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Abstract. The aim of the present study was to investigate 
the relationship between the expression of transcription 
factor forkhead box C2 (FOXC2) and the clinical features of 
cervical cancer. A total of 66 patients with cervical cancer, 
42 patients with cervical intraepithelial neoplasia (CIN) and 
25 patients with cervical inflammation were enrolled. The 
positive expression rates and expression levels of mRNA 
of FOXC2, E-cadherin, N-cadherin, vascular endothelial 
growth factor (VEGF), stromal cell-derived factor-1 (SDF-1), 
Notch protein and lymphatic vessel endothelial hyaluronan 
receptor-1 (LYVE-1) in cervical tissues were detected using 
immunohistochemistry and RT-PCR. The positive expression 
rates and expression levels of mRNA of FOXC2, N-cadherin, 
VEGF, SDF-1, Notch and LYVE-1 in cervical cancer were 
significantly higher than those in CIN, and those in the 
inflammatory tissues were the lowest, while the positive 
expression rate of E-cadherin in cervical cancer was lower 
than that in CIN, and that in the inflammatory tissues was 
the highest (P<0.05). The positive expression rates of FOXC2, 
N-cadherin, VEGF, SDF-1, Notch and LYVE-1 in patients 
with cervical cancer [human papillomavirus (HPV) positive, 
squamous cell carcinoma, Stages III-IV, maximal diameter 
≥3.8 cm and low differentiation] were increased, and the posi-
tive expression rate of E-cadherin was decreased (P<0.05). 
Correlation analysis revealed that FOXC2 was positively 
correlated with the positive expression rates of N-cadherin, 
VEGF, SDF-1, Notch and LYVE-1, and negatively corre-
lated with E-cadherin (P<0.05). In conclusion, the high 
expression of FOXC2 is correlated with the HPV infection, 
pathological pattern, clinical stage, tumor diameter and differ-
entiation grade of cervical cancer, which may be involved in 

the epithelial-mesenchymal transition, vascular and matrix 
formation, Notch signaling pathway and lymphangiogenesis.

Introduction

Cervical cancer is the most common malignant tumor of the 
female genital tract, and its incidence shows an increasing and 
younger trend annualy (1). Its occurrence is closely related to 
the human papillomavirus (HPV) infection and abnormal gene 
expression (2). Previous findings showed that cervical cancer 
results from the joint effects of multi-stage, multi-channel and 
multi-molecular factors (3).

Embryonic development-related genes, such as vascular 
endothelial growth factor (VEGF)-C, Wnt and forkhead box 
protein C2 (FOXC2) play important roles in the occurrence 
and development of cervical cancer (4,5). The expression of 
FOXC2 can be abnormally high in various malignant tumors, 
including lung, breast, cervical, esophageal and colorectal 
cancer, which is closely related to the clinical characteristics, 
treatment  effects  and  survival  prognosis  of  tumors  (6-8). 
FOXC2 is an important transcriptional regulatory factor 
in early embryonic stage, which is closely related to the 
lymphatic and vascular formation, structural differentiation 
and functional remodeling (9). 

The aim of the present study was to investigate the relation-
ship between the expression of FOXC2 and clinical features of 
cervical cancer, and whether it was related to epithelial-mesen-
chymal transition (EMT), vascular and matrix formation, 
Notch signaling pathway and lymphangiogenesis, to provide 
new targets for improving the early diagnosis, clinical inter-
vention and prognostic evaluation of the disease.

Patients and methods

Patient data. A total of 66 patients with cervical cancer, 
42 patients with cervical intraepithelial neoplasia (CIN) and 
25 patients with cervical inflammation admitted to Linyi 
hospital from June 2015 to October 2016 were continuously 
selected, and informed consent was obtained. For patients with 
cervical cancer, the average age was 62.3±13.5 years, and there 
were 35 cases (53.0%) of positive HPV infection, 57 cases of 
squamous cell carcinoma, 9 cases of adenocarcinoma, 5 cases 
of Stage  I, 25 cases of Stage  II, 28 cases of Stage  III and 
8 cases of Stage IV. The average maximum tumor diameter 
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was 3.8±1.5 cm, and there were 15 cases of low differentia-
tion, 44 cases of moderate differentiation and 7 cases of high 
differentiation. For patients with CIN, the average age was 
59.8±15.6 years and there were 17 cases (40.5%) of positive 
HPV infection, 15 cases of Stage I, 14 cases of Stage II and 
13 cases of Stage III. For patients with cervical inflammation, 
the average age was 57.6±14.5 years, and there were 8 cases 
(32.0%) of positive HPV infection.

Methods and observation indexes. The positive expression 
rates of FOXC2, E-cadherin, N-cadherin, VEGF, stromal 
cell-derived factor-1 (SDF-1), Notch protein and lymphatic 
vessel endothelial hyaluronan receptor-1 (LYVE-1) and 
expression level of mRNA in cervical lesion tissues were 
detected using immunohistochemistry and RT-PCR. Data 
were collected, entered and analyzed by a third party.

Immunohistochemical staining. The conventional tissue 
sections were made with the thickness of 5 µm, followed 
by xylene dewaxing, gradient ethanol hydration and antigen 
retrieval. Then, a total of 3% H2O2 solution was added and 
the  tissue  sections  were  incubated  at  27˚C  for  20  min, 
and normal goat serum working solution was added and 
incubated at 27˚C for 30 min. Thereafter, mouse monoclonal 
FOXC2 antibody (dilution, 1:500; cat. no. ab55004), mouse 
monoclonal E-cadherin antibody (dilution, 1:500; cat. 
no. ab1416); mouse monoclonal N-cadherin antibody (dilution, 
1:500; cat. no. ab98952); mouse monoclonal VEGF antibody 
(dilution, 1:500; cat. no. ab69479); mouse monoclonal SDF-1 
antibody (dilution, 1:500; cat. no. ab89321); mouse monoclonal 
Notch antibody (dilution, 1:500; cat. no. ab44986) and mouse 

monoclonal LYVE-1 antibody (dilution, 1:500; cat. no. ab33477) 
were added and incubated in a humid box at 4˚C overnight. 
Then goat polyclonal secondary antibody to mouse IgG-H&L 
(HRP) (dilution, 1:2,000; Abcam, Cambridge, MA, USA; cat. 
no. ab6789) was added. The horseradish peroxidase-labeled 
streptavidin working solution (Sigma-Aldrich, St. Louis, MO, 
USA) was added and incubated in a humid box at 27˚C for 
20 min, and polybutylene succinate was used to wash the tissue 
sections for 5 min 3 times, followed by color development 
using DAB, re-staining using hematoxylin, differentiation 
using hydrochloric acid alcohol, back to blue using ammonium 
hydroxide, gradient ethanol dehydration, transparency using 
xylene, sealing using neutral gum, airing at room temperature 
and observation under optical microscope (BX-42; Olympus, 
Tokyo, Japan). The semi-quantitative method was used to 
determine the results according to the staining intensity and 
the proportion of stained cells. The cytoplasm or nucleus 
yellow-stained to dark brown was regarded as positive. No 
positive staining, 0 point; weak staining, 1 point; moderate 
staining, 2 points; strong staining, 3 points. Proportion of 
positive cells ≤5%, 0 point; 6-25%, 1 point; 26-50%, 2 point; 
51-75%, 3 points; >75%, 4 points; and the product of both 
scales: 0-3 points, negative; 4-12 points, positive.

PCR method. Total RNA was extracted from cells by 
conventional Trizol reagent. Concentration and purity were 
determined by ultraviolet spectrophotometer (Hitachi, Tokyo, 
Japan). cDNA was produced by reverse transcription kit. The 
primer sequences were synthesized by Sangon Biotech Co., 
Ltd. (Shanghai, China) according to the sequence of GenBank 
(Table I). The reaction system was as follows: 2 µl cDNA + 3 µl 

Table I. Target gene sequences.

Target gene Primer sequence  Length (bp)

FOXC2  5'-AGTCTCATGCAGGTTCGACCAGC-3'  358
 5'-ACTAAGAGGGTCCCGGACTGGC-3'
E-cadherin 5'-ATCAAAGGTATCACGGCAAACG-3' 479
 5'-CGGAGAGCTCGTCCACGTAT-3'
N-cadherin 5'-GTGCCATTAGCCAAGGGAATTCAGC-3' 337
 5'-GCGTTCCTGTTCCACTCATAGGAG-3'
VEGF 5'-ACTACTTCTCCCGCCGCTAC-3' 332
 5'-GAAATCAAACAGAGGCCGCATG-3'
SDF-1 5'-GGTTTCATCCAGGATCGAGCAGG-3' 269
 5'-ACAAAGATGGTCACGGTCTGCC-3'
Notch 5'-ACTACTTCTCCCGCCGCTAC-3' 446
 5'-GAAATCAAACAGAGGCCGCATG-3'
LYVE-1 5'-TACCAGTGGAGGCCGACTTC-3' 179
 5'-GCACAAAGCGACTGGATGAAC-3'
GAPDH 5'-CGCGAGAAGATGACCCAGAT-3' 225
 5'-GCACTGTGTTGGCGTACAGG-3'

FOXC2, forkhead box C2; VEGF, vascular endothelial growth factor; SDF-1, stromal cell-derived factor-1; LYVE-1, lymphatic vessel endo-
thelial hyaluronan receptor-1.
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upstream primer and 3 µl downstream primer + 0.5 µl 
Taq polymerase + 1 µl dNTPs + 3 µl MgCl2 + 5 µl 
10X buffer + 2.5 µl ddH2O2. The reaction conditions were as 
follows: 95˚C for 5 min, 95˚C for 30 sec, 58˚C for 30 sec, 72˚C 
for 60 sec, a total of 30 cycles, 72˚C for 10 min. PCR products 
were identified using 2% agarose gel electrophoresis, followed 
by UV spectroscopic imaging using gel image analysis system, 
and gray value analysis using digital photograph. The results 
obtained are presented using 2-ΔΔCq method.

Statistical analysis. Statistical analysis was carried out 
using SPSS 20.0 software (IBM SPSS, Armonk, NY, USA). 
Measurement data are presented as mean ± standard devia-
tion. One-way analysis of variance was used for intergroup 
comparison, and least significant difference t-test was used 
for pairwise comparison. Enumeration data are presented as 
case or percentage (%). Chi-square test was used for inter-
group comparison; Pearson or Chi-square test was used for 
correlation analysis. P<0.05 indicates that the difference was 
statistically significant.

Results

Analysis of immunohistochemical results. The positive 
expression rates of FOXC2, N-cadherin, VEGF, SDF-1, Notch 
and LYVE-1  in cervical cancer  tissues were significantly 
higher  than  those  in CIN, and  those  in  the  inflammatory 
tissues were the lowest. The positive expression rate of 
E-cadherin in cervical cancer tissues was lower than that in 
CIN, and that in the inflammatory tissues was the highest 
(P<0.05; Table II).

Analysis of PCR results. The mRNA levels in FOXC2, 
N-cadherin, VEGF, SDF-1, Notch and LYVE-1 in cervical 

cancer tissues were significantly higher than those in CIN, and 
those in the inflammatory tissues were the lowest. The mRNA 
level in E-cadherin in cervical cancer tissues was lower than 
that in CIN, and that in the inflammatory tissues was the 
highest (P<0.05; Table III).

Analysis of clinical features of tumors. The positive expression 
rates of FOXC2, E-cadherin, N-cadherin, VEGF, SDF-1, Notch 
and LYVE-1 in patients with cervical cancer were not related 
to age, but were related to HPV infection, pathological pattern, 
clinical stage, maximum tumor diameter and differentiation 
grade. The positive expression rates of FOXC2, N-cadherin, 
VEGF, SDF-1, Notch and LYVE-1 in patients with cervical 
cancer (HPV positive, squamous cell carcinoma, Stages III-IV, 
maximal  diameter  ≥3.8  cm  and  low differentiation) were 
increased, and the positive expression rate of E-cadherin was 
decreased (P<0.05; Table IV).

Correlation analysis. Correlation analysis of the immunohis-
tochemical results of patients with cervical cancer revealed 
that FOXC2 was positively correlated with the positive expres-
sion rates of N-cadherin, VEGF, SDF-1, Notch and LYVE-1 
(r=0.512,  P=0.007;  r=0.463,  P=0.013;  r=0.412,  P=0.018; 
r=0.365, P=0.022; r=0.385, P=0.019), and negatively corre-
lated with E-cadherin (r=-0.446, P=0.011).

Discussion

Seventeen subtribes of forkhead box protein, also known as 
winged helix protein, have been found, such as A, C, L, O, 
M, P (10). FOXC2 gene, also known as Mfh1 gene, has 94% 
homology in human and mouse, which is located on human 
chromosome 16q22-24 (10). The present findings showed that 
the abnormal expression of FOXC2, E-cadherin, N-cadherin, 

Table II. Analysis of immunohistochemical positive rate [case (%)].

Group  FOXC2 E-cadherin N-cadherin VEGF SDF-1 Notch LYVE-1

Cervical cancer (n=66)  45 (68.2)  15 (22.7)  50 (75.8)  41 (62.1)  39 (59.1)  35 (53.0)  49 (74.2)
CIN (n=42)  20 (47.6)  22 (52.4)  18 (42.9)  15 (35.7)  13 (31.0)  10 (23.8)  16 (38.1)
Inflammation (n=25)    7 (28.0)  20 (80.0)    3 (12.0)    4 (16.0)    2 (8.0)    3 (12.0)    4 (16.0)

FOXC2, forkhead box C2; VEGF, vascular endothelial growth factor; SDF-1, stromal cell-derived factor-1; LYVE-1, lymphatic vessel endothelial 
hyaluronan receptor-1; CIN, cervical intraepithelial neoplasia.

Table III. Analysis of PCR results.

Group FOXC2 E-cadherin N-cadherin VEGF SDF-1 Notch LYVE-1

Cervical  0.5236±0.1326  0.1242±0.0548  0.3452±0.1235  0.4578±0.1526  0.3659±0.1235  0.3547±0.1635  0.4265±0.1527
cancer
CIN  0.3121±0.1127  0.3568±0.1214  0.1212±0.0865  0.2462±0.1032  0.1023±0.0656  0.1234±0.0548  0.2132±0.1326
Inflammation  0.1024±0.0659  0.6457±0.2365  0.0654±0.0123  0.1123±0.0865  0.0547±0.0212  0.0659±0.0126  0.1027±0.0659

FOXC2, forkhead box C2; VEGF, vascular endothelial growth factor; SDF-1, stromal cell-derived factor-1; LYVE-1, lymphatic vessel endothelial 
hyaluronan receptor-1; CIN, cervical intraepithelial neoplasia.
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VEGF, SDF-1, Notch and LYVE-1 were correlated with the 
occurrence and progression of cervical cancer. The positive 
expression rates of FOXC2, N-cadherin, VEGF, SDF-1, 
Notch and LYVE-1 in patients with cervical cancer (HPV 
positive, squamous cell carcinoma, Stages III-IV, maximal 
diameter ≥3.8 cm and low differentiation) were  increased, 
and the positive expression rate of E-cadherin was decreased. 
FOXC2 was positively correlated with the positive expression 
rates of N-cadherin, VEGF, SDF-1, Notch and LYVE-1, and 
negatively correlated with E-cadherin. Therefore, we believe 
that the high expression of FOXC2 is correlated with the HPV 
infection, pathological pattern, clinical stage, tumor diameter 
and differentiation grade of cervical cancer, which may be 
involved in the EMT, vascular and matrix formation, Notch 
signaling pathway and lymphangiogenesis.

EMT is an important mechanism of invasion and metas-
tasis of epithelium-derived malignant tumor cells with the 
outstanding performance of decreased epithelial cells marked 
by E-cadherin and increased interstitial cells marked by 
N-cadherin. FOXC2 can inhibit the expression of E-cadherin  
in the adhesion part of epithelial cells (10). The knockdown 
of FOXC2 inhibits the movement and invasion of hepatoma 
carcinoma cells, reduces the expression of N-cadherin, matrix 
metalloproteinase-2 (MMP-2) and angiopoietin-2 and disturbs 
the EMT degree (11). EMT is also associated with the forma-
tion of breast cancer stem cells. EMT or expression of EMT 
transcription factor (such as FOXC2) in mammary epithelial 
cells obtains the tumor stem cell markers (CD44high/CD24low), 

and increases the degree of malignancy (12). Angiogenesis 
is the material basis for tumor proliferation, differentiation, 
invasion and metastasis. VEGF is a potent cytokine that can 
induce angiogenesis (13). Sano et al found that the growth 
speed of transplant subcutaneous sarcoma in mouse with 
FOXC2 heterozygous mutation (FOXC2 +/-) and the number 
of new blood vessels were significantly decreased compared 
with those with wild-type (14). Furthermore, the expression 
of VEGF, MMP-2 and platelet-derived growth factor Β and 
other angiogenic factors were decreased. FOXC2 can promote 
the secretion of SDF-1 and activate the chemokine receptor 4, 
which is a type of membrane receptor in tumor cells (15). 
Notch signaling pathway is an important channel involved in 
the regulation of cell proliferation, differentiation, invasion 
and metastasis in the body. FOXC2 can activate a number of 
key targets in the Notch signaling pathway, such as the Notch 
ligand D114 and the downstream genes Hey1/Hey2 (16,17). 
FOXC2 also plays an important role in lymphatic development. 
Indeed, lymph vessels in cervical squamous cell carcinoma 
are mainly distributed in the epithelial cells below the surface 
area, and the number of lymph vessels in squamous cell carci-
noma is higher than that in normal cervical tissue, especially 
that in the case of lymph node metastasis (18). LYVE-1 is a 
kind of new hyaluronic acid receptor, which can be specifi-
cally expressed in lymphatic endothelial cells of different 
tissues as the marker of lymphatic development, and is not 
co-expressed with vascular endothelial markers, CD34 and 
vWF (19,20).

Table IV. Analysis of clinical features of the tumors [case (%)].

  FOXC2 E-cadherin N-cadherin  VEGF SDF-1 Notch LYVE-1
Characteristics (n=45) (n=15) (n=50) (n=41) (n=39) (n=35) (n=49)

Age, years
  <62 (n=30) 22   6 22 23 16 15 23
  ≥62 (n=36)  23    9  28  18  23  20  26
HPV
  Positive (n=35) 30   3 32 26 27 25 35
  Negative (n=31)  15  12  18  15  12  10  14
Pathological pattern
  Squamous carcinoma (n=57)  43    9  47  38  37  33  45
  Adenocarcinoma (n=9)   2   6   3   3   2   2   4
Clinical stage
  I-II (n=30) 13 10 16 11 11 10 16
  III-IV (n=36)  32    5  34  30  28  25  33
Maximum tumor diameter
  <3.8 cm (n=39)  20  13  26  18  17  15  24
  ≥3.8 cm (n=27)  25    2  24  23  22  20  25
Differentiation grade
  Low (n=15) 13   2 14 13 12 11 14
  Middle and high (n=51)  32  13  36  28  27  24  35

FOXC2, forkhead box C2; VEGF, vascular endothelial growth factor; SDF-1, stromal cell-derived factor-1; LYVE-1, lymphatic vessel endo-
thelial hyaluronan receptor-1; HPV, human papillomavirus.
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This study analyzed the relationship between FOXC2 
and clinical features of cervical cancer, and suggested that 
FOXC2 participates in various mechanisms of tumorigenesis, 
providing important new targets for improving the early diag-
nosis, clinical intervention and prognosis evaluation of disease.
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