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Abstract: The transcription factor forkhead box P3 (FOXP3) has been demonstrated to play important roles in the de-
velopment and function of regulatory T cells (Tregs). In addition, studies had recently demonstrated that FOXP3 also
expressed in some tumor cells. However, the exact role and molecular mechanism of FOXP3 function in glioma’s
cells are still unclear. This study aims to elucidate the functions of FOXP3 in glioma’s cells. Expression of FOXP3 in
glioma cell U87 and LN229 was up-regulated and down-regulated by pCMV6-FOXP3-GFP and pRFP-C-RS shFOXP3
respectively. Then, CCK-8 assay, flow cytometry, migration and invasion assay, and western blot were used to de-
tect cell proliferation, cell cycle, cell migration and invasion and related protein expression. All detection methods
demonstrated that over-expression of FOXP3 in glioma cell U887 and LN229 inhibited cell proliferation, reduced
cell migration, decreased cell invasion compared with control. Moreover, up-regulation of FOXP3 increased the
protein levels of pro-apoptotic molecules caspases-3 and caspases-7, resulting in the promotion of cell apoptosis.
Conversely down-regulation of the FOXP3 promoted cell growth and inhibited cell apoptosis and reduced the expres-
sion of caspases-3 and caspases-7. Our findings suggest that FOXP3 maybe act as a suppressor in glioma cells
proliferation, migration and invasion and endogenous FOXP3 transfusion could be a novel approach for inhibiting
glioma progression.
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Introduction tumor cells derived, suggesting a tumor-pro-

moting function of FOXP3. Conversely, FOXP3 is

The transcription factor forkhead box P3
(FOXP3) is a member of the forkhead/winged
helix transcription factor family, which plays a
critical role in the development and function of
CD4+CD25+ T regulatory cells (Tregs) [1].
Previously, FOXP3 had been generally accepted
specific molecular marker for Tregs [2-4].
However, very recently, it has been demonstrat-
ed that FOXP3 expression is not limited to
Tregs, it is also expressed in many kinds of nor-
mal epithelial or non-epithelial cells and tumor
cells [5-8]. There were high level of FOXP3 in
some carcinoma cells involving epithelial and
non-epithelial tissue origins, such as thyroid
carcinoma [9], and pancreatic carcinoma cells
[10], whereas no or weak expression of FOXP3
was detected in normal cells from which these

high expressed in normal epithelial or non-epi-
thelial cells from some tissue, for example pros-
tate [11], breast [12] and ovarian epithelium
[13], and the malignant transformation is asso-
ciated with FOXP3 absent expression in these
cells, suggesting that FOXP3 could act as a
tumor suppressor [12]. In addition, in prostatic
epithelial cells, FOXP3 was detected in all sam-
ples of normal prostate tissue but also in 30%
of prostate cancer sample [11]. These findings
imply that the role of FOXP3 expressed by tumor
cells remains controversial and FOXP3 could
perform a dual role as both transcriptional acti-
vator and repressor in different type of tumor
cells.

Previously, we demonstrated that glioma tissue
and established glioma cell lines, such as U251,
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Figure 1. Efficiency of FOXP3 expression in glioma cells transfected with plasmid vectors. (A) Fluorescence expres-
sion (x200 magnification) and (B) western blot analysis of FOXP3 levels in both U87 and LN229 cells 72 h after
transfection with pCMV6-FOXP3-GFP or pRFP-C-RS shFOXP3. (C and D) Quantification of data in (B). Means + S.D.
was shown (*P<0.05, **P<0.01).
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Figure 2. Effects of FOXP3 on the proliferation of human glioma cell lines. The cell proliferation was examined using
the CCK-8 assay. A. Down-regulation of FOXP3, the proliferation of U87 and LN229 cells was significantly increased
compared to the respective control. B. Up-regulation of FOXP3, the proliferation of U887 and LN229 cells was signifi-
cantly inhibited compared to the respective control (*P<0.05).

U87, LN229, A172 and U373, expressed the
FOXP3 at different level, and FOXP3 level was
significantly correlated with the histological
grade of gliomas, the patients with high expres-
sion of FOXP3 exhibited a poor prognosis than
those with low FOXP3 expression [14]. However,
we did not investigate the function of FOXP3
expressed in established glioma cells, the role
and molecular mechanism of FOXP3 in glioma
cells remained unclear, the objective of this
study is to investigate the function of FOXP3 in
glioma cells, and the relationship between
FOXP3 expression and the progression and
malignant biological behavior of glioma cells.

Methods
Plasmid vector

All plasmids were obtained from OriGene
Technologies (Inc., Rockville, MD, USA). pRFP-
C-RS shFOXP3 and pRFP-C-RS negative shRNA
plasmids vector containing FOXP3 specific
shRNA sequence 5-AGGACAGGCCACATTTCA-
TGCACCAGCTC-3" and scrambled sequence
5’-GCACTACCAGAGCTAACTCAGATAGTACT-3,
respectively. pCMV6-FOXP3-GFP, which con-
taining FOXP3 gene sequence. The empty vec-
tor pCMV6-GFP was used as the negative
control.

Cell culture and Transfection

Glioma cell lines LN229 and U87 were obtained
from Peking Union Medical College Cell
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Resource Center (Beijing, China) [15]. Cells
were cultured in Dulbecco’s modified essential
medium (DMEM) supplemented with 10% fetal
bovine serum (FBS), 100 U/ml penicillin, 100
pg/ml streptomycin in a humidified atmosphere
containing 5% CO, at 37°C. All reagents were
obtained from Invitrogen (Carlsbad, CA, USA).
On the day before transfection, 2x10° cells/
well or 5x103 cells/well were respectively seed
into 6-well plates or 96-well plate in growth
medium without antibiotics and incubate over-
night to obtain 50-70% confluence. The cells
were transfected with plasmid vectors mediat-
ed by lipofectamine 2000 (Invitrogen, Carlsbad,
CA) according to the manufacturer’s instruc-
tions, after 8 h, replace the media with the
fresh complete DMEM , and GFP or RFP fluores-
cence levels were detected using a fluores-
cence microscope.

Cell proliferation assay

Cell proliferation was detected by a Cell
Counting Kit-8 (CCK-8) assay (Beyotime,
Jiangsu, China). Cells were seeded into culture
medium containing 10% FBS on 96-well plates
at a density of 5x10° cells/well and incubate
overnight, then transfected with plasmids and
incubated for 72 h. Then CCK-8 solution (10 pl/
well) were added and incubated for another 2 h
according to the manufacturer’'s instruction.
Absorbance was measured with a microplate
reader at a wavelength of 450 nm [16, 17]. The
proliferation rate (%) was calculated using the
following equation: proliferation rate (%) =
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Figure 3. Effects of FOXP3 on apoptosis of glioma cells. A. Detected by Flow cytometry, the apoptotic percentage
was decreased by down-regulation of FOXP3 compared with the respective control. B. The apoptotic percentage was
significantly increased by up-regulation of FOXP3 compared with the respective control. C and D. The percentage of
apoptotic cells of three independent experiments + S.D. are shown (*P<0.05).
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Figure 4. FOXP3 regulates proapoptotic proteins. (A) Over-expression of FOXP3 significantly increased proapoptotic
proteins (caspase-3 and caspase-7). Silencing of FOXP3 caused a significant decrease of caspase-3 and caspase-7
protein expression. (B) Quantification of data in Figure (A). Means * S.D. was shown (*P<0.05, **P<0.01).

OD.,,...srected’ OPconror X100%. Each condition was

assessed with five independent samples, and
the experiments were repeated three times.

Cell apoptosis analysis

Cells were seeded into 6-well plates and trans-
fected as indicated. 72 h after transfection,
cells were harvested and washed twice with
binding buffer, and incubated with 5 ul Annexin
V-FITC or Annexin V-APC, respectively (Keygen
Biotech, Nanjing, China) in the dark for 15 min
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at room temperature. The cell early apoptosis
were detected by flow cytometry [16, 17]. The
early apoptosis was indicated by the relative
amount of Annexin V positive cells. This experi-
ment was conducted three times, each sample
was assessed in triplicate, and data were pre-
sented as mean + SD.

Western blots

The total proteins were extracted using a whole
cell protein extract reagent (Boster, Wuhan,

Int J Clin Exp Med 2015;8(2):1792-1802
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Figure 5. Effects of FOXP3 on cell cycle of glioma cells. The cell cycles were analyzed by flow cytometry. A. Over-expression of FOXP3 induced cell-cycle arrest in the
GO/G1 phase both in U87 and LN229 cells. The percentage of GO/G1 phase cells was significantly increased accompanied by a decrease in the percentage of S
phase cells. However, silencing of FOXP3 there was no significant difference in cell cycle between different groups. B and C. Percentages of the various cell cycle

phases. The results are means of three independent experiments + S.D.
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Figure 6. FOXP3 inhibits the migration and invasion of glioma cell lines. A. In vitro migration and invasion assay
(%200 maghnification). The migratory and invasive capabilities are reflected by the number of cells per microscopic
field that had migrated to or invaded the underside of the membrane. B and C. Quantitative results for capabilities
of the transmembrane migration and invasion in each group (**P<0.01).

China) and protein concentration was deter-
mined by the BCA kit (Tiangen, Beijing, China).
Equal amounts of cell lysates were separated
on 10% SDS-PAGE gels and transferred to PVDF
membranes (Millipore, Bedford, MA, USA). The
membranes were blocked with 5% non-fat milk
in TBS-T for 2 hours at room temperature, fol-
lowed by incubation with primary antibodies:
anti-FOXP3 (mouse monoclonal 1:250; eBiosci-
ence, Science Center Drive, San Diego, USA),
anti-caspase-3, anti-caspase-7 (rabbit poly-
clonal 1:1000, Cell Signaling Technology,
Billerica, MA, USA) and anti-B-actin (rabbit poly-
clonal 1:1000, Santa Cruz Biotechnology, CA,
USA), at 4°C overnight on a rocking platform.
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The membranes were then incubated with
HRP-conjugated goat anti-rabbit 1gG or goat
anti-mouse IgG  (1:1000, Santa Cruz
Biotechnology, CA, USA) for 1 h at room tem-
perature. The protein bands were visualized by
enhanced chemiluminescence (ECL) reagents
(Millipore) [18]. The relative intensity was deter-
mined using Image J. Each experiment was con-
ducted three times, and data were presented
as mean * SD.

Cell cycle analysis

Cell cycle distribution was analyzed by flow
cytometry. 72 h after transfection, 1x10° cells

Int J Clin Exp Med 2015;8(2):1792-1802
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were harvested by trypsinization, rinsed with
phosphate-buffered saline (PBS) and fixed with
cold 70% ethanol at 4°C overnight. Cells were
then washed twice with PBS and re-suspended
in 1 ml of staining solution (50 pg/ml propidium
iodide, 50 pg/ml RNaseA, 0.1% Triton X-100 in
citrate buffer, pH 7.8), and incubated at room
temperature for 30 min [18]. Cells were
acquired and the percentage of cells in each
stage of the cell cycle was analyzed by flow
cytometry (FACSCanto Il; BD Bioscience, CA,
USA).

In vitro migration and invasion assays

24-well transwell units with 8 um pore size poly-
ethylene terephthalate (PET) membrane
(Millipore) with or without a Matrigel (BD
Bioscience, USA) coating layer were used to
assess the cells’ invasive and migratory abili-
ties, respectively. 72 h after transfection, 5x10*
cells were suspended in serum-free medium
and seeded in the upper chamber. Medium
containing 10% fetal bovine serum was added
into the lower chamber as a chemoattractant.
After 24 h of incubation, cells on the upper side
of the membrane were then removed with a
cotton swab, whereas the cells that migrated
through the membrane to the underside were
fixed with 4% paraformaldehyde and stained
with 0.1% crystal violet [13, 19]. Cell numbers
were counted under an inverted microscope.
The data were expressed as the mean value of
cells in five fields based on three independent
experiments.

Statistical analysis

Experiments were independently done three or
more times. The data are presented as the
mean + standard deviation and analyzed using
SPSS 18.0 Windows version software.
Statistical analyses were performed using one-
way ANOVA and Student’s t test. P<0.05 was
considered statistical significant.

Results

Alteration of FOXP3 expression in glioma cells
transfected with plasmid vectors

In order to confirm the transfection efficiency of
pCMV6-FOXP3-GFP and pRFP-C-RS shFOXP3,
GFP or RFP fluorescence levels were detected
using a fluorescence microscope and FOXP3
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expression was detected by western blot.
Transfection of pCMV6-FOXP3-GFP into U87 as
well as into LN229 cells enhanced the expres-
sion of FOXP3, while transfection of pRFP-C-RS
shFOXP3 into these two cell lines reduced the
expression of FOXP3 (Figure 1A-D).

Drastically inhibited the proliferation of glioma
cells by pPCMV6-FOXP3-GFP

To investigate the function of FOXP3 on the pro-
liferation of glioma cells, we respectively down-
regulated or up-regulated the expression of
FOXP3 in both U87 and LN229 cells by pRFP-C-
RS shFOXP3 or pCMV6-FOXP3-GFP. We per-
formed the proliferation assay for each group
[16, 17]. The results showed that down-regula-
tion of FOXP3 expression significantly promot-
ed the proliferation of U87 and LN229 cells in
shFOXP3 group compared with the scrambled
or control group at 72 h (P<0.05) (Figure 2A), in
contrast, up-regulation of FOXP3 expression in
U87 and LN229 cells significantly inhibited the
proliferation in pCMV6-FOXP3 group compared
with the empty group and control group at 72 h
(P<0.05) (Figure 2B). These results indicated
that FOXP3 may exert a suppressor role on pro-
liferation in glioma cells.

Increased cell apoptosis and the levels of pro-
apoptotic proteins by pCMV6-FOXP3-GFP

To further understand the inhibited mechanism
of FOXP3 in U87 and LN229 cell proliferation,
we explored the cell apoptosis affected by
down-regulated and up-regulated FOXP3
expression [16, 17]. The results indicated that
over-expression of FOXP3 enhanced the early
apoptosis in U87 and LN299 cells, the apop-
totic rate of U87 cells was significantly
increased in pCMV6-FOXP3 group compared to
the empty group and control group (23.09+1.27
% vs. 9.24+1.40%, 8.79+1.36%, P<0.05,
Figure 3B and 3D), the apoptotic rate of LN229
cells was also significantly increased in pCMV6-
FOXP3 group compared to the empty group and
control group (24.93+1.34% vs. 10.95+1.08%,
8.90+1.03%, P<0.05, Figure 3B and 3D).
Contrarily, down-regulation of FOXP3 expres-
sion significantly inhibited cell apoptosis of U887
and LN229. The apoptotic rate of U887 and
LN229 cell in shFOXP3 group was (7.03+3.36)
% and (9.40+£2.51) % respectively, both signifi-
cant decrease compared with the scrambled
group (17.70+4.39%, 22.63+1.86%) and the

Int J Clin Exp Med 2015;8(2):1792-1802
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control group (16.57+2.30%, 21.67+1.93%)
(P<0.05, Figure 3A and 3C). Furthermore, to
understand the mechanism by which FOXP3
induces apoptosis in U887 and LN229 cells,
some proteins involved in apoptosis were
examined. Over-expression of FOXP3 signifi-
cantly increased proapoptotic proteins cas-
pase-3 and caspase-7 level (Figure 4A and 4B).
On the contrary, silence of FOXP3 caused a sig-
nificant decrease of caspase-3 and caspase-7
level (Figure 4A and 4B). These results indicat-
ed that FOXP3 induced apoptosis in glioma
cells was probably associated with inhibited
activation of caspase family members.

Induced GO/G1 cell-cycle arrest by pCMV6-
FOXP3-GFP

Next, we performed cell cycle analysis to deter-
mine whether FOXP3 affects the cell cycle of
glioma cells [18, 20, 21]. The results showed
that over-expression of FOXP3 induced cell-
cycle arrest in the GO/G1 phase both in U87
and LN229 cells. The percentage of GO/G1
phase cells was significantly increased accom-
panied by a decrease in the percentage of S
phase cells in pCMV6-FOXP3 group compared
to the empty group and control group (P<0.05,
Figure 5A-C). However, knock down the expres-
sion of FOXP3 by shFOXP3 plasmid vectors,
there was no significant difference in cell cycle
in shFOXP3 group compared to the scrambled
or control group (P>0.05, Figure 5A-C). These
results implied that over-expression of FOXP3
induced cell-cycle arrest in the GO/G1 phase
which contributes to the growth inhibitory
properties.

Inhibited the migration and invasion of glioma
cells by pCMV6-FOXP3-GFP

Endogenous FOXP3 significantly reduced the
malignant biological behavior of U87 and
LN229 cells [13, 19, 20]. U87 cells and LN229
cells transfected with pCMV6-FOXP3-GFP plas-
mid had the lower migrating abilities than that
transfected with pCMV6-GFP plasmid and con-
trol group cells (P<0.01, Figure 6A and 6B). The
abilities of pCMV6-FOXP3-GFP plasmid trans-
fected U87 cells and LN229 cells to invade
membranes were also significantly reduced
respectively (P<0.01, Figure 6A and 6C). In con-
trast, the U87 and LN229 cell, which down-reg-
ulated FOXP3 expression by pRFP-C-RS
shFOXP3 plasmid transfection, had increased
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ability of migration and invasion (P<0.01, Figure
6A-C). Together, these results indicated that
FOXP3 could suppress the migration and inva-
sion of glioma cells.

Discussion

Malignant gliomas are the most common pri-
mary intracranial tumor, with the most aggres-
sive and very poor prognosis. Although, there
was a great progress in the treatment of malig-
nant gliomas, most of the patients’ survival
time is still no more than one year [22]. Thus, to
improve the therapy and prognosis for malig-
nant gliomas need a better understanding of
molecule and molecular events in the glioma
cells.

FOXP3 has been identified as oncosuppressor
or tumor-enhancing factor in different type can-
cer cells. The most representative study of
FOXP3 as a tumor suppressor gene is in breast
cancer. As an X-linked tumor suppressor gene,
FOXP3 is expressed in normal breast epithelial
cells and down-regulated in breast cancer cells,
FOXP3 act as a transcriptional repressor of the
oncogene HER-2/ErbB2, SKP2 and SATB1 in
breast cancer cells [12, 23, 24]. Moreover,
studies have shown that FOXP3 also existed in
normal ovarian epithelium but down-regulation
in epithelial ovarian cancerous cells and cell
lines. Endogenous FOXP3 elicited an inhibitory
effect on the proliferation, migration and inva-
sion of ovarian cancerous cells [13]. Expression
of FOXP3 in pancreatic carcinoma cells provid-
ing evidence that this could be an important
tumor escape mechanism [10]. Our group and
other researchers had reported that FOXP3
was also expressed in glioma cells [14, 20];
however, the results were inconsistent.
Véronique showed that FOXP3 was expressed
in five-month-old fetal brain but strongly down-
regulated in glioblastoma [20], while we didn’t
observe FOXP3 expression in normal brain tis-
sues which derived from non-functioning cere-
bral cortex around the epileptic foci of patients
with epilepsy, but FOXP3 was up-regulated in
high grade glioma [14]. One of the reasons for
the inconsistency might be related to the dif-
ferential samples selected by researchers.
Held-Feindt showed that overexpression of
FOXP3 in glioma resulted in the appearance of
apoptotic nuclei, DNA fragments, activation of
effectors caspases, and increased PARP-
cleavage [25].

Int J Clin Exp Med 2015;8(2):1792-1802
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In this study, FOXP3 expression was up-regulat-
ed or down-regulated by pCMV6-FOXP3-GFP or
pRFP-C-RS shFOXP3, respectively. Up-re-
gulation of FOXP3 elicited a depress effect on
the proliferation of glioma cells detected by
CCK-8 assay. And up-regulation of FOXP3
increased cell population in the GO/G1 phase
and decreased cell progression into the DNA
replication phase (S phase), and also increased
cell apoptosis. We also observed down-regula-
tion of FOXP3 promote cell growth and sup-
press cell apoptosis and found that up-regula-
tion of FOXP3 inhibited the invasion ability of
glioma cells and suppressed the migration.
While knocking down FOXP3 we observed the
opposite results. However, these results were
opposite to our previously observations in sur-
gically removed glioma tissues, in which we
found that up-regulation of FOXP3 was signifi-
cantly correlated with histologic grade of glio-
mas and that patients with high expression of
FOXP3 exhibited a poorer prognosis than those
with low FOXP3 expression, moreover the glio-
ma patients with low levels of FOXP3 expres-
sion had longer survival time than that with
high levels of FOXP3 expression, indicating
FOXP3 expression was associated with the
malignant biological behavior of gliomas [14]. It
is currently difficult to interpret the disparity,
the reason for this inconsistency remains
unclear, and it might be explained by mutation
or lost functional domain of FOXP3 in surgically
removed samples, however in vitro experi-
ments, the whole gene sequence of FOXP3, this
is wild type gene, was transfected into U87 and
LN229 cells. In conclusion, FOXP3 potential
role and molecular mechanism in glioma cells
needed to further studies in vitro and in vivo
models.
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