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Abstract: Aberrant expression of miR-206 has been repeatedly found and demonstrated to play crucial roles in can-
cers. However, the role of miR-206 in brain glioma remains unclear. To address this issue, we detected miR-206 ex-
pression of 60 gliomas and 18 normal peritumor tissues, and found that miR-206 is significantly down-regulated in
gliomas. Further in silico analysis of 198 glioma samples from the Chinese Glioma Genome Atlas (CGGA) indicated
that miR-206 is significantly down-regulated in high grade gliomas and that miR-206 predicts favorable patients’
prognosis. Notably, we found that miR-206 expression is negatively correlated with Ki-67 staining, indicating a prolif-
erative inhibition of miR-206 in gliomas. To explore the crucial role of miR-206 in gliomas, we constructed miR-206
stably overexpressed LN229 glioma cell lines and found that the proliferation is significantly inhibited. Through flow
cytometry (FCM) analyses, we found that the apoptotic rate is increased and the cell cycle is arrested in LN229 cells
after overexpression of miR-206. Bioinformatic analysis, gPCR, western blot and luciferase assay indicated that the
Forkhead Box Protein 1 (FOXP1) is a direct target of miR-206 in gliomas. Overexpression of FOXP1 could partially
rescue the proliferative inhibition in the miR-206 stably overexpressed LN229 cells. In summary, our results suggest
that miR-206 might function as a tumor suppressor of gliomas by inhibition of proliferation and could serve as a
promising candidate for therapeutic applications in glioma by targeting FOXP1.
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Introduction miRNA is a non-coding RNAs with 18-22 nt
length and suppresses gene expression by
complementarily binding with the 3’ untrans-

lated region (UTR) of the target mRNA [2].

Brain gliomas, the most common type of pri-
mary tumors, account for about 40% of intra-

cranial malignant tumors and remain a leading
cause of morbidity and mortality worldwide [1].
In recent years, despite the introduction of
modern therapeutic approaches including sur-
gical resection, radiotherapy, and chemothera-
py, @ majority of glioma patients still succumb
to this disease within 2 years after initial diag-
nosis [1]. Therefore, there is an urgent need to
explore the molecular mechanisms underlying
glioma initiation and progression, so as to
design effective therapeutic strategies to pro-
long patients’ survival time and improve the
quality of life.

Accumulating evidence has reported that miR-
NAs play a key role in tumor initiation, progres-
sion and drug resistance, including miR-206
[3]. miRNA-206 was earlier mentioned as a
muscle-specific miRNA which plays important
role in skeletal muscle development and func-
tional disorders [4]. Recently, miR-206 has
attracted intense attention because of the
reporting of its tumor suppressor role in breast
cancer by regulation of the estrogen recep-
tor alpha gene [5]. In gliomas, miR-206 was fi-
rst reported to be a biomarker that decreas-
ing of MmiR-206 predicted a poor prognosis in
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patients with malignant astrocytoma [6]. Su-
bsequently, miR-206 was found to regulate
glioma proliferation and apoptosis by nega-
tively regulating Otx2 and Bcl-2 [7, 8]. These
findings indicate that miR-206 might act as a
tumor suppressor and its down-regulation
might promote proliferation in glioma. None-
theless, to our knowledge, few papers have elu-
cidated the detailed mechanisms of miR-206 in
gliomas.

Forkhead Box Protein 1 (FOXP1), a member of
FOX family, has been reported to be related to
a wide range of biological and pathological
functions [9]. From previous reports, we know
that FOXP1 has dual characteristics in tumors.
In gastrointestinal and lung cancers, FOXP1
acted as a tumor suppressor, while in B-cell
neoplasia [9] and multiple myeloma [10], FO-
XP1 functions as an oncogene. In gliomas, FO-
XP1 was mainly reported as an oncogene,
which can promote glioma proliferation and
enhance tumorigenicity [11]. Here, we show
that miR-206 is down-regulated in gliomas, and
this down-regulation correlates with glioma
grade. Moreover, miR-206 can inhibit tumor
growth by targeting FOXP1.

Materials and methods
Glioma tissues and patients

In a total of 61 cases of glioma tissues and
18 cases of peritumor tissues were recruited
from Xingiao Hospital (XQ cohort), Third Mili-
tary Medical University (TMMU). Samples we-
re collected during surgery and were imme-
diately flash frozen and stored at -80°C for fol-
low-up experiments. Pathologic diagnosis was
evaluated according to the World Health Or-
ganization classification (2016) by two experi-
enced pathologists. Written informed consent
was obtained from all patients. Specimen col-
lection was approved by the ethics committee
of Xingiao Hospital, TMMU. In addition, another
glioma cohort from the Chinese Glioma Genome
Atlas (CGGA) database (http://www.cgga.org.
cn/) was investigated in silico.

Cell culture

Human glioma cell line LN229 was obtain-
ed from the Department of Pathology, So-
uthwest Hospital, TMMU. The cell line was in-
cubated at 37°C in a humidified incubator wi-
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th 5% CO, and 20% O, in Dulbecco’s-modifi-
ed Eagle medium (DMEM) supplemented with
10% fetal bovine serum and 100 ug/ml peni-
cillin/streptomycin. Cells were passaged at
80%-90% confluency. Culture medium was re-
freshed every 48 hours.

Lentivirus vector, plasmid construction and
transduction

For target overexpression, the human FOXP1
cDNA were cloned into the pcDNA3.1 vector. A
scramble control vector was also constructed.
For lentivirus production, mature miR-206
sequence was obtained from the miRBase
database and cloned into the GV217 vector
(Ubi-EGFP-MCS) (Genechem, China). HEK-293T
cells were seeded in 6-well plates and trans-
fected with transfer and packaging vectors
using Lipofectamine 2000 (Invitrogen, USA).
Then, virus particles were harvested after 72
hours of transfection.

For construction of miR-206 overexpressed cell
lines, LN229 cells were seeded into 6-well
plates 1 day before transduction. When cells
reached 50-80% confluency, lentivirus parti-
cles were added to the culture medium. After
96 hours of transduction, cells were harvested
for following experiments.

Real-time quantitative polymerase chain reac-
tion (RT-qPCR)

Total RNA was extracted from tissues or cells
using TRIzol Reagent (Invitrogen, USA) and tr-
eated with DNase | to eliminate genomic DNA
contamination. MiRNA/mRNA gPCR analysis
was performed as previously described [12].
The FOXP1 sequences for gPCR detection are:
Forward: 5-TCCCGTGTCAGTGGCTATGAT-3’ and
Reverse: 5-CTCTTTAGGCTGTTTTCCAGCAT-3".

Cell proliferation assay

Cell proliferation was measured by Cell Co-
unting Kit-8 (Dojindo Laboratories, Japan) ac-
cording to the manufacturer’'s instructions.
Cells were seeded into 96-well plate and the
proliferation rate was detected at 0, 24, 48,
72 and 96 hours. Single cell proliferation was
measured by Edu cell proliferation Kit with
Alexa Fluor 647 (Beyotime Biotechnology, Ch-
ina) according to the manufacturer’s instruc-
tions.

Int J Clin Exp Pathol 2018;11(7):3405-3415



MiR-206 inhibits glioma growth via FOXP1

XQ_Cohort

*kk

-
v
1

w
1

vy

.
Tatew st ¢ i

- NPT

- Gliomas

ee o eee

0 a

0.00- 0 ;
NPT  All 1] m v NPT
(N=18) (N=61) (N=22) (N=14) (N=25) (N=18)
D CGGA E
T L 1
10000+ ok 357 g
s . ‘T 8000
2 5000- =
g . .9 6000+
£ 6000- v [
x 2 4000
D 4000+ =%
] ’ S 2000
& 2000 < )
[+4 T 5 o 0
= 0 4
T T T =
1 1] v S2000=
(N=63) (N=44) (N=91)

Relative miR-206 expression X>
: 8
E i
1 ~
Relative miR-206 expression ®
3
/ ‘:

10000+ Low miR-206 exp
(N=119)

Cutoff: 471 ; |I||||||‘
i T L

Glioma_sémples

Gliomas 4.0 -35 -30 -25 20 -1.5
(N=18) miR-206 expression
(Log10 Normalized)

CGGA
. High miR-206 exp

(N=79) . 1004 =&- LowmiR206 exp (N=79)
=+ High miR206 exp (N=119)
Cutoff=471

.

"
L PP

L")

-y
=
1

o
=1
1

N
Cd
1

Percent survival (%)

o HR=0.25, 95%Cl: 0.15-0.24, p<0.001
T

0 10 50 60

20 30 40
Time (months)

Figure 1. miR-206 is down-regulated and may function as a tumor suppressor in gliomas. A, B. miR-206 is down-
regulated in glioma tissues when compared with peritumor tissues; C. miR-206 expression is negatively correlated
with Ki-67 immunochemistry staining. D. miR-206 is down-regulated in high grade glioma tissues from CCGA; E, F.
miR-206 predicts favorable prognosis of glioma patients. The cutoff value is 471 and determined by online software
“Cutoff Finder”. (**: P<0.01; ***, P<0.001; exp: expression).

Dual luciferase assay

Hek-293T cells were seeded in 24-well plates
on day before transfection. 400 ng FOXP1
3'UTR plasmid (Genecopoeia, USA) was co-
transfected with 400 ng miR-206 overexpres-
sion or negative control plasmids using Lipo-
fectamine 2000 (Invitrogen, USA), and culture
medium refreshed after 6 hours of transfec-
tion. After 48 hours of incubation, supernatant
was harvested for dual luciferase assay using
Secrete-Pair™ Dual Luminescence Assay Kit
(Genecopoeia, USA).

Western blot analysis

LN229 cell extracts equivalent to 10 ug protein
were subjected to 12% SDS-PAGE and PVDF
membranes. The membranes were blocked
with 5% nonfat milk in Tris-buffered saline con-
taining 0.05% Tween 20, and incubated with
rabbit antibodies against human FOXP1 and
GAPDH (Abcam, USA), and Cyclin D1 and B-
tublin (Cell Signaling Technology, USA). After
that, the membranes were incubated with
horseradish peroxidase-conjugated goat anti-
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rabbit 1gG (Santa Cruz Biotechnology, USA)
and visualized with BeyoECL Star chemilumi-
nescence assay kits (Beyotime, China).

Apoptosis detection with annexin V-FITC and PI
staining

Cells were digested, collected, and washed
with cold PBS. Then, 1x10° cells were collected
and re-suspended with 195 ul binding Buffer
with 5 ul Annexin V-FITC and 5 ul Pl Staining
Solution (Beyotime, China). After incubation for
15 min in dark at room temperature, cells were
analyzed by a flow cytometer (FACS Calibur;
Becton-Dickinson). Subsequent analyses of
flow cytometry data were performed using Cell
Quest software.

Statistical analysis

Data analysis were conducted by SPSS for
Windows version 13.0 (SPSS Inc, USA). P-values
less than 0.05 were considered significant.
Student’s t-test was used to analyze the differ-
ence between the means of treatment and con-
trol groups.
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Table 1. Characteristics of glioma samples with low/high expression of miR-206

L XQ_Cohort CGGA
Characteristics - ) - - - -
Low miR-206 High miR-206 P Value Low miR-206 High miR-206 P Value
No. of patients 30 30 119 79
Age at diagnosis
Mean 50.1 41.6 P=0.392 45.62 38.6 P<0.001
Range 13-76 18-69 13-711 18-61
>50/<50 13/17 8/22 73/46 13/66
Gender
Male 19 21 P=0.548 74 49 P=0.982
Female 11 9 45 30
Male-to-Female 1.72 2.33 1.64 1.63
WHO grade
Low grade (Grade II) 8 13 P=0.176 15 48 P<0.001
High grade (Grade lll) 7 8 29 15
(Grade IV) 15 9 75 16
Results marized in Table 1, low miR-206 expression

miR-206 is significantly down-regulated in glio-
mas and predicts favorable patients’ prognosis

We first detected miR-206 expression using 18
cases of peritumor tissues and 61 cases of
glioma. We found that miR-206 expression is
significantly down-regulated in glioma tissues,
and this down-regulation tends to be correlat-
ed with tumor grade (Figure 1A). Subsequently,
18 pairs of gliomas and corresponding peritu-
mor tissues were selected and we also obtained
the same results (Figure 1B). Among these glio-
ma tissues, 44 samples performed Ki-67
immunochemistry staining. Interestingly, Pear-
son correlation analysis shows that miR-206
expression is significantly negatively correlated
with Ki-67 index in these samples (Figure 1C),
indicating a proliferative inhibition of miR-206
in gliomas. We further validated these results
via in silico analysis of 198 glioma samples
from the Chinese Glioma Genome Atlas (CG-
GA). The results show that miR-206 is signifi-
cantly down-regulated in high grade gliomas
(WHO grade Ill and IV) when compared with low
grade gliomas (WHO grade ll) (Figure 1D). Mo-
reover, we defined these glioma samples into
low expression of miR-206 (N=119) and high
expression of miR-206 (N=79) groups using
online software “Cutoff Finder” (Figure 1E).
Kaplan-Meier survival analysis shows that the
survival time of the high miR-206 expression
group is significantly longer than that of the low
miR-206 expression group (Figure 1F). As sum-
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significantly correlates with an advanced pa-
tient age and advanced tumor grade in sam-
ples from CGGA, and shows similar trends in
samples from XQ cohort. Together, these re-
sults show that miR-206 may function as a
tumor suppressor in gliomas by inhibiting cell
proliferation.

MiR-206 significantly inhibits the proliferation
of LN229 glioma cells.

To investigate the role of miR-206 in cell prolif-
eration, we established miR-206 stably overex-
pressed and negative control (miR-NC) LN229
glioma cell lines (Figure 2A). Through CCK-8
assay, we found that the proliferation of LN229
glioma cells was significantly inhibited over a
5-day period (Figure 2B). For further confirma-
tion, Edu staining assay was performed, and we
observed a lower Edu incorporation ratio in
miR-206-overexpressed cells, when compared
with the miR-NC group (Figure 2C, 2D). These
results show us that miR-206 can indeed inhib-
it glioma cell proliferation.

MiR-206 predominantly promotes apoptosis
and induces cell cycle arrest of glioma cells

Since cell cycle and apoptosis play key roles in
regulating cell proliferation, we performed flow
cytometry assay to detect the alterations in
these processes in miR-206 overexpressed
cells. As shown in Figure 2E-G, after miR-206
overexpression, cell counts were significantly

Int J Clin Exp Pathol 2018;11(7):3405-3415
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Figure 2. miR-206 can significantly inhibit glioma cell line LN229 proliferation by promoting apoptosis and inducing cell cycle arrest. A. gPCR validation of the estab-
lishment of miR-206 overexpressed LN229 glioma cells; B. CCK-8 assay shows that the proliferation of LN229 is significantly inhibited after miR-206 overexpres-
sion; C, D. Edu assay shows that miR-206 overexpression inhibits the Edu incorporation of LN229; E-G. miR-206 significantly inhibits cell cycle progression: LN229
cells in G1 phase of was significantly up-regulated while in S/G2 phase was significantly down-regulated. H. Western blot shows that Cyclin D1 was inhibited in miR-
206 overexpressed LN229 cells; I-K. miR-206 significantly promotes cell apoptosis; L. Western blot shows that Cyclin D1 was inhibited in miR-206 overexpressed
LN229 cells. (*, P<0.05; **, P<0.01; ***, P<0.001).
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increased in the G1 phase while significantly
inhibited in S/G2 phase. Because it is known
that Cyclin D1 can promote cell cycle transition
from the G1 to S phase, we performed western
blot assay and found that Cyclin D1 was down-
regulated in the miR-206 overexpressed group
(Figure 2H). On the other hand, the percentage
of apoptotic LN229 cells was also found to be
significantly up-regulated after miR-206 over-
expression (Figure 2I-K). Meanwhile, western
blot results show that the known anti-apoptotic
protein Bcl-2 is significantly down-regulated
(Figure 2L). These results strongly indicate that
miR-206 can inhibit glioma proliferation by
inhibiting cell cycle progression and promoting
cell apoptosis.

MIR-206 regulates glioma cell growth by down-
regulating FOXP1

To identify the downstream target of miR-206
in gliomas, we firstly combined miR-206 target
prediction lists from miRDB, TargetScan, Tar-
getMiner and picTar, and got 73 targets pre-
dicted by the four databases (Figure 3A). To fur-
ther narrow down the targets number, we
referred to the published papers finding genes
in the 73 targets that may play important roles
in gliomas. By this way, we finally selected 5
targets: BDNF, NOTCH3, VAMP4, VEGF and
FOXP1. We then performed qPCR analysis to
detect the alterations of the 5 genes after miR-
206 overexpression, and found that FOXP1 is
the most significantly down-regulated gene
(Figure 3B). As it was reported that FOXP1 can
enhance glioblastoma tumorigenicity [11], we
hypothesized that miR-206 may inhibit glioma
proliferation by targeting FOXP1. Indeed, fur-
ther western blot results show that FOXP1
expression was down-regulated by miR-206
overexpression (Figure 3C). Moreover, we iden-
tified two potential miR-206 binding sites in
FOXP1 mRNA 3’UTR using the TargetScan data-
base. As shown in Figure 3D, we mutated one
of the binding sites, which was predicted with
the highest miR-206 binding score, to perform
dual luciferase assay. As shown in Figure 3E,
the luciferase reporter activity was only signifi-
cantly down-regulated in the wildtype FOXP1-
3'UTR group, indicating that FOXP1 is a bona
fide downstream target of miR-206.

Next, we wondered whether FOXP1 is involved
in the proliferative inhibition of miR-206. To
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validate our speculation, we transfected the
miR-206 stably overexpressed LN229 cells
with pcDNA3.1-FOXP1 (Figure 3F). Subsequen-
tly, CCK-8 and Edu cell proliferation assays
were performed. The results show that FOXP1
overexpression can partially reverse the prolif-
erative inhibition induced by miR-206 overex-
pression (Figure 3G-l). Furthermore, the flow
cytometry assay reveals that overexpression
of FOXP1 can partially rescue the promotion
of cell apoptosis and inhibition of cell cycle
arrest effect in the miR-206 overexpressed
group (Figure 4A-D, F-1). Consistent with these
functional studies, the western blot re-
sults show that, after overexpression of FO-
XP1 in miR-206 overexpressed LN229 glioma
cells, the anti-apoptotic protein Bcl-2 and cell
cycle promoting protein Cyclin D1 can be par-
tially rescued (Figure 4A, 4E). Together, these
data indicate that FOXP1 is involved in miR-
206-dependent negative regulation of glioma
cell growth.

Discussion

Over the past decade, the role of miRNAs in
cancers has been extensively studied. Rese-
archers have agreed that miRNAs play extre-
mely important roles in tumor formation, devel-
opment, and progression. By regulating the
expression of different target genes, miRNAs
can act as oncogenes or tumor suppressors in
various human cancers. A large number of miR-
NAs also have been defined as potential diag-
nostic and prognostic factors in certain tumors.
The aberrant expression and dysregulated
function of miRNAs merit broad investigation,
and a therapeutic strategy specifically aimed at
targeting miRNA is also on the way.

Accumulating experimental evidences have
pointed out that there is a close correlation
between aberrant expression of miR-206 and
tumors. Most related studies indicate a sup-
pressive role of miR-206 on various human
tumors. For example, miR-206 expression level
was very low in non-small cell lung cancer
(NSCLC) cell lines. Overexression of miR-206
suppressed c-Met and Bcl-2 expression and
activated apoptosis, and inhibits tumor cell pro-
liferation, migration and colony formation in
NSCLC [13]. Similarly, miR-206 inhibited the
growth of cervical cancer cell lines and hepato-
cellular carcinoma cells through targeting Bcl-2

Int J Clin Exp Pathol 2018;11(7):3405-3415



MiR-206 inhibits glioma growth via FOXP1

A B 15, == m:gzggg NC D wrFOXP1-3UTR 5’ TAATCTGTTTTTTGATACATTCCT 3'
e - 5 : MiR-206 3’ GGUGUGUGAAGGA——AUGUAAGGU 5’
TargetScan picTar h t

g 197 ; MT FOXP1-3'UTR 5’ ATTAGACAAAAAACTATGTAAGGA 2’
o T :
) ]- E Dual luciferase reporter assay
© : ks WT
) ' 2 1.04 M
(14 ! k= -
0.0- Q. . 3 0.4- -
0‘} «db g
v 9 E 99
£
=
C MiR-NC MiR-206 ¢
TargetMiner FOXP1 q b ;ﬁ
caroH [T e None MiR-NC  MiR-206
F G H Hoest3324 Edu Merge |
= 307 =~ miRNC o < 60- — =
g . miR-206 z e
- S 41 = miR-206+FOXP1 x 2
MiR206 MiRNC Jpoioe IS b » 8 401
— 1 4 L
© =
o § o : ... =
. = I n-: 2
(1] — =2
> =
GAPDH s Sl s 'O @ o
+ (o] o N
© 0.5 T T T T Y \q-"; > o"g
0 1 2 3 4 5 ; g & & Q,o#
: b4 w
Time (days) s " &
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blot shows that FOXP1 protein was up-regulated after FOXP1 overexpression in miR-206 stably overexpressed LN229 cells. G. The proliferation of miR-206 stably
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[14] and CDK9 [15], respectively. Another study
demonstrated that miR-206 suppressed sever-

al cancers’ growth by blocking Cyclin D1 and
inducing a G1 arrest [16]. Furthermore, miR-
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206 has been proven to be a critical factor in
epithelial-mesenchymal transition (EMT) and
consequently invasion and metastasis of ma-
ny cancers. A recent study showed that miR-
206 regulates EMT in human lung adenocarci-
noma cells and partly reduces cisplatin resis-
tance [17]. miR-206-PAX3-MET signaling is
also found to be critical to gastric cancer
metastasis, and the activation of PAX3-MET
pathways is due to miR-206 loss in clinical can-
cers [18]. In estrogen receptor positive br-
east cancers, miR-206 inhibits TGF-3 transcrip-
tion and autocrine production, as well as down-
stream target genes of EMT [19]. Moreover,
miR-206 was found to inhibit epithelial-mesen-
chymal transition and angiogenesis via tar-
geting classical c-Met/PI3k/Akt/mTOR path-
way in non-small cell lung cancer [13, 20]. miR-
206 also inhibits tumor invasion and migra-
tion in colorectal cancer [21]. To date, miR-206
has been found to be an independent pro-
gnostic factor in cervical cancer, colorectal
cancetr.

However, few experiments have elucidated the
role of miR206 in gliomas. Therefore, exploring
the functions and clinical significance of miR-
206 in glioma is very attractive. In the present
study, we showed that miR-206 was significant-
ly down-regulated in high grade gliomas and
predicts favorable prognosis. One study by S.
Wang, et al. detected the expression level of
miR-206 in 108 malignant astrocytomas and
20 normal brain tissues. Consistent with our
findings, that study reported decreased miR-
206 expression in higher grade astrocytomas
and miRNA-206 negatively correlated with poor
clinical outcome [6]. In this study, we specifi-
cally selected 18 pairs of glioma--peritumor tis-
sue to confirm the lower miRNA-206 expression
in brain gliomas. Our findings are further con-
firmed by the data from CGGA.

The study of R. Wang et al. showed that miR-
206 inhibits neural cells proliferation and
promote apoptosis via regulating Otx2. Mi-
croRNA-206 also inhibited the progression of
glioblastoma through Bcl-2. Thus, we assumed
miR-206 would inhibit glioma cell proliferation.
Interestingly, we found that miR-206 expres-
sion was significantly negatively correlated wi-
th the proliferation maker Ki-67, indicating a
potential proliferative inhibition of miR-206 in
gliomas. Therefore, we up-regulated miR-206
in LN229 glioma cells, and observed the pro-
liferative inhibition in these cells. Subsequen-
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tly, the flow cytometry analysis indicates that
the inhibition of proliferation may be caused by
promotion of cell apoptosis and cell cycle
arrest.

To explore how miR-206 regulates glioma, we
employed four target gene predicting algo-
rithms: miRDB, TargetScan, TargetMiner and
picTar. After integrating public online data and
performing validation experiment via miR-206
overexpression, we identified FOXP1 to be a
potential downstream target of miR-206. We
further elucidated the direct down-regulation
of FOXP1 by miR-206 after qPCR analysis, west-
ern blot and luciferase assay. Moreover, our
study found that FOXP1 was involved in miR-
206-dependent negative regulation of glioma
cell growth. The regulatory role of miR-206 on
FOXP1 is partially evidenced by a research
showing that upregulation of microRNA-206
induces apoptosis of vascular smooth muscle
cells by modulating FOXP1 [22].

FOXP1 belongs to the winged helix or forkhe-
ad transcription factor family which has a wide
range of functions. The role of FOXP1 in can-
cers is context-dependent. In lymphoma, up-
regulation of FOXP1 was correlated with poor
patient prognosis and was indicated as an
oncogene [23]. Overexpression of FOXP1 in
ovarian cancer cells increased spheroid forma-
tion, expression of stemness-related genes
and epithelial to mesenchymal transition-relat-
ed genes, cell migration, and resistance to
paclitaxel or cisplatin treatment [24, 25]. The
role of FOXP1 in breast cancer is quite compli-
cated and different or even controversial re-
sults are reported different research groups.
As a downstream effector, FOXP1 takes on the
tumorigenic effect of PI3K/Akt/p70S6K sig-
naling pathway in breast cancer cells [26]. A
few study also observed that FOXP1 regulates
the transcriptional activity of a serial of pro-
tein-coding genes and enhances the prolifera-
tion, migration, drug-resistant of breast cancer
cells [27, 28]. On the contrary, in more common
circumstances, unfavorable relapse-free sur-
vival (RFS) in breast cancer patients with de-
creased FOXP1 expression. Another study sug-
gested that FOXP1 demonstrates different
expression patterns in familial breast cancers
than sporadic tumours, and expression of the
FOXP1 is associated with estrogen receptor
alpha, estrogen receptor beta and improved
survival in familial breast cancers [29]. In addi-
tion, high expression of FOXP1 is found to be
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associated with improved survival in patients
with non-small cell lung cancer [30].

However, the role of FOXP1 in the tumorigene-
sis and clinical prognosis of brain glioma
remains poorly understood. An earlier report
provided evidence that FOXP1 can assist the
enhancement of glioblastoma tumorigenicity
[11]. In the present study, we demonstrated
that FOXP1 may function as an oncogene whi-
ch reverses the tumorigenic inhibition of glio-
ma cells induced by miR-206 overexpression.
Overexpression of FOXP1 could partially rescue
the proliferative inhibition in the miR-206 sta-
bly overexpressed LN229 cells. Similar to
our study, FOXP1 is found to be regulated by
other microRNAs in glioma. Cui et al. report-
ed that miR-504 inhibits glioma cell prolifera-
tion and promotes apoptosis by down-regulat-
ing FOXP1 [31]. Glioblastoma tumorigenicity
could be enhanced by FOXP1 after removing
the inhibition effect exerted by miR-9 [11]. The
above mentioned studies all indicated an onco-
gene role of FOXP1 in brain glioma. On the con-
trary, in the study by Xue, et al. FOXP1 was
found to be down-regulated in clinical glioma
samples its overexpression could inhibit prolif-
eration, invasion and migration of human glio-
ma U251 cells [32]. The reason for these con-
troversial results is not clarified at the moment,
and further investigation about the role of
FOXP1 in malignant glioma is warranted.

In summary, our study shows that miR-206 is
significantly down-regulated in gliomas. Over-
expression of miR-206 in LN229 glioma cells
can inhibit proliferation by promoting cell apop-
tosis and cell cycle arrest. FOXP1 is a direct
downstream target of miR-206 which is involv-
ed in the inhibition of proliferation. Together,
our results indicate that miR-206 can act as a
tumor suppressor in gliomas and serve as a
novel therapeutic target via FOXP1.
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