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FOXKI1 promotes glioblastoma proliferation and
metastasis through activation of Snail transcription
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Abstract. Forkhead box K1 (FOXK1) has been identified
to have a crucial function in development and oncogenesis.
However, its role in glioblastoma has remained largely elusive
and was therefore assessed in the present study. In human
glioblastoma multiforme (GBM) tissue samples, FOXK1 was
determined to be highly expressed compared with adjacent
normal tissue samples. In addition, high levels of FOXK1
were detected in the T98G and LN18 GBM cell lines as
compare with those in normal human astrocytes. Of note,
high expression of FOXK1 was revealed to be associated with
metastasis and tumor size. Loss- and gain-of-function experi-
ments were then performed to determine whether FOXK1
regulates epithelial to mesenchymal transition (EMT) and cell
proliferation. Knockdown of FOXK1 significantly suppressed
EMT and metastasis of GBM cells, while ectopic expression
of FOXK1 promoted them. A luciferase reporter assay and a
chromatin immunoprecipitation assay revealed that FOXK1
activated the transcription of Snail. In addition, as the results
indicated that FOXK1 promotes GBM cell proliferation, the
potential effect of FOXK1 on the cell cycle and apoptosis were
further assessed. While FOXK1 had no effect on apoptosis,
it promoted cell proliferation via enhancing the S-phase
population. In brief, the present study indicated that FOXK1
acts as an oncogene with a key function in glioblastoma cell
proliferation and EMT.

Introduction

Of all human brain tumors, >80% are gliomas, which have
a poor prognosis with a 5-year survival rate of <5% (1).
Glioblastoma multiforme (GBM) accounts for 15% of brain
tumors (2). Although multiple methods are available to treat
glioblastoma multiforme (GBM), including radiotherapy,
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surgery, chemotherapy and photodynamic therapy (3,4),
survival of patients remains poor. Therefore, it is necessary to
understand the pathogenic processes at the molecular level in
order to identify novel markers and molecular targets that may
improve the diagnosis, predict outcomes and provide novel
treatment approaches.

The forkhead box (FOX) family of proteins are involved in
multiple crucial biological processes and human diseases (5,6).
FOXK1 was first reported in 1994 as a DNA-binding protein,
which specifically binds to the CCAC box motif (7). FOXK1
contains a forkhead domain and a forkhead-associated
domain, which bear a DNA-binding region and a phosphopep-
tide recognition region, respectively (8,9). FOXKI1 has been
identified to interact with four and a half LIM domains 2 in
myogenic progenitor cells (10). In addition, FOXKI1 interacts
with Sin3 protein via the Sin3-interacting domain, thereby
regulating myogenic progenitors (10). FOXKI1 also takes part
in development and oncogenesis (11). However, the role of
FOXK1 in GBM has remained elusive.

Epithelial to mesenchymal transition (EMT) is a complex
process, during which cells lose their epithelial proper-
ties while gaining mesenchymal characteristics. Multiple
epithelial and mesenchymal markers are known, including
E-cadherin as an epithelial marker and N-cadherin as a
mesenchymal marker. E-cadherin is an important protein
that participates in cell anchoring junctions, so that EMT
results in loss of cell-to-cell contact and therefore facili-
tates cell motility; therefore, EMT promotes tumor cell
metastasis (12,13). Several studies indicated that multiple
transcription factors are highly expressed during EMT,
including Snail, Slug, ZEB and TWIST, which repress
E-cadherin transcription (14-16).

In order to explore the molecular mechanisms of the
effects of FOXK1 in GBM, the present study detected
FOXK1 expression levels in GBM tissues by reverse tran-
scription-quantitative polymerase chain reaction (RT-qPCR)
and revealed that FOXK1 was not only highly expressed,
but positively associated with tumor size and metastasis. In
addition, it was demonstrated that FOXK1 facilitates EMT
through activation of the transcription of Snail. Furthermore,
fluorescence-assisted cell sorting (FACS) analysis indicated
that FOXK1 promotes GBM cell proliferation through
regulating the cell cycle. In brief, FOXKI, as a crucial tran-
scription factor, has a key function in GBM cell proliferation
and EMT.
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Materials and methods

GBM tissue samples and cell lines. A total of 83 pairs of
GBM tumor tissues and adjacent non-tumorous tissues were
collected from the neurosurgery department of Renmin
Hospital of Wuhan University between 2013 and 2016. All
GBM patients were histologically confirmed. Clinical data,
including patient age, gender, tumor size and metastasis were
collected from the information system of Renmin Hospital
of Wuhan University. All patients have provided informed
consent for use of their data/specimens. All tissue experi-
ments were approved by the Ethics Committee of Wuhan
University (Wuhan, China).

The T98G and LNI18 human GBM cell lines, and
normal human astrocytes (NHAs) derived from XCL-1
GFAPp-Nanoluc-Halotag (ATCC®ACS-5006™) were
purchased from the American Type Tissue Collection
(Manassas, VA, USA) and cultured in Dulbecco's modi-
fied Eagle's medium (DMEM; HyClone, Logan, UT, USA)
containing 10% fetal bovine serum (FBS; HyClone) at 37°C a
humidified atmosphere containing 5% CO,.

Western blot analysis. To obtain total protein, cells were
lysed with radioimmunoprecipitation assay buffer containing
protease inhibitor cocktail (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany). Following centrifugation at 13,000 x g
for 10 min at 4°C, the protein concentration in the superna-
tant was determined using a bicinchoninic protein assay kit
(Pierce; Thermo Fisher Scientific, Inc., Waltham, MA, USA).
Total protein (50 ug per lane) was subjected to 10% SDS-PAGE
and transferred protein onto nitrocellulose membranes
(EMD Millipore, Billerica, MA, USA). Membranes were
then blocked in 5% non-fat milk at room temperature for
1 h, followed by incubation with primary antibodies at 4°C
overnight. Following washing in PBS containing Tween 20,
membranes were then incubated with horseradish peroxi-
dase-secondary antibodies (1:5,000; Abcam, Cambridge, MA,
USA; cat. nos. ab6721 and ab97023) at room temperature
for 1 h. Finally, protein bands were visualized by enhanced
chemiluminescence (Thermo Fisher Scientific, Waltham, MA,
USA; cat. no. 32106). The following antibodies were used:
FOXKI1 (1:2,000; Abcam; cat. no. ab172730), EMT antibody
kit (1:2,000; Cell Signaling Technology, Inc., Danvers, MA,
USA; cat. no. 9782) and f-actin (1:5,000; Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany; cat. no. A2228). [3-actin
served as an internal control.

Cell transfection. T98G and LNIS8 cells were cultured to
60-70% confluence and transfected with PCM V-Tag2B vector,
FOXK1 (Vigene Biosciences, Inc., Rockville, MD, USA),
scramble RNA (SCR) or FOXK1 siRNA (Sigma-Aldrich;
Merck KGaA) using the Lipofectamine 2000 reagent (Thermo
Fisher Scientific, Inc., Waltham, MA, USA; cat. no. 11668019)
according to the manufacturer's protocol. Following 48 h of
transfection, cells were used to subsequent experiments.

Anchorage-independent cell growth assay. Following knock-
down or ectopic expression FOXK1 in T98G and LNI8 cells
(transfection time, 48 h), ~4x10* cells were re-suspended with
2 ml DMEM supplemented with 0.35% agarose and layered
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onto 2 ml of 0.6% agarose/medium in the 6-well plates. Cells
were cultured with 2 ml fresh growth medium every 3 days for
15 days. Colonies were stained with 0.5% crystal violet and
counted. n>50 were defined as a colony. All experiments were
performed at least three times.

RT-gPCR.TRIzolreagent(Invitrogen; Thermo Fisher Scientific,
Inc.) was used to extract total RNA from GBM/adjacent tissue
samples or cells according to the manufacturer's instructions.
Complementary (c)DNA was then generated using TransScript
First-Strand cDNA Synthesis SuperMix (TransGen, Beijing,
China). SYBR MIX (Roche Diagnostics, Basel, Switzerland)
was used to perform PCR in the 7500 Real-Time PCR System
to detect relative mRNA expression. Primers were designed
as follows: E-cadherin forward, 5'-AAACATCATTGATGC
AGACC-3' and reverse, 5'-GATAGATTCTTGGGTTGG
GTC-3"; a-catenin forward, 5"-TGTTACACAGGTTACAAC
CCT-3" and reverse, 5'-GATCATCTGCGAACTCTCCT-3";
N-cadherin forward, 5-CAAAGCCTGGAACATATGTG-3";
and reverse, 5'-GTTTGAAAGGCCATATGTGG-3"; fibro-
nectin forward, 5'-“"AATGTGAACGACACATTCCA-3' and
reverse, 5'-ACCACTTGAGCTTGGATAGG-3"; Snail forward,
5"TCTAATCCAGAGTTTACCTTCC-3'; and reverse, 5'-GAA
GAGACTGAAGTAGAGGAG-3'; Slug forward, 5'-ACACAT
ACAGTGATTATTTCCC-3"; and reverse, 5-GAGGAGGTG
TCAGATGGA-3'"; TWIST forward, 5'-CCAGGTACATCG
ACTTCCTC-3"; and reverse, 5'-GGAAACAATGACATC
TAGGTCTC-3'; FOXK1 forward, 5-CAGTTACCGCTTTGT
GCAG-3"; and reverse, 5-GAATTCTGCCAGCCTTTGTC-3"
GAPDH forward, 5-ATTTCCTGGTATGACAACGA-3' and
reverse, S-TTGATGGTACATGACAAGGTG-3'. GAPDH
was used as an internal control. The following thermocycling
conditions were used: 5 min at 98°C, denaturation at 98°C for
30 sec, annealing at 57°C for 30 sec and extension at 72°C
for 40 sec, performed for 30 cycles. The relative expression of
gene was analyzed using the 224%4 method (17). All experi-
ments were performed at least three times.

Transwell migration assay. LN18 cells with knockdown or
ectopic expression of FOXKI1 (transfection time, 48 h) were
seeded onto Transwell membrane inserts (Corning, Inc.,
Corning, NY, USA) at 5x10° cells per well in DMEM without
serum. DMEM containing 10% FBS was added to the lower
chamber. Following incubation for 8 h at 37°C, cells were
fixed in 4% paraformaldehyde, followed by staining with
0.5% crystal violet at room temperature for 15 min. For each
membrane, migrated cells in 6 random fields at x20 magni-
fication were counted. All experiments were performed in
triplicate.

Cell Counting kit (CCK)-8 assay. Cell proliferation was
detected using a CCK-8 assay as previously described (18).
In brief, T98G and LN18 cells were transfected with empty
vector or FLAG-FOXKI1, or with control small interfering
RNA (siRNA) or FOXK1 siRNA for 48 h and then seeded in
96-well plates at 4x10° cells/well in 200 1l DMEM containing
10% FBS. Following incubation for 24 h, 20 ul CCK-8 stain
in 200 ul DMEM was added to each well, followed by incuba-
tion for 2 h at 37°C. Finally, the absorbance of each well was
measured at 450 nm.
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Table I. Clinicopathological parameters of patients with glioblastoma multiforme (n=83).

FOXKI protein expression

Parameter n (%) Low (n=30)% High (n=53)% P-value Chi-square values

Gender
Male 51(61.4) 18 (21.6) 33 (39.8) 0.839 0.041
Female 32 (38.6) 12 (14.5) 20 (24.1)

Age (years)
>40 49 (59.0) 21 (25.4) 28 (33.7) 0.126 2.335
<40 34 (41.0) 9(10.8) 25 (30.1)

Tumor size (cm)
>2 43 (51.8) 5(6) 38 (45.8) <0.001 23.236
<2 40 (48.2) 25 (30.1) 15 (18.1)

Pathological grade
I-11 39 (47.0) 19 (22.9) 20 (24.1) 0.025 5.039
II-1v 44 (53.0) 11 (13.2) 33 (39.8)

Metastasis
Yes 44 (53.0) 7(8.4) 37 (44.6) <0.001 16.613
No 39 (47.0) 23 (27.7) 16 (19.3)

FOXK1, forkhead box K1.

Apoptosis and cell cycle analysis. For apoptosis and cell cycle
analysis, T98G and LNIS8 cells with knockdown or ectopic
expression of FOXK1 (transfection time, 48 h) were collected
and washed three times with PBS. Following fixation in 70%
cold ethanol, cells were stained with Annexin V-propidium
iodide (PI) solution or PI solution for apoptosis or cell cycle
analysis, respectively. Finally, FACS analysis was performed
to detect apoptosis and cell cycle distribution. All experiments
were performed at least three times.

Chromatin immunoprecipitation (ChIP) assay. The ChIP
assay was performed using an EZ ChIP Kit (EMD Millipore).
In brief, cells were lysed and sonicated to produce chromatin
fragments of 200-1x10° bp. Immunoprecipitated chromatin
was detected using 3 pg anti-FOXKI1 antibody (ab18196;
Abcam, Cambridge, MA, USA) and specific primers were
used to amplify the target gene promotor region. The same
quantity of Immunoglobulin G (IgG; ab172730; Abcam)
served as a negative control. The PCR assay was performed
using 2X EasyTaq PCR SuperMix (TransGene) according to
the manufacturer's instructions. The PCR conditions were
as follows: 5 min at 98°C, denaturation at 98°C for 30 sec,
annealing at 57°C for 30 sec and extension at 72°C for 40 sec,
performed for 30 cycles. The primers used were as follows:
TWIST forward, 5'-~AGGCGCTATCAAATTCCC-3" and
reverse, 5S'-AAGGCAGCAGAGCCAGAG-3"; Snail forward,
5'-ATGGCAGCTCACTGTGGC-3' and reverse, 5'-CGCTGG
CTTCCTTTCATT-3'; Slug forward, 5'-CCACCTCACCCT
CCAAAC-3' and reverse, 5'-CACATGAAGATCACCCTA-3".
The products were detected by agarose gel electrophoresis
with ethidium bromide staining. Input groups served as a posi-
tive control and IgG groups served as a negative control.

Luciferase reporter assay. Cells were seeded in 6-well plates
at 6x10* cells/well and transfected with the vector, FOXKI,
pGL3-Snail, Renilla (Vigene Biosciences, Inc.) as the cell
density reached 70-80% confluence. After 24 h of transfection,
an illuminometer was used to quantify the luciferase activity.
All experiments were performed at least three times.

Statistical analysis. All results were analyzed with SPSS 21.0
statistical software (IBM Corp., Armonk, NY, USA). The asso-
ciation between FOXK1 expression and clinicopathological
parameters was evaluated by Pearson's Chi-square test. All
values are expressed as the mean + standard error of the mean.
The expression of FOXK1 in GBM cell lines and NHAs was
analyzed with the Chi-squared test. The two-tailed Student's
t-test was used to assess differences between two groups. The
survival analysis was performed using Kaplan-Meir analysis.
Analysis of variance followed by Tukey's post hoc test was
used to assess the differences between multiple groups.
P<0.05 was considered to indicate a statistically significant
difference.

Results

FOXKI is overexpressed in GBM tissues and cell lines.
FOXKI1 is a crucial transcription factor, and several studies
regarded it as a tumor suppressor, while multiple studies also
indicated that FOXK1 promotes EMT and cell metastasis.
The role of FOXK1 in GBM has remained to be elucidated.
The present study first examined the expression of FOXKI1 in
human GBM tissues and adjacent non-tumorous tissues using
RT-gPCR. In a total of 83 pairs of human GBM and adjacent
non-tumorous tissue samples, FOXK1 was overexpressed in
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Figure 1. FOXKI is highly expressed in glioblastoma tissue and cells. (A) RT-qPCR analysis was used to analyze FOXKI1 expression in 83 pairs of GBM
tumors and adjacent non-tumorous tissue samples. (B) FOXKI1 protein and mRNA expression in glioblastoma cell lines and NHAs by western blotting and
RT-qPCR, respectively. 'P<0.05, “P<0.01 vs. non-tumorous samples or NHAs. (C) Kaplan-Meier survival estimates indicating the prognostic significance of
FOXKI1 expression in GBM patients. 'P<0.05 vs. FOXKI1 low expression. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; FOXKI,
forkhead box K1; GBM, glioblastoma multiforme; NHAs, normal human astrocytes.

the GBM tissues compared with that in adjacent non-tumorous
tissues (Fig. 1A).

In addition, the expression of FOXK1 was identified to be
positively associated with metastasis, tumor size and tumor
stage. However, the age and gender of the patients were not
associated with FOXK1 (Table I). Furthermore, the expression
of FOXKI1 was detected in the T98G and LN18 GBM cell lines
as well as in NHAs. The results indicated that, compared with
that in NHAs, FOXK1 was obviously overexpressed in the

GBM cell lines (Fig. 1B). Consequently, the influence of FOXK1
expression on the survival of GBM patients was analyzed. The
results demonstrated that the 5-year survival in the group with
low FOXK1 expression was significantly higher than that in the
group with high expression of FOXK1 (Fig. 1C).

FOXKI promotes EMT of GBM cells through activation of
SNAIL transcription. EMT promotes the cancer cell metas-
tasis ability of most carcinomas. High expression of FOXK1
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Figure 2. FOXKI1 promotes EMT through transcriptional activation of SNAIL in glioblastoma multiforme cells. (A) Two different siRNAs were utilized to
knockdown FOXK1 in T98G cells. After transfection for 48 h, FOXK1 knockdown efficiency was assessed by western blotting and RT-qPCR. (B) Knockdown
of FOXK1 regulates EMT-associated protein expression. FOXK1 depletion led to suppression of the mesenchymal marker N-cadherin and fibronectin, but
promoted the expression of the epithelial markers E-cadherin and a-catenin. The protein and mRNA levels were detected by western blotting and RT-qPCR,
respectively. (C) Co-transfection with SNAIL-Luciferase reporter vector and Renilla construct, and different amounts of FOXK1 expression vector (50, 200
or 800 ng/well) in T98G and LNI18 cells. After transfection for 36 h, cells were collected and subjected to the luciferase reporter assay. All experiments were
performed at least three times. "P<0.05, “P<0.01 vs. SCR/control group. (D) A chromatin immunoprecipitation assay was performed in T98G cells with rabbit
normal IgG or anti-FOXKI1, followed by PCR with specific primers for SNAIL. PCR products were indicated. EMT, epithelial to mesenchymal transition;
PCR, polymerase chain reaction; FOXK1, forkhead box K1; IgG, immunoglobulin G; SCR, scrambled control; siFOXK1, small interfering RNA targeting
FOXKI.

is closely associated with metastasis, which suggested that and the knockdown efficiency was assessed. As presented
FOXK1 may participate in the EMT. To test this hypothesis, in Fig. 2A, FOXK1 was depleted by 70-80%. Furthermore,
FOXXKI1 was knocked down by FOXK1 siRNA in T98G cells EMT markers were also significantly changed. At the mRNA
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Figure 3. FOXKI1 facilitates glioblastoma cell metastasis. (A) Following knockdown or ectopic expression of FOXK1 in LN18 cells, the protein or mRNA levels
of FOXK1 were detected by western blotting or reverse transcription-quantitative polymerase chain reaction, respectively. (B and C) Transwell migration assay
of LNI8 cells after (B) ectopic expression and (C) knockdown of FOXK1 (48 h post-transfection). (D) Anchorage-independent cell growth assay. LN18 cells
were transfected with FOXK1 siRNA and then placed on soft agar; the average number of colonies formed was determined. All experiments were performed at
least three times. 'P<0.05 vs. SCR/empty vector group. FOXK1, forkhead box K1; SCR, scrambled control; siFOXK1, small interfering RNA targeting FOXKI.

as well as at the protein level, the expression of the epithelial
markers E-cadherin and a-catenin was increased, while that
of the mesenchymal markers N-cadherin and fibronectin
was obviously decreased (Fig. 2B). Furthermore, the expres-
sion of Snail, a transcription factor that promotes EMT, was
decreased when FOXK1 was silenced, whereas Slug and
TWIST were not affected (Fig. 2B). As Snail is an important
transcription factor which promotes the EMT process, it was
then further explored whether FOXK1 promotes EMT through
transcriptional regulation of SNAIL. For this purpose, a
luciferase reporter assay was utilized to determine the effect
of FOXK1 on SNAIL promoter activity. As presented in
Fig. 2C, FOXK1 transcriptionally activated the SNAIL gene
promoter in T98G and LN18 cells. In addition, the ChIP assay
demonstrated that endogenous FOXK1 bound to the promoter

region of SNAIL, but not Slug and TWIST (Fig. 2D). In
brief, the present results revealed that FOXKI1 activated the
transcription of SNAIL.

FOXK] facilitates GBM cell metastasis. An enhanced
capacity to form metastasis is a characteristic of cancer that
is associated with the EMT, and metastasis is the reason for
poor prognosis. As the above mentioned results suggested
that FOXK1 promotes EMT through transcriptional activa-
tion of SNAIL, it was hypothesized that FOXK1 regulates
GBM cell metastasis. In order to verify this hypothesis, a
Transwell migration assay was performed using LN18 cells
in which FOXK1 was ectopically overexpressed or knocked
down as verified by western blot analysis and RT-qPCR
(Fig. 3A). The Transwell assay revealed that overexpression
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Figure 4. FOXK1 expression changes glioblastoma cell proliferation through regulating the cell cycle. (A and B) Cell Counting kit-8 assays were performed
to assess the effect of (A) ectopic expression or (B) knockdown of FOXK1 on the viability of T98G cells. "P<0.05, “P<0.01 vs. SCR/empty vector group.
(C and D) Cell apoptosis assays were performed to assess the effect of (C) ectopic expression or (D) knockdown of FOXK1 on cell apoptosis of T98G cells.
“P<0.05, “P<0.01 vs. SCR/empty vector group. (E and F) Flow cytometric analysis of the cell cycle of T98G cells following (E) FOXK1 knockdown and
(F) ectopic expression of FOXKI1. "P<0.05 vs. SCR/empty vector group. Percentages of cell cycle populations are displayed in the bar graph. FOXK1, forkhead
box K1; SCR, scrambled control; siFOXK1, small interfering RNA targeting FOXK1; OD, optical density.

of FOXKI1 in LNI8 cells increased the number of cells that
transgressed through the membrane compared with that in
the control group (Fig. 3B). The opposite result was seen
when FOXK1 was silenced in LN18 cells, as the number
of cells transgressed to the lower side of the membrane
was significantly decreased (Fig. 3C). In addition, the
anchorage-independent cell growth assay demonstrated that
silencing of FOXK1 expression suppressed colony formation
(Fig. 3D). All of these results supported that FOXK1 stimu-
lated cell migration.

FOXK] levels affect GBM cell proliferation through regulating
the cell cycle. Considering the higher expression of FOXK1 in
GBM tumor tissues than in adjacent non-tumorous tissues and

high expression of FOXK1 being positively associated with the
tumor size, it was speculated that FOXK1 may regulate GBM
cell proliferation. In order to determine the role of FOXK1 in
cell proliferation, T98G cells with ectopic expression of FOXK1
or knockdown were subjected to a CCKS8 assay. The results
demonstrated that FOXK1 overexpression obviously increased
T98G cell growth, whereas FOXK1 knockdown inhibited T98G
cell growth (Fig. 4A and B).

To further explore the mechanism by which FOXK1
enhances cell proliferation, it was first assessed whether
FOXK1 suppressed cell apoptosis, but no marked effect of
FOXKI1 overexpression or knockdown on the apoptotic rates
of T98G cells was observed (Fig. 4C and D). Next, the effect of
FOXKI1 on the cell cycle was assessed using FACS. The results
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indicated that following knockdown of FOXK1 in T98G cells,
the percentage of cells in the G,/G, phase was obviously
increased, while the percentage of cells in the S-phase was
significantly decreased (Fig. 4E). By contrast, overexpression
of FOXK1 in T98G cells decreased the percentage of cells
in the G,/G, phase and obviously increased the percentage
of cells in the S-phase (Fig. 4F). A similar result was seen in
LNI18 cells (data not shown). The above results revealed that
FOXXKI1 expression promoted GBM cell proliferation through
regulating the cell cycle.

Discussion

Gliomas account for almost 80% of brain tumors and GBM
has become the most prevalent subtype of gliomas (19,20). It is
difficult to treat malignant gliomas, and the survival of GBM
patients under treatment is only 12-15 months (21,22).

The members of the forkhead family have multiple
functional roles during embryogenesis (23-25). Several
studies indicated that FOX proteins have crucial roles in
various cancer types (26,27). For instance, FOXAT1 has been
reported to be highly expressed in numerous cancer types,
including bladder (28), breast (29), prostate (30) and pancreatic
cancers (31). The roles of FOXK1, as a member of the FOX
family, have remained to be fully elucidated in cancer, and it
has been reported to have tumor suppressor (32) as well as
oncogenic funcions (33).

The present study reported that FOXK1 is highly expressed
in GBM tumor tissues compared with that in adjacent normal
tissues. Analysis of GBM cell lines compared with NHAs
provided similar results. As expected, high expression of
FOXKI1 was positively associated with several clinicopatho-
logical characteristics, namely tumor size and metastasis.
These results indicated that FOXKI1 has a crucial function in
GBM development.

Metastasis is the major cause of cancer-associated
mortality, causing >90% of fatalities of carcinoma patients,
and EMT promotes the metastasis ability of cancer cells for
most carcinomas. Multiple reasons have been suggested for the
low incidence of extracranial metastasis of GBM, including
inhibition of extracranial growth of glioblastoma cells through
the immune system (34), the blood-brain barrier (35), short
survival periods (36) or the absence of lymphatic channels in
the central nervous system (37), and a previous report indicated
extracranial metastases after organ transplantation from GBM
donors (38). In the present study, it was demonstrated that the
transcription factor FOXKI1 takes part in regulating the EMT.
Knockdown of endogenous FOXK1 was sufficient to suppress
EMT. This observation was consisted with previous study (33).
The present study indicated that FOXK1 regulated Snail, a
key transcription factor which promotes EMT. The luciferase
reporter assay and the ChIP assay confirmed that FOXK1 acti-
vates Snail transcription. In addition, the Transwell assay and the
anchorage-independent cell growth assay indicated that FOXK1
promotes GBM cell metastasis.

The CCK-8 and colony formation assay revealed that
ectopic expression of FOXKI1 significantly promoted GBM
cell proliferation, whereas depletion of FOXK1 suppressed
cell proliferation. As previous reports have demonstrated,
FOXKI1 promotes cell proliferation in prostate cancer (39),
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colorectal cancer (40) and gastric cancer (41). In order to
investigate whether the enhancing effect of FOXK1 on cell
proliferation is caused by inhibition of apoptosis or promotion
of the cell cycle, cell apoptosis was assessed after FOXK1 was
silenced; however, no significant effect was observed. Next,
the cell cycle assay demonstrated that ectopic expression of
FOXKI1 caused an obvious increase in the percentage of cells
in the S-phase and decreased the percentage of cells in the
G,/G,-phase. These results inferred that FOXK1 promotes cell
proliferation through facilitating cell cycle progression, but
the detailed molecular mechanisms remain to be elucidated
by further studies.
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