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Abstract. Aberrant Wnt signaling pathway is associated with 
a wide array of tumor types and plays an important role in 
the drug resistance of cancer stem cells (CSCs). To explore 
the effects and mechanism of WNT signaling pathway 
inhibitor XAV939 on drug resistance in colon cancer cells, 
the colon cancer cells SW480 and SW620 were treated with 
5-fluorouracil (5-FU)/cisplatin (DDP) alone or combined 
with XAV939. Cell cycle distribution, apoptosis level and the 
percentage of CD133+ cells were detected by flow cytometry. 
The protein expression of Axin, β-catenin, EpCAM, TERT 
and DCAMKL-1 was detected by western blotting. XAV939 
upregulated Axin , decreased the total and nuclei of β-catenin 
in SW480 and SW620 cells. Furthermore, XAV939 signifi-
cantly downregulated the CSC markers EpCAM, TERT and 
DCAMKL-1 in SW480 cells, as well as EpCAM in SW620 
cells. No significant difference was found in the apoptosis 
of SW480 and SW620 cells with XAV939 treatment, but 
XAV939 significantly increased apoptosis induced by 5-FU/
DDP in SW480 cells, whereas, the effects were slight in 
SW620 cells. Collectively, we show for the first time that 
the WNT signaling pathway inhibitor XAV939 was able to 
significantly increase the apoptosis induced by 5-FU/DDP, 
accompanied by the protein expression level alternation of 
β-catenin, Axin and CSC markers in colon cancer cells. Axin, 
an important component of Wnt/β-catenin signaling pathway 
could be a potential molecular target for reversing multidrug 
resistance in colon cancer.

Introduction

Colorectal cancer (CRC) is the second most commonly 
diagnosed cancer in females and the third in males  (1). 
5-Fluorouracil (5-FU) and cisplatin (DDP) are commonly 
used in the chemotherapy of CRC, but typical patient response 
rates for treatment with those anticancer agents are between 
10% and 30%, allowing cancer progression (2).

Current evidence suggests the drug resistance and treat-
ment failure are due to properties of tumor cells called cancer 
stem cells (CSCs) (3). Only small populations of tumor cells 
are CSCs within a tumor, and responsible for the initiation, 
growth, and development of tumor, pending on the animal 
model (4-6). Similar to somatic tissue stem cells, CSCs prolif-
erate slowly, they are in dormant or slow-growing phase of the 
cell cycle. This partially accounts for their therapeutic refrac-
toriness to chemo/radiation therapy and tumor relapse (7).

WNT proteins are a family of secreted, glycosylated, and 
palmitoylated peptides that mediate a wide variety of processes 
during embryogenesis by regulating stem cell division, migra-
tion, and integrity of the stem cell niche (8,9). Accumulating 
evidence indicates a critical role of Wnt, Notch, Shh and Bmi-1 
signaling pathway in the self-renewal and drug resistance of 
CSCs (5). Aberrant Wnt signaling pathway is associated with 
a wide array of tumor types and plays an important role in 
the maintenance of stemness of CSCs (5,10). Research over 
the last decade has shown that cells harbor loss-of-function 
mutations involving components of the Wnt signaling cascade, 
such as APC, β-catenin and Axin, are considered universal 
in CRC (11-13). The mutations cause aberrant transcriptional 
induction of Wnt/β-catenin target genes (14,15).

Recent studies indicated that XAV939 is a small molecule 
inhibitor of WNT signaling pathway, it broke Wnt signaling 
pathway in cancer cell lines through binding to tankyrase 
(TNKS) catalytic poly-ADP-ribose polymerase (PARP) 
domain, and then resulted in marked stabilization of the Axin 
protein, finally leading to increased β-catenin destruction 
(16-18).

Therefore, the aim of the present study was to investigate 
the mechanisms and effects of WNT/β-catenin pathway on 
drug resistance in CRC. In the present study, the colon cancer 
cells SW480 and SW620 were treated with XAV939 for 24 h, 
the CD133 positive cell population, apoptosis and cell cycle of 
these cells were detected by flow cytometry. The β-catenin, 
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Axin and CSC-related molecules were detected by western 
blotting. Our results suggest that the WNT pathway small 
molecule modulator XAV939 affected apoptosis induced by 
5-FU/DDP, accompanied by the protein expression level altera-
tion of β-catenin, Axin and CSC markers in colon cancer cells.

Materials and methods

Chemicals. XAV939 was purchased from Sigma (St. Louis, 
MO, USA), and 5-FU was from Shanghai Xudong Haipu 
Pharmaceutical Co., Ltd. (Shanghai, China). DDP was 
purchased from Yunnan Biovalley Dengzhanhua Pharma
ceutical Co., Ltd (China).

Cell culture. Human colon adenocarcinoma SW480 and 
SW620 cells were obtained from American Type Culture 
Collection. The cells were cultured in RPMI-1640 medium 
(Gibco, Grand Island, NY, USA) with 10% fetal bovine serum 
(TBD, China) at 37˚C under an atmosphere of 5% CO2.

Cell cycle and apoptosis analysis. Following treatment with 
different drugs for 24 h, the cells were harvested and fixed in 
70% ice-cold ethanol at 4˚C for 30 min. After washing with 
PBS, the cells were incubated with propidium iodide staining 
buffer (BD Pharmingen, San Diego, CA, USA) for 15 min and 
analyzed by FACSAria flow cytometer. The experiment was 
performed in triplicate.

For apoptosis analysis, the cells were treated for 24 h with 
XAV939 (8 µmol/l), 5-FU (50 µmol/l), XAV939 (8 µmol/l) + 
5-FU (50 µmol/l), DDP (8 µmol/l) and XAV939 (8 µmol/l) + 
DDP (8 µmol/l), separately. The cells were measured using 
FACSAria flow cytometer (BD Biosciences, USA), and 
Annexin V (+) cells were counted for apoptotic cells after 
Annexin  V-fluorescein isothiocyanate/propidium iodide 
(FITC/PI) (BD Pharmingen) double staining. The experiment 
was performed in triplicate.

Flow cytometry analysis of CD133-positive cell population. 
Human colon adenocarcinoma SW480 and SW620 cell lines 
(1x106) were detached by treatment with 0.25% trypsin/EDTA 
and washed twice with phosphate-buffered saline. The cells 
were then resuspended in 100  µl of Staining Buffer containing 
1% fetal bovine serum and place on ice for 20 min to block Fc 
receptors. After incubating with primary phycoerythrin anti-
human CD133 antibody (Milteny Biotec, Bergisch Gladbach, 
Germany) for another 10 min on ice in the dark, the cells 
were washed twice with 1 ml of ice-cold Staining Buffer and 
centrifuged (300 x g) for 10 min at 4˚C. Cells resuspended 
in 0.3 ml of 2% formaldehyde fixation buffer were analyzed 
using a FACSAria flow cytometer and Cell Quest software 
(BD Biosciences). All flow cytometry results were obtained 
from two independent experiments performed in triplicate.

Western blot analysis. Following treatment with different 
drugs for 24 h, the cells were collected and lysed. Protein 
content was measured by the BCA protein assay kit (Beyotime 
Institute of Biotechnology, Shanghai, China) and 20 µg protein 
per lane was separated by 8-12% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) and transferred 
onto nitrocellulose membranes. Specific protein bands were 

achieved with an ECL detection reagent (Pierce, Rockford, 
IL, USA). Anti-axin (Cell Signaling Technology, Danvers, 
MA, USA) dilution was 1:500. Anti-β-catenin (Cell Signaling 
Technology) dilutions were 1:1,000. Anti-DCAMKL-1 and 
anti-TERT (Abcam, Cambridge, MA, USA) dilutions were 
1:300 and 1:800. Anti-EpCAM and anti-α-tubulin (Cell 
Signaling Technology) dilutions were 1:500 and 1:1,000. 
Horseradish peroxidase (HRP)-conjugated goat anti-rabbit 
and goat anti-mouse IgqudG antibodies (ProteinTech Group, 
Chicago, IL, USA) dilutions were 1:3,000. α-tubulin was used 
as a protein loading control. The images were captured with 
ChemiDocTM CRS+ Molecular Imager (Bio-Rad, Hercules, 
CA, USA). The density of the protein band was quantitated 
using Quantity One software (Bio-Rad). The experiment was 
performed in triplicate.

Statistical analysis. Statistical analysis was performed with 
the SPSS13.0 software package (SPSS Inc., Chicago, IL, USA). 
Data are presented as mean ± SD. One way analysis of vari-
ance (ANOVA) was used for apoptosis, cell cycle and western 
blot data analyses. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Effect of XAV939 on apoptosis induced by 5-FU/DDP 
in SW480 and SW620 cells. After incubation with either 
control/5-FU/DDP alone or combined with XAV939, the 
effect of XAV939 on the apoptosis induced by 5-FU/DDP of 
SW480 and SW620 cells was examined using flow cytometry 
after Annexin V-FITC/PI staining (Fig. 1A). We found that 
XAV939 significantly increased apoptosis induced by 5-FU/
DDP (Fig. 1B, P<0.05), whereas the effects were slight in 
SW620 cells (Fig. 1C, P>0.05).

Effect of XAV939 on cell cycle progression induced by 5-FU/
DDP in SW480 and SW620 cells. Consistently, after either 
incubated with control/5-FU/DDP alone or combining with 
XAV939, SW480 and SW620 cells were stained and cell cycle 
distribution was determined by flow cytometry (Fig. 2A). 
In SW480 cells, the percentage of G0/G1 phase cells were 
decreased, while the percentage of cells at S+G2/M phase of 
the cell cycle was increased after incubated with DDP (Fig. 2B, 
P<0.05). However, these effects were not observed in SW620 
cells (Fig. 2C, P<0.05).

In addition, there was no significant difference in the 
cell cycle distribution of SW480 cells between treated with 
XAV939-DDP and DDP alone (Fig.  2B, P>0.05), and no 
significant difference was found in the cell cycle distribution 
of SW480 and SW620 cell treatments with or without XAV939 
(Fig. 2B and C, P>0.05). Collectively, these results suggest that 
XAV939 has no effect on cell cycle distribution.

Effect of XAV939 on proteins involved in WNT/β-catenin 
signaling pathway. To further investigate the effect of 
XAV939 on proteins involved in WNT/β-catenin signaling 
pathway expression, total protein lysates were prepared and 
analyzed by western blotting. As shown in Fig. 3A, following 
24 h of treatment of XAV939, the expression levels of Axin 
were elevated, while the levels of total β-catenin decreased in 
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Figure 1. The effects of XAV939 on apoptosis of SW480 and SW620 cells. (A) Flow cytometry analysis of Annexin V-positive cells in SW480 and SW620 cells 
either incubated with control/5-FU/DDP alone or combining with XAV939. (B and C) The rate of Annexin V-positive cells in SW480 cells and SW620 cells 
after treatment. All Annexin V-positive cells were considered apoptotic cells, and their percentage was calculated among the total number of cells. Each bar 
represents the means ± SD of three experiments. *P<0.05 compared with the control. #P<0.05 compared with 5-FU-treated or DDP-treated cells.

Figure 2. The effects of XAV939 on cell cycle distribution of SW480 and SW620 cells. (A) Flow cytometry analysis of cell cycle distribution in SW480 and SW620 
cells either incubated with control/5-FU/DDP alone or combining with XAV939. (B and C) The cell cycle distribution in SW480 cells and SW620 cells after 
treatment with control/5-FU/DDP alone or combined with XAV939. Results are presented as means ± SD of three experiments. *P<0.05 compared with the control.
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Figure 3. Expression levels of β-catenin and Axin in SW480 and SW620 cells before and after XAV939 treatment for 24 h. (A-C) Protein expression levels of 
β-catenin and Axin by western blotting in SW480 and SW620 cells. GAPDH was used as an internal loading control. Values are expressed as protein/GAPDH. 
(D-F) Western blot analysis of β-catenin proteins in cytoplasmic and nuclear after treatment with XAV939 for 24 h. Values are expressed as protein/α-tubulin 
or protein/Histon. The density of the protein band was quantitated using Quantity One software (Bio-Rad, Hercules, CA, USA). The data are expressed as 
mean ± SD of three experiments. *P<0.05 compared with the control.

Figure 4. The effects of XAV939 on the percentage of CD133+ cells of SW480 and SW620 cells. (A) Flow cytometric analysis of the percentage of CD133+ 
cells when treated control/5-FU/DDP alone or combining with XAV939 in SW480 and SW620 cells. (B) Flow cytometric analysis of the percentage of CD133+ 
SW480 cells when treated control/5-FU/DDP alone or combining with XAV939. (C) Flow cytometric analysis of the percentage of CD133+ SW620 cells when 
treated control/5-FU/DDP alone or combining with XAV939. Data represent mean ± SD of three independent experiments with technical triplicates for each, 
and statistical analysis was performed using Student's t-test. *P<0.05 compared with the control.
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SW480 (Fig. 3B, P<0.05) and SW620 cells (Fig. 3C, P<0.05), 
respectively. Western blot analysis of β-catenin proteins both 
cytoplasmic and nuclear (Fig. 3D) displayed that β-catenin was 
downregulated in the nuclei of SW480 (Fig. 3E, P<0.05) and 
SW620 cells (Fig. 3F, P<0.05) after treatment with XAV939 
for 24 h, respectively.

Effect of XAV939 on CD133+ SW480 and SW620 cells. After 
either treated with 5-FU/DDP alone or combined with XAV939 
for 24 h, the effect of XAV939 on the proportion of CD133+ 
SW480 and SW620 cells was examined using flow cytometry 
(Fig. 4A). As shown in Fig. 4B and C, the proportions of 
CD133+ SW480 cells were decreased when either XAV939, 
5-FU or DDP was added (P<0.05). There was no significant 
difference in the proportions of CD133+ SW480 cells between 

treated with 5-FU/DDP alone and combining with XAV939 
(Fig. 4B, P>0.05). In SW620 cells, either treated with 5-FU 
alone or combined with XAV939 for 24 h, the proportions of 
CD133+ cells were decreased compared with control (Fig. 4C, 
P<0.05), but there was no significant difference between the 
two groups. In addition, either treated with DDP alone or 
combining with XAV939 had no effect on the proportions of 
CD133+ SW620 cells (Fig. 4C, P>0.05).

Effect of XAV939 on proteins involved in CSC markers in 
SW480 and SW620 cells. To further investigate the effect of 
XAV939 on proteins involved in CSC marker expression, total 
protein lysates were prepared and analyzed by western blotting 
(Fig. 5A and B). As shown in Fig. 5C-F, following 24-h treat-
ment of XAV939, the expression levels of Axin were elevated, 

Figure 5. Expression levels of Axin, β-catenin, EpCAM, TERT and DCAMKL-1 in SW480 and SW620 cells before and after treatment with XAV939, 5-FU, 
DDP for 24 h. (A and B) Western blot analyses of β-catenin, EpCAM, TERT, DCAMKL-1 and Axin in the indicated SW480/SW620 cell groups. (C and D) 
Quantitated analysis of β-catenin, EpCAM, TERT, DCAMKL-1 and Axin proteins in SW480 and SW620 cells after treated with 5-FU alone or combining 
with XAV939 for 24 h. (E and F) Quantitated analysis of β-catenin, EpCAM, TERT, DCAMKL-1 and Axin proteins in SW480 and SW620 cells after treated 
with DDP alone or combined with XAV939 for 24 h. α-tubulin was used as an internal loading control. Values are expressed as protein/α-tubulin. The density 
of the protein band was assessed using Quantity One software (Bio-Rad, Hercules, CA, USA). The data are expressed as means ± SD of three experiments. 
*P<0.05 compared with the control. #P<0.05 compared with 5-FU-treated or DDP-treated cells.
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and the levels of total β-catenin were decreased in SW480 
and SW620 cells (P<0.05), respectively, whereas the effects 
were slight in 5-FU/DDP treated cells (P>0.05). The treatment 
of SW480 and SW620 cells with XAV939 or 5-FU for 24 h 
resulted in downregulation in the levels of EpCAM protein 
(P<0.05), whereas these effects were slight in DDP treated 
cells (P>0.05). Following 24 h of treatment combining 5-FU/
DDP with XAV939 resulted in significantly lower expression 
levels of EpCAM protein compared with treatment either with 
5-FU, XAV939 or DDP alone (P<0.05).

Following 24-h treatment of SW480 cells with XAV939 or 
5-FU resulted in downregulation in the levels of TERT protein 
(Fig. 5C and E, P<0.05). The treatment combining 5-FU with 
XAV939 resulted in significantly lower expression levels of 
TERT protein compared with treated either 5-FU or XAV939 
alone (Fig. 5C, P<0.05) in SW480 cells. However, these effects 
were slight in both SW620 and DDP treated cells (Fig. 5D and 
5F, P>0.05). Finally, following 24-h treatment with XAV939, 
the expression levels of DCAMKL-1 were decreased in SW480 
cells (Fig. 5C and E, P<0.05). The treatment combining 5-FU 
with XAV939 resulted in significantly lower expression levels 
of DCAMKL-1 protein compared with treatment with 5-FU 
alone (Fig. 5C, P<0.05) in SW480 cells.

Discussion

Intensive study of the Wnt signaling pathway shows accumu-
lating evidence suggesting that activation of WNT signaling 

pathway in CSCs contribute to their chemoresistance. 
Therefore, targeting WNT signaling pathway to reverse CSC 
multidrug resistance in CRC cells is a promising way for 
improving chemotherapeutic effects (19-22).

The β-catenin destruction complex, which consists of 
Apc, Axin, Ck1, and GSK-3β, promotes proteasome-mediated 
proteolysis of phosphorylated β-catenin (23). Axin is a nega-
tive regulator of the Wnt signaling pathway, which promotes 
the phosphorylation and degradation of β-catenin. XAV939, 
a small molecule inhibitor of WNT signaling pathway was 
able to block Wnt signaling through stabilizing Axin protein 
and increasing β-catenin destruction in colon cancer cell 
lines (16-18). Our results showed that the expression levels 
of Axin protein were elevated while the levels of total and 
nuclei β-catenin protein were decreased in SW480 and 
SW620 cells after treatment with XAV939, and suggested 
that XAV939 stabilized the Axin protein, finally leading to 
decreasing nuclear accumulation of β-catenin and improving 
β-catenin destruction, which is consistent with the results of 
Renna et al (24) and Bao et al (25) .

Consistent with our results, Li et al revealed that HOTAIR 
induced cisplatin resistance by activating the WNT/β-catenin 
pathway, which could be reversed by pre-treatment with the 
inhibitor XAV939 in human ovarian cancer (26). Although no 
significant difference was found in the apoptosis ratio of CRC 
cells after treatment with XAV939, combined XAV939 with 
5-FU or DDP could significantly enhance the apoptosis ratio 
of CRC cells, suggested that XAV939 increases the sensitivity 
of tumors to chemotherapy. Renna et al (24) also reported that 
statistically significant difference in mortality rate was not 
detected between XAV939 treated cells and DMSO control 
cells, but the co-administration of XAV939 and ionizing 
radiation (IR) inhibited MB cells proliferation and clonogenic 
capacity, decreased their efficacy in repairing DNA damage, 
and increased IR-induced cell mortality. These results showed 
XAV939-induced TNKS PARP activity inhibition leading to 
the WNT pathway inhibition, the DNA-PKcs instability and 
caused radiosensitivity, and suggested Wnt/β-catenin signaling 
pathway plays an important role in tumor anti-apoptosis. 
Consistent with the experimental results of Botting et al (27), 
our results also showed that no significant difference was 
found in the cell cycle distribution of CRC cells after treat-
ment with XAV939, suggesting that XAV939 alone has slight 
effect on CRC cell proliferation. However, Ma and colleagues 
showed that XAV939 inhibited cell proliferation and colony 
formation in hepatocellular carcinoma cells (28), suggesting 
that XAV939 may have different effects on different tumor cell 
proliferation. It is widely accepted that genetic heterogeneity 
is present among different tumors as well as between primary 
lesions and metastases colorectal cancer (29), accordingly, we 
found that XAV939 could significantly increase the apoptosis 
induced by 5-FU/DDP in primary CRC cell line SW480, 
however, the effects were slight in metastatic CRC cell line 
SW620, indicated that WNT/β-catenin signaling pathway has 
different downstream effects on different kinds of CRC cells.

CSCs are a small subset of cancer cells within the tumor 
that showed stem cell characteristics such as self-renewal, 
the potential to proliferate extensively and the capability to 
develop into multiple lineages. Many researches have indicated 
CSCs are the key elements in drug resistance and tumor recur-

Figure 6. The proposed model of XAV939 in WNT signaling pathway. 
The β-catenin destruction complex, which consists of Apc, Axin, Ck1, and 
GSK-3β, promotes proteasome-mediated proteolysis of phosphorylated 
β-catenin. Marked stabilization of the Axin protein by XAV939, leads to 
β-catenin destruction, and then results in increasing chemosensitivity in 
CRC cell lines.
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rence (3,4). Colon CSCs are characterized by a typical profile 
of different markers such as CD133  (30-32), ALDH1  (33), 
EpCAM (34,35), TERT and DCAMKL-1 (36). Geng et al (37) 
revealed that overexpression of hTERT mRNA may contribute 
to primary drug-resistance of tumors. In the present study, 
the treatment with XAV939 alone for 24 h resulted in down-
regulation in the levels of EpCAM, TERT and DCAMKL-1 
protein in SW480 cells, as well as EpCAM in SW620 cells, 
suggested that EpCAM, TERT and DCAMKL-1 protein is the 
downstream effector of WNT signaling pathway. Furthermore, 
we found that the treatment combining 5-FU with XAV939 
resulted in significantly lower expression levels of DCAMKL-1, 
EpCAM and TERT protein compared with treatment with 
5-FU alone in SW480 cells, as well as EpCAM in SW620 cells. 
Compared with treatment with DDP alone, combining DDP 
with XAV939 caused significantly lower expression levels of 
EpCAM in SW480 and SW620 cells. This may be the one of 
the underlying molecular mechanism of XAV939 impacting 
5-FU/DDP curative effects. Yamashita and colleagues (38) 
reported that GSK-3β inhibitor BIO upregulated EpCAM and 
TERT proteins in HuH1 and HuH7 cells, and the sensitivity 
to 5-FU chemotherapy were distinct between EpCAM+ and 
EpCAM- cells. Wang et al found that silencing β-catenin by 
RNA interference resulted in downregulation of TERT (39). 
Femia and colleagues reported that DCAMKL-1 was signifi-
cant correlated with the nuclei β-catenin. Bisson and Prowse 
found that treatment with WNT inhibitors reduced both pros-
tasphere size and self-renewal in prostate cancer cells (40,41). 
In 2011, Wang et al showed that XAV939 can robustly induce 
cardiomyogenesis in mouse ES cells (42). Collectively, these 
results suggest that the Wnt/β-catenin signaling pathway can 
affect the characteristics of tumor stem cells to a certain extent.

In conclusion, we showed for the first time that the WNT 
signaling pathway inhibitor XAV939 could significantly 
increase apoptosis induced by 5-FU/DDP, accompanied by 
the protein expression level alteration of β-catenin, Axin and 
CSC markers in colon cancer cells (Fig. 6). WNT/β-catenin 
signaling pathway is involved in the drug resistance of colon 
CSC. Axin protein, an important component of Wnt/β-catenin 
signaling pathway, could be a potential molecular target for 
reversing multidrug resistance in colon cancer.
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