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Abstract. Forkhead‑box gene 1 (FOXG1) has been reported 
to serve an important role in various malignancies, but its 
effects on nasopharyngeal cancer (NPC) remain unknown. 
Thus, the present study aimed to investigate the specific 
regulatory relationship between FOXG1 and NPC progres‑
sion. Tumor tissues and matching para‑carcinoma tissues 
were obtained from patients with NPC. Small interfering (si)
RNA‑FOXG1 and pcDNA3.1‑FOXG1 were transfected into 
SUNE‑1 and C666‑1 cells to knockdown and overexpress 
FOXG1 expression, respectively. FOXG1 expression was 
detected using reverse transcription‑quantitative PCR and 
immunohistochemistry. Cell proliferation was detected using 
MTT and 5‑ethynyl‑20‑deoxyuridine assays. Transwell inva‑
sion assay, wound healing assay and flow cytometry were used 
to detect cell invasion, migration and apoptosis, respectively. 
Western blotting was conducted to detect the expression levels 
of mitochondrial markers (succinate dehydrogenase complex 
flavoprotein subunit A, heat shock protein 60 and pyruvate 
dehydrogenase), epithelial‑mesenchymal transition (EMT) 
related proteins (N‑cadherin, Snail and E‑cadherin) and 
apoptosis‑related proteins [Bax, Bcl‑2, poly(ADP‑ribose) 
polymerase 1 (PARP), cleaved PARP, cleaved caspase‑3, 
cleaved caspase‑8, cleaved caspase‑9, caspase‑3, caspase‑8 
and caspase‑9]. The mitochondrial membrane potential was 
detected via flow cytometry, while the ATP/ADP ratio was 
determined using the ADP/ATP ratio assay kit. The present 

results demonstrated that FOXG1 expression was upregulated 
in NPC tissues and cells, and was associated with distant 
metastasis and TNM stage. Moreover, knockdown of FOXG1 
inhibited the proliferation, migration, invasion, EMT and mito‑
chondrial function of SUNE‑1 cells, as well as promoted cell 
apoptosis, while the opposite results were observed in C666‑1 
cells. In conclusion, FOXG1 enhanced proliferation, migration 
and invasion, induced EMT and improved mitochondrial func‑
tion in NPC cells. The current findings provide an adequate 
theoretical basis for the treatment of NPC.

Introduction

Nasopharyngeal carcinoma (NPC) is a malignant tumor, 
which is rare in most parts of the world, but relatively common 
in Southeast Asia, North Africa and Southern China (1,2). 
In 2012, there were ~86,700 new cases and 50,800 deaths asso‑
ciated with NPC worldwide (3). A variety of risk factors, such 
as environmental factors, genetic variation and Epstein‑Barr 
virus (EBV) infection, are associated with the occurrence of 
NPC (4). In recent years, due to the limitations of surgery, 
radiotherapy and chemotherapy remain the most promising 
and effective treatments for early‑stage NPC (5). Although 
improvements in treatment methods have increased survival, 
some patients with advanced NPC develop distant metastasis 
with poor prognosis (6). Therefore, further understanding of 
the molecular mechanisms involved in the progression of NPC 
may provide a new direction for the therapeutic efficiency of 
NPC.

Forkhead‑box gene 1 (FOXG1), a member of the fork‑
head box family of transcription factors, is often specifically 
expressed in human brain tissue and is associated with the 
developmental lesions of the nervous system (7‑9). Previous 
studies have reported that FOXG1 expression was upregulated 
in several cancer types, such as hepatoblastoma (10), ovarian 
cancer (11) and glioblastoma (12), and upregulation of FOXG1 
was positively correlated with high tumor grade, suggesting 
that FOXG1 may be an oncogene (13). However, there is 
little knowledge regarding the role of FOXG1 in NPC, which 
requires further study.

Uncontrolled cell energetics are a feature of malignant 
cancer cells (14,15). Mitochondria are the main cellular 
sites of energy production (16). Changes in the structure and 
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function of mitochondria in tumor cells lead to an increase in 
the absorption and utilization of glutamine, thereby meeting 
the bioenergy requirements of tumor cells, which is known 
as tumor mitochondrial metabolic reprogramming (17). 
Accumulating evidence has revealed that mitochondria serve 
an important role in cancer metabolism, proliferation, apop‑
tosis and metastasis (18,19). However, the specific regulatory 
relationship between FOXG1 and NPC progression remains 
unknown.

The present study investigated the effects of FOXG1 on 
NPC progression and further examined its role in cell prolif‑
eration, apoptosis, migration, invasion and mitochondrial 
function. The results of the current study may provide a foun‑
dation for the treatment of NPC.

Materials and methods

Bioinformatics analysis. The mRNA expression profiles were 
obtained from Gene Expression Omnibus (GEO) dataset 
website (ncbi.nlm.nih.gov/geo/). GSE12452 was used to 
analyze the mRNA expression of FOXG1 in NPC tissues and 
normal tissues. FOXG1 mRNA expression data was processed 
using the R software (3.4.0 version, r‑project.org/) and limma 
R package (20).

Tissue samples. A total of 70 NPC tumor tissues and matching 
para‑carcinoma tissues were obtained from the Department 
of Otolaryngology‑Head and Neck Surgery, The Second 
Affiliated Hospital of Kunming Medical University between 
January 2018 and March 2020. The inclusion criteria were as 
follows: i) Patients had never received radiotherapy or chemo‑
therapy before surgery; ii) patients had no medical history of 
other malignant tumors; and iii) the diagnosis of all samples 
was confirmed by histopathology of NPC. The exclusion 
criteria were: i) Patients had incomplete clinicopathological 
data; and ii) patients were unwilling to cooperate with treat‑
ment. The collected samples were immediately frozen in liquid 
nitrogen after surgical resection and stored at ‑80˚C until use 
in subsequent assays. The study was approved by the Ethics 
Committee of The Second Affiliated Hospital of Kunming 
Medical University (approval no. KYDE201801012), and all 
patients (20 females and 50 males; age, 28‑75 years) signed 
informed consent forms.

Immunohistochemistry (IHC). First, 10% neutral buffered 
formalin was used to fix the tissue samples for 24 h at room 
temperature, which were then dehydrated and embedded in 
paraffin wax. Next, the paraffin‑embedded samples were cut 
into 4‑µm thick sections, and the sections were dewaxed with 
xylene. They were then dehydrated with gradient ethanol, 
and endogenous enzymes were removed with 3% H2O2 for 
10 min at room temperature. Subsequently, the sections were 
treated with 10 mM Tris‑EDTA (Thermo Fisher Scientific, 
Inc.) at 125˚C in a pressure cooker for antigenic retrieval 
and then incubated with primary antibody (FOXG1; 1:200; 
cat. no. ab196868; Abcam) overnight at 4˚C, followed by 
incubation with goat anti‑rabbit secondary antibody (1:250; 
cat. no. ab150081; Abcam) for 30 min at room temperature. 
Finally, the sections were stained with 3, 3'‑diaminobenzidine 
(Thermo Fisher Scientific, Inc.) for 5 min at room temperature, 

counterstained with hematoxylin for 3 min at room tempera‑
ture and mounted with neutral gum. Images were captured 
using an Olympus FV1000 laser scanning confocal micro‑
scope (Olympus Corporation; magnification, x100 and x400).

Cell culture. Human immortalized nasopharyngeal epithe‑
lial cells (NP69; BeNa Culture Collection; Beijing Beina 
Chunglian Institute of Biotechnology) were cultured in a 
keratinocyte/serum‑free medium (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 0.2 ng/ml human recombi‑
nant epidermal growth factor, 2% FBS (Gibco; Thermo Fisher 
Scientific, Inc.) and 1% streptomycin and penicillin (Gibco; 
Thermo Fisher Scientific, Inc.). The NPC cells (C666‑1 and 
SUNE‑1; The Cell Bank of Type Culture Collection of Chinese 
Academy of Sciences) were cultured in RPMI‑1640 medium 
(Gibco; Thermo Fisher Scientific, Inc.) containing 5% FBS 
and 1% streptomycin and penicillin. Both cells were grown in 
an incubator with 5% CO2 at 37˚C.

Cell transfection. SUNE‑1 cells were divided into four 
groups: Control (without treatment), small interfering (si)
RNA‑negative control (siNC; cells transfected with 5 µg 
non‑targeting siRNAs), si1‑FOXG1 (cells transfected with 
5 µg si1‑FOXG1; 5'‑GCCCTTCAGTTCAGGTACAAT‑3') 
and si2‑FOXG1 (cells transfected with 5 µg si2‑FOXG1; 
5'‑GGCTGTTTACCCACAATGAAA‑3'). C666‑1 cells 
were divided into three groups: Control (without treatment), 
pcDNA3.1‑NC (cells transfected with 4 µg pcDNA3.1‑NC 
vector) and pcDNA3.1‑FOXG1 (cells transfected with 4 µg 
pcDNA3.1‑FOXG1 vector). Cells (1x105 cells/well) were seeded 
into 12‑well plates and transfected using Lipofectamine® 3000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C. 
The pcDNA3.1‑FOXG1, siRNA‑FOXG1 and NCs were 
purchased from Guangzhou RiboBio Biotech Co., Ltd. At 48 h 
post‑transfection, subsequent experiments were performed.

Reverse transcription‑quantitative PCR (RT‑qPCR). The 
relative mRNA expression level of FOXG1 and mitochondrial 
DNA (mtDNA) copy number was measured via RT‑qPCR. 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
was used to extract total RNA from tissues and cells, and a 
Prime‑Script™ reverse transcription kit (Takara Bio, Inc.) 
was used to synthesize cDNA according to the manufacturer's 
instructions. The SYBR‑Green PCR kit (Takara Bio, Inc.) was 
used to perform RT‑qPCR on a 7500 Fast Real‑Time PCR 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The RT‑qPCR procedure was as follows: Initial denaturation 
at 94˚C for 2 min, followed by 40 cycles of denaturation at 94˚C 
for 30 sec, annealing at 47˚C for 1 min (FOXG1) or 47˚C for 
30 sec (D‑Loop), elongation at 72˚C for 30 sec and final exten‑
sion at 72˚C for 5 min. The relative mRNA expression level of 
FOXG1 was measured using the 2‑ΔΔCq method (21). GAPDH 
was used as internal controls for FOXG1. The mtDNA copy 
number was calculated as the ratio of mitochondrial D‑Loop 
to 18S rRNA (22). The primer sequences (Invitrogen; Thermo 
Fisher Scientific, Inc.) for RT‑qPCR are shown in Table I.

Western blot analysis. RIPA buffer (Cell Signaling 
Technology, Inc.) was used to obtain total protein from tissues 
or cells. A BCA assay kit (Pierce; Thermo Fisher Scientific, 
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Inc.) was used to determine the protein concentration. Protein 
samples (30 µg) were separated via 10% SDS‑PAGE and then 
transferred onto PVDF membranes. The PVDF membranes 
were blocked with 5% non‑fat milk in 0.1% TBS‑Tween‑20 for 
1 h at room temperature. Next, the PVDF membranes were 
incubated with primary antibodies [FOXG1, cat. no. ab196868; 
N‑cadherin, cat. no. ab18203; Snail, cat. no. ab229701; 
caspase‑9, cat. no. ab219590; heat shock protein (HSP) 60, cat. 
no. ab190828; 1:1,000, all from Abcam; Bax, cat. no. 5023; 
Bcl‑2, cat. no. 3498; cleaved poly(ADP‑ribose) polymerase 1 
(PARP), cat. no. 9185; E‑cadherin, cat. no. 3195; caspase‑3, cat. 
no. 14220; caspase‑8, cat. no. 4790; succinate dehydrogenase 
complex flavoprotein subunit A (SDHA), cat. no. 11998; pyru‑
vate dehydrogenase (PDH), cat. no. 3205; cleaved caspase‑3, 
cat. no. 9654; cleaved caspase‑8, cat. no. 9496; cleaved 
caspase‑9, cat. no. 20750; 1:1,000, all from Cell Signaling 
Technology, Inc.; PARP, cat. no. SAB4500487; 1:1,000, 
Sigma‑Aldrich; Merck KGaA) overnight at 4˚C. The PVDF 
membranes were then incubated with horseradish peroxi‑
dase‑conjugated goat polyclonal anti‑rabbit IgG secondary 
antibodies (cat. no. ab150077; 1:2,000; Abcam) for 1 h at room 
temperature. Finally, the protein bands were visualized using 
an ECL reagent (Pierce; Thermo Fisher Scientific, Inc.). The 
intensity of protein bands were quantified using the Image Lab 
Software (V3.0; Bio‑Rad Laboratories, Inc.).

MTT assay. SUNE‑1 and C666‑1 cells (1x105 cells/well) were 
seeded in 96‑well plates. Next, the cells were incubated in 
fresh RPMI‑1640 medium for 24, 48, 72 or 96 h at 37˚C. Then, 
MTT solution (10 µl) was added to each well, and the cells 
were cultured for 4 h in the incubator at 37˚C. Subsequently, 
the cells were incubated with DMSO (150 µl) for 15 min at 
37˚C. A microplate reader (Bio‑Rad Laboratories, Inc.) was 
used to measure the optical density value at 450 nm.

5‑Ethynyl‑20‑deoxyuridine (EdU) assays. An EdU label‑
ling/detection kit (Guangzhou RiboBio Co., Ltd.) was used 
to assess cell proliferation. Briefly, after transfection for 48 h, 
the cells were incubated with 50 µM EdU labelling medium 
for 2 h at 37˚C. Next, the cells were fixed with 4% parafor‑
maldehyde for 25 min at room temperature and treated with 
0.5% Triton X‑100 for 15 min at room temperature. Then, 
the cells were incubated with 1X Apollo reaction reagents 
(15 µl) for 25 min at room temperature and stained with DAPI 
solution for 10 min at room temperature. Finally, the number 
of EdU‑positive cells was examined under a fluorescent 
microscope at a magnification of x100, and the percentage of 
EdU‑positive cells was counted from five random fields.

Wound healing assay. After transfection for 48 h, the cells 
(1x106 cells/well) were seeded in 6‑well plates and cultured in 
RPMI‑1640 medium containing 10% FBS to reach 90% conflu‑
ence. A sterile 200‑µl pipette tip was used to create wounded 
monolayers, and the cells were cultured in serum‑free medium 
for 48 h at 37˚C. Images of the monolayer wound were imaged 
at 0 and 48 h under an Olympus CKX53 microscope (Olympus 
Corporation) at a magnification of x200, and the migratory 
ability was analyzed using ImageJ software (V1.8.0.112; 
National Institutes of Health) from three randomly chosen 
fields.

Transwell invasion assay. The cell invasive ability was detected 
using 24‑well Transwell chambers (pre‑coated with Matrigel 
for 1 h at 37˚C; Corning, Inc.). In brief, after transfection 
for 48 h, cells (2x104 cells/well) were resuspended in 200 µl 
serum‑free medium and then added into the upper chambers. 
Next, 500 µl RPMI‑1640 medium containing 20% FBS was 
added into the lower chambers. After incubation for 48 h at 
37˚C, cells on the upper surface were wiped using a cotton 
swab, and the cells were fixed with 4% paraformaldehyde for 
10 min at room temperature and stained with 0.1% crystal 
violet for 15 min at room temperature. Finally, the number of 
invasive cells was counted from three random fields under an 
inverted light microscope at a magnification of x200.

Cell apoptosis assay. After transfection for 48 h, the 
Annexin V‑FITC Apoptosis Detection kit (Sigma‑Aldrich; 
Merck KGaA) was used to detect cell apoptosis. Cells were 
harvested with 0.25% trypsin and resuspended in binding 
buffer. Subsequently, the cells were incubated with PI (5 µl) 
and Annexin V‑FITC (2.5 µl) for 20 min at room temperature 
in the dark. The cells were washed with cold PBS, and then 
flow cytometry (FACScan™; BD Biosciences) equipped with 
CellQuest software (V6.0; BD Biosciences) was conducted to 
calculate the proportion of apoptotic cells.

Measurement of ATP/ADP ratio. The ATP/ADP ratio was 
measured using the ADP/ATP ratio assay kit (Abcam). 
After transfection for 48 h, the cells (5x104) were incubated 
with nucleotide‑releasing buffer (200 µl) for 10 min at room 
temperature. Next, the cells were treated with ATP moni‑
toring enzyme (10 µl) at room temperature for 10 min and 
ATP levels were measured immediately (A). ADP levels were 
measured (B), then cells were treated with ADP converting 
enzyme (10 µl) at room temperature for 5 min and ADP levels 
were measured (C). Finally, the ATP/ADP ratio was calculated 
as follows: A/(C‑B).

Detection of mitochondrial membrane potential (MMP). After 
transfection for 48 h, the cells (5x105) were grown in a medium 
containing 10 µg/ml 5,5',6,6 '‑Tetrachloro‑1,1',3,3'‑ 
tetraethyl‑benzimidazolylcarbocyanine iodide (Thermo Fisher 
Scientific, Inc.). After incubation for 30 min at 37˚C in the dark, 
the cells were washed using PBS and flow cytometry (FACScan™; 

Table I. Primers sequences for reverse transcription‑quantita‑
tive PCR.

Primers Sequences (5'‑3')

FOXG1‑F GGAATTCAACATITCCTCCAAGGACACA
FOXG1‑R CGGGATCCGGGTFGCTAGAGCCTGGTAAT
GAPDH‑F CGGGAAACTGTGGCGTGAT
GAPDH‑R AGTGGGTGTCGCTGTFGAAGT
D‑Loop‑F GATTTGGGTACCACCCAAGTATTG
D‑Loop‑R AATATTCATGGTGGCTGGCATGTA
18S rRNA‑F TCTCCTACTTGGATAACTGTGG
18S rRNA‑R GGCGACTACCATCGAAAGTTG

F, forward; R, reverse; FOXG1, forkhead‑box gene 1.
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BD Biosciences) equipped with CellQuest software (V6.0; 
BD Biosciences) was used to detect changes in MMP.

Statistical analysis. All experiments were repeated ≥3 times, 
and the data are expressed as the mean ± SD. GraphPad 
Prism 7.0 (GraphPad Software, Inc.) was used to perform 
statistical analyses. χ2 test was used to analyze the associa‑
tion between FOXG1 expression and clinic characteristics in 
patients with NPC. An unpaired Student's t‑test was used 
for comparison between two groups, and one‑way ANOVA 
with Tukey's post‑hoc test was used for comparison among 
≥3 groups. P<0.05 was considered to indicate a statistically 
significant difference.

Results

FOXG1 expression is upregulated in NPC tissues and cells. 
Analysis of GEO dataset (GSE12452) revealed that FOXG1 
expression in NPC tissues was upregulated compared with 
that in normal tissues (Fig. 1A). To examine the function of 
FOXG1 in NPC progression, FOXG1 expression was first 
measured in NPC tissues and para‑carcinoma tissues (Normal) 
via RT‑qPCR and IHC. As shown in Fig. 1B and C, FOXG1 
expression in NPC tissues was higher compared with that in 
normal tissues. According to the median mRNA expression 
of FOXG1, patients with NPC were divided into low and high 

expression groups. It was found that FOXG1 expression was 
associated with distant metastasis and TNM stage, while there 
was no significant association with sex, smoking, EBV infec‑
tion and age (Table II).

Next, FOXG1 expression in NPC cells (C666‑1 and 
SUNE‑1) and NP69 cells was evaluated using RT‑qPCR 
and western blotting. As presented in Fig. 1D and E, FOXG1 
expression was upregulated in NPC cells compared with that 
in NP69 cells.

FOXG1 promotes the proliferation of NPC cells. To investi‑
gate the effects of FOXG1 in NPC, SUNE‑1 and C666‑1 cells 
were transfected with siRNA‑FOXG1 and pcDNA3.1‑FOXG1, 
respectively. Transfection efficiency was assessed using 
RT‑qPCR. As presented in Fig. 2A, FOXG1 expression in the 
si1‑FOXG1 and si2‑FOXG1groups was lower compared with 
that in the control and si‑NC groups, and FOXG1 expression in 
the pcDNA3.1‑FOXG1 group was higher compared with that 
in the control and pcDNA3.1‑NC groups. These results indi‑
cated that transfection had been successful. Subsequently, cell 
proliferation was detected using MTT and EdU assays. It was 
found that knockdown of FOXG1 inhibited the proliferation 
of SUNE‑1 cells compared with the control and si‑NC groups, 
while overexpression of FOXG1 promoted the proliferation of 
C666‑1 cells compared with the control and pcDNA3.1‑NC 
groups (Fig. 2B and C).

Figure 1. FOXG1 expression is upregulated in NPC tissues and cells. (A) FOXG1 expression in NPC tissues and normal tissues was analyzed from The Cancer 
Genome Atlas data. (B) FOXG1 expression in NPC tissues and para‑carcinoma tissues (Normal) was detected via RT‑qPCR. (C) FOXG1 expression in NPC 
tissues and para‑carcinoma tissues (Normal) was detected via immunohistochemistry (magnification, x100 and x400). (D) FOXG1 mRNA expression in NPC 
cells (C666‑1 and SUNE‑1) and NP69 cells was evaluated using RT‑qPCR. (E) FOXG1 protein expression in NPC cells (C666‑1 and SUNE‑1) and NP69 cells 
were measured via western blotting. **P<0.01 vs. Normal tissues or NP69 cells. FOXG1, forkhead‑box gene 1; NPC, nasopharyngeal cancer; RT‑qPCR, reverse 
transcription‑quantitative PCR.
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FOXG1 promotes the migration, invasion and epithelial‑mesen‑
chymal transition (EMT) of NPC cells. To investigate the role 
of FOXG1 in migration and invasion of NPC cells, cells were 
detected via wound healing and Transwell assays. The results 
demonstrated that knockdown of FOXG1 inhibited the migra‑
tion and invasion of SUNE‑1 cells, whereas the overexpression 
of FOXG1 promoted the migration and invasion of C666‑1 
cells (Fig. 3A and B).

Subsequently, western blotting was conducted to detect 
the expression levels of EMT‑related proteins (N‑cadherin, 
Snail and E‑cadherin) to further determine the molecular 
mechanism mediating the aggressive effect of FOXG1. It was 
identified that knockdown of FOXG1 decreased the protein 
expression levels of N‑cadherin and Snail in SUNE‑1 cells and 
increased the protein expression level of E‑cadherin (Fig. 3C). 
Conversely, overexpression of FOXG1 increased the protein 
expression levels of N‑cadherin and Snail in C666‑1 cells and 
decreased E‑cadherin protein expression.

FOXG1 inhibits the apoptosis of NPC cells. To observe 
the effect of FOXG1 on cell apoptosis, flow cytometry 
analysis was performed on C666‑1 and SUNE‑1 cells. The 
results (Fig. 4A) demonstrated that knockdown of FOXG1 
promoted the apoptosis of SUNE‑1 cells, whereas overex‑
pression of FOXG1 inhibited the apoptosis of C666‑1 cells. 
Next, western blotting was performed to detect the expres‑
sion levels of apoptosis‑related proteins (Bax, Bcl‑2, PARP, 
cleaved PARP, cleaved caspase‑3, cleaved caspase‑8, cleaved 
caspase‑9, caspase‑3, caspase‑8 and caspase‑9) in C666‑1 and 

Figure 2. FOXG1 promotes the proliferation of nasopharyngeal cancer cells. (A) FOXG1 expression in SUNE‑1 and C666‑1cells was evaluated using reverse 
transcription‑quantitative PCR after transfection with knockdown or overexpression of FOXG1, respectively. (B) Cell proliferation was detected using an MTT 
assay. (C) Cell proliferation was detected using an EdU assay (magnification, x100). *P<0.05, **P<0.01 vs. Control, si‑NC or pcDNA3.1‑NC group. NC, negative 
control; si, small interfering RNA; FOXG1, forkhead‑box gene 1; EdU, 5‑Ethynyl‑20‑deoxyuridine; OD, optical density.

Table II. Association between FOXG1 expression and clinicopath‑
ological characteristics of patients with nasopharyngeal cancer.

 FOXG1
 expression
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics Number of cases High Low P‑value

Sex    0.112
  Male 50 28 22
  Female 20   7 13
Age, years    0.632
  <50 34 18 16
  ≥50 36 17 19
Smoking    0.212
  Yes 45 25 20
  No 25 10 15
EBV infection    0.147
  Negative 40 23 17
  Positive 30 12 18
Distant metastasis    0.005a

  Yes 23 17   6
  No 47 18 29
TNM stage    0.003a 
  I‑II 24   6 18
  III‑IV 46 29 17

aP<0.01 vs. FOXG1 high expression group. FOXG1, forkhead‑box gene 1.
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SUNE‑1 cells. As shown in Fig. 4B, knockdown of FOXG1 
increased the expression levels of Bax/Bcl‑2, PARP, cleaved 
PARP, cleaved caspase‑3, cleaved caspase‑8, cleaved caspase‑9, 
caspase‑3, caspase‑8 and caspase‑9 in SUNE‑1 cells. Notably, 
the opposite results were observed in the C666‑1 cells with 
FOXG1 overexpression.

FOXG1 improves mitochondrial function in NPC cells. 
Mitochondrial dysfunction is reported to be associated with 
cancer cell death (19). To investigate whether FOXG1 was 
involved in the regulation of NPC mitochondrial function, 
the copy number of mtDNA was detected via RT‑qPCR. 
As shown in Fig. 5A, knockdown of FOXG1 reduced the 
mtDNA copy number, whereas overexpression of FOXG1 
increased the mtDNA copy number. Next, the ATP/ADP ratio 
was measured, and it was found that knockdown of FOXG1 
resulted in a decreased ATP/ADP ratio, but overexpression 
of FOXG1 resulted in an increased ATP/ADP ratio (Fig. 5B). 
Moreover, knockdown of FOXG1 decreased the Red/Green 

ratio (indicative of MMP), while overexpression of FOXG1 
increased the Red/Green ratio (Fig. 5C). Notably, the western 
blotting results revealed that knockdown of FOXG1 decreased 
the expression levels of mitochondrial markers (SDHA, 
HSP60 and PDH) in SUNE‑1 cells, while the opposite results 
were observed in C666‑1 cells with FOXG1 overexpres‑
sion (Fig. 5D).

Discussion

It is well known that NPC is one of the most common malig‑
nant head and neck cancer types and lead to ~50,800 deaths 
worldwide in 2012 (3,23). Previous studies have reported 
that FOXG1 exerted antitumor or carcinogenic effects in the 
progression of various cancer types (12,24,25). In the present 
study, FOXG1 expression was upregulated in NPC tissues 
and cells, and FOXG1 expression was associated with distant 
metastasis and TNM stage. Moreover, knockdown of FOXG1 
inhibited the proliferation, migration, invasion, EMT and 

Figure 3. FOXG1 promotes the migration, invasion and EMT of NPC cells. (A) Migration of C666‑1 and SUNE‑1 cells was detected via wound healing assays 
(magnification, x200). (B) Invasion of C666‑1 and SUNE‑1 cells was detected using a Transwell assay (magnification, x200). (C) Western blot analysis was 
conducted to detect the expression levels of EMT‑related proteins (N‑cadherin, Snail and E‑cadherin) in C666‑1 and SUNE‑1 cells. **P<0.01 vs. Control, si‑NC 
or pcDNA3.1‑NC group. NC, negative control; si, small interfering RNA; FOXG1, forkhead‑box gene 1; EMT, epithelial‑mesenchymal transition.
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mitochondrial function of SUNE‑1 cells, as well as promoted 
cell apoptosis. Notably, the opposite results were observed in 
the C666‑1 cells with FOXG1 overexpression.

FOXG1 participates in the proliferation and differentiation 
of various cells, and its dysregulated expression can cause the 
occurrence and development of different diseases (26‑29). It 
has been reported that FOXG1 can induce the carcinogenic 
transformation of chicken embryo fibroblasts, indicating 
that FOXG1 may act as an oncogene in cancer (30,31). 
Adesina et al (10) revealed that FOXG1 expression was 
upregulated in hepatoblastoma, while Chan et al (11) reported 
that FOXG1 was upregulated in ovarian cancer, and its expres‑
sion level was positively correlated with ovarian cancer stage. 
In addition, a study by Chen et al (32) indicated that FOXG1 
expression was elevated in glioma tissues and its expression 
was associated with glioma grade. The present study also 
demonstrated that FOXG1 expression was upregulated in 
NPC tissues and cells, and was associated with distant metas‑
tasis and TNM stage, which was consistent with a previous 
study (32). Taken together, these results indicate that FOXG1 
may serve a role in the carcinogenesis of NPC.

In recent years, previous studies have reported that the 
members of the FOX transcription factor family serve an 
important role in the development of tumors and participate in 
the regulation of various malignant biological phenotypes of 

tumors (33,34). The overexpression of FOXG1 has been shown 
to suppress the TGF‑β/Smad pathway induced‑p21WAF1/CIP1 
expression and promote the proliferation of ovarian cancer 
cells (11). Verginelli et al (9) also observed that knockdown 
of FOXG1 inhibited the proliferation of brain tumor‑initiating 
cells. Moreover, Chen et al (32) reported that knockdown of 
FOXG1 inhibited cell proliferation and promoted glioma cell 
apoptosis. In the present study, knockdown of FOXG1 inhib‑
ited proliferation and promoted apoptosis of SUNE‑1 cells, 
while overexpression of FOXG1 promoted proliferation and 
inhibited apoptosis of C666‑1 cells.

Apoptosis is regarded as a promising treatment for cancer, 
and the activation of caspases serves important parts in the 
process (35). The death receptor‑mediated caspase‑8 and the 
mitochondria‑dependent caspase‑9 pathways are the main 
caspase‑dependent pathways in apoptosis (36). Furthermore, 
the activation of caspase‑9 and caspase‑8 results in the acti‑
vation of caspase‑3 (37,38). PARP, a downstream substrate 
of caspase‑3, can directly affect cell apoptosis (39). Bax, a 
member of the Bcl‑2 family, is a pro‑apoptotic protein (40), 
while it has been shown that a high expression of Bcl‑2 
(an anti‑apoptotic protein) could prevent cell apoptosis in 
cancer (41). Therefore, cell apoptosis is affected by the ratio of 
Bax/Bcl‑2 (42). Zhang et al (43) confirmed that the overexpres‑
sion of forkhead box protein O1 (FOXO1; a downstream target 

Figure 4. FOXG1 inhibits the apoptosis of NPC cells. (A) Flow cytometry analysis was used to detect the apoptosis of C666‑1 and SUNE‑1 cells. (B) Western 
blot analysis was conducted to detect the expression levels of apoptosis‑related proteins (Bax, Bcl‑2, PARP, cleaved PARP, caspase‑3, cleaved caspase‑3, 
caspase‑8, cleaved caspase‑8, cleaved caspase‑9 and caspase‑9) in C666‑1 and SUNE‑1 cells. **P<0.01 vs. Control, si‑NC or pcDNA3.1‑NC group. NC, negative 
control; si, small interfering RNA; FOXG1, forkhead‑box gene 1; PARP, poly(ADP‑ribose) polymerase 1.
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of FOXG1) induced cell‑cycle arrest and apoptosis, as well as 
the upregulation of caspases‑3 and caspases‑9 expression in 
cervical cancer. The present study demonstrated that knock‑
down of FOXG1 increased the expression levels of Bax/Bcl‑2, 
PARP, cleaved PARP, cleaved caspase‑3, cleaved caspase‑8, 
cleaved caspase‑9, caspase‑3, caspase‑8 and caspase‑9 in 
SUNE‑1 cells, while the opposite results were observed in 
C666‑1 cells. In summary, these findings indicate that FOXG1 
promotes cell proliferation and inhibits apoptosis in NPC cells.

Distant metastases, rather than primary tumors, cause the 
majority of deaths associated with NPC (44). Metastasis is a 
multi‑factor and multi‑step dynamic process that involves a 
variety of gene regulatory cascade reactions (45,46). The FOX 
gene family include types of transcription factors with diverse 
biological functions (33,47). The current results suggested that 
knockdown of FOXG1 inhibited the migration and invasion of 
SUNE‑1 cells, whereas overexpression of FOXG1 promoted 
the migration and invasion of C666‑1 cells. EMT is defined as 
the loss of epithelial morphology and acquisition of a mesen‑
chymal phenotype, and it is usually considered as an important 
factor for promoting cell invasion and migration in malignant 
diseases (48,49). In the present study, knockdown of FOXG1 
decreased the protein expression levels of N‑cadherin and 

Snail in SUNE‑1 cells and increased the protein expression 
level of E‑cadherin. By contrast, overexpression of FOXG1 
increased the protein expression levels of N‑cadherin and Snail 
in C666‑1 cells and decreased the protein expression level of 
E‑cadherin. These findings suggest that FOXG1 promotes 
NPC metastasis by inducing EMT.

Mitochondria serve an important role in maintaining 
cellular energy homeostasis (50). These are the main consumers 
of oxygen and glucose and can produce sufficient ATP, which 
is necessary for cancer behaviors (51,52). However, mito‑
chondrial damage can impair the metabolism of cancer and 
activate the activity of mitochondria‑related apoptosis (53,54). 
In addition, injured mitochondria cannot produce sufficient 
energy, which is associated with the failure of cancer cells to 
adhere and invade (55). The change of mtDNA copy number 
is considered as an indicator of mitochondrial damage (56). 
Previous studies have reported that the decrease of mtDNA 
copy number is the result of the decrease of biogenesis (57, 58). 
Furthermore, MMP is a marker for evaluating the biological 
function of mitochondria, and a decrease of MMP indicates 
mitochondrial biological dysfunction (59‑61). Chen et al (62) 
revealed that the mitochondrial dysfunction, including reactive 
oxygen species production and reduction of MMP, could be 

Figure 5. FOXG1 improves mitochondrial function in NPC cells. (A) The copy number of mitochondrial DNA in C666‑1 and SUNE‑1 cells was detected via 
reverse transcription‑quantitative PCR. (B) Relative ATP/ADP ratio in C666‑1 and SUNE‑1 cells. (C) Mitochondrial membrane potential was detected via 
flow cytometry; red fluorescent mitochondria was found in the upper right quadrant and green fluorescent mitochondria in the lower right quadrant; decreased 
Red/Green ratio represented a decrease in mitochondrial membrane potential. (D) Expression levels of mitochondrial markers (SDHA, HSP60 and PDH) in C666‑1 
and SUNE‑1 cells were detected via western blot analysis. **P<0.01 vs. Control, si‑NC or pcDNA3.1‑NC group. NC, negative control; si, small interfering RNA; 
FOXG1, forkhead‑box gene 1; SDHA, succinate dehydrogenase complex flavoprotein subunit A; PDH, pyruvate dehydrogenase; HSP60, heat shock protein 60.
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caused by the overexpression of FOXO1. In the present study, 
it was found that knockdown of FOXG1 reduced the mtDNA 
copy number, ATP/ADP ratio and MMP, while overexpression 
of FOXG1 increased the mtDNA copy number, ATP/ADP ratio 
and MMP.

SDHA, a subunit of succinate dehydrogenase, participates 
in the tricarboxylic acid cycle and oxidative phosphorylation, 
and serves an important role in the process of cell energy 
metabolism (63,64). PDH can transform pyruvate into 
acetyl‑CoA and regulate energy metabolism of cells (65), while 
HSP60, a mitochondrial protein, serves an important role in 
maintaining mitochondrial integrity and ATP generation (66). 
In the present study, knockdown of FOXG1 decreased the 
expression levels of mitochondrial markers (SDHA, HSP60 
and PDH) in SUNE‑1 cells, while the opposite results were 
obtained in C666‑1 cells. These data suggest that FOXG1 
improves mitochondrial function in NPC cells.

The present study had certain limitations. Firstly, the prog‑
nosis of FOXG1 was not assessed and the detailed mechanism 
of FOXG1 in NPC progression requires further investigated. 
In vivo assays are necessary to verify the present conclusions.

In conclusion, the present study demonstrated that FOXG1 
expression was upregulated in NPC tissues and cells, and it 
was associated with distant metastasis and TNM stage. In 
addition, FOXG1 enhanced cell proliferation, migration and 
invasion, induced EMT and improved mitochondrial function 
in NPC cells. These findings may provide further insights into 
the interactive mechanism between FOXG1 and NPC.
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