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Abstract. The benefits of epidermal growth factor receptor
(EGFR) targeting in the treatment of head and neck cancer,
have been documented. However, a minority of patients with
head and neck cancer are unresponsive to EGFR targeting
therapies. The present study evaluated the effects and limita-
tions of an EGFR inhibitor on oral squamous cell carcinoma
cells, particularly on cell-cell junctions mediated by epithelial
(E)-cadherin. HSC-3 oral squamous cell carcinoma cells
were treated with the EGFR inhibitor, AG1478 (0, 0.5, 2, 10
and 50 uM), and the effects of EGFR inhibition in HSC-3
cells were evaluated by wound healing assays, E-cadherin
immunostaining and measurement of transepithelial electrical
resistance in vitro. It was observed that treatment of oral
squamous cell carcinoma cells with AG1478 suppressed cell
motility, altered cell morphology and increased the number
of cell-cell junctions compared with untreated control cells.
Knockdown of EGFR induced a similar phenotype to that
observed by the inhibition of EGFR. Furthermore, in oral
squamous cell carcinoma cells treated with high-dose EGFR
inhibitor (50 gM), the small number of cells that survived
formed cell-cell junctions that were positive for E-cadherin
expression. In cells treated with low concentrations of EGFR
inhibitor (2 M), recovery of epithelial properties was
observed. The retention of E-cadherin expression in cells
that survived high-dose EGFR inhibitor treatment may be a
survival mechanism of cancer cells.

Introduction

Head and neck cancer is the sixth most prevalent malignancy
and is increasing in frequency worldwide (1). The most
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common site for head and neck cancer is the oral cavity, with
40% of cases occurring in this region (2). Despite improve-
ments in surgery, radiation and chemotherapy, treatment of
oral squamous cell carcinoma (OSCC) remains a challenge.
Although OSCC has been extensively studied (3), the molec-
ular characteristics of this malignancy remain unknown.

A decrease in epithelial cell adhesion is a key step in the
progression and metastasis of tumors (4). The loss of epithelial
differentiation and gain of a mesenchymal phenotype, known
as epithelial-to-mesenchymal transition, is associated with
malignant transformation in numerous carcinomas (5), and
may be a predictor of OSCC progression and prognosis (6,7).

The epithelial junctional complex is composed of tight
junctions, adherens junctions and desmosomes. Cadherins
are major components of adherens junctions and serve a key
role in the maintenance of epithelial tissue integrity (8). The
transmembrane protein epithelial (E)-cadherin is a widely
distributed, intercelluar adhesion molecule (9) that, through its
cytoplasmic tail, associates with various intracellular proteins,
including with vari (10). Loss of E-cadherin expression is
typically observed in carcinomas (11), and in breast cancer,
transfection with ectopic E-cadherin has been demonstrated
to decrease the invasiveness of cancer cells (12).

Epidermal growth factor receptor (EGFR) is a member
of the receptor tyrosine kinase family, and overexpression of
EGFR has been documented in OSCC (13). Stimulation of
EGFR induces intrinsic tyrosine kinase activity and cellular
signaling, resulting in cell growth and proliferation (14).
EGFR stimulation is also associated with perturbation of
E-cadherin-mediated cell adhesion, morphological fibro-
blast-like changes and increased cell motility in tumors (15),
due to association of EGFR with the cadherin-catenin
complex (16).

Targeting of EGFR signaling is a potential therapy for
the treatment of many cancers, including non-small-cell lung
cancer and colorectal cancer (17,18). Specific drugs, such as
erlotinib and gefitinib, reversibly inhibit the EGFR tyrosine
kinase domain by competitively binding with adenosine
triphosphate, while monoclonal antibodies, such as cetuximab
and panitumumab, block ligand binding to the extracellular
domain of EGFR and promote receptor internalization (18).
In recurrent or metastatic head and neck SCCs, it has been
observed that cetuximab in combination with chemotherapy
improved overall survival (19). Cetuximab combined with
high-dose radiotherapy has also been demonstrated to improve
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locoregional control in locoregionally advanced head and neck
SCCs (20). Despite the benefits of EGFR-targeting agents,
a minority of patients with head and neck cancer are unre-
sponsive to EGFR targeting therapies. Therefore, studies are
required to elucidate the underlying molecular mechanisms
regarding the effects of EGFR inhibition in cancer cells. The
present study aimed to evaluate the effect of EGFR inhibition
on OSCC cells, particularly on cell-cell junctions mediated by
cadherin, by performing wound healing, E-cadherin immu-
nostaining and transepithelial resistance assays in OSCC
cells treated with EGFR inhibitor (AG1478) or EGFR small
interfering RNA (siRNA). The efficacy and limitations of
EGFR-targeted therapies were also evaluated.

Materials and methods

Cell culture. The human HSC-3 OSCC cell line was obtained
from the National Institute of Biomedical Innovation (Osaka,
Japan). HSC-3 cells were cultured in high glucose Dulbecco's
modified Eagle's medium (DMEM) supplemented with
L-glutamine and Phenol Red (Wako Pure Chemical Industries,
Ltd., Osaka, Japan), 10% fetal bovine serum and 1% peni-
cillin/streptomycin (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) at 37°C in a humidified atmosphere of 5% CO,.
Cells were incubated in DMEM for 24-48 h prior to treatment.
Early passages of cells (between 2 and 10 passages from the
stage of primary culture) were used in the current study.

Reagents and antibodies. Rat anti-E-cadherin monoclonal
antibody (ECCD2) was purchased from Takara Bio, Inc.
(Otsu, Japan) and the EGFR inhibitor AG1478 was obtained
from Merck KGaA. Mouse anti-zonula occludens (ZO)-1
monoclonal antibody (T8-754) was characterized as described
previously (21). Rabbit anti-EGFR monoclonal antibody
(D38B1) was purchased from Cell Signaling Technology, Inc.
(Danvers, MA, USA). Secondary antibodies conjugated with
Alexa Fluor® 488 donkey anti-rabbit IgG (H+L; A11059) and
Cy®3 donkey anti-mouse IgG (H+L; AP192C) were purchased
from Invitrogen (Thermo Fisher Scientific, Inc., Waltham,
MA, USA).

RNA interference (RNAi) experiments. The following Stealth
RNAiI™ small interfering (si)RNA (Invitrogen; Thermo
Fisher Scientific, Inc.) was used for RNAi experiments:
Human EGFR-EGFRHSS103116, 5'-CCUAUGCCUUAG
CAGUCUUAUCUAA-3". A Stealth RNAI™ siRNA negative
control (Invitrogen; Thermo Fisher Scientific, Inc.) was used
for control experiments. Transfection of HSC-3 cells with the
siRNAs was performed using a Lipofectamine® RNAi MAX
reagent according to the manufacturer's protocol. (Invitrogen;
Thermo Fisher Scientific, Inc.).

Western blot analysis. Cells were lysed with lysis buffer
containing 0.5 M Tris-HCI (pH 6.8), 10% SDS and glycerol,
and 1 M dithiothreitol was added to cell lysates prior to
loading at room temperature. siRNA-treated cells were lysed
in the same way. A total of 20 ug protein were loaded on 10%
SDS-PAGE gels. Protein mobility was assessed using Precision
Plus Protein™ Dual Color Standards (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). Protein bands were transferred to
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Immnobilon-P polyvinylidene difluoride membranes (Merck
KGaA) and incubated with rabbit anti-EGFR monoclonal
antibody (D38B1; 1:1,000) and rabbit anti-GAPDH polyclonal
antibody (ab9485; 1:2,500; Abcam, Cambridge, UK) for 24 h
at 4°C, followed by incubation with corresponding horseradish
peroxidase-conjugated goat anti-rabbit IgG (H+L) secondary
antibody (31460; Invitrogen; Thermo Fisher Scientific, Inc.)
for 1 h at room temperature. Immunostained bands were
developed using an enhanced chemiluminescence system (GE
Healthcare Life Sciences, Chalfont, UK). Blots were scanned
with a LAS-3000 mini imaging system (Fujifilm, Tokyo,
Japan). GAPDH was used as an internal loading control. The
experiment was repeated three times.

Immunofluorescence staining and microscopy. Cells were
grown with DMEM on microcover glass slips in 35x10 mm
polystyrene tissue culture dishes at a density of 1x10° cells/ml
for 24 h. The cells were fixed with 1% formaldehyde in phos-
phate-buffered saline (PBS) for 10 min at room temperature,
then treated with 0.2% Triton X-100 in PBS for 5 min at room
temperature and washed with PBS. The cells were blocked
with 1% bovine serum albumin (Sigma-Aldrich; Merck KGaA)
in PBS for 30 min at room temperature, then incubated with
primary antibodies (rat anti-E-cadherin monoclonal antibody,
mouse anti-Z0O-1 monoclonal antibody, and rabbit anti-EGFR
monoclonal antibody, as mentioned above) for 24 h at 4°C.
All antibodies were diluted with 1% bovine serum albumin
in PBS as mentioned above. The cells were then rinsed three
times with PBS and incubated with corresponding secondary
antibodies (1:500; Alexa Fluor® 488 and Cy3®) for 30 min at
room temperature. After rinsing with PBS, specimens were
embedded in FluorSave™ (Merck KGaA) and observed with
an IX71 fluorescence microscope (Olympus Soft Imaging
Solutions GmbH, Miinster, Germany). Images were captured
using a combined ORCA-ER cooled CCD camera (Hamamatsu
Photonics K.K., Shizuoka, Japan). For dose-dependent AG1478
experiments, immunofluorescence staining was performed
24 h after the addition of AG1478 (0, 0.5, 2 and 50 M) to 80%
confluent HSC-3 cells.

Quantification of cell number and cell-cell junctions. Cells
were immunostained following AG1478 treatment (0, 0.5, 2,
10 and 50 yM) for 24 h, and the number of cells was counted
in five randomly selected, independent microscopic images
(magnification, x20). For quantification of cell junctions,
the numbers of cell-cell borders involving co-expression of
E-cadherin and ZO-1 were counted in five randomly selected,
independent microscopic images (magnification, x20). Results
are representative of five independent experiments.

Measurement of transepithelial resistance. Aliquots containing
1x10° cells/cm?* were plated onto Transwell filters (12 mm in
diameter; six filters for each cell treatment group) and cultured
in serum-free DMEM for 3 days until a confluent layer was
formed. Transepithelial resistance (TER) measurements were
performed with a Millicell-ERS electrical resistance meter
(Merck KGaA) (22) immediately prior to and following the
addition of AG1478 (0, 0.5 and 2 M) at given time points
(24,48 and 72 h). Resistance (ATER) of the HSC-3 layers was
calculated as the mean resistance of control inserts (without
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Figure 1. In vitro wound healing assay to determine HSC-3 cell motility following AG1478 treatment. AG1478 suppressed HSC-3 cell motility in a dose-depen-
dent manner. Representative images of HSC-3 cells treated with AG1478 (0.5 and 2 uM) and control cells after (A-C) 0, (D-F) 12 and (G-I) 24 h are shown.

Magnification, x4.

cells, n=4) subtracted from the mean resistance of cells treated
with various concentrations of AG1478 at given time points
(results were representative of =4 experiments).

In vitro wound healing assay. Cells (0.3x10° cells/ml) were
plated in duplicate in 6-well plates, grown to 100% confluence,
and incubated with high glucose DMEM containing AG1478
(0, 0.5 and 2 uM). After 24 h, cell monolayers were scraped
with a sterile 200-u1 disposable plastic pipette tip and washed
with PBS. The process of wound healing was observed by
microscopy for 0, 12 and 24 h at 37°C after wounding, and
images were obtained using a BZ-X700 fluorescence micro-
scope (Keyence Corporation, Osaka, Japan). Magnifications
used were x4 for analyzing the wound healing assay and x20
in fluorescence microscopy.

Statistical analysis. Statistical analyses were performed
using R software (R Development Core Team, 2011). The
Kruskal-Wallis test with Steel-Dwass multiple comparisons
was performed to compare the three groups. P<0.05 was
considered to indicate a statistically significant significance.
Data were presented as mean =+ standard deviation.

Results

Determination of the optimal concentration of AGI478.
Previous studies using specific EGFR inhibitors have used
relatively high concentrations of EGFR inhibitor. For instance,
oral and pancreatic cancer cell lines have previously been
treated with 20 (14) and 10 uM AG1478 (23) respectively.
However, treatment with high concentrations of EGFR inhib-
itor may be considered inappropriate for detailed observations
of cell junctions, due to the induction of cytotoxic effects.
Previous studies have demonstrated that AG1478 (0-32 uM)
inhibits cell growth in a dose-dependent manner, with lower

concentrations of AG1478 (8 uM) having little inhibitory
effect on cell growth (24). A study using serial concentra-
tions of AG1478 (0-40 uM) to treat human breast cancer cells
treated with for 72 h also documented that 20 yh AG1478 did
not induce significant apoptosis, relative to control cells, while
40 uM AG1478 induced significant apoptosis (25). It was also
observed that few cells survived at the higher concentration
of AG1478 (40 uM) (25). To determine the optimal concen-
tration of AG1478 for use in the current study, the growth of
HSC-3 cells following treatment with AG1478 (0, 0.5, 2, 10
and 50 uM) for 24 h was assessed by cell counting. Analogous
to previous reports (24), cytotoxic effects were observed in
HSC-3 cells following treatment with 50 uM AGI1478, while
lower concentrations of AG1478 (0-10 xM) had little inhibi-
tory effect on cell growth (data not shown).

AG1478 suppresses cell motility. The integrated biological
responses to EGFR signaling are pleiotropic, resulting in
tumor-promoting cellular activities, including enhancement
of cell motility and cytoskeletal changes (26). Therefore, the
current study evaluated the motility of HSC-3 cells following
treatment with AG1478 (0.5 and 2 uM) for 12 and 24 h. In vitro
wound healing assays indicated that AG1478 treatment (2 yM)
suppressed the motility of the OSCC cell line, relative to
untreated control cells (Fig. 1).

Morphological changes of HSC-3 cells following AGI478
treatment. The expression pattern of E-cadherin in HSC-3
cells treated with AG1478 (0.5 and 2 uM) was subsequently
determined. It was observed that AG1478 treatment altered
the cellular morphology of HSC-3 cells in a dose-dependent
manner (Fig.2). Control HSC-3 cells exhibited a spindle-shaped
fibroblastic cellular morphology, and prominent spaces were
observed between cells (Fig. 2A). Treatment of cells with
0.5 uM AGI1478 flattened the fibroblastic morphology of
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Figure 2. Immunofluorescence staining of epithelial cadherin (green).
Treatment of HSC-3 cells with AG1478 altered cytoskeletal morphology in
a dose-dependent manner. (A) The spindle shape of untreated HSC-3 cells
was altered to a (B) flattened and (C) epithelial-like squamous morphology
by 0.5 and 2 uM AG1478, respectively. The spaces between cells decreased
following AG1478 treatment in a dose-dependent manner. Magnification,
x20.
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HSC-3 cells (Fig. 2B), and the higher concentration of AG1478
(2 uM) caused cells to adopt an epithelial-like squamous
morphology (Fig. 2C). Relative to all other concentrations of
AGI1478 investigated (0-50 uM), 2 uM AG1478 reduced the
spaces between cells to the greatest extent. Immunostaining
of cell-cell contacts demonstrated that AG1478 altered the
expression of E-cadherin and the tight junction-associated cyto-
plasmic protein ZO-1, as a marker of cell junctions in various
cell types (27), in a dose-dependent manner. In control HSC-3
cells, E-cadherin and ZO-1 were not consistently colocalized,
due to the absence of ZO-1 and E-cadherin accumulations at
the cell periphery and cell-cell contacts, respectively (Fig. 3A).
Treatment of cells with AG1478 (0.5 yuM) induced the forma-
tion of punctate cell-cell junctions, indicated by discontinuous
zig-zag accumulations of E-cadherin and ZO-1 at cell-cell
contacts (Fig. 3B). Treatment with the higher concentration of
AG1478 (2 uM) led to the formation of continuous linear junc-
tions, indicated by linear accumulations and co-expression of
E-cadherin and ZO-1 (Fig. 3C), which appeared similar to cell
junctions in normal squamous epithelial cells. The number of
cell junctions (i.e., the numbers of cell-cell borders involving
co-expression of E-cadherin and ZO-1) significantly increased
in a dose-dependent manner (P<0.05; Fig. 4A).

AGI1478 increases TER. TER was also investigated as an
index of epithelial barrier function. It was observed that
AG1478 (0.5 and 2 uM) increased TER in a dose-dependent
manner (Fig. 4B), despite having no effect on total cell number
(data not shown).

EGFR knockdown induces morphological changes in HSC-3
cells. Similar to AG1478 treatment, knockdown of EGFR

Merged

Figure 3. Double immunofluorescence staining of E-cadherin (green) and ZO-1 (red). Treatment of HSC-3 cells with AG1478 altered cell-cell junctions
in a dose-dependent manner. (A-C) In control HSC-3 cells, the expression of cell-junction proteins at the cell periphery was absent. (D-F) Treatment with
0.5 uM AG1478 induced the formation of punctate cell-cell junctions, indicated by a discontinuous zig-zag accumulation of cell junction proteins at cell-cell
contact sites. (G-I) Treatment with 2 xM AG1478 led to the formation of continuous linear junctions, indicated by linear accumulations and co-expression of
E-cadherin and ZO-1. Magnification, x20. E-cadherin, epithelial cadherin; ZO-1, zonula occludens-1.



EXPERIMENTAL AND THERAPEUTIC MEDICINE 14: 953-960, 2017

A B
#*
60 " ]
*

50
£ 40 H
2 30 =
5 <
£
Z 20

10

0 - -

0 0.5 2
AG1478 (uM)

20

15

10

[y

957

~-+Control
--#-- 0.5 yM
——2 uM

h

Figure 4. E-cadherin-positive cell junctions and TER in HSC-3 cells following AG1478 treatment. (A) The number of cells exhibiting E-cadherin-positive cell
junctions and (B) TER increased following AG1478 treatment in a dose-dependent manner. E-cadherin, epithelial cadherin; TER, transepithelial resistance.
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Figure 5. Double immunofluorescence staining of EGFR and ZO-1. (A-C) The spindle shape of untreated HSC-3 cells was altered to a (D-F) flattened
morphology by knockdown of EGFR with siRNA. (G) Western blot analysis indicated that siRNA against EGFR successfully suppressed EGFR expression in
HSC-3 cells. Magnification, x20. EGFR, epidermal growth factor receptor; siRNA, small interfering RNA; ZO-1, zonula occludens-1.

flattened the fibroblastic morphology of HSC-3 cells (Fig. SA-C),
relative to untransfected control cells (Fig. 5D-F), indicating
an epithelial-like squamous cell phenotype.

High-dose AGI478 treatment reduces the number of HSC-3
cells. Finally, the phenotype of HSC-3 cells following
high-dose AG1478 (50 uM) treatment was assessed by

immunostaining (Fig. 6). High dose AG1478 caused a marked
reduction in the number of HSC-3 cells, relative to untreated
controls and cells treated with 2 uM AGI1478. In addition,
E-cadherin accumulation and co-expression with EGFR at the
cell-cell boundaries was retained in a number of the surviving
cells. However, isolated cells lacking cell-cell adhesion were
also observed.
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EGFR

Figure 6. Double immunofluorescence staining of E-cadherin (green) and EGFR (red). (A-D) In HSC-3 cells treated with 2 uM AG1478 and untreated controls,
accumulation and co-expression of E-cadherin with EGFR at the cell-cell boundaries was observed. (E and F) Cells that survived high-dose AG1478 treat-
ment (50 M) retained E-cadherin junctions and coexpression between E-cadherin and EGFR. Magnification, x20. E-cadherin, epithelial cadherin; EGFR,

epidermal growth factor receptor.

Discussion

Overexpression of EGFR has been documented in
OSCC (28,29). EGFR signaling is associated with a loss of cell
adhesion mediated by E-cadherin and acquisition of a fibro-
blast-like cellular morphology, which subsequently increases
cell motility and potentially serves a role in tumor invasion
and metastasis (14,30,31). In the present study, morphological
changes in HSC-3 cells and reductions in cell motility were
observed following EGFR inhibition. Treatment of cells with
a low concentration of EGFR inhibitor induced the forma-
tion of cell-cell junctions, indicated by an accumulation of
E-cadherin and ZO-1 at cell-cell contacts and strengthening of
barrier function. Suppression of EGFR expression by siRNA
also induced cellular morphological changes and accumula-
tion of E-cadherin at cell-cell contacts. The HSC-3 cells used
in the present study are generally poorly differentiated cells
with a random morphology, have exhibit a limited ability to
form cell junctions within monolayer cultures (32). Previous
studies using HSC-3 cells have documented low-level activa-
tion of EGFR within cells grown in monolayer cultures, and
an infrequent colocalization of phosphorylated EGFR and

E-cadherin (33). It has also been suggested that other pathways
may activate EGFR. For instance, in the process of cell adhe-
sion, integrins bind to extracellular matrix proteins, which
in turn may stimulate multiple pathways that modulate actin
cytoskeletal organization and cell motility (34). In response to
cell-matrix adhesion, a complex involving integrins and EGFR
is formed, and EGFR is subsequently phosphorylated on
tyrosines 845, 1068, 1086 and 1173, though not on 1148 (34).
Phosphorylation of EGFR at tyrosine 1173 has been associated
with a poor prognosis in OSCC (26). These results indicate that
treatment of HSC-3 cells with low concentrations of EGFR
inhibitor may affect integrin-mediated signaling pathways and
consequently alter cytoskeletal morphology and cell motility.
It was also observed in the current study that HSC-3 cells
with cell-cell junctions positive for E-cadherin were able to
survive high-dose EGFR inhibitor treatment. Previous reports
have demonstrated that inhibition of EGFR kinase activity
with tyrosine kinase inhibitors typically leads to decreased
cell proliferation without affecting cell survival (35), while
targeted knockdown of the EGFR protein has been found to
result in cell death (36). Cell death induced by EGFR knock-
down may be due to autophagy and not typical apoptosis (37).
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Autophagy, a process of intracellular proteolysis, is induced
in various cancer cell lines, including those for non-small-cell
lung cancer and colorectal cancer, following treatment with
EGFR tyrosine kinase inhibitors in a dose-dependent manner;
however, autophagy is not activated in cells that exhibit resis-
tance to EGFR inhibitors (38). Inhibition of tyrosine kinase
activity alone has limited therapeutic efficacy, possibly due to
the inhibitory effects of EGFR on autophagy in various cancer
cell lines, which are potentially independent of its tyrosine
kinase activity (37). A previous study in ovarian cancer cells
observed that epidermal growth factor induced a downregula-
tion in E-cadherin expression and increased the invasiveness
of cancer cells (39). In head and neck SCC cells overexpressing
E-cadherin, it has also been documented that a reduction in
E-cadherin expression may lead to an upregulation in EGFR
transcription, suggesting that loss of E-cadherin may induce
proliferation by activating EGFR (40). Furthermore, in pancre-
atic carcinoma cells, inhibitors of matrix metalloproteinases
markedly reduced E-cadherin expression while suppressing
EGFR activation, while upregulation of E-cadherin led to
changes in cellular morphology, decreased cell motility and
enhanced apoptotic sensitivity in response to chemothera-
peutic treatment (41). In this previous study, upregulation of
E-cadherin was through suppression of ZEBI, as a transcrip-
tional repressor of E-cadherin (41). Therefore, suppression
of EGFR leading to increased expression of E-cadherin at
cell-cell junctions, as observed in the present study, may be
mediated by ZEBI.

E-cadherin is considered to be important during the
induction and progression of epithelial cancers (42). In addi-
tion, recovery of E-cadherin expression in metastatic lesions
arising from E-cadherin-deficient primary tumors has been
documented (43,44), indicating that a mesenchymal-to-epithe-
lial transition may occur during metastasis (45). Distant
metastases exhibit equivalent or elevated levels of E-cadherin
expression when compared to the primary tumors from which
they originated (46). In some tumors, cadherins attenuate cell
growth, while in others, they promote growth and survival
of cancer cells (33). Previous studies have demonstrated that
cell-cell adhesion may promote resistance to anticancer thera-
pies, including chemotherapy and radiotherapy (47-50). Shen
and Kramer (33) have suggested that cell survival mediated by
E-cadherin, by the overexpression of EGFR at cell-cell adhe-
sion sites, may render cancer cells resistant to treatment. Cell
adhesion mediated by E-cadherin induces ligand-independent
EGFR activation, which triggers the mitogen-activated
protein kinase (MAPK) pathway and results in the inhibition
of apoptosis (26,33). It has been recently documented that
MAPK may mediate apoptosis and autophagy in response to
various stimuli through a number of downstream pathways,
including p38 and c-Jun N-terminal kinase MAPK path-
ways (51). However, the underlying mechanisms regarding the
resistance of cancer cells to apoptosis and autophagy warrant
further investigation.

A limitation of the present study was the use of only one
OSCC cell line. To validate findings, future studies with more
differentiated cells that express higher levels of E-cadherin,
such as Ca9-22 or KB cells, are required. In addition, the
present study only evaluated one strategy of EGFR suppres-
sion, through the use of a specific EGFR inhibitor. Thus, future
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studies are warranted to investigate the efficacy of anti-EGFR
antibodies such as panitumumab.

In conclusion, treatment of OSCC cells with low concen-
trations of EGFR inhibitor led to the acquisition of epithelial
properties, as indicated by E-cadherin-mediated cell junctions,
suppression of cell motility and an increase in TER. In addi-
tion, cells that survived high-dose EGFR inhibitor treatment
retained high expression of E-cadherin at cell-cell boundaries.
This resistance was not observed in untreated OSCC cells.
Future studies into the properties of resistant cancer cells that
retain E-cadherin junctions may aid to identify cancer cell
survival mechanisms and treatment strategies that overcome
resistance to EGFR-targeting therapies.
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