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Abstract. FUT1 is a key rate-limiting enzyme in the synthesis 
of Lewis y, a membrane-associated carbohydrate antigen. The 
aberrant upregulation of FUT1 and Lewis y antigen is related 
to proliferation, invasion and prognosis in malignant epithelial 
tumors. A c-Fos/activator protein-1 (AP-1) binding site was 
found in the FUT1 promoter. However, the mechanisms of 
transcriptional regulation of FUT1 remain poorly understood. 
TGF-β1 is positively correlated to Lewis y. In the present study, 
we investigated the molecular mechanism of FUT1 gene expres-
sion in response to TGF-β1. We demonstrated that c-Fos was 
highly expressed in 77.50% of ovarian epithelial carcinoma 
cases and was significantly correlated with Lewis y. Using 
luciferase activity and chromatin immunoprecipitation (ChIP) 
assay, we further revealed that c-Fos interacted with the FUT1 
promoter in ovarian cancer cells and transcriptional capacity of 
the heterodimer formed by c-Fos and c-Jun was stronger than 
that of the c-Fos or c-Jun homodimers. Then, we demonstrated 
that TGF-β1 induced dose-dependent c-Fos expression, which 
was involved in TGF-β1-induced ovarian cancer cell prolif-
eration. In addition, inhibition of MAPK activation or TGF-β1 
receptor by pharmacological agents prevented TGF-β1-induced 
c-Fos and Lewis y expression. Silencing of c-Fos prevented 
TGF-β1-induced Lewis y expression. Collectively, the results of 
these studies demonstrated that TGF-β1 regulated FUT1 and 
Lewis y expression by activating the MAPK/c-Fos pathway.

Introduction

Ovarian cancer is a common malignant tumor of the female 
reproductive system, and is the major cause of cancer-related 

deaths in women. In the US, in 2013 alone, there were 
22,240 new cases of ovarian cancer and 14,030 deaths due to 
this disease (1). Due to the inconspicuous behavior of ovarian 
cancer and lack of effective measures for early diagnosis, 
~75% of epithelial ovarian cancer patients are diagnosed at 
an advanced stage (III or IV) (2). Even with standard ovarian 
cancer cytoreductive surgery and chemotherapy, the 5-year 
survival rate is still lower than 30% due to drug resistance and 
relapse (3). An important feature of the malignant transfor-
mation of tumors is the change in cell surface glycosylation, 
which affects the function of adhesion molecules, alters mutual 
interactions between cells and the matrix and subsequently 
leads to the chemoresistance of cells (4-6).

Glycosylated proteins have been used as markers in 
cancer diagnosis and in evaluation of therapeutic effects (7,8). 
Lewis y antigen, a type 2 carbohydrate antigen, exhibited high 
expression in malignant epithelial tumors and was related to 
the prognosis of the disease (9-11).

The expression of cancer-associated carbohydrate antigens 
was modified by abnormal control by glycosyltransferase. FUT 
1 is a key enzyme for Lewis y synthesis (12-16). Overexpression 
of FUT1 led to a marked increase in the expression of Lewis y 
and promoted the proliferation, invasion (17) and drug-
resistance (6,18) of ovarian cancer cells transfected with the 
FUT1 gene. Knockdown of FUT1 expression attenuated cell 
proliferation in a HER2-overexpressing cancer cell line (16). 
Therefore, understanding the molecular mechanism of FUT1 
expression in ovarian cancer is critical for early diagnosis and 
searching for better treatment options.

AP-1 is a classic nucleus transcription factor, including 
c-Fos, Fos-B, Fra-1 and Fra-2 of the Fos family and c-Jun, 
Jun-B and Jun-D of the Jun family. They bind to DNA target 
sequences in the form of homologous or heterologous dimers, 
which regulate gene expression in response to a variety of 
stimuli, including cytokines, growth factors, bacterial and 
viral infections. As an important downstream target of the 
MAPK signaling pathway, AP-1 is essential for normal cell 
differentiation and survival. However, overexpression of 
c-Jun and c-Fos also promoted the malignant transformation 
of cells (19). Previous investigations revealed that silencing 
of c-Fos sensitized glioma cells to radiation and c-Fos over-
expression was correlated with poor prognosis in malignant 
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glioma patients (20). c-Fos transcriptionally controled MMP10 
and S100A15 expression in keratinocytes in skin squamous 
cell carcinoma, promoting epidermal hyperplasia (21). In 
ovarian cancer cells, c-Jun was found to be a transcriptional 
activator of FUT1, which facilitated FUT1 transcription and 
enhanced Lewis y biosynthesis (22). However, the underlying 
mechanism of c-Fos and the interaction between c-Fos and 
c-Jun in the regulation of FUT1 transcription is still unclear. 
In the present study, we investigated the expression of c-Fos 
in ovarian epithelial carcinoma and the role of c-Fos in the 
activation of the FUT1 promoter.

TGF-β1 is a multifunctional cytokine that regulates cell 
growth, motility, differentiation, apoptosis and plays an 
important role in tumor cell proliferation, migration and inva-
sion (23-25). TGF-β1 is frequently overexpressed in multiple 
malignancies, colorectal (26), pancreatic (27), liver (28) and 
ovarian cancer (29-31). Canonical TGF-β signaling pathways 
begin with activation of serine/threonine kinase receptors, 
followed by the phosphorylation of Smad2/3 and Smad4, which 
formed into a complex. The activated Smads complex accu-
mulates in nucleus together with other nuclear factors to act as 
transcription factors, regulating target genes (32). In addition 
to the canonical Smad pathways, the Smad-independent path-
ways, including the MAPK pathway, has been reported to be 
involved in TGF-β-mediated gene expression (33,34). Previous 
studies demonstrated that TGF-β1 was positively correlated to 
Lewis y in malignant tumors (35,36). The underlying mecha-
nism involved in the association between TGF-β1 and Lewis y 
remain unknown. It was reported that TGF-β1 promoted the 
transcription of triphosphopyridine nucleotide oxidase gene 
through the AP-1 binding site in triphosphopyridine nucleotide 
oxidase gene promoter (37). Previously, we demonstrated that 
the FUT1 promoter had an AP-1 response element. Therefore, 
it was hypothesized that TGF-β1 may regulate FUT1 by acti-
vating AP-1 in ovarian cancer.

In the present study, we demonstrated that the FUT1 gene 
was a transcriptional target of TGF-β1 through the MAPK 
pathway in ovarian cancer cells. Furthermore, we revealed that 
c-Fos played a critical role in mediating TGF-β1-induced FUT1 
expression, which eventually facilitated Lewis y biosynthesis 
and proliferation of ovarian cancer cells. This data provided 
insight into the molecular mechanisms of c-Fos in FUT1 
gene expression and identified c-Fos as a potentially novel 
therapeutic target for TGF-β1/FUT1/Lewis y-overexpressing 
ovarian cancer.

Materials and methods

Collection of human samples. We selected 160 resected 
paraffin specimens obtained from the Department of 
Gynecology and Obstetrics of Shengjing Hospital Affiliated 
to China Medical University (Shenyang, China), from 
2000 to 2013. All tissues were re-diagnosed by pathologists. 
According to the pathological results, there were 80 cases of 
epithelial ovarian cancer (including 30 cases of mucinous cyst-
adenocarcinoma and 30 cases of serous cystadenocarcinoma, 
10 cases of ovarian endometrioid carcinoma and 10 cases of 
clear-cell carcinoma), 30 cases of borderline ovarian epithelial 
tumors, 30 cases of benign ovarian tumors, and 20 cases of 
normal ovarian tissue (resected from cervical cancer patients 

during the same period). The mean age of the patients was 
47 years (15-73 years) and the median age was 44 years. The 
age of ovarian cancer patients ranged from 36 to 73 years with 
a median age of 51 years. Borderline patients ranged from 
22 to 55 years with a median age of 35 years. Benign patients 
ranged from 15 to 72 years with a median age of 44 years. 
Normal ovarian patients ranged from 37 to 52 years with a 
median age of 42 years. The age difference between patients in 
the different groups was not significant (P>0.05). The ovarian 
cancer group was pathologically classified as follows, 41-well- 
differentiated cases, 18 moderately differentiated cases and 
21 poorly differentiated cases. Pathology stage: according to 
the standards of the International Federation of Gynecology 
and Obstetrics: 56 cases were stage I and II; 24 cases were 
stage III and IV. Of these, 15 cases had pelvic lymph node 
metastasis. All cases were primary tumors with complete 
clinical and pathological data and without preoperative radio-
therapy or chemotherapy. The present study was approved by 
the hospital Ethics Committee.

Ethical approval. All procedures performed in the study 
involving human participants were in accordance with the 
Ethical Standards of the Institutional and/or National Research 
Committee and with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards.

Cell culture. The human ovarian cancer cell lines CAVO3, 
SKOV3, ES-2 and human embryonic kidney 293 (293) were 
purchased from the Shanghai Institute of Life Sciences 
of the Chinese Academy of Sciences. The cells were 
conventionally cultured in Roswell Park Memorial Institute 
formulation (RPMI)-1640 and McCoy's 5A medium (Gibco 
by Invitrogen) with 10% fetal bovine serum (HyClone, Logan, 
UT, USA).

Transient transfection and luciferase assay. A luciferase 
reporter vector of the FUT1 promoter, pGL4-FUT1, 
including one binding site for AP-1 (-3,000 to -1) was 
constructed as previously described (22). Transfections were 
performed using Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer's instructions. 
Cells were transferred to 24-well plates at a density of 
4x104 cells/well 1 day before transfection. pcDNA3-c-Fos, 
pCMV6-c-Jun, pcDNA3-c-Fos/pCMV6-c-Jun or vector 
pCMV6 and pcDNA3 vector (1 µg/ml) (OriGene, Beijing, 
China) along with the human FUT1 promoter reporter gene 
were co-transfected in 293, SKOV3, CAVO3 and ES-2 cells. 
Forty hours after transfection, the activity of the promoters 
was detected by the Dual-Luciferase Assay System 
(Promega, Fitchburg, WI, USA). The luciferase data of the 
FUT1 promoter reporter constructs were calculated and 
normalized with Renilla luciferase activity. All transfections 
were carried out in triplicate.

Immunohistochemistry analysis. Histological sections from  
each group of ovarian tissues was 4 µm. Each tissue had 
two serial sections. The expression of c-Fos and Lewis y in 
paraffin sections were detected via immunohistochemical 
strepavidin-peroxidase staining. The sections were dewaxed 
and rehydrated by rinsing with xylene followed by graded 
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ethanol washing. Endogenous peroxidase activity was blocked 
with 3% hydrogen peroxide in methanol for 15 min before 
antigen retrieval by high pressure treatment in 10 mmol/l citrate 
phosphate buffer for 1.5 min. The sections were then incubated 
with a protein block in 10% normal goat serum for 10 min. 
The sections were incubated overnight at 4̊C with polyclonal 
rabbit anti-human c-Fos (1:200; Santa Cruz Biotechnology, 
Inc., Santa Cruz, CA, USA) and anti-Lewis y antibodies 
(1:200; Abcam, Cambridge, UK). After being washed with 
phosphate-buffered saline (PBS), the sections were incubated 
with horseradish peroxidase-labelled secondary antibodies for 
2 h at 37̊C. Two cases of strongly positive sections and 2 cases 
of negative sections served as the positive control and negative 
control for c-Fos and Lewis y antigen, respectively. Rabbit IgG 
(BIOSS, Beijing, China) was used as the negative control. In 
addition, the blank control was incubated with PBS instead of 
a primary antibody. The empirical procedure was performed 
base on the manufacturer's protocol of UltraSensitive™ S-P 
(mouse/rabbit) IHC and DAB kits (both from MaiXin Bio, 
Fuzhou, China).

Five high power fields (magnification, x400) were randomly 
selected in each section according to the staining intensity and 
the percentage of positive cells. The degree of staining was 
defined as follows: 0 points represented no staining; 1 point 
represented faint yellow; 2 points represented yellowish brown; 
3 points represented brown. Percentage of stained cells was as 
follows, 0 points represented <5%; 1 point represented 5-25%; 
2 points represented 26-50%; 3 points represented 51-75%; 
4 points represented >75%. When both scores were multiplied: 
0-2 indicated negative (-); 3-4 indicated weakly positive (+); 
5-8 indicated moderately positive (++) and 9-12 indicated 
strongly positive (+++).

Chromatin immunoprecipitation (ChIP) assay. ChIP experi-
ments were conducted according to the ChIP kit instructions 
(Upstate, Charlottesville, VA, USA). CAVO3 cells were fixed 
in 1% formaldehyde for 10 min for crosslinking reaction which 
was quenched with 125 nM glycin. The nuclei were pelleted by 
centrifugation at 3,000 rpm for 5 min at 4̊C and sonicated to 
chromatin fragments between 100 and 1,000 bp. The sonicated 
lysate was centrifuged at 10,000 rpm for 5 min at 4̊C. 
Supernatant (500 µl) was incubated with anti-c-Jun (1:50; Cell 
Signaling Technology, Inc., Danvers, MA, USA), anti-c-Fos 
(1:50) antibody followed by an isolation procedure using 
protein A/G magnetic beads (both from Santa Cruz 
Biotechnology, Inc.). A normal rabbit IgG was used as a 
control. The crosslinking was reversed by incubation at 65̊C 
for 10 h. Primers were designed according to the binding site 
of AP-1 in the FUT1 promoter and the sequence was as 
follows: F, 5'-CTAGCACTCAAGGTCCTGGTC-3' and R, 
5'-GCAAGATGAGGAAACTGAGGC-3'. The PCR condi-
tions were as follows, 98̊C for 5 min, 98̊C for 30 sec, 60̊C for 
20 sec and 72̊C for 5 min for 30 cycles. PCR products were 
resolved by electrophoresis on a 1% agarose gel and visualized 
after ethidium bromide staining.

Western blotting. Protein was extracted with lysis buffer 
[150 mM NaCl, 1% v/v NP-40, 0.1% v/v SDS, 2 µg/ml apro-
tinin, 1 mM phenylmethylsulfonyl fluoride (PMSF)]. Protein 
(50 µg) was subjected to 10% sodium dodecyl sulphate-

polyacrylamide gel electrophoresis (SDS-PAGE), and then 
transferred to nitrocellulose membranes. The membranes were 
blocked for 2 h at room temperature with 5% non-fat dry milk 
in Tris-buffered saline containing 0.1% Tween-20 (TBS-T) 
and subsequently incubated overnight at 4̊C with the primary 
antibodies: anti-c-Fos (1:500; Santa Cruz Biotechnology, 
Inc.), β-actin (1:20,000; Sigma, St. Louis, MO, USA), anti-
Lewis y (1:100; Abcam), anti-phospho-p38 (1:500), anti-(total 
p38) (1:500), anti-phospho-JNK (1:500), anti-(total JNK) 
(1:500), anti-phospho-ERK (1:500), anti-(total ERK) (1:500) 
(all from Cell Signaling Technology, Inc.). The samples were 
then washed 3 times for 15 min with TBS-T and incubated 
with appropriate horseradish peroxidase-conjugated IgG 
(1:5,000; Sigma) for 2 h at 37̊C. The immunocomplex bands 
were detected with an enhanced chemiluminescence HRP 
substrate for western blotting (Pierce, Rockford, IL, USA) 
using the Molecular Imager system GDS8000b (UVP, Inc., 
Upland, CA, USA).

Interfering RNA transfection. When the cells reached 60% 
confluence, scramble siRNA, c-Jun siRNA and c-Fos siRNA 
obtained from Santa Cruz Biotechnology, Inc. were trans-
fected into the cell line, respectively, using Lipofectamine 
RNA iMAX transfection reagent (Invitrogen). After 72 h of 
transfection, proteins were harvested for subsequent tests.

Cell proliferation assay. Twenty-four hours after CAVO3 cells 
had been transfected with pcDNA3-c-Fos, pcDNA3 or c-Fos 
siRNA, the transfected cells were inoculated into a 96-well 
plate at a density of 2x104 cells/ml (100 µl/well). Methyl 
thiazolyl tetrazolium (MTT; 20 µl) (5 mg/ml) was added 24, 
48, 72 and 96 h later and after another 4 h. Dimethyl sulf-
oxide solution (150 µl) was added to each well to dissolve the 
crystals. The absorbance in each well was determined with 
enzyme-linked immunosorbent analyzer at 550 nm.

Colony formation. Cells in the logarithmic growth phase were 
titrated into single cells and inoculated into a 6-cm culture 
dish (200 cells/well) and the medium was discarded after 24 h 
when the cells adhered. The c-Fos interference, c-Fos overex-
pression and the corresponding control group were established. 
Using the control group as the reference standard, the original 
culture medium was discarded when visible cell clusters in 
the control group reached 50 cells under the microscope, and 
the cells were fixed using methanol. An appropriate amount 
of Giemsa pigment was added for 5 min to stain the nucleus. 
The dish was then inverted, placed under the microscope for 
clone counting, and cell clusters containing >50 cells were 
considered one clone, followed by calculation of the clone 
formation rate.

Statistical analysis. Quantitative data were expressed in 
terms of the means ± SD. Qualitative data were expressed in 
terms of the composition ratio. SPSS 16.0 software (SPSS, 
Inc., Chicago, IL, USA) was used for statistical analysis. The 
Pearson χ2 and likelihood ratio tests were used to analyze the 
correlation between the expression of Lewis y and c-Fos and 
clinicopathological factors. Spearman rank correlation anal-
ysis was employed to analyze the correlation between Lewis y 
and c-Fos. A P-value <0.05 indicated statistical significance.
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Results

Overexpression of c-Fos in ovarian epithelial carcinoma 
and its correlation with clinicopathological characteristics. 
To determine the role of c-Fos in the progression of ovarian 
epithelial carcinoma, we examined c-Fos expression and 
its correlation with clinicopathological characteristics in 
140 primary ovarian tumor samples and 20 normal ovarian 
t issue samples using immunohistochemist ry. The 
140 primary ovarian tumor samples included 30 mucinous 
and serous cystadenoma (benign), 30 borderline mucinous 
and borderline serous cystadenoma (borderline), 60 muci-
nous and serous cystadenocarcinoma, 10 endometrioid and 
10 clear cell carcinoma (malignant). We observed that c-Fos 
was hardly expressed in the benign (Fig. 1A and B) and 
normal ovarian tissues (data not shown), only expressed in 
the nucleus of borderline mucinous cystadenoma (Fig. 1C), 

moderately expressed in the nucleus and the cytoplasm of 
borderline serous cystadenoma (Fig. 1D) and significantly 
overexpressed in both the nucleus and the cytoplasm of 
different malignant ovarian epithelial tumor cells, including 
mucinous (Fig. 1E) and serous cystadenocarcinoma (Fig. 1F), 
endometrioid (Fig. 1G) and clear cell carcinoma (Fig. 1H). 
The degree of the staining were defined as follows, nega-
tive (-), weakly positive (+), moderately positive (++) and 
strongly positive (+++) (see Materials and methods for details) 
and the cases were further divided into high (++ or +++) and 
low (- or +) c-Fos expression groups. The expression rate of 
c-Fos was positively associated with the degree of ovarian 
tumor malignancy (P<0.05) (Table I).

The high expression rates of c-Fos in mucinous and 
serous ovarian cystadenocarcinoma were 83.33% (25/30) 
and 80% (24/30), respectively, which were higher than that 
in ovarian endometrioid carcinoma and clear cell carcinoma 

Figure 1. Immunohistochemical staining of c-Fos in ovarian tumors. (A) Mucinous, (B) serous, (C) borderline mucinous and (D) borderline serous cystad-
enoma. (E) Mucinous cystadenocarcinoma and (F) serous cystadenocarcinoma. (G) Endometrioid and (H) clear cell carcinoma. (Original magnification x100 
and x400 for the small box at the top-left corner).
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(60%, 6/10; and 70%, 7/10), but no significant difference was 
detected (P>0.05). The high expression rates of c-Fos in ovarian 
cancer tissues with high, middle and low differentiation were 
63.41% (26/41), 88.89% (16/18) and 95.24% (20/21), respec-
tively, and the high expression rate of c-Fos gradually increased 
with the decreasing degree of differentiation (P<0.05). The 
expression of c-Fos in advanced cancer (stage III-IV) was 
91.67% (22/24), which was significantly higher than that 
in early-stage ovarian cancer (stage I-II) (71.43%, 40/56) 
(P<0.05). Expression of c-Fos was not correlated with lymph 
node metastasis (P>0.05) (Table II).

Overexpression of Lewis y in ovarian epithelial carcinoma 
and its association with c-Fos expression. The expression of 
Lewis y is generally increased in ovarian epithelial carcinoma, 
exhibiting mainly cell membrane staining with occasional 
cytoplasm staining. Lewis y expression is barely detectable in 
normal ovarian tissue, and it was considered as low expres-
sion (-). The high expression rate of Lewis y (+/++/+++) in 
benign (Fig. 2A and B), borderline (Fig. 2C and D) and ovarian 
malignant tumor (Fig. 2E and F),) were 33.33% (10/30), 
60% (18/30) and 83.75% (67/80), respectively. No expression 
was observed in 20 cases of normal ovarian tissue (Table III). 
The expression rate of Lewis y in ovarian epithelial cancer 
was significantly higher than that in borderline and benign 
tumors (P<0.05). The high expression rate of Lewis y in 
borderline ovarian tumors was higher than that in benign 
tumors (P<0.05).

The high expression rates of Lewis y in mucinous (Fig. 2E) 
and serous ovarian cancer tissues (Fig. 2F) were 86.67% (26/30) 
and 90% (27/30), respectively, which were higher than those 
in ovarian endometrioid (60%, 6/10) and clear cell carcinoma 
(80%, 8/10), but the difference was not statistically significant 
(P>0.05). The positive expression of Lewis y in stage III-IV 
ovarian cancer was 91.67% (22/24), higher than that in 
stage I-II (80.36%, 45/56), and there was no significant differ-
ence between the two groups (P>0.05). The expression rates 
of Lewis y in high, middle and low differentiation ovarian 
cancer were 75.61% (31/41), 83.33% (15/18) and 100% (21/21), 
respectively, with the high expression rate significantly 
increased with decreasing degree of differentiation (P<0.05). 
The expression of Lewis y was not correlated with lymph node 
metastasis (P>0.05) (Table II).

Table II. Summary of the correlation in Lewis y and c-Fos expression with clinicopathological characteristics in ovarian carci-
noma.

 Lewis y n (%) c-Fos n (%)
 ----------------------------------------------------------------------------------- --------------------------------------------------------------------------------
Characteristics Low High P-value Low High P-value

Histology
  Mucinous (n=30) 4 (13.30) 26 (86.67) 0.221 5 (16.67) 25 (83.33) 0.463
  Serous (n=30) 3 (10) 27 (90)  6 (20) 24 (80)
  Endometrioid (n=10) 4 (40) 6 (60)  4 (40) 6 (60)
  adenocarcinoma
  Clear cell carcinoma (n=10) 2 (20) 8 (80)  3 (30) 7 (70)
FIGO stage
  I+II (n=56) 11 (19.64) 45 (80.36) 0.355 16 (28.57) 40 (71.43) 0.047*

  III+IV (n=24) 2 (8.33) 22 (91.67)  2 (8.33) 22 (91.67)
Differentiation
  High (n=41)  10 (24.39) 31 (75.61) 0.01a 15 (36.59) 26 (63.41) 0.004*

  Middle (n=18) 3 (16.67) 15 (83.33)  2 (11.11) 16 (88.89)
  Low (n=21) 0 (0) 21 (100)  1 (4.76) 20 (95.24)
Nodal status
  No (n=65) 11 (16.92) 54 (83.08) 0.729 16 (24.62) 49 (75.38) 0.323
  Yes (n=15) 2 (13.33) 13 (86.67)  2 (13.33) 13 (86.67)

aIndicate statistical significance. n, the number of cases. FIGO, International Federation of Gynecology and Obstetrics.

Table I. Expression of c-Fos in different ovarian tissues.

 c-Fos
 -------------------------------------------------
Characteristics Low n (%) High n (%) P-value

Malignant group 18 (22.50) 62 (77.50) <0.01a,b,c

(n=80)
Borderline group 20 (66.67) 10 (33.33) 0.136d, 0.091e

(n=30)
Benign group 25 (83.33) 5 (16.67) 0.687f

(n=30)
Normal group 18 (90.00) 2 (10.00)
(n=20)

aCompared with borderline group. b,dCompared with benign group. 
c,e,fCompared with normal tissue group. n, the number of cases.



ηαο et al:  MAPKs/c-Fos MEDIATES TGF-β1-INDUCED FUT1 AND LEWIS Y EXPRESSION3360

Of the 80 cases with ovarian cancer, 55 cases had high 
expression of both c-Fos and Lewis y, and 6 cases had double 
low expression. The expression of c-Fos and Lewis y in ovarian 

Table IV. Correlation between Lewis y and c-Fos in ovarian 
carcinoma.

 Lewis y expression
 ----------------------------------------------------------------------------
  Low High  Correlation
  (n) (n) P-value coefficient

c-Fos Low (n) 6 12 0.026a 0.250
expression High (n) 7 55

aIndicate statistical significance. n, the number of cases.

Figure 2. Immunohistochemical staining of Lewis y in ovarian tumors. (A) Mucinous, (B) serous, (C) borderline mucinous and (D) borderline serous 
cystadenoma. (E) Mucinous cystadenocarcinoma and (F) serous cystadenocarcinoma. (G) Endometrioid carcinoma and (H) clear cell carcinoma (original 
magnification x100 and x400 for the small box at the top-left corner).

Table III. Expression of Lewis y in different ovarian tissues.

 Lewis y
 ----------------------------------------------------------------------------------
Characteristics Low n (%) High n (%) P-value

Malignant group 13 (16.25) 67 (83.75) <0.01a,b,c

(n=80)
Borderline group 12 (40.00) 18 (60.00) 0.038d, <0.01e

(n=30)
Benign group 20 (66.67) 10 (33.33) 0.003f

(n=30)
Normal group 20 (100.00) 0 (0.00)
(n=20)

aCompared with borderline group. b,dCompared with benign group. 
c,e,fCompared with normal tissue group. n, the number of cases.
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cancer exhibited significant correlation, with a correlation 
coefficient of 0.250, P<0.05 (Table IV).

Binding of c-Fos to TPA response element (TRE) of the FUT1 
promoter enhances the activation of FUT1 transcription by 
c-Jun. We previously constructed the FUT1 (-3,000 to -1) 
promoter luciferase reporter gene vector, which had one 
binding site for AP-1, and revealed that c-Jun transactivated 
FUT1 via the AP-1 binding site (22). The FUT1 promoter 
activity was first tested in 293 cells, and further confirmed in 
3 ovarian cancer cell lines SKOV3, CAVO3 and ES-2, with 
the strongest enzyme activity achieved in 293 cells (Fig. 3A). 
Furthermore, to investigate the effect of c-Fos in the regulation 
of FUT1 transcription, we co-transfected ovarian cancer cells 
with the transcription factor expression vector c-Fos, c-Jun, 
c-Fos/c-Jun or empty vector (pCMV6 and pcDNA3) along 
with the human FUT1 promoter reporter gene. Compared 
with the empty vector transfection, c-Fos did not significantly 
affect the activity of the FUT1 promoter, whereas c-Jun tran-
scription factor expression vector increased promoter activity. 
Compared with the single transfection of c-Jun expression 
vector, co-transfection with c-Fos and c-Jun expression vector 
significantly increased promoter activity, and the activity 
was increased 3.5-fold in SKOV3 cells (Fig. 3B). These 
results revealed that the transcriptional activation ability of 
the heterodimer formed by c-Fos and c-Jun was significantly 
enhanced in comparison with that of the homodimer with two 
c-Juns.

To determine whether c-Fos and c-Jun interacted with 
TRE of the FUT1 promoter (-1,908 to -1,914), ChIP assay 
was performed by transfection of c-Fos or c-Jun siRNA into 
CAVO3 cells. MNase cleavage was used to cut cell chromatin 
into 100-1,000 bp fragments, with an indwelling portion of 
the cell suspension used as the DNA input positive control, 
rabbit IgG precipitation as the negative control. In the input 
and c-Fos, c-Jun-specific antibody precipitation groups, PCR 

amplification obtained FUT1 promoter fragments of 147 bp, 
while the corresponding fragment was not amplified in the IgG 
precipitation group (Fig. 3C). The precipitated FUT1 promoter 
fragment expression was significantly decreased after c-Fos or 
c-Jun siRNA interference. These results revealed that c-Fos 
and c-Jun were bound to the FUT1 promoter region containing 
the AP-1 binding site.

c-Fos mediates TGF-β1-induced ovarian cancer cell prolif-
eration. In order to examine whether c-Fos participated 
in TGF-β1-mediated proliferation of tumor cells, c-Fos or 
c-Fos siRNA were transfected into ovarian cancer CAVO3 
cells, respectively. Upon TGF-β1 stimulation, cells were 
collected and inoculated onto a 96-well plate and 24 h later, 
cell proliferation status was analyzed. Transfection with c-Fos 
significantly increased CAVO3 proliferation with TGF-β1 
treatment. Transfection with c-Fos siRNA strongly suppressed 
CAVO3 growth induced by TGF-β1 (P<0.05). The effects of 
both c-Fos and c-Fos siRNA were most significant on the third 
day (Fig. 4A). Likewise, the clone formation rate of ovarian 
cancer cells overexpressing c-Fos was significantly higher than 
that of cells transfected with the empty vector, and 1.8-folds 
that of the latter. The colony number of cells transfected with 
c-Fos siRNA was significantly reduced by 51% compared with 
that of the control group (Fig. 4C). Our results revealed that 
c-Fos was involved in TGF-β1-induced ovarian cancer cell 
proliferation.

TGF-β1 activates c-Fos via the MAPK signaling pathway, 
regulates FUT1 transcription, and promotes Lewis y expres-
sion. TGF-β1 is positively correlated to Lewis y in ovarian 
cancer (35). To determine whether TGF-β1 increased AP-1 
expression, we assessed c-Jun and c-Fos expression in response 
to TGF-β1 in 3 ovarian cancer cell lines. The ovarian cancer 
cells SKOV3, CAVO3 and ES-2 were treated with various 
concentrations of TGF-β1 (0.2, 1, 2, 5 and 10 ng/ml) for 5 min, 

Figure 3. Role of c-Fos in the regulation of FUT1. (A) The activity of human FUT1 promoter construct in 293 cells and ovarian cancer cells lines was 
detected. (B) The luciferase reporter assay of FUT1 promoter constructs in 293 cells and ovarian cancer cells. Cell lines 293, SKOV3, CAVO3 and ES-2 were 
co-transfected with pGL4-FUT1, with empty vectors, or pCMV6-c-Jun or pcDNA3-c-Fos or both. (C) ChIP assay detected c-Fos and c-Jun interacted with 
FUT1 promoter in CAVO3 cells. Data represent the mean ± SD of 3 independent experiments performed in triplicate; *P<0.05.
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Figure 5. TGF-β1 activates c-Fos through the MAPK/AP-1 pathway. Upon TGF-β1 treatment, western blotting was employed to determine c-Jun and c-Fos 
expression in 3 ovarian cells. (A) SKOV3, (B) CAVO3, (C) ES-2. c-Fos and c-Jun expression is related to TGF-β1 in a concentration manner in ovarian cells 
pretreated with various concentrations of TGF-β1 (0.2, 1, 2, 5 and 10 ng/ml) for 5 min. (D) Western blot analysis was carried out to determine the expression of 
c-Fos, Lewis y and the downstream signal elements of the MAPK signaling pathway, JNK, p38 and ERK, and the change in the phosphorylation level of JNK, 
p38 and ERK. CAVO3 cells were treated with pcDNA-c-Fos, c-Fos siRNA, inhibitor of TGF-β1 receptor (LY2109761) and JNK (SPF600125) upon TGF-β1 
stimulation.

Figure 4. TGF-β1 promotes cell proliferation via c-Fos in ovarian cancer cells. (A) Cell viability was detected using MTT cell proliferation assay in CAVO3 
cells. CAVO3 cells were transfected with pcDNA3-c-Fos, pcDNA3 or c-Fos siRNA for 24 h, followed by pretreatment with TGF-β1. (B and C) Colony 
formation assessed cell proliferation ability. The cells and processing were the same as shown in a. The data are expressed as the mean ± SD of 3 independent 
experiments; *P<0.05, compared with the control.
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and subsequently the change in c-Jun and c-Fos expression 
was detected by western blotting (Fig. 5A-C). TGF-β1 induced 
the expression of c-Jun and c-Fos in all 3 types of cells. In 
CAVO3 and SKOV3 cells, the expression of c-Fos and c-Jun 
was strongly dependent on the concentration of TGF-β1 used, 
and was highest when 10 ng/ml TGF-β1 was added. These 
results indicated that TGF-β1 induced the expression of c-Fos 
and c-Jun in ovarian cancer cells in a dose-dependent manner.

TGF-β1 and the members of TGF-β-independent MAPK 
signaling pathway act as key determinants of carcinoma 
cell behavior. AP-1 transcriptional activity is regulated by 
the activation of the MAPK signaling pathway, involving 
extracellular-regulated kinase (ERK), c-Jun N-terminal kinase 
(JNK) and p38 pathways (38,39). To study the role of MAPK 
pathway in mediating TGF-β1-induced Lewis y expression, we 
applied specific JNK inhibitor (SP600125) and TGF-β receptor 
inhibitor (LY2109761). Upon TGF-β1 stimulation, CAVO3 was 
treated with LY2109761 and SP600125, respectively. Western 
blot analysis revealed that the expression of c-Fos, Lewis y, 
the phosphorylation levels of p38, JNK and ERK decreased 
significantly (Fig. 5D).

Furthermore, to address whether the increased expression 
of c-Fos contributed to Lewis y expression, we transfected 
CAVO3 cells with c-Fos and c-Fos-siRNA upon TGF-β1 
stimulation. c-Fos transfection promoted TGF-β1-induced 
Lewis y expression and phosphorylated (p)-p38 and p-JNK. 
Consistent with these results, the silencing of c-Fos prevented 
TGF-β1-induced Lewis y expression and also suppressed p-p38 
and p-JNK (Fig. 5D). Whereas, silencing or overexpression of 
c-Fos did not exert any effect on p-ERK. These results indicate 
that as a downstream effector of MAPK pathway, c-Fos is also 

capable of modulating p-p38 and p-JNK, but not p-ERK in 
response to TGF-β1. Collectively, our findings support that 
MAPK pathway palys a critical role in the mechanism of 
TGF-β1-induced Lewis y expression in ovarian cells (Fig. 6).

Discussion

Lewis y antigen, a tumor-associated carbohydrate antigen, is 
overexpressed in malignant epithelial tumors and closely asso-
ciated with the prognosis of the disease. Previously, in ovarian 
cancer cells, we identified an AP-1 binding site in the promoter 
of FUT1, which was a rate-limiting enzyme of Lewis y. AP-1, 
a dimer composed of Fos (c-Fos, Fos-B, Fra-1 and Fra-2) and 
Jun (c-Jun, Jun-B and Jun-D) family members, modulates gene 
transcription and cellular pathophysiological functions. It has 
been demonstrated that MMP9 promoter was activated by the 
IL-1β/p38/c-Fos pathway, which was correlated with gastric 
adenocarcinoma metastasis (40). Furthermore, c-Fos over-
expression enhanced the epithelial-mesenchymal transition 
(EMT) state in head and neck squamous cell carcinoma (41). 
In the present study, we observed high levels of expression of 
c-Fos in 140 ovarian epithelial tumor cases. Overexpression of 
c-Fos in ovarian cancer was as high as 77.5% (62/80) and its 
expression rate and intensity increased with decreasing degree 
of differentiation. In malignant ovarian epithelial tumors, high 
expression of c-Fos was observed in both the nucleus and the 
cytoplasm. c-Fos expression was only detected in the nucleus 
in benign and normal ovarian tissues. These findings indicated 
that c-Fos expression was aberrantly upregulated in malignant 
ovarian tumors and significantly correlated with malignant 
behaviors.

Figure 6. Pathway of c-Fos-mediated Lewis y in response to TGF-β1. TGF-β1 activates c-Fos/AP-1 through the MAPK pathway. As a transcriptional factor, 
c-Fos together with c-Jun upregulated FUT1 expression by binding to its promoter, consequently leading to the enhanced synthesis of Lewis y.
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TGF-β1 plays an important role in carcinogenesis and is 
associated with the proliferation and progression in advanced 
malignancies. TGF-β1 promotes tumor growth via regulating 
downstream targets of its signaling pathway. It was reported that 
c-Fos overexpression is positively correlated with carcinoma 
growth (42). Knockdown of c-Fos greatly suppressed tumor 
cell proliferation and invasion and downregulated CD44 
and cyclin D1 expression (43). In the present study, we 
examined whether c-Fos was involved in TGF-β1-induced cell 
proliferation in ovarian cancer cells. These findings indicated 
that c-Fos expression was increased and contributed to the 
TGF-β1-induced tumor promoting effect in ovarian epithelial 
cells.

We previously revealed that c-Jun transactivated FUT1 
through the AP-1 binding site in ovarian cancer cells (22). 
Thus, we wondered how c-Fos plays its role and how do the 
different components of AP-1 interact with each other in the 
regulation of FUT1 transcription. The underlying mechanism 
is still unclear. To answer this question, we performed ChIP 
assays to determine whether c-Fos and c-Jun bind to the FUT1 
promoter. Furthermore, using luciferase activity analysis, we 
observed that the homodimer of c-Fos hardly influenced the 
activity of the FUT1 construct, suggesting that c-Fos activa-
tion alone was insufficient for the activation of FUT1 promoter 
activity. The activity of FUT1 promoter interacted with 
heterodimer of c-Fos and c-Jun increased 3.5-folds, compared 
with interaction with c-Jun alone, further illustrating the 
interaction and coordination between c-Fos and c-Jun. It 
was reported that c-Fos could not bind to TRE, but the DNA 
binding force of the heterodimer formed by c-Fos and c-Jun 
was 25 times that of the homodimer with the two c-Juns (44). 
However, DebRoy et al reported that the p38 pathway induced 
stoma interaction molecule 1 (STIM1) expression through 
c-Fos rather than c-Jun in endothelial cells (45). Collectively, 
these results revealed that co-presence and cooperation of 
c-Fos and c-Jun are essential in regulating FUT1 promoter 
activity in ovarian cancer cells.

In the present study it was also demonstrated that in the 
absence of TGF-β1 or stimulation with low concentrations of 
TGF-β1, the c-Fos protein expression level in ovarian cancer 
cells was significantly lower than that of c-Jun, however with 
increased TGF-β1 concentration, the protein expression levels 
of c-Fos significantly increased, reaching or even exceeding 
the expression level of c-Jun. The protein concentration 
and activity of c-Fos are extremely low under normal 
circumstances, while c-Jun has strong potential transcriptional 
competence. When cells are stimulated, levels of c-Fos protein 
are temporarily and quickly increased. Fos/Jun heterodimers 
instead of stable homodimers are formed, with rapid increased 
DNA binding and transcription-inducing ability. Following 
degradation of c-Fos which has a short half-life, AP-1 returns 
to basal levels and an inert state (46,47). Previous studies 
demonstrated that c-Fos was highly expressed in cervical 
cancer, and almost never expressed in normal tissues and 
precancerous lesions (48). c-Fos expression was upregulated 
following TGF-β1 treatment in immortalized liver cells, 
which was correlated with cell migration and invasion (49). 
Therefore, we proposed that increased TGF-β1 promoted 
expression of c-Fos and the formation of heterodimers, and 
upregulated FUT1 transcription. Inflammatory cytokines 

regulated the expression of FUTs involved in the biosynthesis 
of tumor-associated sialylated Lewis antigen in pancreatic 
cancer cells (50). To elaborate whether c-Fos is activated 
with TGF-β1 treatment and whether c-Fos promotes FUT1 
and Lewis y synthesis in ovarian epithelial cancer, we 
focused on the MAPK signaling pathway. Inhibition of 
the JNK pathway with pharmacologic inhibitor resulted in 
marked reduction in c-Fos and Lewis y expression in ovarian 
cancer cells upon TGF-β1 stimulation. The JNK pathway 
inhibitor not only suppressed JNK phosphorylation, but also 
downregulated the phosphorylation level of p38 and ERK. 
Therefore, the transcriptional regulation is likely to involve 
the crosstalk between the JNK, p38 and ERK pathways in 
response to TGF-β1 stimulation. To determine whether there 
is a relationship between c-Fos and Lewis y expression, we 
knocked down c-Fos and examined the resultant expression 
of Lewis y. The result revealed that Lewis y expression was 
positively related to c-Fos expression. In addition, we observed 
that knockdown of c-Fos also diminished the phosphorylation 
of JNK and p38. It has been reported that TGF-β1 promoter 
regions had an AP-1 binding site, where c-Jun and c-Fos 
are essential (51-54). TGF-β1 can activate its own mRNA 
transcription, promoting its own secretion. The expression of 
TGF-β1 was significantly increased in osteosarcoma tissues 
of c-Fos transgenic mice and c-Fos transfected osteosarcoma 
cell lines (55). These data indicated that there may be mutual 
regulation between TGF-β1 and AP-1 through the JNK and 
p38 pathways. As our results revealed, the MAPK pathway 
plays a vital role in Lewis y expression induced by c-Fos in 
response to TGF-β1.

In conclusion, we demonstrated overexpression of c-Fos and 
its positive correlation with Lewis y in ovarian epithelial carci-
noma. The transcriptional activity of the heterodimer formed 
by c-Fos and c-Jun was stronger than that of the homodimer 
with two c-Juns in FUT1 promoter activation. Notably, we 
revealed that TGF-β1 activated c-Fos via the MAPK pathway, 
promoting FUT1 transcription, and enhancing Lewis y biosyn-
thesis in ovarian cancer cells.

In conclusion, the results of our studies in combination 
with those of other researchers, suggest that in ovarian cancer 
cells, TGF-β1 activates c-Fos through the MAPK signaling 
pathway, regulates FUT1 transcription, and eventually 
promotes Lewis y expression.
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