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Abstract. Multi-targets inhibitor 6-bromo-indirubin-3'-oxime 
(BIO) has diverse biological effects on cancer cells. The key 
component of the β-catenin destruction complex glycogen 
synthase kinase 3β (GSK-3β), one of the major target for 
BIO, polyubiquitination and degradation of the main onco-
protein β-catenin in colorectal cancer (CRC). In the present 
study, we evaluated the effect of BIO on drug resistance and 
biological properties of CRC cells. Whole-genome tran-
scriptional profiling revealed that differentially expressed 
genes were mainly centered on well-characterized signaling 
pathways including stem cell, cell adhesion and cell growth 
in BIO-treated CRC cells. BIO treatment downregulated 
migration and invasion abilities of CRC cells, accompanying 
with MMP-9 downregulated and E-cadherin upregulated 
CRC cells. BIO treatment decreased apoptosis induced by 
5-Fu/DDP in CRC SW480 cells. In addition, BIO treatment 
reversed the 5-Fu-induced CD133+ cell downregulation trend 
in CRC SW620 cells. After incubation with BIO, the expres-
sion levels of EpCAM, TERT and DCAMKL-1 proteins were 
upregulated in CRC cells. BIO treatment downregulated the 
activity of GSK-3β, upregulated and transported β-catenin to 
the nucleus in CRC cells. Our findings reveal that BIO treat-
ment upregulated stemness, adhesive and chemoresistance of 

CRC cells. GSK-3β inhibition and WNT/β-catenin activation 
by BIO, may partly result in the biological behavior alterations 
in CRC cells.

Introduction

Colorectal cancer (CRC) is a  common malignant tumor, 5-fluo-
rouracil (5-Fu) and cisplatin (DDP) are commonly used in the 
chemotherapy of CRC, but the resistance to chemotherapy is 
one of the main obstacles in CRC treatment, which leads to 
the failure of chemotherapy (1,2). WNT signaling pathway 
effector β-catenin is the main oncoprotein in CRC subtypes 
CMS2 (consensus molecular subtypes 2) (3). Numerous 
studies indicate that the drug resistance abilities enhancing, 
angiogenesis, presence of highly resistant cancer stem cells 
(CSCs), dysregulation of cell cycle and apoptosis in CRC cells 
were mainly due to WNT/β-catenin overactivation (4-7).

Genetic mutations in the β-catenin destruction complex, 
which consists of Apc, Axin, Ck1 and GSK-3β, led to β-catenin 
transportation to the nucleus and over activation in most CRC 
cases (8-10). These genes may be the potential anti-multidrug 
resistance targets for CRC, for their demonstrable effect on 
β-catenin polyubiquitination and degradation (11,12). The 
serine/threonine kinase GSK-3 was initially identified in rat 
skeletal muscle as a kinase that phosphorylated and inacti-
vated glycogen synthase (GS) (13,14). The two known GSK-3 
family members, GSK-3α and GSK-3β, were ubiquitously 
expressed and highly conserved. GSK-3β activity is regulated 
by phosphorylation at serine 9, threonine 216 and other resi-
dues. GSK-3β regulates a variety of physiological functions, 
including cell proliferation, differentiation, motility, cycle 
progression, apoptosis, and has become an attractive target for 
chemotherapy (15-18). Therefore, numerous studies focus on 
the biological behavior alteration of CRC cells after activation/
inhibition of GSK-3β by small molecule compounds.

Small-molecule ATP competitive BIO is regarded as a 
classical GSK-3 inhibitor (19,20). It inhibits not only GSK-3β, 
but also GSK-3α. More recent research suggest that BIO 
inhibits also JAK1 and TYK2 (21). Importantly, the role of 
BIO in the biological properties of cells, which joins two or 
more metabolic and signal transduction pathways, may vary 
between cell types. Studies reported that BIO suppressed the 
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proliferation of ovarian cancer cells (22) and induces apoptosis 
of human melanoma cells (21), but enhanced the proliferation 
capacity of rat marrow-derived mesenchymal stem cells and 
cardiomyocytes (23,24).

In the present study, we evaluated the effects of BIO on 
stemness, adhesive and drug resistance activities of CRC 
SW480 and SW620 cells. In addition, the effects of BIO on 
GSK-3β phosphorylation and WNT/β-catenin activity were 
studied. Our results indicated that BIO affects stemness, adhe-
sive and chemoresistance abilities of CRC cells. The biological 
behavior alteration in BIO treated CRC cells may partly attri-
bute to WNT/β-catenin activation.

Materials and methods

Chemicals. BIO was purchased from Sigma-Aldrich (St. Louis, 
MO, USA) and 5-fluorouracil (5-Fu) was from Shanghai 
Xudong Haipu Pharmaceutical Co., Ltd. (Shanghai, China). 
Cisplatin (DDP) was purchased from Yunnan Biovalley 
Dengzhanhua Pharmaceutical Co., Ltd. (Kunming, China).

Cell culture. Human colon adenocarcinoma SW480 and 
SW620 cells were grown as monolayers and routinely cultured 
as previously described (12). Cell lines were subjected to DNA 
tests and authenticated in our previous studies (12). The cells 
were cultured in RPMI-1640 medium (Gibco, Grand Island, 
NY, USA) with 10% fetal bovine serum [FBS; Tianjin Institute 
of Blood (TBD), Tianjin, China] at 37˚C under an atmosphere 
of 5% CO2. Both cell lines are regularly authenticated on the 
basis of viability, recovery, growth, morphology and chemical 
response as well, were most recently confirmed 3-6 months 
before use by using a short tandem repeat method.

Microarray analysis. The main observation target after BIO 
treatment is the expression level of WNT signaling pathway 
effector β-catenin. The CRC SW480 and SW620 cells were 
treated for 24 h with 4 µM BIO in our experiments. Total RNA 
(3 repeated) was extracted from CRC SW480 and SW620 
cells. Integrity and concentration of RNA was assessed after 
RNA extraction and prior to sample labeling. NimbleGen 
One-Color DNA Labeling kit was used for sample labeling. 
Hybridization was performed in NimbleGen Hybridization 
System (Roche). After washing, slides were scanned with Axon 
GenePix 4000B scanner. Data were extracted and normalized 
using NimbleScan v2.5 software. Results are provided in the 
NimbleScan Generated Data Folder. Further data analysis was 
performed using Agilent GeneSpring GX v11.5 software and 
the GenCLiP 2.0 online tool (http://ci.smu.edu.cn/).

Apoptosis analysis. The cells were treated for 24 h with BIO 
(4 µmol/l), 5-Fu (50 µmol/l), DDP (8 µmol/l), BIO (4 µmol/l) + 
DDP (8 µmol/l) and BIO (4 µmol/l) + 5-Fu (50 µmol/l), sepa-
rately. The cells were measured using FACSAria flow cytometer 
(BD Biosciences, San Jose, CA, USA), and Annexin V (+) cells 
were counted for apoptotic cells after Annexin V/fluorescein 
isothiocyanate/propidium iodide (FITC/PI) (BD Biosciences) 
double staining. The experiment was performed in triplicate.

Cell cycle analysis. The cells were treated for 24 h with BIO 
(4 µmol/l). The cells were harvested and fixed in 70% ice-cold 

ethanol at 4˚C for 30 min. After washed with phosphate-buff-
ered saline (PBS), the cells were incubated with propidium 
iodide staining buffer (BD Biosciences) for 15 min and 
analyzed by flow cytometer. The experiment was performed 
in triplicate.

Flow cytometric 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 PBS. The cells were then resuspended 
in 100 µl of staining buffer containing 1% FBS and place on 
ice for 20 min to block Fc receptors. After incubating with 
primary phycoerythrin antihuman CD133 antibody (Miltenyi 
Biotec GmbH, 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% formalde-
hyde fixation buffer were analyzed using a FACSAria flow 
cytometer and CellQuest software (BD Biosciences). All 
flow cytometric results were obtained from two independent 
experiments performed in triplicate.

Transwell migration and boyden chamber invasion assays. 
For the Transwell migration assay, 105 cells in 100 ml of 
serum-free DMEM media were seeded in triplicate in each 
fibronectin-coated polycarbonate membrane insert in a Tran-
swell apparatus (Corning, Inc., Corning, NY, USA). A total 
of 600 µl of 10% NCS in DMEM was added to the bottom 
chamber. SW480 and SW620 cells were incubated at 37˚C for 
12 h. The inserts were washed twice with prewarmed PBS. 
Cells adhered on the lower surface were fixed with 100% 
methanol at RT for 15 min and stained with hematoxylin for 
15 min. Cell numbers in six predetermined fields in each repli-
cate were counted under the microscope (Nikon Eclipse 80i 
system; x200). All assays were independently repeated at least 
three times. Cell invasion assays were performed as the migra-
tion assay except the Transwell membrane was precoated with 
24 mg/ml-1 Matrigel (R&D Systems, Minneapolis, MN, USA) 
and the cells were incubated for 24 and 18 h, respectively.

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 
proteins per lane was separated by 8-12% sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred onto nitrocellulose membranes. Specific 
protein bands were achieved with an ECL detection reagent 
(Pierce, Rockford, IL, USA). Anti-β-catenin (Cell Signaling 
Technology, Danvers, MA, USA) dilutions were 1:1,000. Anti-
DCAMKL-1 and anti-TERT (Abcam, Cambridge, MA, USA) 
dilutions were 1:300 and 1:800. Anti-EpCAM, anti-GAPDH 
and anti-α-tubulin (Cell Signaling Technology) dilutions were 
1:500, 1:1,000 and 1:1,000, respectively. Anti-CD44v6 (Cell 
Signaling Technology) dilution was 1:1,000. Horseradish 
peroxidase (HRP)-conjugated goat anti-rabbit and goat anti-
mouse IgG 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 ChemiDoc™ 
CRS+ Molecular Imager (Bio-Rad Laboratories, Hercules, 
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CA, USA). The density of the protein band was quantitated 
using the Quantity One software (Bio-Rad Laboratories). The 
experiment was performed in triplicate.

Statistical analysis. Statistical analysis was performed with 
the SPSS 13.0 software package (SPSS, Inc., Chicago, IL, 
USA). Two-class significance analysis of microarrays (SAM) 
was used to identify genes that were differentially expressed 
in before and after BIO-treated CRC SW480 and SW620 cells, 
the statistical significance was assessed by a false discovery 
rate (FDR). Data are presented as mean ± SD. One way anal-
ysis of variance (ANOVA) was used for apoptosis, CD133, cell 
cycle and western blot data analyses. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Screening differentially expressed genes before and after BIO 
treatment in SW480 and SW620 cells. In order to survey the 

biological behavior alteration induced by BIO in CRC cells, we 
conducted cDNA microarrays (Roche Nimble Gen) to pick out 
the differentially expressed genes before and after BIO-treated 
in CRC cells (Fig. 1A). CRC cell lines SW480 and SW620 
were submitted to the gene chip experiment in the present 
study. The SAM supervised analysis identified differentially 
expressed genes of SW480 and SW620 cells after treatment 
with BIO, respectively. The 545 differentially expressed genes 
consistently upregulated or downregulated in SW480 and 
SW620 cells after treatment with BIO were selected and used 
for further functional annotation and enrichment analysis. 
As shown in Fig. 1B, functional annotations of a total 545 
differentially expressed genes, which were jointly upregulated 
or downregulated in SW480 and SW620 cells after treatment 
with BIO, were generated using the GenCLiP 2.0 online tool. 
As shown in Fig. 1C, heatmap showing the clustering result of 
differentially expressed genes and literature profile keywords 
based on GenCLiP 2.0 online tool analyzed between before 
and after BIO-treated in SW480 and SW620 cells.

Figure 1. Functional annotations of the differentially expressed genes before and after treatment of SW480 and SW620 cells with BIO based on GenCLiP 2.0 
online tool analysis. (A) The model for microarray-based analysis of differentially expressed genes before and after treatment with SW480 and SW620 cells 
with BIO (4 µM) for 24 h. (B) The literature profile-based keywords cluster result of control and BIO-treated comparison. (C) Heatmap shows the clustering 
result generated from differentially expressed genes and literature profile-based keywords based on GenCLiP 2.0 online tool analysis before and after BIO 
treatment in SW480 and SW620 cells. Each row and column in the heat map representation is differentially expressed genes and literature profile-based 
keywords, respectively. (D) Gene-gene interaction network of control and BIO treated comparison generated using the GenCLiP 2.0 online tool. (E) Pathway 
analysis of control and BIO-treated comparison.
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Figure 2. Comparison of migration/invasion abilities and related proteins expression of SW480 and SW620 cells after treatment with BIO. (A-C) Transwell 
assays and boyden chamber assays evaluated the migration and invasion abilities alteration of SW480 and SW620 cells after treatment with BIO (4 µM) for 
24 h. (D) Western blotting analyzed the expression levels of CD44v6, MMP-9, GSK-3β, p-GSK-3β and E-cadherin in SW480 and SW620 cells after treatment 
with BIO (4 µM) for 24 h. (E and F) Values are expressed as protein/GAPDH. The density of the protein band was quantitated using Quantity One software. 
The data are expressed as mean ± SD of three experiments. *P<0.05 compared with the control (0 µM) group.

Figure 3. The effects of BIO on apoptosis induced by 5-FU/DDP of SW480 and SW620 cells. (A) Flow cytometric analysis of Annexin V-positive cells in 
SW480 and SW620 cells after treatment with different concentrations of BIO (0, 1, 2 and 4 µM). (B and C) The rate of Annexin V-positive cells in SW480 and 
SW620 cells after treatment. (D) Flow cytometric analysis of Annexin V-positive cells in SW480 and SW620 cells either incubated with 5-Fu/DDP alone or 
combining with BIO (4 µM) for 24 h. (E and F) The rate of Annexin V-positive cells in SW480 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.
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The key literature profile-based keywords before and after 
BIO-treatment in SW480 and SW620 cells are extracellular 
matrix, basement membrane, transforming growth factor, 
endothelial growth factor, mesenchymal stem cell, cell 
differentiation, cell adhesion and cell migration. Gene-gene 
interaction network of 41 selected genes were generated and 
shown in Fig. 1D using GenCLiP 2.0 online tool. The differen-
tial signaling pathway comparisons between before and after 
BIO-treatment are shown in Fig. 1E.

Effect of BIO on cell migration, invasion and GSK-3β activity 
in SW480 and SW620 cells. Functional annotations of the 
differentially expressed genes indicated that cell migration and 
invasion related genes were changed significantly after treat-
ment with BIO in SW480 and SW620 cells. The migration and 
invasion abilities were determined through Transwell assays and 
boyden chamber assays (Fig. 2A). As shown in Fig. 2B and C, 
the migration and invasion abilities of SW480 and SW620 cells 
were significantly decreased after treatment with BIO (P<0.05).

Detection the key components of cell migration and inva-
sion relative proteins by western blotting demonstrated that the 
expression level of MMP-9 was decreased, while the level of 
E-cadherin was elevated after BIO treatment in SW480 and 
SW620 cells (Fig. 2D-F; P<0.05), but the expression level of 
CD44V6 was not altered significantly (Fig. 2D-F; P>0.05). In 
addition, BIO treatment in SW480 and SW620 cells downreg-

ulated the expression level of p-GSK-3β (Fig. 2D-F; P<0.05), 
whereas the effects were slight in total GSK-3β expression 
(Fig. 2D-F; P>0.05).

Effect of BIO on apoptosis in SW480 and SW620 cells. After 
treatment with different concentrations of BIO (0, 1, 2 and 
4 µM), apoptosis of SW480 and SW620 cells were examined 
using flow cytometry (Fig. 3A). When BIO concentration 
increased, apoptosis of SW480 cells was decreased (Fig. 3B; 
P<0.05), whereas the effects were slight in SW620 cells (Fig. 3C; 
P>0.05). After incubation with either BIO/5-Fu/DDP alone or 
combined 5-Fu/DDP with BIO, cell apoptosis was examined 
using flow cytometry (Fig. 3D). Apoptosis was decreased in 
BIO-treated SW480 cells (Fig. 3E; P<0.05). In addition, BIO 
treatment significantly decreased apoptosis induced by 5-FU/
DDP in SW480 cells (Fig. 3E; P<0.05), whereas the effects 
were slight in SW620 cells (Fig. 3F; P>0.05).

Effect of BIO on cell cycle progression in SW480 and SW620 
cells. Cell cycle distribution was determined by flow cyto-
metry after BIO treatment (Fig. 4A). There was no significant 
difference in the cell cycle distribution after treatment with 
BIO/5-Fu alone or combining 5-Fu with BIO in SW480 and 
SW620 cells (Fig. 4B; P>0.05).

In SW480 cells, the percentage of G0/G1 phase cells were 
decreased, S+G2/M phase cells were increased after treatment 

Figure 4. The effects of BIO on cell cycle distribution of SW480 and SW620 cells. (A) Flow cytometric analysis of cell cycle distribution in SW480 and SW620 
cells either incubated with 5-Fu/DDP alone or combining with BIO (4 µM) for 24 h. (B and C) The cell cycle distribution in SW480 cells and SW620 cells 
after treatment with 5-Fu/DDP alone or combined with BIO (4 µM) for 24 h. Results are presented as means ± SD of three experiments. *P<0.05 compared 
with the control.
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Figure 5. The effects of BIO on the proportion 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 BIO (4 µM) for 24 h 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 BIO. (C) Flow cytometric analysis of the percentage of CD133+ SW620 cells 
when treated control/5-FU/DDP alone or combining with BIO. 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. #P<0.05 compared with 5-FU-treated or DDP-treated cells.

Figure 6. Expression levels of EpCAM, TERT and DCAMKL-1 in SW480 and SW620 cells before and after treatment with BIO, 5-Fu, DDP for 24 h. (A and B) 
Western blot analyses of EpCAM, TERT and DCAMKL-1 in the indicated SW480/SW620 cell groups. (C and D) Quantitated analysis of EpCAM, TERT 
and DCAMKL-1 proteins in SW480 and SW620 cells after treated with 5-Fu alone or combining with BIO (4 µM) for 24 h. (E and F) Quantitated analysis of 
EpCAM, TERT and DCAMKL-1 proteins in SW480 and SW620 cells after treated with DDP alone or combined with BIO for 24 h. α-tubulin/GAPDH was 
used as an internal loading control. Values are expressed as protein/α-tubulin or protein/GAPDH. The density of the protein band was assessed using Quantity 
One software. The data are expressed as means ± SD of three experiments. *P<0.05 compared with the control.
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with DDP alone or combining DDP with BIO (Fig. 4B; P<0.05), 
but no significant difference existed between the two groups 
(Fig. 4B; P>0.05). In SW620 cells, no significant difference 
was found in the cell cycle distribution after treatment with 
DDP alone or combining DDP with BIO (Fig. 4C; P>0.05). 
Collectively, these results suggest that BIO has no significant 
effect on 5-Fu/DDP-induced cell cycle distribution.

Effect of BIO on proportion of CD133+ SW480 and SW620 
cells. CD133+ cells were examined using flow cytometry after 
BIO treatment (Fig. 5A). As shown in Fig. 5B, the proportions 
of CD133+ SW480 cells were decreased when either 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 5-Fu/DDP with BIO 
(Fig. 5B; P>0.05). In SW620 cells, after treated with 5-FU, 
the proportions of CD133+ cells were decreased (Fig. 5C; 
P<0.05). BIO combining 5-Fu treatment reversed the CD133+ 
cell downregulation trend compared with treatment with 5-Fu 
alone (Fig. 5C; P<0.05). In addition, either treated with DDP 
alone or combining DDP with BIO has no significantly effect 
on the proportions of CD133+ SW620 cells (Fig. 5C; P>0.05).

Effect of BIO on CSC marker proteins in SW480 and SW620 
cells. To further investigate the effect of BIO on CSC marker 
protein expression, total protein lysates were prepared and 
analyzed by western blotting (Fig. 6A and B). As shown in 
Fig. 6C-F, following treatment of BIO, the expression levels of 
EpCAM, TERT and DCAMKL-1 were increased in SW480 
cells, EpCAM was increased in SW620 cells (P<0.05), respec-
tively.

In addition, BIO treatment combining 5-Fu/DDP upregu-
lated the expression levels of EpCAM, TERT and DCAMKL-1 
in SW480 cells (Fig. 6C and E; P<0.05). In SW620 cells, BIO 
treatment upregulated the expression levels of DCAMKL-1 in 

combining with 5-Fu, and upregulated the expression levels 
of EpCAM in combining with DDP (Fig. 6D and F; P<0.05).

Effect of BIO on β-catenin expression in SW480 and SW620 
cells. To further investigate the effect of BIO on proteins 
involved in WNT/β-catenin signaling pathway expression, 
total protein lysates were prepared and analyzed by western 
blotting. As shown in Fig. 7A, following treated with different 
doses of BIO, the expression levels of total β-catenin increased 
in SW480 and SW620 cells (Fig. 7B; P<0.05), respectively. 
The effect of BIO on β-catenin in SW480 and SW620 cells is 
concentration-dependent. Western blot analysis of β-catenin 
protein both nuclear and cytoplasmic (Fig. 7C) displayed that 
β-catenin was upregulated in the nuclei of SW480 (Fig. 7D; 
P<0.05) and SW620 cells (Fig. 7E; P<0.05) after treatment 
with BIO, respectively.

Discussion

In the present study, to survey the tangible biological behavior 
alteration induced by BIO in CRC cells, we conducted cDNA 
microarrays to pick out the differentially expressed genes 
after BIO-treatment in SW480 and SW620 cells. The cDNA 
microarrays identified various genes, including mesenchymal 
stem cell and cell migration relative genes, significantly 
aberrant expression in BIO-treated SW480 and SW620 cells. 
In vitro experimental results indicated that the apoptosis was 
decreased in BIO-treated SW480 cells. More importantly, 
the apoptosis induced by 5-Fu/DDP was also decreased in 
BIO-treated SW480 cells. The Transwell and boyden chamber 
experimental results demonstrated that the migration and inva-
sion abilities of SW480 and SW620 cells were decreased after 
treatment with BIO, accompanying with MMP-9 downregula-
tion and E-cadherin upregulation in these cells. The MMP-9 
has been widely documented in many physiological and 

Figure 7. Expression levels of β-catenin in SW480 and SW620 cells before and after treatment with BIO (4 µM) for 24 h. (A and B) Protein expression levels 
of β-catenin by western blotting in SW480 and SW620 cells before and after treated with different doses of BIO. α-tubulin was used as an internal loading 
control. Values are expressed as protein/α-tubulin. (C-E) Western blot analysis of β-catenin proteins in nuclear and cytoplasm after treatment with BIO (4 µM) 
for 24 h. Values are expressed as protein/α-tubulin or protein/histone. The density of the protein band was quantitated using Quantity One software. The data 
are expressed as mean ± SD of three experiments. *P<0.05 compared with the control (0 µM) group. #P<0.05 compared with the 1 µM group.
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pathological processes including cell migration, invasion and 
growth (25,26). E-cadherin, an important adhesive factor, can 
produce a marked effect on mediating tissue integration and 
cellular adhesiveness in form of complex with catenin (27). 
Therefore, cell motility related protein alteration after BIO 
treatment may result in adhesive activity enhancing the CRC 
cells.

We found that BIO treatment promotes both adhesive 
activity and drug resistance in CRC cells, interestingly, 
in these biological behaviors exist certain correlation in 
the mechanism. An important theory indicated that cell 
adhesion mediated drug resistance (CAM-DR) through 
suppressed drug-induced apoptosis (28). Tumor cells grown 
as multicellular spheroids were more resistant to chemo-
therapeutic drugs compared to the same cells grown as 
dispersed monolayer cell cultures (29). Possible mechanisms 
have been put forward to account for CAM-DR. E-cadherin-
mediated intracellular adhesion causing lack of sufficient 
drug penetration into solid tumors is one of the important 
molecular mechanisms for CAM-DR (30). In addition, 
various research has suggested that with the adhesive 
activity increasing, drug resistance protein such as P-gp was 
induced to express in cancer cells (31). Our previous research 
shows that treatment with different concentrations of BIO, 
the expression level of P-gp and cellular efflux ability were 
dose-dependently elevated in SW480 and SW620 cells (32). 
In the present study, our experimental results suggested that 
BIO treatment promotes adhesive activity through altering 
the expression levels of E-cadherin and MMP-9 in SW480 
and SW620 cells. Therefore, the aberrant expression of 
E-cadherin and MMP-9 may also contribute to CAM-DR in 
BIO-treated CRC cells.

Besides adhesiveness promotes drug resistance in 
BIO-treated cells, we found that the stem cell relative proteins 
had significant aberrant expression in BIO-treated SW480 and 
SW620 cells. It is generally known that CSCs are in dormant 
or slow-growing phase of the cell cycle, such features contrib-
uting for their therapeutic refractoriness to chemo/radiation 
therapy and tumor relapse (33-35). Colorectal CSCs are char-
acterized by different types of CSC markers such as CD133, 
EpCAM, TERT and DCAMKL-1 (36-39). In the present study, 
BIO treatment upregulated the expression levels of EpCam, 
TERT and DCAMKL-1 proteins in SW480 or SW620 cells at 
various degrees. In addition, treatment with BIO reversed the 
5-FU-induced CD133+ cell downregulation trend in SW620 
cells. These results suggested that the drug resistance ability 
enhancing after BIO treatment was partly attributed to stem-
ness increasing in CRC cells.

In the present study, we found that the biological behavior 
alterations of SW480 and SW620 cells after treatment with BIO 
were not entirely consistent. The reason may be that hetero-
geneity was present between these two cell lines. Originally, 
CRC cell line SW480 was isolated from a high-grade primary 
colon tumor, CRC cell line SW620 was isolated from the same 
patient's metastatic lymph node at the time of clinical relapse 
one year later (40). In our previous study, experimental results 
suggested that heterogeneity of drug resistance was present 
between metastatic and primary CRC specimens and cell 
lines (41). We found that the ability of drug resistance in meta-
static SW620 cells was greater than primary colorectal cancer 
cells SW480 owing to cancer stem cells and drug resistance 
relative protein activation. Therefore, we believe that different 
reaction after BIO treatment may partly attribute to heteroge-
neity between SW480 and SW620 cells.

As mentioned above, the effect of BIO on biological 
behavior of CRC cells was complicated. There are a number 
of independent studies reporting that BIO could evidently 
inhibit the activity of GSK-3β through competing with ATP 
and influencing the phosphorylation of GSK-3β (24). The full 
activity of GSK-3β generally requires phosphorylation at tyro-
sine 216, and conversely, phosphorylation at serine 9 inhibits 
GSK-3β activity (42-44). Recently, the biological effects of 
small molecule compounds on GSK-3β were widely studied 
for its potential value on CRC treatment. It is reported that 
activation of GSK-3β while downregulating the PI3-K/Akt 
oncogenic pathway by non-steroidal anti-inflammatory drugs 
(NSAIDs), results uniformly in the chemopreventive and 
anti-neoplastic effects in the early stage of colon cancer (45). 
In the present study, treated with BIO in CRC cells, the 
expression levels of p-GSK-3β (Tyr 216) were decreased 
both in CRC SW480 and SW620 cells, demonstrating that 
GSK-3β activity was significantly inhibited by BIO. GSK-3β 
is the key component of the β-catenin destruction complex 
in WNT pathway, and promotes proteasome-mediated 
proteolysis of phosphorylated β-catenin (46). As expected, 
subsequent experimental results showed that BIO treatment 
upregulation and transportation of β-catenin to the nucleus 
of SW480 and SW620 cells. It is generally believed that 
WNT signaling pathway effector β-catenin plays an impor-
tant role in the maintenance of stemness and drug resistance 
ability of CSCs (47-49), the chemoresistance increasing and 
stemness enhancing in BIO-treated CRC cells may partly 

Figure 8. The proposed model of BIO in WNT signaling pathway. The 
β-catenin destruction complex, which consists of Apc, Axin, CKIε and 
GSK-3β, promotes proteasome-mediated proteolysis of phosphorylated 
β-catenin. Marked downregulation of the GSK-3β protein activity by BIO, 
leads to β-catenin transportation to the nucleus, and then results in adhesive, 
stemness and chemoresistance increasing in CRC cells.
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attribute to β-catenin activation. Importantly, GSK-3β is a 
critical regulatory component of WNT/β-catenin, NF-κB, 
phosphoinositide 3-kinase (PI3K)/AKT and other signaling 
pathways (50-53). The present study mainly focused on the 
effect and mechanism of BIO on WNT/β-catenin signaling 
pathway. However, the important role of other signaling path-
ways in BIO treated CRC cells, such as NF-κB and PI3K/
AKT, still need to be further evaluated.

Taken together, the results presented here demonstrated 
that BIO upregulated stemness, adhesive and chemoresistance 
of CRC cells. In addition, BIO treatment downregulated the 
activity of GSK-3β, upregulated and transported β-catenin to 
the nucleus, which may partly result in these biological behavior 
alterations in CRC cells (Fig. 8). Of note, BIO is a multi-target 
inhibitor. As proven by various research, BIO inhibits not only 
GSK-3β activity, but also GSK-3α, JAK1 activities and possbly 
TYK2 (23-25). In the present study, the cDNA microarray anal-
ysis results also suggested that BIO treatment impact various 
signaling pathways. Therefore, using more than one inhibitor 
and specific RNA interference will be a better way to evaluate 
the role of GSK-3β inhibition in CRC cells for further work. In 
addition, the activity alterations of these signaling pathways in 
BIO treated CRC cells were not evaluate in present study. The 
underlying molecular mechanism causing stemness, adhesive 
and chemoresistance increase in CRC cells after BIO treatment 
still need to be further evaluated.
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