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Background: Membrane-associated guanylate kinase (MAGUK) with inverted orientation

protein 1 (MAGI1) is a novel member of the MAGUK family with a vital role in tumor

progression related to invasion and metastasis. However, the function of MAGI1 in glioma is

currently unknown. We therefore analyzed the expression of MAGI1 protein in human

glioma samples, glioma cell lines and glioma stem cells (GSCs), and explored its effects

on glioma cell proliferation and apoptosis.

Methods: MAGI1 expression in glioma tissues was examined by Western blotting and real-

time polymerase chain reaction and its relationships with clinical pathological features were

analyzed. The effects of MAGI1 knockdown on the proliferation of glioma cell lines and

GSCs were detected by CCK8 and colony-formation assays, and apoptosis was assessed by

flow cytometry. We also investigated the effects of MAGI1 silencing on protein expression

levels of epithelial-mesenchymal transition biomarkers, as well as β-catenin, cyclin D1,

PTEN and phospho-Akt by Western blotting.

Results: MAGI1 was significantly downregulated in glioma tissues and its expression was

related to cancer progression. Silencing of MAGI1 in both glioma cell lines and GSCs

enhanced proliferation and inhibited apoptosis. MAGI1 knockdown also significantly

increased the expression levels of N-cadherin, vimentin, β-catenin, cyclin D1 and phospho-

Akt and reduced the expression of E-cadherin and PTEN.

Conclusions: Our results indicated that MAGI1 might play a vital role in glioma progres-

sion and may represent a potential therapeutic target for the treatment of glioma.
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Introduction
Brain tumors are the leading cause of death in children with cancer and the third

leading cause of cancer-related deaths in people aged 15–34 years.1 Gliomas are

one of the most common primary brain tumors, accounting for about 80% of all

cases, with overall incidence rates for all gliomas of 4.67–5.73 per 100,000

persons.2 According to the International Classification of Diseases-Oncology, ver-

sion 3 (ICD-O-3) and World Health Organization (WHO) grade, gliomas are

typically categorized as astrocytic, oligodendrocytic, or a mix of both cell types.3

Glioblastoma multiforme is a grade IV glioma that is notorious for its high degree

of invasiveness and destructiveness, as well as its resistance to therapy.

Accumulating evidences demonstrated that glioma stem cells (GSCs) contribute

to not only for the initiation and progression of glioma but also for the recurrence
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and metastasis.4–6 Thus, the study of the potential mechan-

isms of GSCs is necessary for the pathogenesis of GSCs-

targeting therapeutic technique.

Previous research has resulted in rapid advances in the

discovery of some of the key molecular mechanisms, as well

as the genetic and epigenetic factors, underpinning gliomas.

However, despite progress in medical treatments such as

surgery, radiotherapy, and chemotherapy, the prognosis of

glioma remains poor, especially for glioblastoma which has a

median survival of only 14.6months.7 There is thus an urgent

need to identify novel mechanisms that might indicate new

possibilities for the treatment of glioma.

Membrane-associated guanylate kinase (MAGUK) with

inverted orientation protein 1 (MAGI1) is a member of the

MAGUK protein family, which comprises peripheral mem-

brane proteins involved in the formation of specialized cell-

cell junctions.8MAGI proteins are localized at apical junctions

and mainly function through binding to β-catenin and other

apical proteins.9 MAGI1 can regulate cell-cell adhesion as a

molecular scaffold protein throughmultiple protein interaction

domains, including PSD-95/disks large/zonula occludens

(PDZ), Src homology 3, WW, and guanylate kinase motif

domains.10 MAGI1 interacts with a variety of PDZ-binding

molecules including N-methyl-D aspartate receptors,11 brain-

specific angiogenesis inhibitor 1,12 mNET1,10 and β-catenin.9

In addition, MAGI1 can bind the guanine nucleotide exchange

factor for junction remodeling of the small GTPase RAP1 and

is required for VE-cadherin-dependent Rap1 activation.13

MAGI1 also binds to the tumor suppressor phosphatase and

tensin homolog (PTEN) and further stabilizes it at the mem-

brane, resulting in increased PTEN activity.14 Overall, these

results suggest that MAGI-1 may be act as a modulator of

multiple signaling pathways.

MAGI1 also plays an important role in stabilizing cadherin

mediated cell–cell conjunctions and inhibiting non-trans-

formed epithelial cells. MAGI-1 reduced the proportions of

human papillomavirus 16- and 18-positive proliferating cells

and served as a negative regulator of cell proliferation.15

Previous reports have demonstrated that MAGI1 is associated

with diverse cancers. MAGI1 expression was decreased in

several types of human T-cell leukemia cell lines,16 and was

down-regulated in solid tumors of the digestive system,

including gastric cancer and hepatocellular carcinoma, and

was correlated with disease prognosis.17,18 Furthermore,

MAGI1 was capable of inducing an epithelial-like morphol-

ogy and suppressing Wnt signaling, cell migration, and inva-

sion in colorectal cancer cells.19 However, the relevance of

MAGI1 in glioma remains unknown. In the present study, we

examined the expression levels of MAGI1 in glioma tissues.

In glioma cell lines andGSCs, we also determined the effect of

MAGI1 knockdown on apoptosis, proliferation, and migra-

tion, and the role of the Wnt/β-catenin and PTEN/Akt signal-

ing pathway in the actions of MAGI1.

Materials And Methods
Tissue Specimens
This study was approved by the Ethics Committee of Qingdao

Municipal Hospital. All procedures involving human partici-

pants were performed in accordance with the ethical standards

of the Committee and with the 1964 Helsinki declaration and

its later amendments. Signed informed consent was obtained

from all patients before surgery. Glioma specimens and corre-

sponding normal brain tissues were obtained from 68 patients

who underwent surgery. All tumor samples were classified as

grade I, II, III, or IV based on the WHO classification guide-

lines. The clinical pathological characteristics are shown in

Table 1. No patients had any history of chemotherapy or

radiotherapy before surgery. The specimens were immediately

Table 1 Clinicopathologic Features Of 68 Glioma Patients

Variables Number

Of Cases

Expression Of

MAGI1

P value

Low High

WHO grade

Low 19 10 9 0.000*

High 49 38 11

Age (years)

<50 23 9 14 0.179

≥50 45 15 25

Gender

Male 30 12 18 0.816

Female 38 22 16

Differentiation

Low 43 21 22 0.017*

High/Moderate 25 21 4

Tumor size (cm)

<3 26 11 15 0.326

≥3 42 25 17

KPS

<80 38 27 11 0.129

≥80 30 14 16

Notes: *P<0.05 was considered significant.

Abbreviations: KPS, Karnofsky Performance Scale score; WHO, World Healthy

Organization; Low, WHO grade I and II; High, WHO grade III and IV.
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frozen in liquid nitrogen after dissection and stored at −80°C

until use.

Cell Culture And Transfection
Five human glioma cell lines (U87MG, U251, U118-MG,

SHG44, LN229) were purchased from the American Type

Culture Collection (ATCC, Manassas, VA, USA). All proce-

dures were performed on a sterile console. Cells were cultured

in Dulbecco’s Modified Eagle’s Medium (Invitrogen,

Carlsbad, CA, USA) supplemented with 10% fetal bovine

serum (Sigma-Aldrich, St. Louis, MO, USA) and 1% penicil-

lin/streptomycin (Sigma-Aldrich) in a cell incubator with 5%

CO2 at 37°C. The procedures used to establish GSCs have

been previously described.20 Briefly, CD133-positive cells

were sorted via magnetic cell sorting technology and were

cultured in serum-free DMEM/F12 (SFM) containing 20 ng/

mL human recombinant epidermal growth factor (EGF), 20

ng/mL human recombinant basic fibroblast growth factor

(bFGF), and B27 (1:50) (all from Invitrogen, Carlsbad, CA,

USA); half of the volume of medium was replaced every 3

days. This study was approved by the Ethics Committee of

QingdaoMunicipalHospital andwritten informed consentwas

obtained from all patients providing tissue specimens. The

following small hairpin RNAs (shRNAs) designed to silence

endogenous MAGI1 in glioma cell lines were purchased from

Shanghai Genechem Company (China): shMAGI#1: 5′-

GAGGTTATCCATTGCCTTT-3′; shMAGI#2: 5′-ACCTATG

AAGGAAACTATT-3′; and shRNA control: 5′-TTCTCCGA

ACGTGTCACGTTT-3′. The glioma cells were treated at a

final concentration of 2 μg/mL.

Quantitative Real-Time Polymerase Chain

Reaction (PCR) Analysis
Total RNA was extracted from glioma tissues and control

samples using TRIzol (Invitrogen) and reverse transcribed

using a PrimeScript RT Reagent Kit (RR047A; Takara).

cDNA amplification was then performed using SYBR

Premix Ex Taq (RR820; Takara Biotechnology, Dalian,

China) in a LightCycler 480. PCR was carried out for 40

cycles according to the following procedure: 95°C for 30 s,

annealing for 30 s, and 60°C for 34 s. Each sample was

analyzed in duplicate. Relative mRNA expression levels of

the target genes were calculated using glyceraldehyde 3-

phosphate dehydrogenase (GAPDH) as an internal control.

The primer sequences used for PCR were: MAGI1, forward:

CCTTCAGTCTGGCTCTAAGC, reverse: GTGTGCTCCT

CTTGTTCACC; GAPDH, forward: CAAAGACCTGTAC

GCCAACA, reverse: GAAGCATTTGCGGTGGAC.

Cell Proliferation Assay
Cell proliferation was examined using a Cell Counting Kit

8 (CCK8) assay (Dojindo, Kumamoto, Japan). Briefly,

glioma cells were seeded at 2×103 cells/well in 96-well

plates. After the cells were cultured for 4 days, 10 µL of

CCK-8 reagent was added for 1 h. The optical density

(OD) was measured at 490 nm using a spectrophotometer.

Western Blot Assay
Glioma tissues or cells were homogenized and lysed with

radioimmunoprecipitation assay lysis buffer supplemented

with 1 mmol/l phenylmethylsulfonyl fluoride and phosphatase

inhibitor (Pierce; Thermo Fisher Scientific, Inc, IL), and then

centrifuged at 12,000 rpm for 10 min at 4°C. Protein concen-

tration was measured using a bicinchoninic acid kit (Takara

Biotechnology, Dalian, China). Immunoblotting was per-

formed according to the standard protocol and the proteins

were transferred to polyvinylidene membranes (Millipore,

Billerica, MA, USA), blocked with TBST with 5% skimmed

milk for 2 h at room temperature, and then incubated at 4°C

overnight with either anti-MAGI1, anti-E-cadherin, anti-N-

cadherin, anti-Bax, anti-Bcl2, anti-caspase3 (all 1:1,000,

Abcam, Cambridge, MA, UK), anti-vimentin, anti-PTEN,

anti phospho-Akt, anti β-catenin, anti-cyclin D1 (all 1:1,000,

Cell Signaling Technology, Beverly MA, USA), or anti-

GAPDH antibodies (1:1,000, Santa Cruz Biotechnology,

Santa Cruz, CA, USA). After three washes in TBST buffer,

the membranes were incubated with horseradish peroxidase-

conjugated IgG antibody for 2 h at room temperature.

Immunoblot bands were quantified relative to GAPDH using

Image Pro Plus software (Media Cybernetics, Inc.).

Colony-Formation Assay
Cell proliferation was evaluated by colony-formation

assay. Glioma cells were seeded at 500–1,000 cells/well

in 6-well plates and placed in a cell incubator with 5%

CO2 at 37°C. The cells were stained with crystal violet and

colony numbers were counted after 14 days of treatment.

Flow Cytometric Analysis
Glioma cells were seeded at a density of 2×105 cells/well in

six-well plates, harvested, and resuspended in 100 μL bind-

ing buffer to achieve a concentration of 1×106 cells/mL.

The cells were then stained with 5 μL annexin V-fluorescein

isothiocyanate and 10 μL propidium iodide (BD
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Bioscience) according to the manufacturer’s guidelines and

analyzed by flow cytometry (NovoCyte; ACEA). The data

were analyzed using CellQuest software.

Animal And Subcutaneous

Xenotransplantation Model
Animal care and experimental procedures were approved by

Animal Ethics Committee of Qingdao Municipal Hospital.

All experiments were carried out and received human care.

Luciferase stably expressing U87 cells were transfected with

Lenti-MAGI1 or Lenti-vector. Twenty 4-week-old male

BALB/c nude mice (Linchang, Shanghai, China) were

injected subcutaneously with 1×106 of the respective cells.

Each mice was subcutaneously injected into the neck with

1×106 cells. Two weeks later, the tumor was visible. After

five injections, the mice were sacrificed and the tumor tissues

were integrally stripped out and counted for further study.

Statistical Analysis
All statistical analyses were performed using SPSS

Software version 20.0 (SPSS, Inc., Chicago, IL, USA).

Results were calculated as mean ± standard deviation.

Differences between groups were compared by one-way

ANOVA and Spearman correlation test. Data were ana-

lyzed and graphs were created using GraphPad Prism 5

software. A p value <0.05 was considered significant.

Results
MAGI1 Is Downregulated In Human

Glioma Tissues
We evaluated the mRNA expression levels of MAGI1 in 68

human glioma samples and adjacent non-tumorous tissues by

real time-PCR and Western blot. MAGI1 mRNA levels were

significantly decreased in human glioma tissues compared

with adjacent non-tumorous tissues (p<0.01) (Figure 1A).

This result was confirmed by Western blot assay, which

showed lower MAGI1 protein levels in glioma tissues com-

pared with adjacent brain tissues (p<0.01) (Figure 1B).

Besides, the results also showed that the MAGI1 protein

expression were the lowest in the high grade of glioma tissues

(grade IV) (Figure 1C)

Correlation Between MAGI1 Expression

And Clinical Pathology In Patients With

Glioma
The clinical data for 68 patients with glioma were assessed

to evaluate the relationships between MAGI1 expression

levels and clinical pathological features (Table 1). We

divided the patients into high- and low-MAGI1-expression

groups. MAGI1 expression was significantly negatively

correlated with WHO grade and differentiation degree

(p<0.01), but there was no significant correlation between

MAGI1 expression and any other clinical features, includ-

ing sex, age, tumor size, and Karnofsky performance score.

MAGI1 Expression In Glioma Cell Lines
We examined the MAGI1 expression levels in glioma cell

lines (U251, U87-MG, U118-MG, SHG44 and LN229)

and showed that MAGI1 protein levels were highest in

U87, LN229 and U251 cell lines (Figure 2A and B). These

cell lines were therefore selected for subsequent assays.

MAGI1 Knockdown Promotes

Proliferation Of Glioma Cells
We assessed the role of MAGI1 in glioma cells by silen-

cing its expression using shRNA in U87, U251 cells lines

and GSCs. The transfection efficiency was evaluated by

Western blot assay (Figure 3A). MAGI1 protein expres-

sion was dramatically reduced in both glioma cell lines

and GSCs transfected with shMAGI1 compared with con-

trols. We therefore used shMAGI1#1 and shMAGI1#2 for

further studies.

We detected the effects of MAGI1 knockdown on

glioma cell growth by CCK8 and colony-forming assays.

The proliferation of U87, U251 cells lines and GSCs in the

control vector-transfected (shNC) and shMAGI1-trans-

fected groups was examined by CCK8 assay over 6 days.

The proliferation of shMAGI1 cells was dramatically

enhanced after 96 h in both glioma cell lines and GSCs

compared with the shNC group (p<0.01) (Figure 3B).

Furthermore, MAGI1 knockdown also significantly

increased the colony-formation capacities of U87, U251

cells lines and GSCs. The colony-forming counts were

significantly increased compared with cells transfected

with shNC (p<0.01) (Figure 3C). These findings indicated

that silencing of MAGI1 could enhance the growth of

glioma cells.

MAGI1 Knockdown Reduces Apoptosis

Of Glioma Cells
We further analyzed the effect of MAGI1 on cell apop-

tosis by flow cytometry and Western blot assay.

Apoptosis rates of U87, U251 cells lines and GSCs

were significantly reduced in shMAGI1 cells compared
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with the shNC group (all p<0.01) (Figure 4A). In addi-

tion, Bax and cleaved-caspase 3 protein levels were sig-

nificantly reduced while Bcl2 expression was enhanced in

MAGI1-knockdown cells (all p<0.01) (Figure 4B), indi-

cating that silencing MAGI1 significantly inhibited apop-

tosis in glioma cells.

Figure 1 MAGI1 expression in glioma tissues and normal brain tissues. (A) MAGI1 mRNA expression was detected by real-time PCR and the ratio of MAGI1/GAPDH was

determined by giving a mean net density in human glioma tissues compared with adjacent non-tumorous tissues. (B) MAGI1 protein expression was determined by Western

blot and the ratio of MAGI1/GAPDH was determined by giving a mean net density in human glioma tissues compared with adjacent non-tumorous tissues. (C) MAGI1

protein levels were determined by Western blot analysis across the four subtypes and the ratio of MAGI1/GAPDH was determined by giving a mean net density. WHO:

World Healthy Organization; Low: WHO grade I and II); High: WHO grade III and IV; Data were presented as the means ± standard errors. *p<0.05 and **p<0.01 was

considered as statistically significant. Each lane represented a different sample.
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MAGI1 Knockdown Promotes Epithelial-

Mesenchymal Transition (EMT)

Phenotype In Glioma Cells
EMT is a vital process in tumor progression and metastasis,

and is characterized by down-regulation of E-cadherin and

upregulation of N-cadherin and vimentin. We therefore

examined the effect of MAGI1 on the EMT process in

U87, U251 cells lines and GSCs. E-cadherin expression

was significantly suppressed (p<0.01) (Figure 5A and B),

while vimentin and N-cadherin expression were significantly

increased in shMAGI1-transfected U87 cells (all p<0.01).

Moreover, silencing of MAGI1 also significantly downregu-

lated E-cadherin and up-regulated vimentin and N-cadherin

expression in U251 cells and GSCs compared with the shNC

group (all p<0.01). These results suggested that silencing

MAGI1 promoted the EMT phenotype in glioma cells.

MAGI1 Knockdown Functions Via Wnt/

Β-Catenin And PTEN/Akt Signaling

Pathways In Glioma Cells
The classic Wnt/β-catenin signaling pathway plays an impor-

tant role in cell proliferation and can promote EMT in many

cancers. We examined the effects of MAGI silencing on

activation of theWnt/β-catenin and PTEN/Akt signaling path-
ways in. We analyzed the expression levels of β-catenin and

cyclin D1, which are correlated with theWnt/β-catenin signal-
ing pathway, in U87 and U251 cells. Silencing MAGI1 sig-

nificantly upregulated β-catenin and cyclin D1 levels in both

glioma cell lines (both p<0.01) (Figure 6A and B).

Furthermore, expression levels of the tumor suppressor

PTEN were significantly reduced and levels of phospho-Akt

were significantly increased in both cell lines after shMAGI1

transfection compared with the shNC group (both p<0.01).

Figure 2 Expression of MAGI1 in glioma cell lines. (A) MAGI1 protein levels were

determined by Western blot in five glioma cell lines (U251, U87-MG, U118-MG,

SHG44 and LN229). (B) The ratio of MAGI1/GAPDH in glioma cell lines was

determined by giving a mean net density. Data were presented as the means ±

standard errors. **p<0.01 was considered significant.

Figure 3 Knockdown of MAGI1 promotes cell proliferation in glioma cell lines and glioma stem cells (GSCs). (A) The expression of MAGI1 was examined after shMAGI1

transfection. (B) After stable transfection with shMAGI1 in U87, U251 cells and GSCs, the proliferation of glioma cells was detected by the CCK8 assay. Knockdown of

MAGI1 notably enhanced the proliferation of U87, U251 cells and GSCs. (C) The colony forming assay indicated that knockdown of MAGI1 increased cell growth in U87,

U251 cells and GSCs, Data are presented as the means ± standard errors. *p<0.05, **p<0.01 was considered significant.
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Overexpression Of MAGI1 Inhibits The

Tumorigenesis Of Glioma In Vivo
To further investigate whether overexpression of MAGI1

suppress tumor growth in vivo, a xenograft model using

GSCs was performed, and subcutaneous injection with

Lenti-MAGI1 or Lenti-vector in the nude mice was estab-

lished. The results showed that the tumor volume was

significantly decreased in nude mice with Lenti-MAGI1

Figure 4 Knockdown of MAGI1 inhibits cell apoptosis in glioma cell lines and glioma stem cells (GSCs). (A) The apoptotic rates was determined by flow cytometry in U87,

U251 cells and GSCs. Knockdown of MAGI1 inhibited cell apoptosis in U87, U251 cells and GSCs. (B) Western blot assay evaluated the expression of the cleaved-caspase 3,

Bax and Bcl-2 proteins in U87, U251 cells and GSCs. (C) The ratios of the relative protein/GAPDH in glioma cells were determined by giving a mean net density. Data were

presented as the means ± standard errors. **p<0.01 was considered significant.
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when compared with vector-transfected cells (Figure 7A

and B). Western blot assay confirmed that the protein levels

of MAGI1 were significantly increased in the Lenti-MAGI1

group tumor cells than Lenti-vector group (Figure 7C).

Figure 5 Knockdown of MAGI1 increases the EMT process in glioma cell lines and glioma stem cells (GSCs). (A) The protein expression levels of E-cadherin, N-cadherin

and Vimentin were measured by Western blotting in U87, U251 and GSCs. (B) The ratios of EMT biomarkers were determined by giving a mean net density. Data were

presented as the means ± standard errors. **p<0.01 was considered significant.
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Discussion
Glioma is the most common central nervous system tumor

and is characterized by a high degree of malignancy and

high recurrence rate. Despite the development of novel

treatment, the prognosis of glioma remains poor,21,22 and

novel therapeutic targets are needed to improve its diag-

nosis and treatment.

In this study, we showed that MAGI1 mRNA and protein

expression levels were significantly decreased in human

glioma samples. In addition, downregulation of MAGI1 was

closely related to the degree of differentiation andWHO stage

of the glioma. Silencing of MAGI1 expression with shRNA

promoted cell proliferation and the EMT process and inhibited

apoptosis in glioma cell lines and GSCs. Moreover, silencing

of MAGI1 increased activation of the Wnt/β-catenin and

PETN/AKT signaling pathways in glioma cells.

MAGI1 is a novel member of the MAGUK family that

plays a vital role in tumor progression related to invasion and

metastasis.23,24 MAGI1 has been shown to act as a tumor

suppressor in multiple cancers, including hepatocarcinoma,

cervical, gastric, and colorectal cancers,15,18,19,25–27 and

MAGI1 expression was negatively related to cell progression

in cancer cell lines.18,19,27 To the best of our knowledge, the

current study provides the first evidence for the expression and

contribution of MAGI1 in human glioma. Our results were in

line with earlier studies showing thatMAGI1was significantly

decreased in human glioma samples. We also evaluated the

relationship between MAGI1 expression and clinical patholo-

gical features in patients with glioma and demonstrated that

MAGI1 was negatively correlated with the degree of differ-

entiation and WHO stage. Moreover, MAGI1 expression was

reduced in well-differentiated gliomas and enhanced in

Figure 6 MAGI1 Knockdown functions through Wnt/β-catenin and PTEN/AKT signaling pathway in LN229 (PTEN wild-type) and glioma stem cells (GSCs). (A) The protein

expression levels of β-catenin, cyclin D1, PTEN and p-AKTwere measured by Western blotting in LN229 and GSCs. (B) The ratios of β-catenin, cyclin D1, PTEN and p-AKT

were determined by giving a mean net density in LN229 and GSCs. Data were presented as the means ± standard errors. **p<0.01 was considered significant.
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invasive gliomas, suggesting that MAGI1 might participate in

the development of glioma and contribute to its prognosis. We

also verified the effects of MAGI1 in glioma by silencing its

expression with shRNA, which indicated that MAGI1 signifi-

cantly promoted the proliferation of U87 and U251 glioma

cells. Overall, these findings suggested that MAGI1 may

function as tumor suppressor in the pathogenesis of glioma.

In the current study, MAGI1 knockdown significantly

reduced apoptosis rates in glioma cell lines and GSCs.

Moreover, MAGI1 silencing also reduced cleaved caspase

3 and changed the Bax/Bcl2 ratio by downregulating Bax

and upregulating Bcl2. Previous reports demonstrated that

the Bax/Bcl2 ratio contributed to the secretion of

cytochrome into the cytosol, leading to caspase activation.28

In addition, MAGI1 was also shown to regulate the apop-

totic reaction in papillomavirus-positive tumor cells.15

These studies suggested that MAGI1 silencing may be

involved in the apoptosis of glioma cells.

EMT is associated with the invasion and metastasis of

cancer cells, and with enhanced tumor metastasis. Reduced

expression of the epithelial biomarker E-cadherin and ele-

vated expression of the mesenchymal biomarker N-cadherin

are the main characteristics of EMT.29 Cancer cells with an

EMT phenotype were associated with tumor metastasis and

a poor prognosis in patients.30 Gliomas with EMT demon-

strated increased invasion and metastasis, suggesting that

Figure 7 The effect of MAGI1 knockdown on tumorigenesis in vivo. (A) GSCs/Vector and GSCs/MAGI1 stabled cells were counted and injected subcutaneously in nude

mice respectively. After 28 days, the mice were sacrificed and the tumor tissues were integrally stripped out. (B) The difference in tumor volume was counted in nude mice

with Lenti-MAGI1 when compared with vector-transfected cells. (C) MAGI1 protein levels were determined by Western blot and the ratio of MAGI1/GAPDH was

determined by giving a mean net density. Data were presented as the means ± standard errors. **p<0.01 was considered significant.
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EMT contributes to the progression of glioma.15–17,31–33

The current results showed that MAGI1 knockdown signif-

icantly reduced E-cadherin and increased vimentin and

N-cadherin expression in glioma cell lines and GSCs, indi-

cating that downregulation of MAGI1 promoted tumor pro-

gression by enhancing the EMT process in glioma cells.

We also examined the role of MAGI1 in the pathogen-

esis of tumor suppression in glioma. The Wnt/β-catenin
signaling pathway has been reported to contribute to the

regulation of various of processes, such as cell prolifera-

tion, invasion, metastasis, and differentiation,34,35 and to

serve as a promoter in gastric cancer.36 Dysregulation of

Wnt/β-catenin signaling has been identified as a vital

pathogenesis of glioma development.37 β-catenin is the

crucial downstream regulator of the classic Wnt signaling

pathway and overexpression of β-catenin is highly related

to the progression of glioma. Inhibition of the Wnt/β-
catenin signaling pathway thus represent a potential ther-

apeutic approach for glioma. Zaric et al showed that

MAGI1 knockdown promoted Wnt signaling and reduced

E-cadherin and β-catenin localization in colorectal cancer

cell lines.19 In the current study, silencing of MAGI1

increased Wnt signaling pathway activation and upregu-

lated the target gene cyclin D1 in glioma cells. These

results indicated that MAGI1 knockdown promoted

glioma progression by activating the Wnt/β-catenin signal-

ing pathway. PTEN acts as a vital modulator of cell pro-

liferation, migration, and invasion.38 PTEN is viewed as a

classic tumor suppressor gene, and its downregulation is

associated with the development of various tumors.39,40

PTEN decreased Akt phosphorylation and further sup-

pressed tumor invasion and proliferation.41 Malignant

gliomas were shown to have high levels of PTEN gene

mutations, resulting in increased Akt phosphorylation and

enhanced tumor progression.42 Interestingly, an earlier

study demonstrated that PTEN functioned as a tumor

suppressor by interacting with MAGI1, and that change

of MAGI1 enhanced the mutual effect with PTEN.14 In the

current study, silencing of MAGI1 in glioma cells

enhanced Akt phosphorylation and reduced PTEN expres-

sion, indicating that MAGI1 might be involved in glioma

progression via the PTEN/Akt signaling pathway. In addi-

tion, overexpression of MAGI1 significantly inhibited

tumor growth in vivo as compared with vehicle treatment.

It is indicated that overexpressing of MAGI1 could sup-

press tumor progression of glioma in vivo.

In conclusion, this study provided novel evidence demon-

strating that MAGI1 contributed to glioma progression.

Silencing MAGI1 promoted cell proliferation and the EMT

process and inhibited apoptosis of glioma cell lines and

glioma stem cells by inhibiting the Wnt/β-catenin and

PTEN/AKT signaling pathways, suggesting that MAGI1

may be an effective therapeutic target for glioma.
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