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The forkhead box A2 (FOXA2) is the key transcriptional factor that plays an important role in tumorigenesis. 
However, until now the expression pattern and role of FOXA2 in glioma have yet to be elucidated. Therefore, 
the aim of this study was to evaluate the expression of FOXA2 in glioma and investigate its role in glioma cells. 
Our data showed that FOXA2 was significantly downregulated in human glioma cell lines. Forced expression 
of FOXA2 suppressed the ability of glioma cells to proliferate, migrate, and invade and influenced the expres-
sion level of EMT-associated proteins. In addition, forced expression of FOXA2 attenuated tumor growth of 
glioma in a nude mouse xenograft model. Mechanistically, we disclosed that forced expression of FOXA2 
greatly downregulated the expression of b-catenin, cyclin D1, and c-Myc in glioma cells. Taken together, these 
results show that FOXA2 may play an important role in proliferation, invasion, and tumorigenesis in glioma 
cells. Thus, FOXA2 may be a potential therapeutic target for the treatment of glioma.
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INTRODUCTION

Glioma is the most devastating and aggressive tumor 
of the brain, with an increasing incidence across the world 
in the past decade1. The prognosis of patients diagnosed 
with glioma remains poor despite progress with surgi-
cal and nonsurgical therapies2–4. The majority of glioma 
deaths are due to metastasis. Therefore, it is important 
to disclose the molecular mechanism underlying the ini-
tiation and development of glioma for additional insight 
into the treatment of glioma.

The forkhead box A (FOXA) family of transcription 
factors regulates chromatin structure and gene expres-
sion during embryonic development. A growing body 
of evidence suggests that FOXA proteins are involved 
in cell cycle progression, proliferation, and migra-
tion, as well as in metabolism, senescence, and apo
ptosis5–7. FOXA2 is a member of the FOXA family that 
plays an important role in regulating embryo develop-
ment and body homeostasis8,9. In addition, it has been 
reported that FOXA2 acts as a suppressor in various 
solid tumors, including breast, lung, liver, and pancre-
atic carcinomas10–13. Zhu et al. reported that the expres-
sion of FOXA2 was significantly decreased in human 

gastric cancer tissues and cell lines, and overexpression 
of FOXA2 markedly inhibited cell tumorigenesis in vitro 
and in vivo14. Another study confirmed that the expres-
sion of FOXA2 was downregulated in patients with 
glioblastoma15. However, until now the expression pat-
tern and role of FOXA2 in glioma have yet to be eluci-
dated. Therefore, the aim of this study was to evaluate 
the expression of FOXA2 in glioma and investigate its 
role in glioma cells. Our data showed that FOXA2 may 
function as a tumor suppressor and inhibit invasion and 
tumorigenesis, at least partially, through inactivation of 
the Wnt/b-catenin signaling pathway in glioma cells.

MATERIALS AND METHODS

Cell Culture

Human glioma cell lines (LN229, U-373MG, and 
U-87MG) and the normal human astrocyte cell line 1800 
were purchased from the American Type Culture Collec
tion (Manassas, VA, USA) and cultured in Dulbecco’s 
modified Eagle’s medium (DMEM; Invitrogen, Carlsbad, 
CA, USA) supplemented with 10% heat-inactivated fetal 
bovine serum (FBS; Gibco, Rockville, MD, USA), peni-
cillin (100 U/ml; Sigma-Aldrich, St. Louis, MO, USA), 
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and streptomycin (100 mg/ml; Sigma-Aldrich). All cells 
were maintained at 37°C in a humidified atmosphere of 
5% CO2.

RNA Extraction and Quantitative Reverse Transcription 
Polymerase Chain Reaction (qRT-PCR)

Total RNA was extracted from glioma cells using 
TRIzol reagent (Invitrogen) and reverse transcribed using 
PrimeScript RT Reagent kit (Takara, Inc., Otsu, Japan). 
qPCR was then conducted using the Takara SYBR 
Premix Ex Taq II (Takara) and the 7500 Real-Time PCR 
System (Applied Biosystems, Foster City, CA, USA). 
FOXA2, 5¢-TTCTTTCCCGTTTTCCTCCTT-3¢ (sense 
primer) and 5¢-GAGAAGAAATCCATAACACCCCC-3¢ 
(antisense primer); GAPDH, 5¢-CAAGCTCATTTCCTG 
GTATGAC-3¢ (sense primer) and 5¢-CAGTGAGGGTC 
TCTCTCTTCCT-3¢ (antisense primer). All samples were 
normalized to the control GAPDH, and fold changes were 
calculated on the basis of relative quantification using the 
2−DDCt method16.

Western Blotting

Total proteins were extracted using radioimmuno-
precipitation assay lysis buffer (Beyotime, Nantong, 
P.R. China), and protein concentrations were measured 
using the Quick Start Bradford protein assay (Bio-Rad, 
Hercules, CA, USA). Total protein (30 μg) was loaded 
and separated by 10% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) and transferred 
to PVDF membranes. Membranes were blocked with 5% 
skim milk, 1% Tween 20 in PBS (Sigma-Aldrich) for 1 h, 
and incubated with primary antibodies overnight at 4°C in 
the same buffer. Antibodies against FOXA2, E-cadherin, 
N-cadherin, vimentin, b-catenin, cyclin D1, c-Myc, and 
GAPDH were obtained from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA). A horseradish peroxidase-
conjugated anti-rabbit or anti-mouse immunoglobulin G 
antibody was used as the secondary antibody (1:5,000; 
Santa Cruz Biotechnology). The blots were developed 
using chemiluminescence (ECL) and quantified by the 
Quantity ONE (Bio-Rad) software.

Establishment of a Stable FOXA2-Expressing Cell Line

Full-length FOXA2 cDNA was cloned into pcDNA3.1  
vector. For in vitro transfection, U-87MG cells (1 ́  105 

cells/well) were seeded in each cell of a 24-well micro
plate. After the cells were 70% confluent, the recombinant 
plasmid FOXA2 and vector plasmid were transferred  
into U-87MG cells using Lipofectamine™ 2000 (Invitro
gen) according to the manufacturer’s instructions.

Cell Proliferation Assay

Cell proliferation was detected by a cell counting 
kit-8 (CCK-8) assay according to the manufacturer’s 

instructions (Dojindo, Kumamoto, Japan). Briefly, 
infected U-87MG cells (1 ́  104 cells/well) were seeded 
onto a 96-well plate and incubated for 24, 48, 72, or  
96 h, respectively. At the indicated time points, 10 μl of 
the CCK-8 solution was added to each well and incubated 
for another 4 h. The absorbance at 490 nm was measured 
on a microplate reader.

Cell Migration and Invasion Assays

Cell migration assays were performed using Trans
well migration chambers (8-μm pore size; Costar). 
Briefly, infected U-87MG cells (1 ́  104 cells/well) in 
500 μl of serum-free medium were added to the upper 
chambers, while 500 μl of DMEM supplemented with 
10% FBS was added to the lower chamber. After 24 h 
of incubation, the nonmigrating cells on the upper sides 
of the filters were detached using cotton swabs, and 
the cells that passed through the filter were fixed with 
4% paraformaldehyde for 15 min, stained with Giemsa 
for 20 min, and counted in five randomly chosen fields 
(magnification: 100´) per well under a microscope. 
For the cell invasion assay, inserts were precoated with 
Matrigel, and the other steps were the same as for the 
migration assay.

In Vivo Xenograft Tumor Assay

Four- to six-week-old BALB/c athymic nude mice were 
purchased from Experimental Animal Center of Henan 
University (P.R. China) and housed under pathogen-free 
conditions. All animal work was done in accordance with 
a protocol approved by the Animal Care Commission of 
Huaihe Hospital (P.R. China). U-87MG cells express-
ing stable FOXA2 were injected subcutaneously into the 
flank of nude mice (n = 6 per group), while U-87MG cells 
containing an empty vector were used as a control. Tumor 
size was measured every 5 days using a caliper and cal-
culated using the formula: volume = length ́  width2 ́  p/6. 
After 20 days, mice were euthanized by subcutaneous 
injection with sodium pentobarbital (40 mg/kg), and the 
tumors were weighed.

Statistical Analysis

The experimental data were presented as the mean ± SD. 
Statistical analysis was performed using one-way ANOVA. 
A value of p < 0.05 was considered statistically significant.

RESULTS

FOXA2 Had a Low Expression in Human  
Glioma Cell Lines

We analyzed the expression levels of FOXA2 in 
glioma cell lines using qRT-PCR and Western blotting. 
The result of the qRT-PCR analysis indicated that the 
mRNA expression levels of FOXA2 were lower in all of 
the tested glioma cell lines than that of the normal human 
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astrocyte cell line 1800 (Fig. 1A). Consistently, the 
protein expression levels of FOXA2 were significantly 
reduced in human glioma cell lines (Fig. 1B). Thus, we 
selected the U-87MG cell line, which expresses a rela-
tively low level of FOXA2, for the following study.

Forced Expression of FOXA2 Inhibited Glioma Cell 
Proliferation In Vitro

To examine the effect of FOXA2 on glioma cell pro-
liferation, we restored FOXA2 levels by ectopically 
expressing FOXA2 in U-87MG cells. The results showed 
that the expression levels of FOXA2 in both mRNA 
(Fig. 2A) and protein (Fig. 2B) were greatly upregulated 
in U-87MG cells, as evidenced by qRT-PCR and Western 

blotting analysis. A CCK-8 assay was then performed to 
assess the role of FOXA2 in U-87MG cell proliferation. 
Overexpression of FOXA2 significantly reduced cellular 
proliferation of U-87MG cells in a time-dependent man-
ner, compared with controls (Fig. 2C).

Forced Expression of FOXA2 Inhibited Glioma Cell 
Migration and Invasion In Vitro

We examined the effect of FOXA2 on the invasion 
and migration of glioma cells using Transwell chambers 
with and without Matrigel. U-87MG cells transfected 
with FOXA2 had lower migratory activity than control 
cells (Fig. 3A). Similarly, the number of invading cells 
was markedly reduced in U-87MG cells transfected with 

Figure 1.  FOXA2 was lowly expressed in human glioma cell lines. (A) The expression levels of FOXA2 mRNA in human glioma cell 
lines were analyzed by qRT-PCR. (B) The expression levels of FOXA2 protein in human glioma cell lines were evaluated by Western 
blotting. Data are shown as mean ± SD (n = 3). *p < 0.05 versus human astrocyte cell line 1800.
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FOXA2, compared with the vector group (Fig. 3B). We 
then examined the expression of EMT-related markers in 
U-87MG cells after the overexpression of FOXA2 using 
Western blotting assay. The results demonstrated that 
U-87MG cells transfected with FOXA2 resulted in the 
upregulation of E-cadherin and the downregulation of 
N-cadherin and vimentin (Fig. 3C).

Forced Expression of FOXA2 Inhibited the Activation 
of the Wnt/b-Catenin Pathway in Glioma Cells

To further explore the molecular mechanism respon-
sible for the function of FOXA2 in glioma, we examined 
the expression levels of b-catenin, cyclin D1, and c-Myc 
in U-87MG cells after the overexpression of FOXA2 
using Western blotting assay. Compared with the vector 

Figure 2.  Forced expression of FOXA2 inhibited glioma cell proliferation in vitro. U-87MG cells were transfected with FOXA2 or 
vector for 24 h, and the efficiency of transfection was determined by qRT-PCR (A) and Western blotting (B) assays. (C) Cell prolifera-
tion was evaluated using the CCK-8 assay. Data are shown as mean ± SD (n = 3). *p < 0.05 versus the vector group.
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group, overexpression of FOXA2 sharply downregulated 
the protein expression levels of b-catenin, cyclin D1, and 
c-myc in U-87MG cells (Fig. 4).

Forced Expression of FOXA2 Inhibited 
the Tumorigenicity of Glioma Cells In Vivo

Finally, a xenograft model was established to 
explore FOXA2-mediated tumorigenesis in vivo. The 
results demonstrated that tumor weight was remarkably 

decreased in the FOXA2-expressing tumor-bearing 
mice in comparison with the control group (Fig. 5A). 
In addition, forced expression of FOXA2 significantly 
suppressed the volume of tumors compared with control 
mice (Fig. 5B).

DISCUSSION

To our knowledge, our data provide the first evidence 
that FOXA2 plays a critical role in the development 

Figure 3.  Forced expression of FOXA2 inhibited glioma cell migration and invasion in vitro. U-87MG cells were transfected with 
FOXA2 or vector for 24 h. (A) The migratory potential was detected by Transwell assay. (B) The invasive ability was detected by 
Transwell assay with Matrigel. (C) The protein expression levels of E-cadherin, N-cadherin, and vimentin were detected by Western 
blotting. Data are shown as mean ± SD (n = 3). *p < 0.05 versus the vector group.
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of glioma. FOXA2 was found to be downregulated in 
human glioma cell lines. Forced expression of FOXA2 
suppressed the proliferation, migration, and invasion 
abilities of glioma cells and influenced the expression 
level of EMT-associated proteins. In addition, forced 
expression of FOXA2 attenuated tumor growth of glioma 
in a nude mouse xenograft model. Mechanistically, 
we disclosed that forced expression of FOXA2 greatly 
downregulated the expression of b-catenin, cyclin D1, 
and c-Myc in glioma cells.

FOXA2 has recently been shown to inhibit tumor pro-
gression and development. Kondratyeva et al. reported 
that the expression of FOXA2 was significantly down-
regulated in pancreatic cancer cells13. Basseres et al. con-
firmed that FOXA2 is frequently downregulated in lung 
cancer as a result of epigenetic silencing17. Consistent 
with these findings, herein we found that FOXA2 was 
lowly expressed in human glioma cell lines, and forced 

expression of FOXA2 suppressed the proliferation of 
glioma cells in vitro and attenuated tumor growth of 
glioma in a nude mouse xenograft model. These results 
suggest that FOXA2 may function as a tumor suppressor 
in the development and progression of glioma.

Glioma is characterized by its invasive growth, 
and it is difficult to treat with surgery18. EMT plays a 
critical role in driving tumor invasion and metastasis.  
During the EMT process, epithelial cells downregu-
late the expression of cell adhesion molecules including 
E-cadherin, dissolve cell–cell junctions, lose their apical– 
basal polarity, and acquire migratory and invasive prop
erties19,20. It was reported that overexpression of FOXA2 
reduced EMT and invasion of lung cancer cells21. A study 
by Zhang et al. confirmed that stable overexpression 
of FOXA2 attenuated EMT in breast cancer cells22. 
Similarly, herein we found that forced expression of 
FOXA2 suppressed the migration and invasion abilities of 

Figure 4.  Forced expression of FOXA2 inhibited the activation of Wnt/b-catenin pathway in glioma cells. U87MG cells were trans-
fected with FOXA2 or vector for 24 h. (A) The protein expression levels of b-catenin, cyclin D1, and c-Myc were detected by Western 
blotting. (B) The optical density of each protein was quantified by GAPDH optical density. Data are shown as mean ± SD (n = 3). 
*p < 0.05 versus the vector group.
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glioma cells and influenced the expression level of EMT-
associated proteins. These data suggest that FOXA2 sup-
pressed glioma cell migration and invasion by blocking 
the EMT phenotype.

Accumulating evidence has shown that the Wnt/ 
b-catenin signaling pathway plays a critical role in tumor 
progression, and this pathway is activated in a wide vari-
ety of cancer types, including glioma23–25. b-Catenin is a 
main downstream effector of the canonical Wnt signal-
ing pathway that regulates the expression of cyclin D1, 
c-Myc, and matrix metalloprotease, leading to uncon-
trolled cell proliferation and invasion26. It was reported 
that the protein expression levels of Wnt1, b-catenin, 
and cyclin D1 were all positively related to the grades of 

patients with gliomas27. Therefore, inhibition of the Wnt/
b-catenin signaling pathway could be a useful approach 
for the treatment of glioma. In this study, we found that 
forced expression of FOXA2 greatly downregulated the 
expression of b-catenin, cyclin D1, and c-Myc in U-87MG 
cells. These results suggest that FOXA2 inhibits invasion 
and tumorigenesis, at least partially, through inactivation 
of the Wnt/b-catenin signaling pathway in glioma cells.

In conclusion, our data revealed that FOXA2 may 
function as a tumor suppressor and inhibit invasion and 
tumorigenesis, at least partially, through inactivation of 
the Wnt/b-catenin signaling pathway in glioma cells, 
implying that FOXA2 might be a novel therapeutic target 
for the treatment of glioma.

Figure 5.  Forced expression of FOXA2 inhibited tumorigenicity of glioma cells in vivo. U-87MG cells expressing stable FOXA2 
or empty vector were injected subcutaneously into the flank of nude mice. (A) At day 20, the mice were euthanized, and the tumors 
were excised and weighed. (B) The tumor volumes were calculated in each group every 5 days. Data are shown as mean ± SD (n = 6). 
*p < 0.05 versus the vector group.
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