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Abstract. Nasopharyngeal carcinoma (NPC) is a highly 
invasive malignancy with cervical lymphopathy as the initial 
presentation. Epithelial-mesenchymal transition (EMT), a 
process by which epithelial cells lose cell-cell adhesion and 
gain migratory and invasive properties, has a pivotal role 
in metastasis. Forkhead box C1 (FoxC1), a member of the 
forkhead family of transcription factors, induces EMT and 
has a critical role in metastasis of multiple human cancers. 
However, the role of FoxC1 in the progression of NPC 
has remained elusive. The present study revealed that the 
expression of FoxC1 was markedly elevated in NPC tissues 
compared with that in chronically inflamed nasopharyngeal 
tissues and was closely correlated with vimentin, fibronectin 
and N-cadherin expression as indicated by immunohisto-
chemical assays. In addition, high FoxC1 expression was 
positively associated with lymph node metastasis, distant 
metastasis and an advanced clinical stage in patients with 
NPC. Furthermore, FoxC1 expression was high in NPC cell 
lines while being low in an immortalized normal nasopha-
ryngeal epithelial cell line. In vitro, knockdown of FoxC1 in 
the CNE2 human NPC cell line by small interfering RNA 
downregulated vimentin, fibronectin and N‑cadherin expres-
sion and reduced the migratory and invasive capacity of 
CNE2 cells. In conclusion, the present study indicated that 
FoxC1 has a pivotal role in EMT through the upregulation 

of vimentin, fibronectin and N‑cadherin expression. Thus, 
FoxC1 may be a potential therapeutic target in NPC.

Introduction

Nasopharyngeal carcinoma (NPC) is an endemic disease and a 
significant health problem in southern China and south‑eastern 
Asia (1,2). The etiology of NPC includes virological, genetic 
and environmental factors (3). NPC is radiation-sensitive and 
chemo-sensitive (4); however for patients who develop local 
recurrence, there is no efficient systemic remedy. Distant 
metastasis is the leading cause of mortality of advanced NPC 
patients (4,5). Epithelial-mesenchymal transition (EMT), a 
process by which epithelial cells lose epithelial markers and 
gain mesenchymal markers, endows cancer cells with migra-
tory and invasive properties to initialize metastasis (6-8). In 
NPC, amongst other cancer types, the EMT was reported to 
be a key event involved in invasion and metastasis (9).

Forkhead box C1 (FoxC1), a member of the forkhead 
transcription factor family, was reported to be a regulator of 
the EMT (10). It is well known that FoxC1 has an important 
role in embryonic and ocular development (11,12). Recently, 
accumulating evidence showed that FoxC1 was overex-
pressed and correlated with metastasis and poor prognosis in 
several cancer types, including breast cancer, hepatocellular 
carcinoma, pancreatic ductal adenocarcinoma, Hodgkin 
lymphoma and lung cancer (13-17). Indeed, FoxC1 induced 
EMT cells by downregulating E-cadherin to promote cell 
migration and aggressiveness in breast cancer and hepatocel-
luar carcinoma (10,18-20).

To date, no studies have investigated the clinicopatholog-
ical significance of FoxC1 and its role in the EMT in NPC. 
The present study examined NPC tissues and NPC cell lines 
as well as chronically inflamed nasopharyngeal tissue speci-
mens and an immortalized normal nasopharyngeal epithelial 
cell line for the expression of FoxC1. In addition, a correla-
tion study was performed to assess the association of FoxC1 
with clinicopathological characteristics and the expression 
of mesenchymal markers in NPC. Furthermore, the role of 
FoxC1's role in the EMT of NPC was investigated in vitro.
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Materials and methods

Tissue specimens. All NPC and chronically inf lamed 
nasopharyngeal tissue specimens were collected from the 
Affiliated Hospital of Guilin Medical University (Guilin, 
China) between May 2011, and February 2013. The study 
protocol was approved by the research ethics committee of 
the Affiliated Hospital of Guilin Medical University (Guilin, 
China) and written informed consent was obtained from each 
patient. All samples were pathologically re-assessed by two 
pathologists, and the percentage of tumor cells was ≥70% 
in all NPC specimens. None of the patients had received 
radiotherapy or chemotherapy prior to biopsy sampling (21). 
93 NPC tissue specimens with complete clinical data and 
33 NP specimens were collected for constructing tissue 
microarrays and subjected to further study. The clinico-
pathological characteristics of the patients are listed in 
Table I. Clinical staging was performed according to the 
tumor-nodes-metastasis (TNM) classification system of the 
International Union Against Cancer staging system (22).

Tissue microarray and immunohistochemical (IHC) 
analysis. NPC and chronically inflamed nasopharyngeal 
tissue specimens were subjected to a tissue microarray 
study performed by Pantomics Inc. (Richmond, VA, USA). 
Briefly, antigens in tissue slices were retrieved by boiling 
in citrate buffer (0.01 M; pH 6.0) and samples were stained 
with FoxC1 antibody (1:100; cat. no. ab5079; goat polyclonal; 
Abcam, Cambridge, MA, USA) for 1 h at room temperature. 
Incubation with horseradish peroxidase (HRP)-conjugated 
secondary antibody and visualization with diaminobenzidine 
(DAB) was performed using a MaxVision™ HRP-Polymer 
IHC kit and a DAB kit from Maxim (Fuzhou, China) 
according to the manufacturer's instructions (23). Staining 
with vimentin antibody (1:50; cat. no. sc-6260; mouse 
monoclonal; Santa Cruz Biotechnology, Inc, Dallas TX, 
USA), Fibronectin antibody (1:50; cat. no. sc-18825; mouse 
monoclonal; Santa Cruz Biotechnology, Inc.), N-cadherin 
antibody (1:100; cat. no. sc-59987; mouse monoclonal; Santa 
Cruz Biotechnology, Inc.), E-cadherin antibody (1:50; cat. 
no. sc-7870; rabbit polyclonal; Santa Cruz Biotechnology, 
Inc.) and β-catenin antibody (1:100; cat. no. 8478; rabbit 
polyclonal; Cell Signaling Technology, Danvers, MA, USA) 
was performed in an identical manner.

Scoring of the IHC staining was performed by two patholo-
gists at Guilin Medical College (Guilin, China). Briefly, each 
sample was assessed by adding up the scores for the intensity 
and extent of staining. The intensity of staining was scored 
as follows: 0, negative; 1, weak; 2, intermediate or 3, strong. 
The extent of staining was scored based on the percentage of 
positive tumor cells: 0, <5%; 1, 6-25%; 2, 26-50%; 3, 51-75%; 
and 4, >76%. For vimentin, fibronectin and N‑cadherin, each 
case was finally classified as negative and positive, while for 
FoxC1, E-cadherin and β‑catenin, tissues were classified as 
low (final score, 0-3) and high (final score, 4-7) (10).

Cell line and cell culture. The human NPC cell lines 5-8F, 
6-10B, CNE1 and CNE2 as well as the NP69 human immor-
talized nasopharyngeal epithelial cell line were obtained 
from the American Type Culture Collection (Manassas, VA, 

USA). The 5-8F cell line has a high metastatic potential, 
while that of the 6-10B cell line is low. The CNE1 cell line 
is well-differentiated, while differentiation of CNE2 cells 
is low. The NPC cell lines were cultured in RPMI-1640 
(Gibco-BRL, Invitrogen Life Technologies, Inc., Carlsbad, 
CA, USA) supplemented with 10% heat-inactivated fetal 
bovine serum (FBS; Gibco-BRL) and 0.01% penicillin and 
streptomycin (Gibco-BRL). NP69 cells were cultured in 
keratinocyte serum-free medium (Gibco-BRL) without any 
supplementation. All cells were cultured at 37˚C in a humidi-
fied incubator in an atmosphere containing 5% CO2.

FoxC1 knockdown in CNE2 cells by RNA interference. The 
human FoxC1 small interfering (si)RNA (cat. no. sc-43766) 
and control siRNA-A (cat. no. sc-37007) were purchased from 
Santa Cruz Biotechnology, Inc. At 24 h prior to transfection, 
CNE2 cells were plated at a density of 5x104 cells/well in 
a six‑well plate. When the cells reached 50% confluency, 
they were transfected with 200 pmol (80 µM) siRNA using 
Lipofectamine 2000 (Invitrogen Life Technologies, Inc) 
according to the manufacturer's instructions. The groups 
transfected with FoxC1 siRNA and control siRNA were 
named as siFoxC1 and siNC, respectively. After 6 h of 
incubation, the cells were washed three times with phos-
phate-buffered saline (PBS) and the medium was replaced 
with RPMI-1640 supplemented with 10% FBS. After incuba-
tion for 48 h, cells were subjected to western blot analysis 
and cell motility assays.

Western blot analysis. Western blot analyses were performed 
using standard methods. In brief, cell pallets were lysed in 
radioimmunoprecipitation assay (RIPA) buffer (Beyotime 
Institute of Biotechnology, Haimen, China) with 1 mM 
phenylmethanesulfonyl fluoride (Solarbio, Beijing, China). 
The cell lysate was centrifuged at 10,000 x g for 10 min at 
4˚C and the supernatant was transferred to a fresh micro-
centrifuge tube. Protein concentration was determined by the 
Bicinchoninic Acid Protein Assay Reagent kit (cat. no. 23225; 
Pierce Biotechnology, Inc., Rockford, IL, USA) and 20 µg 
protein was loaded per lane. The proteins were separated by 
10% SDS-PAGE and electrotransferred onto a 0.45-µm poly-
vinylidene difluoride membrane (Merck-Millipore, Billerica, 
MA, USA). The membrane was blocked with 5% nonfat 
milk in 20 mM Tris-HCl, 150 mM NaCl and 0.1% Tween-20 
(pH 7.5) (TBST; Sigma-Aldrich) for 1.5 h and incubated with 
the respective primary antibodies overnight at 4˚C. The dilu-
tion of FoxC1 antibody (cat. no. 8758; rabbit polyclonal; Cell 
Signaling Technology), vimentin antibody (cat. no. sc-6260; 
mouse monoclonal; Santa Cruz Biotechnology, Inc.), 
fibronectin antibody (cat. no. sc-18825; mouse mono-
clonal; Santa Cruz Biotechnology, Inc.), N-cadherin 
antibody (cat. no. sc-59987; mouse monoclonal; Santa Cruz 
Biotechnology, Inc.), E-cadherin antibody (cat. no. sc-7870; 
rabbit polyclonal; Santa Cruz Biotechnology, Inc.), β-catenin 
antibody (cat. no. 8478; rabbit polyclonal; Cell Signaling 
Technology) and β-actin antibody (cat. no. sc-47778; mouse 
monoclonal; Santa Cruz Biotechnology, Inc.) was 1:1,000. 
Subsequently, the membranes were washed three times 
with TBST and incubated with HRP-conjugated secondary 
antibodies goat anti-rabbit IgG (1:5,000; cat. no. ZDR-5306; 
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ZsBio, Beijing, China) and goat anti-mouse IgG (1:5,000; 
cat. no. ZDR-5307; ZsBio) at room temperature for 1.5 h. 
The bands were visualized using an ECL Plus Western Blot 
kit (cat. no. sc-2048; Western Blotting Luminol Reagent; 
Santa Cruz Biotechnology, Inc.). The ChemiDoc™ XRS+ 
system (Bio-Rad Laboratories, Inc, Hercules, CA, USA) and 
X‑OMAT BT film (Carestream Health, Inc, Rochester, NY, 
USA) were used to capture images of the blots. The intensity 
of the bands was quantified by densitometry and normal-
ized to that of β-actin (23). The gray values of all bands 
were measured using Image-pro Plus 6.0 software (Media 
Cybernetics, Rockville, MD, USA).

In vitro migration and invasion assays. An 8-µm pore size 
Transwell insert (BD Biosciences, Franklin Lakes, NJ, USA) was 
used to assess the migratory and invasive ability of cells. At 48 h 
after transfection, 5x104 CNE2 cells in serum-free RPMI-1640 
were seeded into the upper chamber, which was lined with a 
non-coated membrane, for Transwell migration assays. For inva-
sion assays, Transwell chambers were washed with serum-free 
medium and 200 mg/ml Matrigel (BD Biosciences) was added 
to the polycarbonate membrane and dried overnight under sterile 
conditions. Subsequently, 1x105 cells were seeded in the upper 
chamber. These inserts were inserted in a 24-well plate with 
500 µl RPMI-1640 containing 10% FBS. After incubation for 

24 h, the cells on the upper side of the basement membrane were 
removed with a sterile cotton swab, and the cells that invaded 
to the lower side of the basement membrane were stained with 
Giemsa (Sigma-Aldrich). The cells which transgressed through 
the Transwell polycarbonate membrane were counted under 
a microscope (BX51; Olympus, Tokyo, Japan). Six random 
high‑power fields were selected for each sample, and the experi-
ment was repeated three times. Results were expressed as mean 
values of triplicate assays for each experimental condition. 

In vitro wound‑healing assay. The wound healing assay was 
performed following a procedure of a previous study (24). CNE2 
cells were transfected with siRNA as described above. After 
incubation for 48 h, the cells were trypsinized (Gibco-BRL) 
and plated at 5x105 cells/ml into six-well plates. After incubation 
overnight, line-shaped wounds in the cell monolayer were gener-
ated using a pipette tip and images were captured at 0, 24 and 
48 h using and Olympus BX51 microscope (24). Experiments 
were performed in triplicate and repeated three times.

Statistical analysis. Values are expressed as the mean ± stan-
dard deviation. Categorical data were analyzed using the χ² 
test or Fisher's exact test. Quantitative data were analyzed 
by using the Unpaired Student's t-test for comparing two 
groups and one-way analysis of variance for multiple variant 

Table I. Correlation between clinicopathological features and expression of FoxC1 in patients with nasopharyngeal carcinoma.

 FoxC1 expression
 -------------------------------------------------------------------------
Variable n Low (n, %) High (n, %) χ2 P-value

Gender      0.003 0.573
  Female 23 13 (56.5) 10 (43.5) 
  Male 70 40 (57.1) 30 (42.9)  
Age (years)      2.155 0.104
  <50 50 25 (50.0) 25 (50.0) 
  ≥50 43 28 (65.1) 15 (34.9)  
Histological type      0.041 0.558
  DNKC 10   6 (60.0)   4 (40.0) 
  UDC 83 47 (56.6) 36 (43.4)  
T classification    30.233 0.000
  T1-T2 42 37 (88.1)   5 (11.9) 
  T3-T4 51 16 (31.4) 35 (68.6)  
N classification      6.012 0.012
  N0-N1 53 36 (67.9) 17 (32.1) 
  N2-N3 40 17 (42.5) 23 (57.5)  
M classification      7.091 0.009
  M0 80 50 (62.5) 30 (37.5) 
  M1 13   3 (76.9) 10 (23.1)  
Clinical stage      5.641 0.015
  Ⅰ‑Ⅱ 23 18 (78.3)   5 (21.7) 
  Ⅲ‑Ⅳ 70 35 (50.0) 35 (50.0)

DNKC, differentiated non-keratinizing carcinoma; UDC, undifferentiated carcinoma; T, tumor size; N, lymph node metastasis; M, distant 
metastasis; Fox, forkhead box.
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analysis. P<0.05 was considered to indicate a statistically 
significant difference between values and all analyses were 
performed with using SPSS 19.0 (International Business 
Machines, Armonk, NY, USA).

Results

FoxC1 is upregulated in NPC tissues and cell lines and high 
expression of FoxC1 is associated with advanced clinico‑
pathological characteristics. To explore the role of FoxC1 
in determining clinical outcomes for NPC patients, the 
present study investigated the expression of FoxC1 in a tissue 
microarray comprising 93 NPC and 33 chronically inflamed 
nasopharyngeal tissue specimens. IHC analysis showed that 
FoxC1 was localized in the nucleus and cytoplasm. High 
expression of FoxC1 was observed in 40 out of 93 (43.0%) 
NPC tissues, but in only 4 out of 33 (12.1%) chronically 
inflamed nasopharyngeal tissues (P<0.01) (Fig. 1A). Western 
blot analysis showed that FoxC1 expression was high in NPC 
cell lines and low in the NP69 immortalized normal human 
nasopharyngeal epithelial cell line (Fig. 1B). High expression 
of FoxC1 was significantly correlated with tumor size, lymph 
node metastasis, distant metastasis and clinical stage (Table I).

High expression of FoxC1 is positively correlated with vimentin, 
fibronectin and N‑cadherin expression in NPC tissues. 
Compared to cases with low FoxC1, mesenchymal markers 
vimentin, fibronectin and N‑cadherin were upregulated in NPC 
tissues with high expression of FoxC1. However, the expression 

levels of E-cadherin and β‑catenin showed no significant differ-
ence between the high FoxC1 group and the low FoxC1 group 
(Fig. 2A). Among the 40 cases with high FoxC1 expression, the 
positive expression rate of vimentin, fibronectin and N‑cadherin 
was 29/40 (72.5%), 25/40 (62.5%) and 39/40 (97.5%), respec-
tively, and the high expression rate of E-cadherin and β-catenin 
was 26/40 (65.0%) and 24/40 (60.0%), respectively. In the speci-
mens with low FoxC1 expression, the positive expression rate of 
vimentin, fibronectin and N‑cadherin was 22/53 (41.5%), 20/53 
(37.7%) and 42/53 (79.3%), respectively, and the high expression 
rate of E-cadherin and β-catenin was 34/53 (64.2%) and 39/53 
(73.6%), respectively (Fig. 2B).

FoxC1 knockdown by siRNA decreases vimentin, fibronectin 
and N‑cadherin expression in CNE2 cells. After FoxC1 
knockdown by siRNA, the mesenchymal markers vimentin, 
fibronectin and N‑cadherin were downregulated in CNE2 
cells. However, the expression of E-cadherin and β-catenin 
was not significantly different between the knockdown group 
and the control group (Fig. 3).

FoxC1 knockdown by siRNA reduces CNE2 cell migra‑
tion and invasion in vitro. Transwell assays showed that the 
number of migrated and invaded CNE2 cells was significantly 
decreased after FoxC1 knockdown by siRNA (Fig. 4A). As 
shown in Fig. 4B, wound healing of the CNE2 cell layer was 
inhibited after FoxC1 knockdown by siRNA. These results 
demonstrated that the migratory and invasive capabilities of 
NPC cells were deceased following downregulation of FoxC1.

Figure 1. FoxC1 expression in NPC tissues and cell lines. (A) Immunohistochemical analysis of FoxC1 showing upregulation in NPC compared with that in 
chronically inflamed nasopharyngeal tissues (magnification, x100; scale bar, 50 µm). (B) Western blot analysis showing elevated FoxC1 protein levels in NPC 
lines than in the immortalized nasopharyngeal epithelial cell line NP69. Values are expressed as the mean ± standard deviation. **P<0.01. Fox, forkhead box; 
NPC, nasopharyngeal carcinoma.

  A

  B
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Discussion

The present study revealed that FoxC1 was overexpressed in 

NPC tissues as compared with that in chronically inflamed 
nasopharyngeal tissues. These results were consistent with those 
obtained from cell lines, which showed high FoxC1 expression, 

Figure 3. Mesenchymal and epithelial marker expression after FoxC1 knockdown by siRNA in CNE2 cells. Western blot analysis showed that vimentin, 
fibronectin and N‑cadherin, but not E‑cadherin and β-catenin were downregulated in CNE2 cells after FoxC1 knockdown. Values are expressed as the 
mean ± standard deviation. **P<0.01. Fox, forkhead box; siRNA, small interfering RNA; NC, negative control.

Figure 2. High FoxC1 expression is associated with mesenchymal and epithelial markers in nasopharyngeal carcinoma. (A) Immunohistochemical staining of 
FoxC1 protein and mesenchymal and epithelial markers, including vimentin, fibronectin, N‑cadherin, E‑cadherin and β-catenin in nasopharyngeal carcinoma. 
In case 1, FoxC1 expression was low and the cancer cells were negative for vimentin, fibronectin and N‑cadherin expression, while being highly positive for 
E-cadherin and β‑catenin expression. In case 2, FoxC1 expression was high and tissue stained positive for vimentin, fibronectin, N‑cadherin, E‑cadherin and 
β‑catenin. (B) According to statistical analysis, FoxC1 expression was positively correlated with vimentin, fibronectin and N‑cadherin expression, but not with 
E-cadherin and β-catenin expression. Values are expressed as the mean ± standard deviation. Fox, forkhead box.

  A

  B
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while the NP69 immortalized normal nasopharyngeal epithelial 
cell showed low FoxC1 expression. Furthermore, high FoxC1 
expression in NPC tissues was correlated with aggressive pheno-
types with large tumor size, lymph node metastasis, distant 
metastasis and advanced clinical stage. These results implied 
that FoxC1 is involved in the development and progression in 
NPC. In addition, knockdown of FoxC1 significantly decreased 
the migratory, invasive and wound healing capacities of CNE2 
cells in vitro. The results from clinical samples and cultured 
NPC cell lines supported the notion that FoxC1 contributes to 
aggressive phenotypes in NPC. 

The EMT is a key event involved in tumor invasiveness and 
metastasis and is regulated by several transcription factors during 
tumor progression, including Twist, Snai1, Slug, Goosecoid, 
zinc finger E-box binding homeobox 1 and Smad-interacting 
protein 1 (25). FoxC1 was recently reported to be a transcrip-
tional factor involved in the EMT (10). In the present study, high 
FoxC1 was correlated with upregulated mesenchymal markers 
(vimentin, fibronectin and N‑cadherin) but not with epithelial 
markers (E-cadherin and β-catenin) in NPC tissues as well as 
in cell lines in vitro. Furthermore, the roles of epithelial and 
mesenchymal markers in the motility of NPC cells were veri-
fied by FoxC1 knockdown. Following downregulation of the 
mesenchymal markers, the migratory and invasive capacities of 
CNE2 cells were inhibited in vitro. 

In the process of EMT, epithelial cells lose their cell-cell 
adhesion abilities, while cell-extracellular matrix adhesion 
is enhanced (8). Fibronectin is a high-molecular weight 
(~440 kDa) glycoprotein, which binds to extracellular 
matrix components and is thereby involved in cell adhesive 

and migratory processes (26). Fibronectin expression was 
reported to be increased in lung cancer, particularly in 
non-small cell lung carcinoma. The adhesion of lung carci-
noma cells to fibronectin enhances their tumorigenicity and 
confers resistance to apoptosis-inducing chemotherapeutic 
agents (27,28). N-cadherin is a calcium-dependent cell-cell 
adhesion glycoprotein, which is abundant in cancer cells 
and facilitates transendothelial migration (29). Vimentin 
is responsible for maintaining cell shape, integrity of the 
cytoplasm and stabilization of cytoskeletal interactions (30). 
Overexpression of vimentin was observed in spindle-shaped 
NPC cells, which are thought to be highly invasive (31). The 
results of the present study showed that FoxC1 expression 
was positively associated with the expression of fibronectin, 
N-cadherin and vimentin, which all contributed to the migra-
tory and invasive properties of CNE2 cells.

E-cadherin is a component of an E-cadherin/catenin adhe-
sion complex located to adherens junctions, which are disrupted 
in cancer. Downregulated E-cadherin in cancer, particularly 
in advanced cases, leads to the disintegration of adherent 
junctions, followed by release of β-catenin and its transloca-
tion to the nucleus (8). However, the present study showed 
that in NPC, FoxC1 was not associated with E-cadherin and 
β-catenin expression. In hepatocellular carcinoma cells, it was 
previously shown that FoxC1 transactivates the expression of 
Snai1, a transcriptional inhibitor of E-cadherin,  (10,32,33). In 
human breast cancer, the expression of FoxC1 is also negatively 
correlated with the expression of E-cadherin and β-catenin (18). 
The underlying mechanism of how FoxC1 regulates E-cadherin 
is still required to be elucidated. The results of the present 

Figure 4. FoxC1 knockdown by siRNA decreases the migrative and invasive ability of CNE2 cells in vitro. (A) Giemsa staining showed that the number of 
migrated and invaded cells was markedly decreased following FoxC1 knockdown. (B) Wound healing assay showing that knockdown of FoxC1 by siRNA 
reduced the distance of migration of CNE2 cells. Values are expressed as the mean ± standard deviation. **P<0.01. Fox, forkhead box; NC, negative control; 
siRNA, small interfering RNA.

  A

  B
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study implied that in NPC, FoxC1 is involved in the EMT 
by increasing cell-extracellular matrix adhesion rather than 
disrupting adherens junctions.

In conclusion, the present study showed that FoxC1 was 
overexpressed and involved in the process of EMT through 
upregulating fibronectin, vimentin and N-cadherin, which 
contributed to cell migration and invasion in human NPC. 
These data suggested that FoxC1 is a potential promoter of the 
EMT and a prospective therapeutic target in NPC.
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