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Human papillomavirus type 16 oncoprotein E7 suppresses
cadherin-mediated cell adhesion via ERK and AP-1 signaling
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Abstract. Human papillomaviruses (HPV) are the main etio-
logical factor for cervical carcinoma. HPV-16 is the most
prevalent high-risk HPV-genotype found in HPV-associated
cancers. We studied the effect of HPV-16 E7 oncoprotein
on cadherin-mediated cell adhesion. The expression of E7
strongly suppressed the cadherin-mediated cell adhesion in
the rat fibroblast cell line 3Y 1. This suppression was
associated with the decreased expression of N-cadherin at the
transcriptional level. The treatment of 3Y1 cells that express
E7 (E7-3Y1) with MEK inhibitor recovered the cadherin-
mediated cell adhesion together with the accumulation of N-
cadherin at the cell-cell contact site. Moreover, the
suppression of c-Jun, which is the element of AP-1
transcriptional factor, leads to the recovery of N-cadherin
expression and cadherin-mediated cell adhesion in E7-3Y1
cells. Taken together, our results demonstrate that E7
regulates cadherin-mediated cell adhesion through the
modulation of cadherin expression via the MEK-ERK and
AP-1 signaling pathway.

Introduction

Human papillomaviruses (HPV) are recognized as the most
important causal agents in cervical carcinoma development.
Although there are approximately 40 HPV genotypes that
infect the genital mucosa, HPV-16 is the most frequent
viral type and associated with about a half of all cervical
carcinoma (1). Two viral oncoproteins of HPV-16, E6 and
E7, are essential factors for HPV-induced cellular trans-
formation. The major functions of E6 and E7 oncoproteins
in infected cells are inactivation of p53 and retinoblastoma
protein (pRb) (2,3). In addition to inhibitory effect on tumor
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suppressor proteins, E6 and E7 oncoproteins have other
target proteins and affect tumorigenesis in a wide variety of
aspects (4-6).

One of the most outstanding properties of tumor cells is
metastasis. The metastatic process requires tumor cells to
detach and migrate away from the primary tumor, intravasate
into blood or lymphatic vessels, and re-attach to metastasizing
sites. Cadherin/catenin complex is the most important mole-
cular structure of cell-cell adhesion (7,8), and during first
step of metastasis, disruption of cadherin mediated cell-
cell adhesion occurs. Among over 40 cadherin superfamily
members, the classic cadherins, such as E-, P-, and N-cadherin,
are transmembrane glycoproteins whose extracellular domain
binds to similar cadherins of adjacent cells in a calcium-
dependent manner (9). In tumor cells, the system of cadherin-
mediated cell-cell adhesion is often disrupted because of
suppression of cadherin expression, abnormality of cadherin
distribution, phosphorylation of cadherin, or expression of
different types of cadherin (10-12). Consequently, tumor
cells dissociate from primary tumor and take the step to
metastasis.

A previous study reported that expression of HPV-16 E7
alone is sufficient for focal transformation of an immor-
talized rat fibroblast cell line 3Y1 (13). To obtain more clues
about cell transformation by HPV-16 E7, especially from the
point of cell-cell adhesion, we examined cadherin expression
and cadherin-dependent cell aggregation ability using 3Y1
cells that constitutively express E7 (E7-3Y1). In this report, we
show that E7 expression induces the suppression of N-cadherin
expression at the transcriptional level, and reduces cell-cell
adhesion. This phenomenon is recovered by inhibition of
ERK1/2 activity. Moreover, the suppression of c-Jun, which
is one of the components of AP-1 transcription complex, by
treatment with siRNA causes the recovery of N-cadherin
expression and cadherin-mediated cell adhesion in E7-3Y1
cells.

Materials and methods
Antibodies and chemicals. Primary antibodies used for

immunoblotting were purchased from the following manu-
facturers: anti-E7 antibody (Zymed); anti-N-cadherin and
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anti-c-Jun antibodies (Transduction Laboratories); anti-3-actin
antibody (Sigma); anti-phospho-ERK1/2 (Thr202/Tyr204)
antibody (Cell Signaling Technology); anti-ERK?2 antibody
(Santa Cruz). Secondary antibodies used for immunoblotting
were anti-mouse IgG conjugated to horseradish peroxidase
(Biosource) and Protein A conjugated to horseradish
peroxidase (GE Healthcare). Primary antibody used for
immunofluorescence staining was anti-N-cadherin antibody
(Transduction Laboratories). Secondary antibody used for
immunofluorescence staining was anti-mouse IgG conjugated
to Alexa Fluor 488 (Invitrogen). MEK1/2 inhibitor U0126
was purchased from Cell Signaling Technology. Cells were
treated with U0126 10 M 24 h before assays.

Cell culture. 3Y1 cells and E7-3Y1 cells were maintained in
Dulbecco's-modified Eagle's medium (DMEM) supplemented
with 10% fetal bovine serum (FBS).

Immunoblotting. Cells were lysed with Laemmli sample buffer
(20% glycerol, 135 mM Tris-HCI pH 6.8, 4% SDS, 10% 2-
mercaptoethanol, 0.003% BPB) and boiled 5 min. Protein
concentrations of lysates were measured using RC-DC Protein
Assay (Bio-Rad). Equal protein quantities were loaded onto
SDS-polyacrylamid electrophoresis (SDS-PAGE) gels, and
transferred to PVDF membrane (Millipore). The membrane
was blocked with 5% non-fat skimmed milk and incubated
with the each primary antibody for 1 h, washed with TBS-T
buffer (100 mM Tris-HCI pH 7.4, 9% NaCl, 0.5% Tween-20)
and then incubated with the secondary antibodies. Proteins
were visualized by enhanced chemiluminescence (GE
Healthcare).

Reverse transcription-PCR. Total RNA was purified from
cultured cells and cDNA was synthesized from 5 pg of total
RNA using ReverTra Ace (Toyobo). The oligonucleotide
primers used for RT-PCR were as follows: N-cadherin: sense
(5'-GGACAGTTCCTGAGGGATCA-3"); antisense (5'-TGG
TTTGACCACGGTGACTA-3"). GAPDH: sense (5'-ACCAC
AGTCCATGCCATCAC-3"; antisense (5'-TCCACCACCCT
GTTGCTGTA-3"). RT-PCR products were analyzed on
agarose gels containing 0.4 xg /ml ethidium bromide.

Immunofluorescence staining. Cells were fixed with 4%
paraformaldehyde, permealized with 0.5% Triton X-100
for 5 min, blocked with 7% fetal bovine serum in PBS for
30 min, and incubated with the indicated primary antibody
followed by the secondary antibody.

Cell aggregation assay. Cadherin-mediated cell aggregation
was assayed as described previously (14). Briefly, cells were
treated with 0.01% crystallized trypsin in Ca**- and Mg*-free
HEPES buffered saline (HCMF, pH 7.4) or HCMF with 1 mM
CaCl, (HMF) at 37°C for 20 min and then washed with
HCMEF to obtain single cell suspensions. The cells were then
washed with 0.05% soybean trypsin inhibitor in HCMF and
incubated at 37°C for 15 min with gyratory shaking in HMF
with 1% bovine serum albumin. The data were plotted as the
percentage of single cells relative to total single cells at zero
time, and are presented as the average of determination from
three different experiments.
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Figure 1. Decreased expression of N-cadherin by E7. (A) Expression of E7 and
N-cadherin in 3Y1 and E7-3Y1 (E7) cells was examined by immunoblotting.
B-actin was used as a loading control. (B) mRNA expression of N-cadherin
in 3Y1 and E7-3Y1 cells was examined by RT-PCR. GAPDH was used as a
control. (C) Expression and localization of N-cadherin in 3Y1 and E7-3Y1
cells was confirmed by immunofluorescence staining with anti-N-cadherin
antibody.

SIRNA and its transfection. siRNA against c-Jun was designed
and synthesized by Invitrogen. The sequence of siRNA is
5'-AACUGCUGCGUUAGCAUGAGUUGGC-3'". The
scrambled siRNA (Invitrogen) was used as a control. siRNA
(20 nM) was transfected to cells using Lipofectamine 2000
(Invitrogen) according to manufacturer's protocol. Forty-
eight hours after the siRNA transfection, cells were used for
the indicated assays.

Results

Expression of N-cadherin and cadherin-mediated cell-cell
adhesion in 3Y1 cells and E7-3Y1 cells. To investigate the
effects of E7 expression on cell-cell adhesion, we established
cell lines that constitutively express E7 in 3Y1 cells (E7-3Y1).
Because the major cadherin that is expressed in 3Y1 cells
was N-cadherin (15), we examined N-cadherin expression in
3Y1 cells and E7-3Y1 cells by immunoblotting, and found
that the expression of N-cadherin in E7-3Y1 cells was
suppressed compared with that of 3Y1 cells (Fig. 1A). To
ascertain whether the suppression of N-cadherin expression
was at the transcriptional level, we checked mRNA
expression of N-cadherin using RT-PCR. In E7-3Y1 cells,
mRNA expression of N-cadherin was decreased compared
with that of 3Y1 cells (Fig. 1B). Next, we performed immuno-
staining to observe the localization of N-cadherin in cells. As
shown in Fig. 1C, 3Y1 cells formed tight association between
cells and N-cadherin accumulated as a bundle-like structure
at cell-cell contact sites. In contrast, E7-3Y1 cells lost the
tight adhesion, and the accumulation of N-cadherin to the
cell-cell contact sites was scarcely observed. To compare the
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Figure 2. Suppression of cell aggregation by E7. Cell aggregation assay of
3Y1 and E7-3Y1 cells was performed as described in Materials and
methods. Representative images of cell aggregation assay are shown.
Percentages of single cells were counted and the mean averages + SD from
three independent experiments are indicated.

cadherin mediated adhesive properties between 3Y1 and E7-
3Y1 cells, cells were dissociated by trypsin in the presence
of CaCl, and then shaken to allow aggregation. As shown in
Fig. 2, the aggregation of cells observed in 3Y1 cells was
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strongly inhibited in E7-3Y1 cells. These results suggest that
cadherin expression and cadherin-mediated cell-cell adhesion
is strongly suppressed in E7-3Y1 cells.

Suppression of ERKI1/2 activity restores N-cadherin expres-
sion and cadherin-mediated cell-cell adhesion in E7-3Y1
cells. Previous studies have reported that MAP kinases
were activated in clinical samples and cell lines of HPV-16
positive cervical cancer (16,17). Therefore, we checked the
activity of ERK1/2 by immunoblotting with anti-phospho-
ERK1/2 antibody, and found that the phosphorylation of
ERK1/2 was significantly increased in E7-3Y1 cells (Fig. 3A).
We next examined whether N-cadherin expression was
recovered by the inhibition of ERK1/2 activity. Treatment
of E7-3Y1 cells with MEK1/2 inhibitor, U0126, suppressed
the phosphorylation level of ERK1/2, and restored the
expression of N-cadherin (Fig. 3A). Similarly, mRNA
expression of N-cadherin was recovered in E7-3Y1 cells
treated with U0126 (Fig. 3B), suggesting that the expression
of N-cadherin is controlled at the transcriptional level in an
ERK1/2 signaling-dependent manner. Immunofluorescence
staining of N-cadherin showed that the treatment of E7-3Y1
cells with U0126 recovered the morphology, cell-cell adhesion
and accumulation of N-cadherin at cell-cell adhesion sites
(Fig. 3C). Furthermore, cadherin-mediated cell aggregation
was restored in E7-3Y1 cells by U0126 treatment (Fig. 3D).
These results indicate that ERK pathway is indispensable for
the suppression of cadherin-mediated cell-cell adhesion in
E7-3Y1 cells.
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Figure 3. MEK inhibitor restores N-cadherin expression and cell aggregation. (A) Phosphorylation of ERK-1/2 and expression of N-cadherin in 3Y1 and
E7-3Y1 cells treated with or without U0126 were examined by immunoblotting. -actin was used as a loading control. (B) mRNA expression of N-cadherin
in 3Y1 and E7-3Y1 cells treated with or without U0126 was examined by RT-PCR. GAPDH was used as a control. (C) Expression and localization of
N-cadherin in E7-3Y1 cells with or without U0126 was confirmed by immunofluorescence staining with anti-N-cadherin antibody. (D) Cell aggregation assay
of 3Y1 and E7-3Y1 cells with or without U0126 was performed as described in Materials and methods. Percentages of single cells were counted and the mean

averages + SD from three independent experiments are indicated.
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Figure 4. Silencing of c-Jun by siRNA restored expression of N-cadherin.
(A) E7-3Y1 cells were transfected with control (cont.) or c-Jun siRNA.
Expression of c-Jun and N-cadherin was examined by immunoblotting.
B-actin was used as a loading control. (B) mRNA expression of N-cadherin
in control or c-Jun siRNA treated cells was examined by RT-PCR. GAPDH
was used as a control.
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c-Jun siRNA treatment restores N-cadherin expression and
cadherin-mediated cell-cell adhesion in E7-3Y1 cells. To
confirm the requirement of AP-1 signaling, one of the down-
stream transcriptional factor of ERK, we next examined the
effect of c-Jun siRNA on E7-3Y1 cells. c-Jun interacts with
Fos as well as other Jun proteins to generate a dimer called
the AP-1 transcriptional complex. Forty-eight hours after
the transfection of control or c-Jun siRNA to E7-3Y1 cells,
cells were lysed and subjected to immunoblotting. Knock-
down of c-Jun markedly increased N-cadherin expression
in E7-3Y1 cells (Fig. 4A), and the recovery of N-cadherin
mRNA expression was also observed (Fig. 4B). We next
examined the expression and localization of N-cadherin by
immunofluorescence staining. Twenty-four hours after c-Jun
siRNA transfection, E7-3Y1 cells were plated on coverslips
and cultured for another 24 h. Cells were then fixed and
stained with antibodies to c-Jun, N-cadherin and DAPI for
nuclear staining. As shown in Fig. 5A, we could not observe
any expression of c-Jun in some cells (arrowheads), indicating
that c-Jun siRNA was effective. N-cadherin accumulation at
cell-cell contact site was restored in c-Jun-knockdown cells.
In contrast, N-cadherin was not observed at cell membrane in
c-jun expressing cells (asterisks). Furthermore, cadherin-
mediated cell aggregation was restored in E7-3Y1 cells by
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Figure 5. Localization of N-cadherin and cell aggregation by c-Jun siRNA. (A) Expression of c-Jun (green) and N-cadherin (red) in E7-3Y1 cells treated with
c-Jun siRNA was confirmed by immunofluorescence staining with anti-c-Jun and anti-N-cadherin antibodies. Nuclei were costained with DAPI (blue) in
Merge. Arrowheads indicate cells with reduced expression of c-Jun and asterisks indicate c-Jun expressing cells. (B) Cell aggregation assay of E7-3Y1 cells
with or without siRNA was performed as described in Materials and methods. Percentages of single cells were counted and the mean averages + SD from

three independent experiments are indicated.
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c-Jun siRNA treatment (Fig. 5B). These results suggest that
AP-1 signaling is involved in suppression of N-cadherin
expression and cadherin-mediated cell-cell adhesion in E7-3Y1
cells.

Discussion

In this report, we show that HPV-16 E7 causes the suppression
of cadherin-mediated cell adhesion. This suppression is caused
by the reduced expression of cadherin at the transcriptional
level in both ERK and AP-1 signal-dependent manner. It has
been reported that HPV-16 E7 oncoprotein interacts with
several cellular proteins. Among these, proteins of pRB
family are the main targets of E7 (3). The binding of E7 and
pRb causes the disruption of pRb-E2F complexes, leading to
the activation of E2F mediated transcription of particular
genes involved in DNA synthesis and cell-cycle progression
(18). Many other E7 binding proteins are also related to cell
cycle and cell proliferation (4). Therefore, the analysis of
tumorigenesis caused by E7 has been performed mostly from
the view of the deregulation of cell cycle and cell
proliferation. However, in tumor progression, especially in
invasion and metastasis, disruption of cell to cell adhesion
plays a pivotal role. Cadherins are one of the major molecules
that regulate cell to cell adhesions between adjacent cells,
and loss or reduction of cadherin-mediated cell adhesion is
related to invasion and metastasis of a wide variety of tumors.
(10). Cadherins also associate with various signaling molecules,
and the decrease of cadherin expression not only causes
disruption of cell to cell adhesion but also induces aberrant
multiple signaling pathways that are involved in tumori-
genesis (19,20). Recent study showed that silencing of E7 in
HPV16-transformed keratinocytes recovered E-cadherin
expression, indicating a possible role of E-cadherin
regulation for E7-mediated tumorigensis (21). Our results
suggest that down-regulation of cadherin expression is one of
the critical pathways for invasion and metastasis of HPV-
induced tumors.

The Ras/ERK pathway plays a critical role in tumori-
genesis (22), and E7 expression in 3Y1 cells caused
activation of this pathway. ERK signal activates members of
AP-1 family protein such as c-Jun and c-Fos, which regulate
expression of genes involved in cell proliferation, differen-
tiation, malignant transformation and metastasis (23). In
this study we showed that suppression of ERK1/2 activity by
MEK1/2 inhibitor and silencing of c-Jun by siRNA restored
the expression of N-cadherin. These results indicate that
ERK and AP-1 pathway plays a critical role in the regulation
of N-cadherin expression. Analysis of promoter region of
chicken N-cadherin showed that there were some AP-1
binding sequences, however, whether AP-1 directly regulates
N-cadherin expression is still unknown (24). Silencing of
E-cadherin expression is mediated by the action of tran-
scriptional factors such as Slug, Snail and Twist. It is possible
that N-cadherin down-regulation by ERK and AP-1 pathway
in E7-transformed 3Y1 cells are also regulated by other
transcriptional factors whose expression are regulated by
AP-1 activity. We need further studies to clarify the mechanism
of how N-cadherin expression is regulated by E7-mediated
ERK and AP-1 activation.

313

In conclusion, we have demonstrated that HPV-16 E7
suppressed cadherin expression at the transcriptional level
and cadherin-mediated cell adhesion in 3Y1. In addition,
inhibition of ERK-1/2-AP-1 signal pathway blocks the sup-
pression of cadherin expression and restores cadherin-
mediated cell adhesion. Our results indicate a possible new
mechanism of E7-mediated tumorigenesis that is dependent
on the suppression of cadherin expression.
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