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The role of human papillomavirus type 16 E6/E7 oncoproteins in
cervical epithelial-mesenchymal transition and carcinogenesis
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Abstract. Cervical cancer is the most common malignancy in
females worldwide. This study investigated the prevalence of
the E6/E7 oncoproteins of human papillomavirus (HPV) type
16, which are important in fibroblast growth factor (FGF) 2-
and 4-induced epithelial-mesenchymal transition (EMT) and
cervical tumorigenesis. We investigated the functional interac-
tion between HPV16 E6/E7-transfected Cx cells (CxW1J cells)
and treatment with FGF2 and 4, according to the expression
of a-smooth muscle actin (a-SMA), vimentin and E-cadherin
protein as well as cell growth and invasive ability. The results
showed the upregulation of a-SMA and vimentin and the
downregulation of E-cadherin protein expression in CxWJ
cells. HPV16 E6/E7 infection partially repressed proliferation,
but not the invasive ability of FGF2 or FGF4 stimulation in
cervical cancer cells (CxW]J cells). These data provide evidence
of a functional interaction between HPV16 E6/E7 and FGFs 2
and 4, suggesting that cooperative stimulation of HPV E6/E7
and FGFs activated in human cervical cancer cells is required
to completely overcome the oncogenic function associated
with the development of cervical epithelial-mesenchymal
transition and tumorigenesis.

Introduction

Cervical cancer is one of the most common forms of cancer in
females and a leading cause of mortality among gynecological
malignancies (1). In Taiwan, cervical cancer is the sixth most
common cancer in females (2). The majority of females diag-
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nosed with this cancer exhibit an advanced, widely disseminated
malignancy and poor survival rate (3). Accumulating evidence
has demonstrated that oncogenic types of human papilloma-
virus (HPV) are important in the development of precursors of
cervical cancer (4). However, only a small fraction of females
infected with HPV develop the disease, indicating the contribu-
tion of other factors to the progression of lesions in invasive
cervical cancer (5).

Fibroblast growth factors (FGFs) are a family of structur-
ally related polypeptides, comprising at least 23 members,
commonly identified as the classical FGFs. The classical desig-
nations, acidic FGF and basic FGF, are now known as FGF1
and FGF2, respectively (6). FGFs are possible candidates for
mitogenic factors (7). FGFs share between 35 and 50% amino
acid sequence homology, acting as mediators in a diverse range
of developmental and physiological processes, both in vitro
and in vivo (8). FGF receptors (FGFRs) are tyrosine kinases
possessing three extracellular immunoglobulin-like domains,
a transmembranous region and a cytoplasmic split tyrosine
kinase domain, which is activated upon FGF ligand binding (9).
FGFs and their receptors are involved in the development of
several human cancers (10). Altered protein expression levels
of one or more of these receptors and ligands have been identi-
fied in cancer of the lung (11), kidney (12), colon (13), head and
neck (14), breast (15) and prostate (16). FGF2 is a ubiquitous
multifunctional regulator involved in the proliferation and
differentiation of a broad spectrum of mesodermal cells (17).
FGF4, which is expressed in the vicinity of the posterior
endoderm in the gastrula and early somite stage embryos,
exhibits broad anterior-posterior patterning activity in the gut
endoderm. Specifically, FGF4 promotes posterior and inhibits
anterior endoderm cell fate (18). The study of cervical cancer
provides a good model for assessing the effect of this micro-
environment on epithelial-mesenchymal transition (EMT) (19).
Little is known about the role of FGFs in cervical cancer
regarding the maintenance of normal cells and the progression
to carcinogenesis (20).

In this study, we investigated whether HPV16 E6/E7 trans-
fection contributes to FGF2- and 4-induced tumorigenesis in
human malignant cervical cancer cells. The aim of the experi-
ments was to develop the scientific basis required to provide
technological support for cervical cancer therapy.
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Materials and methods

Cell culture. Normal cervical epithelial cells (Epi) and cervical
cancer cells were obtained from patients with benign uterine
neoplasm, admitted to the Department of Obstetrics and
Gynecology of the National Cheng Kung University (NCKU)
Medical Center, Taiwan, to undergo surgery. The patients under-
went total abdominal hysterectomy. Specimens were removed
from only typical and clinically clear-cut (Grade II) cases.

Prior written informed consent was obtained from the
patients and all procedures had been reviewed and approved
by the ethics board at NCKU in adherence to the Declaration
of Helsinki.

Cervix tissue was dissected following surgery and
immersed in a culture medium for the preparation of normal
cervical epithelial cells. The Cx cell is a cervical cancer cell line
established by Professor Chou (21). The cells were obtained
from a 48-year-old Taiwanese female with squamous cell
carcinoma of the uterine cervix, characterized as HPV-negative
and p53-mutation-negative. The CxW1J cell was established
using a stable clone from Cx cells transfected with HPV16 E6
and E7 (1). Stroma (Str) and SiHa cells were purchased from
the American Type Culture Collection (ATCC, Manassas,
VA, USA). The cells were maintained on culture dishes, in
RPMI-1640 (Cx and CxW1J) or DMEM (Str and SiHa) supple-
mented with 10% (v/v) FBS. The cells were cultured in an
incubator with an atmosphere of 95% air and 5% CO, at 37°C.

Immunoblotting. Total cell lysate (30 and 50 ug) was separated
using SDS-PAGE, and transferred to nitrocellulose membranes.
The membranes were blocked with 5% BSA in PBS containing
0.1% Tween-20 (PBST) at room temperature for 1 h. The
blots were incubated with primary antibody (E-cadherin,
a-SMA, vimentin, -actin) (Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA) for 2 h, washed with three exchanges
of PBST for 30 min, incubated for 1 h with secondary anti-
mouse or anti-rabbit antibody conjugated with horseradish
peroxidase and then washed with three exchanges of PBST
for an additional 30 min. The proteins were visualized using
a chemiluminescence detection kit (ECL; Amersham Corp.,
Arlington Heights, IL, USA).

Invasive assay. The invasive assay of cells through type IV
collagen was performed as previously reported (22). Briefly,
modified Boyden chambers containing polycarbonate filters
with 8-um pores (Becton-Dickinson, Boston, MA, USA)
were coated with 0.25 mg/ml type IV collagen (Sigma, St.
Louis, MO, USA). Following incubation for 48 h, invaded
cells were stained with 0.1% crystal violet solution and
photographed using a QImaging Retiga EXi digital camera
(Burnaby, BC, Canada) under a Leica DMIRE2 microscope.
The number of invaded cells was then counted and subjected
to statistical analysis.

Cell proliferation assay. Cells were seeded in culture plates
at 5000 cells/well. Different cell wells were treated with 0, 25
and 100 yM FGFs (FGF2 and 4) for 24 h. The number of cells
was determined microscopically using a hemocytometer. MTS
dye (1 mg/ml) was added to each well for an additional 4 h
following treatment. The reaction was stopped by the addition
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of sodium dodecyl sulfate and optical density was measured
at 492 nm using a multi-well plate reader (Powerwave XS,
BioTek, Winooski, VT, USA). Background absorbance of the
medium was subtracted in the absence of cells. The samples
were assayed in at least triplicate, and the mean was calculated
for each experiment. Each assay was carried out in triplicate
and the results are expressed as the mean (+SEM).

Statistical analysis. Data are shown as the mean (zSEM) of
at least three separate experiments. Statistical analysis was
performed using the t-test, with significance set at P<0.05.

Results

EMT is expressed between the Cx and CxWJ cells. Using
an Olympus CKX41 microscope, the cell lines (Epi, Cx and
CxW1J) were found to exhibit changes in cell morphology. In
Fig. 1A, a microscopic examination revealed Cx cells with
polygonal epithelial cell characteristics and CxWJ cells in the
shape of a spindle. The expression of epithelial-mesenchymal
cell markers was determined using western blotting. Compared
with the Cx cells, the expression of E-cadherin protein was
downregulated in CxW]J cells and Str cells (Fig. 1B). The
expression of a-SMA and vimentin protein was upregulated
in CxW1 cells. A similar pattern was observed in Str and SiHa
cells. Taken together, these results suggest the occurrence of
EMT between the Cx and CxWI cells. HPV16 E6/E7 transfec-
tion therefore induces EMT in cervical epithelial cells.

HPV E6/E7 transfection repressed the number of CxWJ cells
compared with Cx cells. To investigate the proliferation of FGF
(FGFs 2 and 4) ligands in cervical cancer cell lines (Cx and
CxWI), the number of cells (Fig. 2A) and MTS analysis were
used to monitor the reduction percentage of R-tetrazolium into
R-formazan, which was quantified using a spectrophotometer
at 492 nm (Fig. 2B). Fig. 2A shows that the number of Cx
and CxWI cells increased following treatment with the FGF2
and 4 ligands (P<0.05 vs. 0 ng/ml group). Transfection with
HPV16 E6/E7 reduced cell growth in CxW1J cervical cancer
cells (P<0.01 Cx vs. CxWI cells FGFs 0 ng/ml). Similar results
were observed with the 25 and 100 ng/ml treatment of FGFs
(2 and 4). HPV E6/E7 transfection repressed the number of
CxWI cells compared with Cx cells (P<0.05 vs. Cx cells).

Treatment with FGF ligand (50 ng/ml) also enhanced cell
growth in Cx and CxW]J cells (P<0.05 vs. SF group; Fig. 2B).
As shown in Fig. 2B, the proliferation of CxW1J cells decreased
following transfection with HPV16 E6/E7 (P<0.05 vs. Cx
cells). Taken together, these results indicate that HPV16 E6/
E7 transfection is important in the duplication of cervical
epithelial cells.

FGF2 and 4 induce invasive activity via HPVI16 E6/E7
transfection. To examine the potential invasive activity of
FGFs in HPV16 E6/E7-transfected cervical cancer cells, we
employed modified Boyden chambers and a digital camera
attached to a microscope to identify the activity of Cx and
CxWI cells. Invasive ability increased significantly in CxWJ
cells following ligand stimulation with FGF2 (Fig. 3B; P<0.05
vs. SF) and FGF4 (Fig. 3D; P<0.05 vs. SF), but not in Cx cells
(Fig. 3A and C). Treatment with FGFs enhanced the invasive
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Figure 1. Microscope analysis and expression of EMT cell markers. (A) Morphology of cell lines (Epi, Cx and CxW1J) as observed by microscope. (B) EMT
cell markers (E-cadherin, a-SMA and vimentin) were determined using western blotting. EMT, epithelial-mesenchymal transition; a-SMA, a-smooth muscle

actin; Str, stroma; Epi, epithelial cells.
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Figure 2. Proliferation effects of transfection with HPV16 E6/7 and FGF
ligands in cervical cancer cells (Cx and CxWIJ). (A) Number of cells, and
(B) MTS assay were used to determine the proliferation of cervical cancer
cells. Data were shown as the mean (+SEM) of at least three separate experi-
ments. Statistical analysis was performed via a t-test, with significance set at
“P<0.05 for the control group (0 ng/ml) and “*P<0.05 for the Cx cell group.
FGF, fibroblast growth factor; SF, serum-free.

ability of CxWJ cells compared with Cx cells (P<0.05 CxWJ
vs. Cx cells). FGF ligand stimulated invasive ability in CxWJ
cells (P<0.05 50 vs. 10 ng/ml) in a dose-dependent manner.
The results in Fig. 3 show that FGF2 and 4 induce invasive
activity via HPV16 E6/E7 transfection.

Discussion

Cervical cancer remains a fatal disease despite the develop-
ment of various advanced forms of treatment (23). Following
human papillomavirus (HPV) infection, cervical epithelial
cells develop from premalignant cervical lesions to malignant
invasive cancer via a multi-step process.

E-cadherin, the major cadherin molecule expressed by
epithelial cells, maps to chromosome 16q22 (4) and serves
as a mediator in the adhesion of epithelial cells. The role of
E-cadherin as a tumor invasion suppressor in epithelial cells is
well supported (24). Loss of the gene expression of E-cadherin
has been shown to disrupt E-cadherin-mediated intercellular
adhesion and is frequently associated with high-grade tumors,
infiltrative growth and lymph node metastasis in a variety of
human malignancies. The expression of E-cadherin in trans-
genic mice has also been associated with the development of
invasive carcinoma from well-differentiated adenoma. In this
study, we found that HPV16 E6/E7 transfection repressed the
expression of E-cadherin protein in CxW]J cells. HPV infec-
tion may thus play a significant role in E-cadherin-mediated
cervical cancer malignancy.

During the development of tumors, the stroma surrounding
the fibroblasts and myofibroblasts express a-smooth muscle
actin (a-SMA) constituting the ‘desmoplastic reaction’ in the
process of invasion and metastasis. Vimentin is a developmen-
tally regulated intermediate filament protein found in cells
of mesenchymal origin. It is frequently co-expressed with
other members of the intermediate filament family including
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Figure 3. Effects of FGF and HPV16 E6/7 transfection on the invasive ability of cervical cancer cells. (A and C) Cx cells and (B and D) CxW]J cells were
evaluated for invasive ability following culturing with FGFs 2 and 4 for 48 h. Cells treated with serum-free (SF) medium were used as the control. Data were
presented as the mean (xSEM) of at least three separate experiments. Statistical analysis was determined using the t-test, with significance set at “P<0.05 for
the SF control group, “P<0.05 for the Cx cells group and “P<0.05 for the 10 ng/ml group. FGF, fibroblast growth factor.

cytokeratins and neoplasms such as melanoma and breast
carcinoma (25,26). Vimentin has been used as a sarcoma tumor
marker to identify mesenchyme (27). The a-SMA and vimentin
play a key role in the progression of tumors. Our results reveal
that HPV16 E6/E7 transfection enhances the expression of
o-SMA and vimentin protein in CxWJ cells. HPV infection
may be associated with a-SMA and the vimentin-induced
metastasis of cervical cancer cells.

In conclusion, our results indicate that HPV16 E6/E7 trans-
fection of CxW1J cells causes them to respond differently to
FGF ligand stimulation and increase invasive ability. Further
study regarding changes in the epithelium and mesenchymal
characteristics should be conducted to elucidate the role of
HPV16 E6/E7 and FGF alteration in cervical carcinogensis.
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