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Activation of EGFR Promotes Squamous Carcinoma
SCC10A Cell Migration and Invasion Via Inducing
EMT-Like Phenotype Change and MMP-9-Mediated
Degradation of E-Cadherin
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ABSTRACT

EGEFR is a potent stimulator of invasion and metastasis in head and neck squamous cell carcinomas (HNSCC). However, the mechanism by
which EGFR may stimulate tumor cell invasion and metastasis still need to be elucidated. In this study, we showed that activation of EGFR by
EGF in HNSCC cell line SCC10A enhanced cell migration and invasion, and induced loss of epitheloid phenotype in parallel with
downregulation of E-cadherin and upregulation of N-cadherin and vimentin, indicating that EGFR promoted SCC10A cell migration
and invasion possibly by an epithelial to mesenchymal transition (EMT)-like phenotype change. Interestingly, activation of EGFR by EGF
induced production of matrix metalloproteinase-9 (MMP-9) and soluble E-cadherin (sE-cad), and knockdown of MMP-9 by siRNA inhibited
sE-cad production induced by EGF in SCC10A. Moreover, both MMP-9 knockdown and E-cadherin overexpression inhibited cell migration
and invasion induced by EGF in SCC10A. The results indicate that EGFR activation promoted cell migration and invasion through inducing
MMP-9-mediated degradation of E-cadherin into sE-cad. Pharmacologic inhibition of EGFR, MEK, and PI3K kinase activity in SCC10A
reduced phosphorylated levels of ERK-1/2 and AKT, production of MMP-9 and sE-cad, cell migration and invasion, and expressional changes
of EMT markers (E-cadherin and N-cadherin) induced by EGF, indicating that EGFR activation promotes cell migration and invasion via ERK-
1/2 and PI3K-regulated MMP-9/E-cadherin signaling pathways. Taken together, the data suggest that EGFR activation promotes HNSCC
SCC10A cell migration and invasion by inducing EMT-like phenotype change and MMP-9-mediated degradation of E-cadherin into sE-cad
related to activation of ERK-1/2 and PI3K signaling pathways. J. Cell. Biochem. 112: 2508-2517, 2011. © 2011 Wiley-Liss, Inc.
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H ead and neck squamous cell carcinoma (HNSCC) is an pharynx, and larynx. Despite advances in our understanding and
insidious, life threatening malignant epithelial neoplasm. It treatment of this disease, the 5-year survival rates have not
is the sixth most common cancer in the world [Schaaij-Visser et al., improved significantly in the last 50 years [Swango, 1996; Grandis
2009], and includes epithelial malignancies of the oral cavity, et al.,, 2004]. HNSCC is characterized by a highly invasive and
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metastatic malignancy [Nieuwenhuis et al., 2003; Schaaij-Visser
et al., 2009; Kupferman et al., 2011]. Therefore, understanding of
underlying mechanism that controls the HNSCC invasive and
metastatic behavior is of pronounced importance.

Epidermal growth factor receptor (EGFR), a member of family of
ErbB receptors, is a transmembrane glycoprotein consisting of an
extracellular ligand binding domain, a transmembrane region, and an
intracellular protein tyrosine kinase domain. The natural ligands EGF
and TGF-a bind to the extracellular domain of EGFR, and activate the
receptor and its downstream signal transduction pathways such as
ERK-1/2, PI3K and Stat3 pathways, ultimately causing activation or
modulation of various cellular processes. Over-expression of EGFR is
common in the HNSCC [Thomas et al., 2003; Kalyankrishna and
Grandis, 2006; Sheikh Ali et al., 2008]. The increased expression of the
receptor is often associated with the increased amount of its ligands-
EGF and TGF-a production in the HNSCC cells [Kalyankrishna and
Grandis, 2006; Oc et al., 2000], which forms an autocrine stimulatory
pathway in HNSCC. Moreover, overexpression of EGFR in primary
tumors was associated with the tumor invasion, metastasis, recurrence,
and poor survival in the patients with HNSCC [Mantha et al., 2003;
Reuter et al., 2007; Valkova et al.,, 2010]. Recent data have
proposed EGFR as a new target for anti-HNSCC therapy [Hoffmann
et al., 1997; Le Tourneau et al., 2007; Chen et al., 2010; Fung and
Grandis, 2010]. These studies suggest that EGFR plays a crucial role in
the invasion and metastasis of HNSCC. However, the mechanism of
EGFR-stimulated HNSCC cell invasion and migration still need to be
elucidated.

Many different processes are involved in tumor cell invasion and
metastasis such as an epithelial to mesenchymal transition (EMT),
adhesion molecules downregulation, and matrix metalloproteinases
(MMPs) upregulation in cancer cells. EMT frequently occurs during
epithelial tumor progression to more aggressive metastatic tumors,
and loss of epithelial protein marker E-cadherin and the concurrent
upregulation of mesenchymal protein markers N-cadherin and
vimentin are important cellular events observed during EMT
[Bergers et al., 2000; Kang and Massague, 2004; Natalwala et al.,
2008]. E-cadherin, an EMT marker, is a major cell-cell adhesion
molecule in epithelial cells that functions as a tumor suppressor
[Berx et al., 1998]. E-cadherin expression is frequently down-
regulated in many different types of tumors including HNSCC
[Eriksen et al., 2004; Marsit et al., 2008], and loss of its expression or
function diminishes cell-cell contacts and contributes to tumor
invasion and metastasis [Frixen et al., 1991; Vleminckx et al., 1991].
Matrix metalloproteinases (MMPs) are a family of metalloendo-
peptidases that cleave the protein components of the extracellular
matrix (ECM) and endothelial cell basement membrane [Stamen-
kovic, 2003]. Most of the MMPs are synthesized as inactive latent
enzymes and conversion to the active enzyme is generally mediated
by activator systems [Malemud, 2006]. MMPs play a central role in
tumor invasion and metastasis by the degradation of ECM and
endothelial cell basement membrane. MMP-9 (gelatinase B), a
member of MMPs family, has been found in large quantities in
cancer tissues, and correlated with the processes of tumor invasion
and metastasis in human cancers including HNSCC [Libra et al.,
2009]. Furthermore, previous study reported that MMPs could
degrade cell surface associated molecules [Stamenkovic, 2000], and

MMP-9 could cleave E-cadherin ectodomain near plasma mem-
brane into sE-cad [van Roy and Berx, 2008], which may be involved
in MMPs-enhanced invasive and metastatic potentials of cancer
cells.

In this study, we aimed to investigate the mechanism of EGFR-
enhanced tumor migration and invasion in HNSCC cell line SCC10A.
We found that EGFR activation promotes SCC10A cell migration
and invasion by inducing EMT-like phenotype change and MMP-9-
mediated degradation of E-cadherin into sE-cad related to
activation of ERK-1/2 and PI3K signaling pathways in HNSCC
SCC10A cells.

MATERIALS

The following antibodies were used: E-cadherin and GAPDH (Santa
Cruz Biotechnology), soluble E-cadherin and N-cadherin (Zymed),
Vimentin (Epitomics), a-tubulin (Sigma), MMP-9, EGFR, p-EGFR,
AKT, p-AKT, ERK-1/2, and p-ERK-1/2 (Cell Signaling Technology).
Anti-mouse and anti-rabbit secondary antibodies, conjugated to
horseradish peroxidase for Western blotting or conjugated to
fluorescein isothiocyanate for immunofluorescent staining, were
obtained from Vector Laboratories. MMP-9 siRNA and scrambled
siRNA come from Santa Cruz Biotechnology. Pharmacological
inhibitor of EGFR (AG1478) was from Calbiochem, pharmacological
inhibitor of MEK-1/2 (U0126) was from Promega, and pharmaco-
logical inhibitor of PI3K (LY294002) was bought from Cell Signaling
Technology.

CELL LINE AND CULTURE

Head and neck squamous cell carcinoma (HNSCC) cell line SCC10A
was derived from the primary lesion of a larynx carcinoma, and has
been extensively characterized for its in vitro and in vivo
phenotypes [Momose et al., 1989; Jetten et al., 1990; Ballo et al.,
1999]. Cells were normally maintained in DMEM (Invitrogen)
supplemented with 10% fetal bovine serum (Invitrogen).

MIGRATION AND INVASION ASSAY

In vitro cell migration assay was performed in 24-well transwell
chambers (Costar) as previously described by Chen et al. [2008].
Briefly, the upper and lower culture compartments of each well in
the transwell chambers are separated by polycarbonate membranes
(8 um pore size). Briefly, 2 x 10° cells in 0.5 mL of serum-free DMEM
medium were added on the upper compartment, and 0.75 mL of
serum-free DMEM medium containing 0, 10, or 20 ng/mL EGF
(Sigma) was placed into the lower compartment. Cells were
incubated for 4h at 37°C, fixed with 4% paraformaldehyde and
stained with 0.1% crystal violet. Non-migrating cells retained on the
upperside of the membrane were removed by wiping with a cotton
swab. Cells that had migrated through the membrane and had
reached the underside of the membrane were counted in 10
randomly chosen microscopic fields using a 20x objective. For in
vitro cell invasion assays, the polycarbonate membranes were
coated with Matrigel (1 mg/mL) (BD Biosciences) and allowed gel to
dry at 37°C for 2h. Next, 2 x 10° cells in 0.5 mL of DMEM were
added on the upper compartment, and 0.75 mL of DMEM medium
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containing 0, 10, or 20ng/mL EGF was placed into the lower
compartment. The cells were incubated for 24 h at 37°C, fixed with
4% paraformaldehyde and stained with 0.1% crystal violet. Non-
invasive cells retained on the upperside of the membrane were
removed by wiping with a cotton swab. Cells that had penetrated the
Matrigel gel and had reached the underside of the membrane were
counted in 10 randomly chosen microscopic fields using a 20x
objective.

Time-lapse video microscopy was also performed to detect cell
motility as previously described by us with slight modifications
[Zhou and Kramer, 2005; Zuo et al., 2010]. Briefly, cells pretreated
with 0 or 10 ng/mL EGF were seeded onto 6-well plates (Falcon),
coated with Col-I (1 wg/mL), and maintained at 37°C and 5% CO.,.
Plates were then examined in a Zeiss Axiovert inverted microscope
and cell velocity was determined as previously described [Zhou and
Kramer, 2005; Zuo et al., 2010].

CELL ADHESION ASSAY

Cell adhesion assay was performed as previously described with
slight modifications [Lin et al., 2007]. Briefly, cells were cultured for
24h in serum-free DMEM medium, and were pretreated with 5 uM
AG14780 for 2h, followed by incubation with 0, 10, or 20 ng/mL
EGF for 8h. Then cells were detached using 0.0125% trypsin
(Promega) and 4 mM of EDTA solution in PBS. The cells were
allowed to attach to 96-well culture plates (2 x 10%/well) precoated
with fibronectin (10 pg/mL; Sigma), laminin-1 (10 wg/mL; Sigma)
or Col-I (10 wg/mL; Invitrogen) for 45 min, and then gently washed
with PBS to remove non-adhering cells. The adherent cells were
fixed using a 2% paraformaldehyde and stained with 0.1% crystal
violet. A microplate reader was used to measure the bound dye
(adherent cells) after eluting with 20 SDS at a wavelength of
560nm. Three independent experiments were performed in
triplicate.

IMMUNOFLUORESCENT STAINING

Cells were plated into chamber slides (Nalge Nunc International) for
24 h, treated with 0, 10, or 20 ng/mL EGF for 8 h, and then rinsed
twice with 50mM/L TBS (pH7.6). After fixation with 4%
paraformaldehyde for 10min and then permeabilization with
0.5% Triton X-100 in PBS for 10 min, cells were incubated with
anti-E-cadherin monoclonal antibody for 1h at RT, followed by
incubation with fluorescein isothiocyanate (FITC) conjugated-goat
anti-mouse antibodies for 1h at RT. After washing in PBS, slides
were mounted with Vectashield (Vector) and viewed using a Nikon
fluorescence microscope or a laser scanning confocal microscope
(Bio-Rad Laboratories).

REAL-TIME QUANTITATIVE PCR

Real-time quantitative PCR was performed to detect the mRNA
expression of MMP-9 on an Applied Biosystem 7000 Sequence
Detection System (Applied Biosystems). Briefly, cells cultured for
48 h in growth medium were serum starved 24 h, and then treated
with or without 10 ng/mL EGF for 8 h before RNA extraction (Qiagen
RNeasy MiniKit). Five micrograms of total RNA from each sample
was reverse transcribed to cDNA using A3500 reverse transcription
system (Promega). The following forward and reverse primers were

used: MMP-9, 5'-ctctgctectectgttegac-3/, 5/'-ttgattttggagggatcteg-
3’; and GAPDH, 5'-tggcagagatgegtggaga-3’, 5'-ggcaagtcttecgag-
tagtttt-3'. The PCR conditions used were as follows: 5-min
denaturation at 95°C followed by 40 cycles at 95°C for 30s, 55°C
for 30s, and 72°C for 30s. Amplification of the target gene was
monitored as a function of increased SYBR green I fluorescence. An
analysis threshold was set, and the cycle threshold (Ct) was
computed for each sample. The comparative difference in gene
expression was then determined.

WESTERN BLOTTING AND GELATINOLYTIC ZYMOGRAPHY

Cells were cultured in the complete DMEM medium for 24 h, then
was washed with PBS and treated with 0, 10, or 20 ng/mL EGF for
8 h. Cells were extracted using lysis buffer [50 mmol/L Tris (pH 7.5),
500 mmol/L NaCl, 1% Triton X-100, 0.5% sodium deoxycholate,
0.1% SDS, 10 mmol/L MgCl,, and complete protease inhibitor
mixture (Roche Molecular Biochemicals)]; protein concentrations
were measured with the bicinchoninic acid protein assay kit (Pierce)
and processed for SDS-PAGE. After transferring onto nitrocellulose
membranes (Millipore Corp.), proteins were probed with primary
antibodies and secondary horseradish peroxidase-coupled anti-
bodies. Blots were developed by chemiluminescence using the
enhanced chemiluminescence system (Amersham Biosciences).
Gelatinolytic zymography of MMP-9 activity in the conditioned
medium was done in 7.5% (w/v) SDS-polyacrylamide gels
containing 2.56 mg/mL gelatin under nonreducing conditions as
previously described by us [Zuo et al., 2010].

TRANSIENT TRANSFECION

The cells were transfected with MMP-9 siRNA or control siRNA
according to the siRNA transfection protocol provided by the
manufacturer. Briefly, the day before transfection, SCC10A cells
were plated into 6-well plates at the density of 10°cells/mL in
DMEM medium containing 10% FBS. When the cells were 60-80%
confluent, they were transfected with 10 nmol/L of MMP-9 siRNA or
control siRNA after a preincubation for 20min with siRNA
transfection reagent in siRNA transfection medium (Santa Cruz
Biotechnology). Four hours after the beginning of the transfection,
the medium was replaced with in DMEM medium containing 10%
FBS and continued to culture the cells for an additional 44 h. At the
end of the transfection, MMP-9 expression level in the cells was
determined by Western blot. In addition, E-cadherin expression
vector pcDNA3.0-E-cadherin and control vector pcDNA3.0 [Yang
et al., 2010], kindly provided by Institute of Basic Medical Sciences,
Chinese Academy of Medical Sciences, were transfected into
SCC10A cells with Lipofectamine 2000 reagent (Invitrogen).
Fourty-eight hours after the beginning of the transfection, E-
cadherin expression level in the cells was determined by Western
blot.

STATISTICAL ANALYSIS
Student #-tests were used for statistical analysis of interval data with
P-values less than 0.05 considered to be significant.
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EGFR ACTIVATION PROMOTES SCC10A CELL MIGRATION AND
INVASION

To investigate the role of EGFR in the migration and invasion of
HNSCC, we took the approach of activating EGFR by EGF in the
HNSCC cell line SCC10A, which normally expresses high levels of
EGFR. Initially, we examined whether EGFR activation could
potentiate cell migration by a transwell chamber. As shown in
Figure 1A, the cells with EGF treatment migrated faster than the
control cells. Next, cell motility was studied by time-lapse video
microscopy. Compared with the control cells, the cells with EGF
treatment significantly increased their velocity on Col-I substrate
(Fig. 1B, left). Cell trace analysis depicting the movement of
individual cells also revealed a significant increase in cell motility in
the EGF-treated cells versus the control cells on Col-I substrate
(Fig. 1B, right). We next analyzed whether EGF treatment could
potentiate the cell invasive capability through Matrigel by a
transwell chamber. As shown in Figure 1C, the cells with EGF
treatment significantly increased their invasive ability as compared
to the control cells. Furthermore, we detected SCC10A adhesive
capacity on the different substrates (Ln-1, Fn, and Col-I)-coated
culture plates, which is related to cell migration and invasion. The
results showed that the EGF treatment significantly reduced cell
adhesion to the substrates in dose dependent manner, and EGFR
inhibitor AG1478 could inhibit the decreased cell adhesion caused
by EGF treatment (Fig. 1D), indicating that EGFR activation
decreased cell adhesion in HNSCC cells. These data suggest that the
activation of EGFR by EGF promotes SCC10A cell migration and
invasion.

EGFR ACTIVATION INDUCES CHANGE OF EMT-LIKE PHENOTYPE IN
SCC10A CELLS

SCC10A cells without EGF treatment grown in culture at high
densities showed classic epitheloid morphology, including growth
in islands of closely apposed cells with cobblestone appearance. In
contrast, the cells with the EGF treatment showed a scattered
phenotype, losing their close cell-cell junctions and becoming
spindle-shaped (Fig. 2A). These morphologic changes are
reminiscent of cells of the mesenchymal lineage. To further
evaluate the above observation, we wondered whether the
expressions of critical epithelial protein E-cadherin as well as
mesenchymal protein N-cadherin and vimentin, EMT markers,
were altered in the EGF-stimulated cells. Both Western blot and/or
immunocytofluorescent staining showed that activation of EGFR
by EGF significantly down-regulated E-cadherin, and up-
regulated N-cadherin and vimentin in the SCCI10A cells in a
dose dependent manner (Fig. 2B and C). As the induction of
N-cadherin and vimentin with the concurrent attenuation of
E-cadherin is an important cellular event observed during EMT,
EGFR-activated SCC10A cells might occur EMT. Moreover, EMT
frequently occurs during epithelial tumor progression to more
aggressive metastatic tumors, thus activation of EGFR by EGF
promotes the cell migration and invasive capability possibly by
EMT in SCC10A cells.
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Fig. 1. Activation of EGFR by EGF promotes cell migration and invasion and
reduces cell adhesion in SCCA10 cells. A: The EGF-stimulated SCCA10 cells and
control cells were subjected to a transwell migration assay. The cells that
migrated through the membranes were stained with 0.1% crystal violet
and then representative photomicrographs were taken (top; original
magnification x 200). The number of cells that migrated through the transwell
membranes was estimated by counting at least 10 random microscopic fields
(bottom). Columns, mean; bars, SD (**P< 0.001). B: Cell velocity on Col-I-
coated substrates was measured by time-lapse video microscopy (left;
*P< 0.05). Representative cell tracks on Col-I substrate are shown (right).
C: The EGF-stimulated SCCA10cells and control cells were subjected to a
transwell invasion assay using the membranes coated with Matrigel. The cells
that invaded through the membranes were stained with 0.1% crystal violet and
then representative photomicrographs were taken. The cells that invaded (top;
original magnification x 200). The number of cells that migrated through the
transwell membranes was estimated by counting at least 10 random micro-
scopic fields (bottom). Columns, mean; bars, SD (*“P< 0.001). D: The EGF-
stimulated SCCA10 cells and control cells were plated on the different ECM
proteins (collagen I, laminin, and fibronectin), and subjected to a cell adhesion
assay as described in the Materials and Methods. The adherent cells were fixed
using a 2% paraformaldehyde and stained with 0.1% crystal violet. A micro-
plate reader was used to measure the bound dye (adherent cells) after eluting
with 2% SDS at a wavelength of 560 nm. Three independent experiments were
performed in triplicate. Columns, mean; bars, SD (*P< 0.05, **P< 0.001).
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Fig. 2. Activation of EGFR by EGF induces an EMT-like phenotype change in
SCCA10 cells. A: Representative phase-contrast images of control and EGF-
stimulated SCC10A cells. EGF-stimulated cells show an EMT-like morphologi-

cal change. B: A representative result of Western blot analysis shows the effect
of EGFR activation on the expressions of E-cadherin, vimentin, and N-cadherin

in the SCC10A cells. a-tublin serves as a loading control. C: A representative
result of immunofluorescent staining shows the effect of EGFR activation by
EGF on the E-cadherin expression in the SCC10A cells.

EGFR ACTIVATION PROMOTES CELL MIGRATION AND INVASION BY
MMP-9-MEDIATED DEGRADATION OF E-CADHERIN INTO SE-CAD
IN SCC10A CELLS

Previous studies have reported that MMPs could degrade cell surface
associated molecules including E-cadherin. Therefore, we wondered
whether EGFR activation lead to the degradation of E-cadherin into
sE-cad in SCC10A cells by MMP-9. We first confirmed the induction
of MMP-9 mRNA expression by EGFR activation using real-time
quantitative PCR. As shown in Figure 3A, the level of MMP-9 mRNA
expression in the EGF-treated SCC10A cells was enhanced by more
than 20-fold compared with the control cells. We next detected the

levels of MMP-9 and sE-cad proteins in the media from the EGF-
treated cells and control cells by gelatinolytic zymography and
Western blot, respectively. The results showed that EGFR activation
increased the production of MMP-9 and sE-cad in the medium of
SCC10A in a dose dependent manner (Fig. 3B). To validate MMP-9-
mediated degradation of E-cadherin into sE-cad in the EGF-treated
cells, we examined whether knockdown of MMP-9 by siRNA
blocked degradation of E-cadherin into sE-cad. As shown in
Figure 3C and D, knockdown of MMP-9 inhibited the expression of
MMP-9 and degradation of E-cadherin into sE-cad induced by EGF,
indicating that MMP-9 mediated degradation of E-cad into sE-cad
induced by EGFR activation in SCC10A cells.

To examine if the increased migratory and invasive potentials of
EGF-activated cells was related to MMP-9-mediated degradation of
E-cadherin into sE-cad, we analyzed the effect of MMP-9
knockdown and E-cadherin overexpression on the cell migration
and invasion in SCC10A cells. The results showed that both MMP-9
knockdown and E-cadherin overexpression reduced SCC10A cell
migration and invasion (Figs. 3E and F and 4) owning to the
activation of EGFR, which suggests that EGFR activation promoted
cell migration and invasion through MMP-9-mediated degradation
of E-cadherin into sE-cad in SCC10A cells.

EGFR ACTIVATION PROMOTES CELL MIGRATION AND INVASION
THROUGH ERK-1/2 AND PI3K-REGULATED MMP-9/E-CADHERIN
SIGNALING PATHWAYS IN SCC10A CELLS

To further define the mechanism of the increased cell migration and
invasion by EGFR activation, we examined the activity of ERK-1/2
and PI3K of critical EGFR downstream signaling components known
to regulate cell migration and invasion in EGFR-activated SCC10A
cells. We found that phosphorylated levels of EGFR, ERK-1/2, and
AKT were increased in the EGFR-activated cells compared with the
control cells, and EGFR inhibitor AG1478, MEK inhibitor U0126 and
PI3K inhibitor LY294002 inhibited phosphorylation of EGFR, ERK,
and AKT induced by EGF, respectively (Fig. 5A). Moreover, AG1478,
U0126, or LY294002 inhibited production of MMP-9 and sE-cad,
and expressional change of EMT markers (E-cadherin and N-
cadherin) induced by EGF (Fig. 5B). The above results indicated that
EGFR activation induced degradation of E-cadherin into sE-cad and
EMT-like cell phenotype change by ERK-1/2 and PI3K-regulated
MMP-9 signaling pathways. Next, we tested whether ERK-1/2 and
PI3K signaling pathways were contributing to the increased
migration and invasion of EGFR-activated SCC10 cells. As expected,
AG1478, U0126, or LY294002 could inhibit cell migration (Fig. 5C)
and invasion (Fig. 5D) induced by EGF. Taken together, the data
suggest that EGFR activation promotes cell migration and invasion
via ERK-1/2 and PI3K-regulated MMP-9/E-cadherin signaling
pathways in SCC10A cells.

The results presented here identify the potential mechanisms by
which EGFR activation can lead to the enhanced migration and
invasion potentials of HNSCC SCC10A cells. We show that EGFR
activation (a) enhances cell migration and invasion, (b) induces an
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EGFR activation promoted cell migration and invasion through inducing MMP-9-mediated degradation of E-cadherin into sE-cad in SCCA10 cells. A: Real-time PCR

shows the expression of MMP-9 mRNA in the control and EGF-stimulated SCC10A cells. B: A representative result of gelatinolytic zymography shows MMP-9 activity in the
conditioned medium from control and EGF-stimulated SCCA10A cells (top). A representative result of Western blot analysis shows the expression levels of sE-cad in the
conditioned medium from control and EGF-stimulated SCC10A cells (middle). Loading control, nontarget protein bands in Coomassie blue staining-gel before transferring to a
nitrocellulose membrane (bottom). C: Western blot analysis shows the expression levels of MMP-9 in MMP-9 siRNA and scrambled siRNA transfected SCC10A cells and control
cells. D: The transfected cells were treated with 10 ng/mL EGF, and cell lysate (CL) or conditioned medium (CM) were used to detect the expression of E-cadherin, sE-cad, and
MMP-9 by Western blot or gelatinolytic zymography. Loading control, nontarget protein bands in Coomassie blue staining-gel before transferring to a nitrocellulose membrane.
E: The transfected cells were treated with 10 ng/mL EGF, and then cells were subjected to a transwell migration assay as described in the “Materials and Methods." Columns,
mean; bars, SD (**P < 0.001). F: The transfected cells were treated with 10 ng/mL EGF, and then cells were subjected to a transwell invasion assay as described in the “Materials

and Methods." Columns, mean; bars, SD (*P < 0.05).

EMT-like cell phenotype change, (c) promotes the production of
MMP-9 and MMP-9-mediated degradation of E-cadherin into sE-
cad through ERK-1/2 and PI3K signaling pathways, and (4) induces
cell migration and invasion via ERK-1/2 and PI3K-regulated MMP-
9/E-cadherin signaling pathways. These findings indicate that EGFR
activation promotes the migration and invasion potentials of

HNSCC SCC10A cells by an EMT-like cell phenotype change and
MMP-9-mediated degradation of E-cadherin into sE-cad related to
activation of ERK-1/2 and PI3K signaling pathways.

HNSCC usually highly expresses EGF and EGFR compared with
normal squamous epithelium, which forms an autocrine stimulatory
pathway in HNSCC [Timpson et al., 2007; Egloff et al., 2009].
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Fig. 4. E-cadherin overexpression inhibits cell migration and invasion in-
duced by EGFR activation in SCCA10 cells. A: Western blot analysis shows the
expression levels of E-cadherin in E-cadherin expression vector and empty
vector transfected SCC10A cells and control cells. B: The transfected cells were
treated with 10 ng/mL, and then cells were subjected to a transwell migration
assay as described in the “Materials and Methods.” Columns, mean; bars, SD
(**P<0.001). C: the transfected cells were treated with 10 ng/mL EGF, and
then cells were subjected to a transwell invasion assay as described in the
“Materials and Methods.” Columns, mean; bars, SD (*P< 0.05).

Previous studies have shown that EGFR overexpression in HNSCC
was associated with the tumor invasion, metastasis, recurrence and
poor survival [Bernier et al., 2009; Egloff et al., 2009]. However, the
mechanism by which EGFR may stimulate tumor cell invasion and

metastasis is still largely unknown. Our study shows that EGFR
activation enhanced cell migratory and invasive potentials and
leaded to lose epitheloid morphology in HNSCC SCC10A cells.
Moreover, we found that EGFR activation decreased cell adhesion,
down-regulated epithelial protein E-cadherin, and upregulatded
mesenchymal proteins N-cadherin and vimentin in HNSCC SCC10A
cells, which are important cellular events observed during EMT.
These results indicate that EGFR activation enhanced the invasion
and metastatic potentials of HNSCC SCC10A cells possibly by EMT-
like phenotype change.

E-cadherin, an epithelial specific protein marker, can retain an
epithelial phenotype and inhibit invasion and metastasis in various
tumor cell lines and tumor models in vivo, whereas loss of its
expression or function diminishes cell-cell adhesion and leads to
high tumor invasion and metastasis [Schmalhofer et al., 2009]. It has
been reported that E-cadherin expression is frequently down-
regulated or lose in many different types of tumors including HNSCC
[Eriksen et al., 2004; Marsit et al., 2008; van Roy and Berx, 2008]. In
our study, E-cadherin expression significantly decreased in the
EGFR-activated cells, which might be associated with decreased cell
adhesion, an EMT-like morphologic change and enhanced invasion
and migration potentials of HNSCC SCC10A cells.

Proteolytic degradation of ECM and endothelial cell basement
membrane by MMPs represents an important component of the
invasion-metastasis cascade [Kohrmann et al., 2009; Libra et al.,
2009]. In particular, MMP-9, which is expressed by many types of
human carcinomas including HNSCC, has been closely associated
with tumor invasion and metastasis [Kohrmann et al., 2009; Libra
et al., 2009; Rosenthal and Matrisian, 2006]. Previous studies have
reported that MMP-9 cleaves E-cadherin ectodomain into sE-cad
[van Roy and Berx, 2008]. Our results showed that EGFR activation
increased the production of MMP-9 and sE-cad in the SCC10A cells,
and knockdown of MMP-9 by siRNA not only inhibited the
expression of MMP-9 induced by EGF stimulation, but also
decreased EGF-dependent degradation of E-cadherin into of sE-
cad, which validated that MMP-9 mediated EGF-dependent
degradation of E-cadherin into sE-cad. Moreover, both knockdown
of MMP-9 and E-cadherin overexpression reduced the cell
migration and invasion owning to the activation of EGFR. The
results suggested that EGFR activation promoted cell migration and
invasion through inducing MMP-9-mediated degradation of E-
cadherin into sE-cad in the HNSCC SCC10A cells.

EGF binds to EGFR, and activates the receptor and its downstream
signal pathways such as ERK-1/2, PI3K and Stat3 pathways,
ultimately causing modulation of various cellular processes.
Activation of ERK-1/2 and PI3K in tumor cells has been shown
to be associated with enhanced MMP-9 expression and induction of
invasive capacity [Thant et al., 2000; Ruhul et al., 2003; Chinni et al.,
2006; Hulit et al., 2007; Lungu et al., 2008; Sen et al., 2011]. To
further define the mechanism of the increased migration and
invasion by EGFR activation, we examined whether EGFR activation
regulates cell migration and invasion in the SCC10A by ERK-1/2 and
PI3K-regulated MMP-9/E-cadherin signaling pathways. We found
that phosphorylation of ERK-1/2 and AKT and production of MMP-
9 and sE-cad were increased in the EGFR activated cells, and EGFR
inhibitor AG1478, MEK inhibitor U0126 and PI3K inhibitor
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Fig. 5. EGFR activation promotes the cell migration and invasion via ERK-1/2 and PI3K-regulated MMP-9/E-cadherin signaling pathways in SCCA10 cells. A: Cell extracts
were prepared from SCC10A cells in the presence and absence of 10 ng/mL EGF, as well as in the EGF stimulation combined with the pretreatment of 5 wmol/LAG1478 or U0126
or LY294002, and were used to detect the expressions of total ERK1/2, p-ERK1/2, total AKT, p-AKT, total EGFR, and p-EGFR by Western blot. B: Cell lysates (CL) and conditioned
medium (CM) were prepared from SCC10A cells in the presence and absence of 10 ng/mL EGF, as well as in the EGF stimulation combined with the pretreatment of 5 pmol/L
AG1478 or U0126 or LY294002, were used to detect the expressions of N-cadherin, E-cadherin and sE-cad by Western blot, and MMP-9 activity by gelatinolytic zymography.
Loading control, nontarget protein bands in Coomassie blue staining-gel before transferring to a nitrocellulose membrane. C: Cells were incubated in the presence and absence
of 10 ng/mL EGF, as well as in the EGF stimulation combined with the pretreatment of 5 umol/L AG1478 or U0126 or LY294002, and then cells were subjected to a transwell
migration assay as described in the “Materials and Methods." Columns, mean; bars, SD (“P < 0.05). D: Cells were incubated in the presence and absence of 10 ng/mL EGF, as well
as in the EGF stimulation combined with the pretreatment of 5 wmol/L AG1478 or U0126 or LY294002, and then cells were subjected to a transwell invasion assay as described

in the "Materials and Methods.” Columns, mean; bars, SD (*P< 0.05).

LY294002 inhibited phosphorylation of ERK-1/2 and AKT, the data suggest that EGFR activation promotes HNSCC SCC10A
production of MMP-9 and sE-cad, and expressional change of cell migration and invasion via ERK-1/2 and PI3K-regulated

EMT markers induced by EGFR activation. Moreover AG1478, MMP-9/E-cadherin signaling pathways.

U0126, and LY294002 could also inhibit the migration and invasion In summary, the present work identified that EGFR activation
enhanced by EGFR activation in the SCC10A cells. Taken together, promoted SCC10A cell migration and invasion possibly by inducing
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Fig. 6. Schematic representation of activation of EGFR signaling pathways promoting cell migration and invasion in SCCA10 cells.

an EMT-like cell phenotype change and MMP-9-mediated degra-
dation of E-cadherin related to activation of ERK-1/2 and PI3K
signaling pathways (Fig. 6). The results will be helpful for
elucidating the mechanisms of EGFR-promoting cell invasion and
metastasis and finding new molecularly targeted drugs in HNSCC.
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