced chemiluminescence kit. 
(cat. no. C506668; Shanghai Sangong Pharmaceutical Co., 
Ltd., Shanghai, China). Photoshop CS2 software (Adobe 
Systems, Incorporated, San Jose, CA, USA) was used to 
evaluate the gray value of each band and relative quantification 
was normalized to NC.

Lentivirus infection. The short hairpin RNA (shRNA) 
targeting Wnt10a or negative control (NC) was expressed in 
a lentivirus vector and the lentivirus particle carrying shRNA 
(Wnt10a-shRNA) or NC was used to infect HCT116 cells. In 
brief, 5x106 HCT116 cells were treated with lentivirus at multi-
plicity of infection 10 for 6 h. The supernatant was removed 
and fresh culture medium was added. The infection efficiency 
was confirmed at 72 h following lentivirus infection.

In vivo xenograft tumor assay. A total of 1x106 HCT116 cells 
infected with Wnt10a-short hairpin (sh)RNA or NC lentivirus 
were diluted in 100 µl PBS and injected into the right flank of 
BALB/cASlac-nu mice (7 weeks old; 20-25 g; Shanghai SLAC 
Laboratory Animal Co., Ltd., Shanghai, China), housed in a 
specific‑pathogen‑free laboratory environment (12 h light/dark 
cycle at 25˚C with 50% humidity and given food or water once 
a day). The mice were grouped into two groups (10 mice with 
5 female and 5 male in each group). The tumor volume was 
measured once a week as follows: Length x width2/2. After 
5 weeks, mice were euthanized. This study was approved 
by The Animal Ethics Committee of The Second Affiliated 
Hospital of Southeast University.

Statistical analysis. All data are expressed as the 
means ± standard deviation of three independent experi-
ments, and differences between every two different groups 
was analyzed by one-way analysis of variance test followed 
Tukey's post hoc test using SPSS 16.0 (IBM Corp., Armonk, 
NY, USA). The association between Wnt10a expression levels 
and clinicopathological characteristics was analyzed by χ2 test. 
Kaplan‑Meier analysis and log‑rank test were used to analyze 
the prognosis. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Wnt10a is upregulated in colon cancer tissues and is asso‑
ciated with clinicopathological factors. To analyze the 
expression of Wnt10a in CRC tissues, 40 pairs of tumor 
tissues and paratumoral tissues were collected, and total RNA 
was extracted. RT-qPCR analysis demonstrated that Wnt10a 
expression levels were significantly higher in the tumor tissues 
compared with in the paratumoral tissues (Fig. 1A). In addition, 
in >50% of samples, Wnt10a expression levels were four times 
higher in tumor tissues than in paratumoral tissues, whereas 
the fold changes in the remaining 50% ranged between two 
and four. Furthermore, Wnt10a was markedly associated with 
late-stage tumor (T3+T4, P=0.015) but not with sex (P=0.583), 
age (P=0.746) or distant metastasis (P=0.781) (Table II). In 
addition, Wnt10a was associated with prognosis in patients 
with CRC. The 5-year survival rate of patients with CRC with 
low Wnt10a expression levels was significantly better than in 
those with high Wnt10a expression (Fig. 1B). These results 

Table I. Primers for RT-qPCR and semi-quantitative RT-PCR 
and siRNA target sequence.

A, Primers for RT-qPCR 

Gene Sequence (5'-3')

Wnt10a F-1 TGCACCGCTTACAACTGGAT
 R-1 TTCTCGCGTGGATGTCTCTG
GAPDH F-1 GGGAGCCAAAAGGGTCATCA
 R-1 TGATGGCATGGACTGTGGTC

B, Primers for RT-PCR

Gene Sequence (5'-3')

Wnt10a F-2 GAGGAGGCCTTCCGTAGGAAG
 R-2 ACTTCCGCCGCATGTTCTCCAT
GAPDH F-2 AGGAGCGAGATCCCTCCA
 R-2 CCGTTCAGCTCAGGGATGAC

C, siRNA sequences

Gene Sequence (5'-3')

Wnt10a siRNA1 GGTCAGCACCCAATGACAT
 siRNA2 CCACGAATGCCAACACCAA
Negative control siRNA3 CCAATGACATTCTGGACCT
 NCGGAATGCCCTTTGAAAACCC

F, forward; R, reverse; RT-qPCR, reverse transcription-quantitative 
polymerase chain reaction; siRNA, small interfering RNA; Wnt10a, 
Wnt family member 10A.
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suggested that elevated expression levels of Wnt10a may be 
associated with the carcinogenesis and progression of CRC.

Knockdown of Wnt10a suppresses proliferation of HCT116 
cells. In the present study, RT-qPCR analysis revealed that 
Wnt10a was expressed in the three CRC cell lines SW480, 
SW620 and HCT116, which suggested that Wnt10a may 
contribute to CRC cell proliferation (Fig. 2A).

In order to explore the role of Wnt10a in HCT116 cells, a 
loss of function assay was designed, and three siRNA frag-
ments targeting the Wnt10a coding sequence were synthesized 
and transfected into HCT116 cells. After 48 h transfection, 

RT-qPCR analysis demonstrated that the expression levels 
of Wnt10a in transfected HCT116 cells were significantly 
decreased (Fig. 2B). These results indicated that Wnt10a was 
efficiently knocked down in HCT116 cells. An MTT assay was 
then performed to analyze the growth ability of HCT116 cells 
following Wnt10a-siRNA transfection. As shown in Fig. 2C, the 
growth of Wnt10a‑siRNA‑transfected HCT116 cells was signifi-
cantly decreased compared with in the NC group. Furthermore, 
cell growth was slower in Wnt10a-siRNA1-transfected HCT116 
cells, indicating that transfection with siRNA1 was the most 
efficient. Wnt10a‑siRNA1 was therefore used in subsequent 
experiments. These data demonstrated that Wnt10a may have 
a positive effect on HCT116 cell growth.

Wnt10a knockdown suppresses migration of HCT116 cells. 
In addition to unlimited proliferation, migration and invasion 
are other hallmarks of tumor cells (19,22,23). The migratory 
ability of HCT116 cells transfected with Wnt10a-siRNA1 was 
assessed with the wound healing assay. As shown in Fig. 3A, 
the migratory ability of Wnt10a-siRNA1-transfected HCT116 
cells were significantly disrupted compared with the NC 
group. The migrated distance in Wnt10a-siRNA1-transfected 
HCT116 cells was shorter than that in the NC group. The migra-
tion rate of HCT116 cells transfected with Wnt10a-siRNA1 
was ~24.3%, whereas it was ~50% in the NC group. This 
demonstrated that the motility of HCT116 cells was markedly 
decreased post-transfection with siRNA1 (Fig. 3B). These data 
suggested that Wnt10a may stimulate HCT116 cell migration. 
In addition, Wnt10a downregulation suppressed the prolif-
eration and migration of HCT116 cells. Since Wnt10a was 
overexpressed in CRC tissues, this suggested that Wnt10a may 
have an oncogenic role in CRC.

Wnt10a is essential to growth of xenograft tumor in vivo. As 
aforementioned, Wnt10a may be important for the proliferation 
and migration of HCT116 cells in vitro. Wnt10a knockdown 
may also inhibit HCT116 cell growth in vivo. The results of 

Figure 1. Expression levels of Wnt10a in colorectal tumor tissues and its clinical significance. (A) Wnt10a expression was significantly higher in the 40 tumor 
tissues compared with in the paired paratumoral tissues, as determined by reverse transcription-quantitative polymerase chain reaction. (B) Overall survival 
rate of patients with high Wnt10a expression was lower than in those with low Wnt10a expression. *P<0.05. Wnt10a, Wnt family member 10A.

Table II. Association of Wnt10a expression with clinicopatho-
logical characteristics in colorectal cancer.

 Wnt10a
 expression level
Patient ---------------------------------------
characteristics Total ≤4 folds >4 folds P‑value

All cases 40 12 28 
Age (years)    0.746
  ≤60 13 6 7 
  >60 27 11 16 
TNM stage    0.015
  T1+T2 16 9 7 
  T3+T4 24 4 20 
Sex    0.583
  Male 21 16 5 
  Female 19 13 6 
Distant metastasis    0.781
  Yes 18 13 5 
  No 22 15 7 
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the xenograft assay demonstrated that HCT116 xenograft 
tumor growth was significantly reduced when HCT116 cells 
underwent Wnt10a knockdown. As shown in Fig. 4A, prior 
to cell implantation in mice, the expression levels of Wnt10a 
were decreased by ~38% by Wnt10a‑shRNA. The tumor 
volume was ~1,430 mm3 in the control group, whereas it 
was ~680 mm3 in the Wnt10a knockdown mice on day 35 
(Fig. 4B). The in vivo data was therefore consistent with the 
in vitro results; further supporting that Wnt10a may have an 
oncogenic role in CRC.

Wnt10a activates Wnt/β‑catenin signaling in HCT116 cells. 
A previous study reported that Wnt10a activates the canonical 
Wnt/β-catenin signaling pathway in RCC cells (19). In the 
present study, the activity of Wnt/β-catenin signaling in HCT116 
cells was therefore determined following Wnt10a-siRNA 
transfection. Western blotting revealed that the expression 
levels of β-catenin, cyclin D1, LEF1 and Akt were mark-
edly decreased in the Wnt10a-siRNA1-transfected HCT116 
cells and the LGK‑974‑treated HCT116 cells compared with 
the control (Fig. 5A and B). LGK‑974 is a specific inhibitor 

Figure 2. Effects of Wnt10a knockdown on HCT116 cell proliferation. (A) Expression levels of Wnt10a in three CRC cell lines: SW480, SW620 and HCT116. 
(B) Knockdown efficiency of Wnt10a in HCT116 cells assessed by reverse transcription‑quantitative polymerase chain reaction. (C) Growth curve analysis of 
HCT116 cells transfected with Wnt10a-siRNA. *P<0.05. All data were obtained from triplicate experiments. NC, negative control; siRNA, small interfering 
RNA; Wnt10a, Wnt family member 10A.

Figure 3. Effects of Wnt10a knockdown on HCT116 cell migration. (A) Migrated distance of HCT116 cells transfected with Wnt10a-siRNA1 within 24 h, as 
determined using the wound healing assay. Magnification, x20. (B) Migration rate calculated from the wound healing assay. *P<0.05. All data were obtained 
from triplicate experiments. NC, negative control; siRNA, small interfering RNA; Wnt10a, Wnt family member 10A.
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that targets the Porcupine protein and blocks canonical 
Wnt/β-catenin signaling. The present results also suggested 
that there was no synergistic effect between Wnt10a-siRNA 
and LGK‑974 on the proliferation of HCT116 cells, as minimal 
proliferative differences were observed between groups treated 
with Wnt10a‑siRNA and LGK‑974 alone, and their combina-
tion (Fig. 5C). Therefore, Wnt10a may promote HCT116 cell 
growth via Wnt/β-catenin signaling.

Discussion

Wnt signaling is essential during embryonic development and 
pathological processes, particularly in cancer. Wnt10a, one 
member of the Wnt family, is normally abundant in the fetal 
kidney, placenta, and adult spleen and kidney. It is also abnor-
mally overexpressed in the SW480 CRC cell line (20,21). In 
the present study, Wnt10a was strongly expressed in HCT116 
cells. In addition, to the best of our knowledge, this is the 
first study to demonstrate that Wnt10 expression levels were 
overexpressed in colorectal tumor tissues compared with 
in paratumoral tissues. Wnt10a expression levels were also 
positively associated with late tumor stage. Furthermore, high 
Wnt10a expression was associated with a poor 5-year survival 
rate in patients with CRC. These results suggested that Wnt10a 
may serve important roles in the initiation and/or progression 
of CRC.

Tumor cells are characterized by unlimited cell prolifera-
tion and resistance to the immune system (24). Aggressiveness 
is another hallmark of tumors and can lead to metastasis in 
patients with cancer (19,24,25). Previous studies have reported 
that Wnt10a is highly expressed in SW480 cells (20), and that it 
promotes proliferation and invasion of renal cancer cells (19). 
In the present study, Wnt10a was demonstrated to be critical 
to the growth and invasiveness of CRC cells. Furthermore, 
the study revealed that Wnt10a knockdown in HCT116 cells 

significantly inhibited xenograft colorectal tumor growth 
in vivo. To the best of our knowledge, the present study was the 
first to report a role for Wnt10a in CRC in vivo. These results 
suggested that Wnt10a may have an oncogenic role in CRC 
tumorigenesis, in vitro and in vivo.

Wnt10a has been demonstrated to activate the canonical 
Wnt/β-catenin signaling pathway in RCC cells (19). In the present 
study, Wnt10a also contributed to activation of Wnt/β-catenin 
signaling in CRC. As previously stated, the expression levels 
of critical downstream molecules, including β-catenin, cyclin 
D1 and LEF1, were decreased in Wnt10a-siRNA-transfected 
HCT116 cells. TCF/LEF1 is the main effector of the Wnt 
signaling pathway and is increased in various types of tumor (26). 
Furthermore, Akt was downregulated in Wnt10a-siRNA HCT116 
cells. Akt is the central component of the phosphoinositide 
3-kinase/Akt/mammalian target of rapamycin (mTOR) signaling 
cascade, which regulates cell proliferation and survival (27). 
These results were similar to those obtained following cell 
treatment with LGK‑974. In addition, no synergistic effect on 
HCT116 cell proliferation was observed between Wnt10a-siRNA 
and LGK‑974. Wnt10a may therefore partly promote HCT116 
cell growth by regulating Wnt/β-catenin signaling.

Previous studies have revealed that tumor metabolism 
is important for cancer progression (8,28). The Akt-mTOR 
signaling pathway enhances aerobic glycolysis in cancer cells 
and supports de novo macromolecular synthesis by regulating 
nutrient uptake and carbon/nitrogen allocation (29,30). The 
present study revealed that Akt expression was down regulated 
in Wnt10a-siRNA-transfected HCT116 cells. Wnt10a may thus 
promote tumor growth partly by regulating tumor metabolism 
in patients with CRC. In addition, other members of the Wnt 
family have been reported to be involved in carcinogenesis 
and/or progression of CRC, leading to the development of 
specific inhibitors of Wnt (31-33). The association between 
Wnt10a and other Wnt molecules in CRC requires further 

Figure 4. Wnt10A knockdown suppresses tumor growth in vivo. (A) Expression levels of Wnt10a were decreased by Wnt10a-shRNA. (B) Tumor growth was 
delayed in mice treated with Wnt10a-shRNA. *P<0.05. NC, negative control; shRNA, short hairpin RNA; Wnt10a, Wnt family member 10A.
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investigation. Furthermore, clinical data of samples from a 
larger cohort of patients with CRC is necessary to evaluate the 
role of Wnt10a in survival and prognosis in patients with CRC.

In conclusion, the present study demonstrated that Wnt10a 
may have an oncogenic role during carcinogenesis and 
progression of CRC, suggesting that Wnt10a may represent a 
potential novel target for the treatment of patients with CRC.
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