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Abstract: To date, β-catenin has been reported to be implicated in mediating the 

epithelial-mesenchymal transition (EMT) in a variety of human cancers, which can be trig-

gered by EGF. However, the mechanisms underlying EGF-β-catenin pathway-induced EMT 

of glioblastoma multiforme (GBM) have not been reported previously. In the present study, 

immunohistochemistry, reverse transcription polymerase chain reaction, and Western blot were 

applied to investigate the effect of EGF-β-catenin pathway on EMT of GBM. Here, we identi-

fied that β-catenin mRNA and protein levels were up-regulated in GBM tissues and four kinds 

of glioblastoma cell lines, including T98G, A172, U87, and U251 cells, compared with normal 

brain tissue and astrocytes. In U87 cell line, inhibition of β-catenin by siRNA suppressed EGF-

induced proliferation, migration, invasiveness, and the expression of EMT activators (Snail and 

Slug). In addition, the expression of epithelial markers (E-cadherin) was up-regulated and the 

expression of mesenchymal markers (N-cadherin and MMP9) was down-regulated. Finally, 

inhibitor of PI3K/Akt signaling pathways inactivated the EGF-β-catenin-induced EMT. In 

conclusion, β-catenin-EMT pathway induced by EGF is important for GBM progression by 

the PI3K/Akt pathways. Inhibition of β-catenin leads to suppression of EGF pathway-induced 

EMT, which provides a new way to treat GBM patients.
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Introduction
Glioblastoma, also known as glioblastoma multiforme (GBM), is the most common 

aggressive brain tumor.1–3 GBM features high cell proliferation, angiogenesis and/

or necrosis, and has no efficient and specific curative therapy. The aggressiveness of 

GBM is correlated to the tumor heterogeneity derived from a series of genetic and 

epigenetic alterations, and is also implicated in some abnormal signaling pathways 

induced by extracellular growth factors.4,5 Up to now, little is known about how the 

invasive phenotype is regulated in the progression of GBM.6 As reported, an invasive 

phenotype needs the change of cellular and molecular levels. Thus it is essential to 

seek key regulators which are involved in the progression of GBM.

Recently, increasing reports demonstrated that activation of Wnt/β-catenin signal-

ing and increased β-catenin expression is involved in the development of gliomas,7 and 

some signaling pathways can regulate Wnt/β-catenin signaling to participate in cell 

apoptosis,7 human neural stem cell growth,8 glioma cell proliferation,9,10 and glioma 

cell cycle.10 Based on the molecular level, Wnt/β-catenin signaling can up-regulate 

many kinds of cell cycle-related regulators, involving cyclin D1 and cyclin E, and 

down-regulate cell cycle-related inhibitors, like p21 and p27.11 Furthermore, current 
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studies suggest that Wnt/β-catenin signaling pathway forms 

cross-talk with the EGF pathway, indicating the potential sig-

naling pathway clinically involved in glioma.12 On the other 

hand, EGFs and EGFRs play an important role in the devel-

opment of tumors by regulating cell proliferation, migration, 

differentiation, morphogenesis, and angiogenesis.13–15 EGFR 

is highly expressed in some types of human tumors, such 

as colon cancer, liver cancer, breast cancer, and pancreatic 

cancer.16 However, the role of EGF-β-catenin in human 

cancers remains poorly understood. 

In the present study, we used in vitro experiments to 

investigate the potential significance of EGF-β-catenin 

signaling pathway. Moreover, inhibition of β-catenin by 

siRNA suppressed EGF-induced proliferation, migra-

tion, and invasiveness, and the expression of epithelial-

mesenchymal transition (EMT) effectors, including the 

up-regulated expression of epithelial markers and the 

down-regulated expression of mesenchymal markers. These 

results identified that EGF-β-catenin pathway could help 

reduce tumorigenesis.

Materials and methods
Patient samples
The protocol for this study was approved by the ethics 

committee of Rizhao People’s Hospital, Jining Medical 

University. Twenty patients from Rizhao People’s Hospital, 

Jining Medical University diagnosed with GBM between 

2015 and 2016 were selected for the study. All patients 

involved in the study provided written informed consent. 

Patients with other medical conditions or those who received 

treatment prior to surgery were excluded. The pathological 

specimens were reviewed, and histological classifications 

were made based on the World Health Organization (WHO) 

classification of brain tumors. We identified 20 cases of GBM. 

Ten healthy normal brain (NB) tissue samples obtained from 

patients who underwent needle biopsy without malignancy 

served as controls. All the slides were re-examined by two 

pathologists to ensure correct diagnosis. Tissue samples 

were harvested for immunohistochemistry assay, reverse 

transcription polymerase chain reaction (RT-PCR), and 

Western blot analysis.

cell culture, antibodies, and reagents
Primary normal human astrocytes (NHA) were purchased 

from Sciencell Research Laboratories (Carlsbad, CA, USA) 

and cultured under the conditions as instructed by the manu-

facturer. Cell lines T98G, A172, U87, and U251 were obtained 

from the KeyGEN Company (Shanghai, China) and cultured 

in DMEM supplemented with 10% fetal bovine serum (FBS) 

(Gemini Bio-Products, Woodland, CA, USA) and 1% penicil-

lin/streptomycin solution (Thermo Fisher Scientific, Waltham, 

MA, USA). Cells were incubated at 37°C in a humidified 

incubator with 5% CO
2
. Antibodies against β-catenin,  

E-cadherin, N-cadherin, Slug, Snail, and MMP9 were 

purchased from Cell Signaling Technology (Beverly, MA, 

USA). Anti-β-actin antibody and EGF were purchased from 

Sigma-Aldrich Co. (St Louis, MO, USA).

sirna
U87 cells growing in 6-well plates were incubated with human 

siRNAs (100 nmol/L) for β-catenin. Mock-transfection was 

performed using a negative control siRNA (Santa Cruz 

Biotechnology Inc., Dallas, TX, USA) as control. Cells were 

harvested at 48 h post-transfection, washed, and stored for 

future experiments. The knockdown efficiency was assessed 

using the Western blot assay.

immunohistochemistry
Briefly, sections were deparaffinized in xylene, rehydrated in 

alcohol and water, antigen repaired, and blocked. Antibodies 

(1:200) were incubated overnight, followed by incubation 

with HRP-labeled polymer for 20 min. Sections were then 

stained with DAB (Dako Denmark A/S, Glostrup, Denmark) 

for 5 min. All sections were counterstained with hematoxylin, 

dehydrated, and mounted. As for scoring, Image-Pro software 

showed the percentage of expression area and the mean 

optical density (MOD). 

rT-Pcr and immunoblotting
Total RNAs were isolated from the cells by using Trizol 

reagent (TaKaRa, Kusatsu, Japan). The sequences of primers 

used in this study were as follows.

β-catenin:

forward: 5′-AAGTTCTTGGCTATTACGACA-3′,
reverse: 5′-ACAGCACCTTCAGCACT-CT-3′;
Snail: 

forward: 5′-TTTACCTTCCAGCAGCCCTA-3′,
reverse: 5′-GACAGAGTCCCAGATGAGCA-3′; 
Slug:

forward: 5′-ACAGCGAACTGGACACACAT-3′,
reverse: 5′-GGAATGGAGCAGCGGTAGT-3′;
E-cadherin:

forward: 5′-TGCCCAGAAAATGAAAAAGG-3′,
reverse: 5′-GTGTATGTGGCAATGCGTTC-3′;
N-cadherin:

forward: 5′-CACTGCTCAGGACCCAGAT-3′,

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2017:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2783

The critical role of egF-β-catenin signaling in the eMT

reverse: 5′-TAAGCCGAGTGATGGTCC-3′;
MMP9:

forward: 5′-CATTCAGGGAGACGCCCA-3′,
reverse: 5′-AACCACGACGCCCTTGC-3′;
GAPDH:

forward: 5′-CAATGACCCCTTCATTGACC-3′,
reverse: 5′-GACAAGCTTCCCGTTCTCAG-3′.

Total RNA (1 μg) was reverse-transcribed into cDNA using 

a Quantscript RT Kit (Tiangen, Beijing, China). PCR was per-

formed using a PCR MasterMix Kit (BioTeke, Beijing, China) 

in a GeneAmp PCR system 9600 (ABI Int., Beijing, China). 

cDNA was amplified under thermocycling conditions as 

follows: 3 min initial denaturation at 94°C (one cycle), 30 s 

denaturation at 94°C (35 cycles), 30 s annealing at 57°C, and 

45 s extension at 72°C. The last amplification was followed 

by a final 7 min incubation at 72°C. PCR products were 

separated by electrophoresis through 1% agarose gel, stained 

with ethidium bromide, and visualized by ultraviolet (UV) 

transillumination in a Tocan Gel Imaging System (Tocan Co., 

Shanghai, China). GAPDH was used as an internal control. 

The mRNA level was calculated by determining the integrated 

intensity of the bands of each treated group as a ratio of the 

control. Each sample was measured in triplicate.

Sample protein extraction and concentration determina-

tion of whole cells were performed as previously described.17 

Cytoplasmic and nuclear proteins were obtained using the 

Nuclear and Cytoplasmic Protein Extraction Kit (Beyotime, 

Beijing, China) according to the manufacturer’s instructions. 

Briefly, equal amounts of protein were run on sodium dodecyl 

sulfate polyacrylamide gels and transferred to nitrocellulose 

membrane. The resulting blots were blocked with 5% non-

fat dry milk and probed with antibodies. Protein bands were 

detected by incubating with horseradish peroxidase (HRP)-

conjugated antibodies (Santa Cruz Biotechnology Inc.) and 

visualized with enhanced chemiluminescence reagent (EMD 

Millipore, Billerica, MA, USA).

cell proliferation assays
Cell counting kit-8 (CCK-8) assay (Beyotime) was used to 

detect the cell proliferation after 24 h transfection, accom-

panied by the employment of the TECAN infinite M200 

Multimode microplate reader (Tecan, Mechelen, Belgium) 

to measure the absorbance at 450 nm. All experiments were 

performed in triplicate independently.

Wound-healing assays
Wound-healing assays were performed by creating 

identical wound areas in the cell monolayer using Ibidi 

culture-inserts (cat no 80209; Ibidi GmbH, Munich, Ger-

many). Cells were seeded in complete culture medium at a 

density of 3×104 cells on each side of the Ibidi culture-insert, 

in a 24-well plate. After attachment, cells were treated for 

24 h; then the culture-insert was detached in order to form a 

cell-free gap in the cell monolayer. Each well was rinsed once 

with PBS to remove cell debris and immediately refilled with 

fresh medium, with new addition of the inhibitors (samples 

with “maintained” treatment) or without new addition of the 

inhibitors (samples with “removed” treatment). Cells were 

allowed to migrate for a further 48 h. The wound images 

were captured using a Leica DMI4000 automated inverted 

microscope equipped with a Leica DFC300 FX camera.

invasion assay
For the invasion assays, cells were serum-starved overnight 

and 1×105 cells were seeded in a Matrigel-coated chamber 

(BD Biosciences, San Jose, CA, USA) with 8.0 mm pores 

(Corning Incorporated, Corning, NY, USA) and cultured for 

48 h. The invaded cells on the lower surface of the inserts 

were fixed in 4% paraformaldehyde and stained with hema-

toxylin before mounting on glass slides. More than five views 

were analyzed under a light microscope. All experiments 

were carried out in triplicate.

statistical analysis
Statistical analysis was performed using the SPSS statistical 

software program (version 19.0; IBM Corporation, Armonk, 

NY, USA). Student’s two-tailed t-test was used to compare 

data between two groups. One-way ANOVA and Dunnett’s 

test were used to compare data between three or more groups. 

P,0.05 was considered statistically significant.

Results
expression of β-catenin in gBM tissues
To figure out the expression and role of β-catenin in the 

development of GBM, we enrolled 20 patients diagnosed with 

GBM. Then, ten samples of healthy NB tissue obtained from 

patients without malignant tumors undergoing needle biopsy, 

acted as the control group. In the present study, the expres-

sion of β-catenin was detected using immunohistochemistry,  

RT-PCR, and Western blotting. The immunohistochemistry 

analysis revealed that positive immunoreactivity of β-catenin was 

observed in the soma of neurons of the GBM tissues. β-catenin 

expression was detected in most of the cancer cells of GBM 

tissues. Using Image-Pro software, we demonstrated that the 

MOD value of β-catenin was obviously higher in GBM tissues 

compared with that in the NB tissues (P,0.01) (Figure 1A).
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These findings were further confirmed using RT-PCR and 

Western blotting (Figure 1B and C). We found that GBM 

tissues had higher mRNA expression levels of β-catenin 

than the NB tissues (P,0.01). Consistent with mRNA 

expression, the expression level of β-catenin protein in 

GBM tissues was also obviously higher than in the NB tis-

sues (P,0.01).

β-catenin regulates U87 cell proliferation
As mentioned previously, the expression levels of β-catenin 

in the NHA and GBM cell lines (T98G, A172, U87, and 

U251) were further tested using RT-PCR and Western 

blotting. As shown in Figure 2A, our results identified that 

all GBM cell lines had a significantly higher expression level 

of β-catenin mRNA compared with NHA. Consistently, all 

GBM cell lines had a significantly higher expression level of 

β-catenin protein compared with NHA (Figure 2B). In order 

to investigate the mechanisms of β-catenin in U87 cells, a 

specific siRNA for β-catenin was used. Lysates of cells with 

β-catenin siRNA were subjected to Western blot analysis. 

Firstly, we found that the mean expression level of β-catenin 

protein in the si-β-catenin group was 0.43, while the mean 

expression level of β-catenin protein in the si-control group 

was 1.21. Thus, the knockdown efficiency of β-catenin was 

nearly 65% in U87 cells. Subsequently, we employed the 

CCK-8 assay to assess the proliferation potential of U87 cells. 

We observed that down-regulation of β-catenin expression 

decreased cell proliferation in a time-dependent manner 

(Figure 2C; P,0.01).

inhibition of β-catenin expression 
suppresses the migration and invasion in 
U87 cells
We used the wound-healing assay and the transwell inva-

sion assays to identify whether β-catenin affected U87 cell 

migration and invasion (Figure 3A). In the present study, 

upon down-regulation of β-catenin expression by siRNA, the 

migration of U87 cells toward artificially created wounds in 

confluent cell monolayers was obviously repressed as shown 

by the increased wound width (P,0.01). Following the trans-

well invasion assay, the cells invading the lower layer of the 

inserts were fixed in 4% paraformaldehyde and stained with 

hematoxylin. We observed that down-regulation of β-catenin 

expression also resulted in fewer cell colonies in the transwell 

assay compared with the control (P,0.01, Figure 3B).

inhibition of β-catenin expression 
suppresses eMT in U87 cells
To figure out the role of β-catenin expression in EMT of 

U87 cells, we detected the mRNA and protein expression 

Figure 1 expression of β-catenin in gBM tissues. 
Notes: (A) representative immunohistochemical staining in gBM tissues and nB tissues. Quantitative analysis showed that the expression of β-catenin is higher in gBM 
tissues than in nB tissues. Data shown are means ± seM of at least three independent experiments. *P,0.001, using one-way anOVa. (B) The expression of β-catenin in 
gBM tissues and nB tissues was determined by rT-Pcr analysis. The expression levels were compared to nB tissues. gaPDh was used as a loading control. The intensity 
of bands was quantified using imageJ software and normalized to GAPDH. Data shown are means ± seM of at least three independent experiments. *P,0.001, using one-way 
anOVa. (C) The expression of β-catenin in gBM tissues and nB tissues was determined by Western blot analysis. The expression levels were compared to nB tissues. 
β-actin was used as a loading control. The intensity of bands was quantified using imageJ software and normalized to β-actin. Data shown are means ± seM of at least three 
independent experiments. *P,0.001, using one-way anOVa.
Abbreviations: gBM, glioblastoma multiforme; nB, normal brain; seM, standard error of the mean; MOD, mean optical density; rT-Pcr, reverse transcription polymerase 
chain reaction.

β β
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β β
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β β

β

β

Figure 2 β-catenin regulates U87 cell proliferation. 
Notes: (A) The expression of β-catenin in the normal human astrocytes and gBM cell lines (T98g, a172, U87, and U251) was determined by rT-Pcr analysis.  
The expression levels were compared to NB tissues. GAPDH was used as a loading control. The intensity of bands was quantified using imageJ software and normalized to 
gaPDh. Data shown are means ± seM of at least three independent experiments. *P,0.001, using one-way anOVa. (B) The expression of β-catenin in the normal human 
astrocytes and gBM cell lines (T98g, a172, U87, and U251) was determined by Western blot analysis. The expression levels were compared to nB tissues. β-actin was 
used as a loading control. The intensity of bands was quantified using imageJ software and normalized to β-actin. Data shown are means ± seM of at least three independent 
experiments. *P,0.001, using one-way anOVa. (C) line graphs showing the effects of β-catenin inhibition on the proliferation of egF-induced U87 cells as compared with 
scrambled sirna, determined using a ccK-8 assay at days 1, 2, and 3 post-sirna transfection. Data shown correspond to one representative experiment out of the three 
performed. *P,0.001 vs egF alone.
Abbreviations: gBM, glioblastoma multiforme; nB, normal brain; seM, standard error of the mean; ccK-8, cell counting kit-8; rT-Pcr, reverse transcription polymerase 
chain reaction.

of EMT activators and effectors in U87 cells depleted of 

β-catenin. Firstly, we determined the role of EGF in induc-

ing the phosphorylation of β-catenin in U87 cells. Because 

EGFs are reported to correlate with Wnt/β-catenin during 

carcinogenesis, we tried to determine whether EGF affects the 

phosphorylation of β-catenin in U87 cells. Treatment of cells 

with EGF (0–100 ng/mL) showed a significant increase in the 

phosphorylation of β-catenin as early as 15 min (Figure 4A). 

However, no associations between the level of β-catenin phos-

phorylation and its activity were found (Figure 4B; r2=0.169, 

P=0.184). Next, we hypothesized that β-catenin plays an 

important role in EGF-mediated EMT in U87 cells. To this 

end, we knocked down β-catenin expression using specific 

siRNA for β-catenin in U87 cells and treated U87 cells with 

EGF. In the present study, si-catenin effectively knocked 

down the expression of β-catenin (Figure 4B). We found 
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β

β

β

β

Figure 3 inhibition of β-catenin expression suppresses the migration and invasion in U87 cells. 
Notes: (A) Cell migration assay after inhibition with specific si-β-catenin in U87 cells. The gene knockdown of β-catenin siRNA significantly decreased cell migration as 
compared with universal scrambled sirna. representative images of decreased migration in U87 cells by si-β-catenin knockdown were shown in a wound-healing assay. 
*P,0.001 vs egF alone, using one-way anOVa. (B) cell invasion assay after β-catenin inhibition with specific siRNA in the U87 cells. si-β-catenin significantly decreased cell 
invasion. Images displaying the bottom side of the filter inserts with cells which invaded through the filter pores. Column graphs represent cell count analysis using absorbance. 
Data shown correspond to one representative experiment out of the three performed. *P,0.001 vs egF alone, using one-way anOVa.

β

β

β

β
β

β

β

β

β

β

β

β

Figure 4 inhibition of β-catenin expression suppresses eMT in U87 cells.
Notes: (A) Twenty-four hours after treatment with egF, the cell lysates were prepared. equivalent amounts of extracted protein were loaded on the gel and analyzed 
by immunoblotting for the phosphorylation of akt and β-catenin. β-actin was used as the internal control. The expression levels of akt and β-catenin were quantitated by 
densitometry. (B) no associations between the level of β-catenin phosphorylation and its activity were found (r2=0.169, P=0.184); in addition, si-catenin effectively knocked 
down the expression of β-catenin. (C) U87 cells were infected with egF alone, egF + si-β-catenin or egF + si-control. Total rna was prepared for the expression of eMT 
biomarkers by rT-Pcr. The cell lysates were analyzed for the expression of eMT biomarkers by Western blot (D). The expression level was normalized to the levels of 
endogenous gaPDh mrna and β-actin protein. *P,0.001 vs egF alone.
Abbreviations: eMT, epithelial-mesenchymal transition; rT-Pcr, reverse transcription polymerase chain reaction.
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that EMT activators Slug and Snail were significantly 

down-regulated compared with the control group (P,0.01, 

Figure 4C and D). Besides, down-regulation of β-catenin also 

led to an up-regulation of the epithelial marker E-cadherin 

and the down-regulation of the mesenchymal markers 

N-cadherin and MMP9 (P,0.01, Figure 4C and D).

β-catenin activates eMT through the 
Pi3K/akt signaling pathways
It has been reported that the PI3K/Akt signaling pathways 

play an important role in modulating cell invasion and the 

progression of EMT. In our study, we investigated whether 

β-catenin-mediated EMT was induced by the PI3K/Akt 

β

β

β

β

β

Figure 5 β-catenin activates eMT via the Pi3K/akt signaling pathways.
Notes: inhibition of the Pi3K/aKT signaling pathways by chemical inhibitors lY294002 (40 mM) was conducted. egF-induced U87 cells were pretreated for 1 h with DMsO 
alone or 40 mM of lY294002, and then cultured in the presence of DMeM for 12 h. cell lysates were prepared and the expressions of relevant proteins were analyzed by 
Western blotting and rT-Pcr. (A) lY294002 downregulated the akt phosphorylation (p-akt) but not their total protein levels, resulting in the down-regulation of β-catenin 
phosphorylation expression. in addition, lY294002 downregulated the expression of snail, slug, n-cadherin and MMP9 mrnas (B) and proteins (C), and upregulated the 
expression of e-cadherin mrnas (B) and proteins (C). each bar represents the mean ± seM of three independent experiments; *P,0.001, compared with egF alone, 
one-way anOVa with the lsD post hoc test.
Abbreviations: DMSO, dimethyl sulfoxide; EMT, epithelial-mesenchymal transition; SEM, standard error of the mean; LSD, least significant difference; RT-PCR, reverse 
transcription polymerase chain reaction.
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signaling pathways. Besides, in order to explore the effect 

of the primary signaling mediators on up-regulation of EMT, 

PI3K/Akt antagonist LY294002 was used to individually 

block PI3K/Akt signaling pathway in U87 cells, and then 

treated with 50 ng/mL of EGF. Subsequently, the expres-

sion level of EMT markers was detected. We found that 

LY294002 down-regulated the Akt phosphorylation but not 

their total protein levels (P,0.01, Figure 5A), resulting in the 

down-regulation of β-catenin phosphorylation expression. 

Likewise, dimethyl sulfoxide (DMSO)-treated control cells 

with the EGF obviously up-regulated the Akt phosphoryla-

tion (P,0.01, Figure 5A), and the total Akt protein levels 

remained unaffected. In addition, we found that mRNAs, 

proteins of Snail, Slug, N-cadherin, and MMP9 were down-

regulated, and E-cadherin expression was up-regulated in the 

LY294002 group, in comparison with DMSO-treated control 

(P,0.01, Figure 5B and C).

Discussion
To date, accumulating evidence indicates that EMT plays an 

important role in the initiation and development of cancer 

cells, and some extracellular components surrounding tumor 

microenvironment exert active effects on EMT.17–19 EGF, 

a kind of extracellular factor, can be derived from many 

types of cells within the tumor microenvironment. It has 

been reported as a kind of autocrine and paracrine factor to 

promote the development of tumor cells and stromal cells. 

Mechanistically, some studies reported that EGF is required 

for activation of Wnt/β-catenin and controls metastasis of 

cancer cells in vivo. With the help of immunohistochemistry, 

RT-PCR, and Western blot, our findings identified that a 

high expression of β-catenin is found in GBM tissues, and 

a lower β-catenin level was found in the glia cells of NB 

tissues and NHA, indicating that β-catenin is involved in 

the development of GBM.

Afterwards, we examined the expression of β-catenin in 

GBM cell lines, including T98G, A172, U87, and U251, and 

our results exhibited a relatively high expression of β-catenin 

mRNA and protein compared with human astrocytes. This 

altered expression of β-catenin in GBM cells might present 

a neuronal differentiation property in human GBM develop-

ment. Therefore, we assumed that β-catenin expression was 

implicated in the progression of EMT, and then facilitated 

the development of GBM. The EMT is characterized by the 

invasion phenotype, which showed a decrease in the expres-

sion of the epithelial marker E-cadherin and an increase 

in the expression of the mesenchymal markers vimentin, 

N-cadherin, and β-catenin. Thus, inhibiting EMT would 

inhibit cancer cell invasion and ameliorate prognosis of 

GBM patients.20,21

Wnt/β-catenin signaling, a key regulator of tumorigen-

esis, plays an important role in the progression of human 

GBM. Increasing reports indicate that a complex cross-talk 

exists between the β-catenin pathway and other signaling 

molecules, and EMT-corresponding effectors.22–24 In the 

present study, we identified the in vitro effect of β-catenin 

on different malignant phenotypes in U87 glioblastoma cells. 

To validate the role of β-catenin in biological progression of 

tumors, we applied a specific siRNA for β-catenin to down-

regulate endogenous β-catenin expression. We found that 

EMT activators Slug and Snail were obviously decreased 

compared with the control group. In addition, depletion of 

β-catenin expression increased expression of the epithelial 

marker E-cadherin but decreased expression of the mesen-

chymal markers N-cadherin and MMP9.

Besides, a previous study also validated that Akt signal-

ing can directly stimulate the activity of β-catenin. Gantner 

et al demonstrated that resveratrol inhibited activation of 

Akt to affect activation of β-catenin.25 Namely, Akt phos-

phorylation is regulated by a cascade of signals, resulting in 

the activated PI3K/Akt pathway and the phosphorylation of 

GSK-3β, and eventually facilitates the nuclear translocation 

of β-catenin. In the present study, we utilized the PI3K/Akt 

antagonist LY294002 to block its signaling pathway in U87 

cells, and then examined the change of EMT biomarkers. 

We observed that LY294002 decreased the phosphoryla-

tion of Akt but not total Akt proteins, and finally decreased 

β-catenin expression.

Furthermore, our cell function analysis revealed that 

down-regulation of β-catenin reduced cell proliferation in 

GBM cells in a time-dependent manner. Then, we found 

that down-regulation of β-catenin expression by siRNA 

suppressed the migration of U87 cells toward artificially 

created wounds in confluent cell monolayers. Meanwhile, 

down-regulation of β-catenin expression also led to 

fewer cell colonies in the transwell assay compared with 

the control. These findings are consistent with previous 

studies.26

In conclusion, our studies demonstrated that the expres-

sion of β-catenin contributes to tumorigenesis of GBM 

as well as the progression of EMT. High expression of 

β-catenin has been identified in GBM tissues. Additionally, 

the expression of β-catenin was involved in the proliferation 

and invasion of GBM cells. Thus, β-catenin acts as a crucial 

regulator in cancer progression and might be a useful and 

novel target for the treatment of GBM.
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