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Summary  Human  cancer  tissues  are  heterogeneous  in  nature  and  become  differentiated  dur-
ing expansion  of  cancer  stem  cells  (CSCs).  CSCs  initiate  tumorigenesis,  and  are  involved  in
tumor recurrence  and  metastasis.  Furthermore,  data  show  that  CSCs  are  highly  resistant  to
anticancer  drugs.  Cetuximab,  a  specific  anti-epidermal  growth  factor  receptor  (EGFR)  mono-
clonal antibody,  is  used  in  cancer  treatment.  Although  development  of  resistance  to  cetuximab
is well  recognized,  the  underlying  mechanisms  remain  unclear.  Lapatinib,  a  dual  inhibitor  of
epidermal  growth  factor  receptor  (EGFR)/ErbB2,  has  antiproliferative  effects  and  is  used  to
carcinoma;
Molecularly-targeted
therapy;

treat patients  with  ErbB2-positive  metastatic  breast  cancer.  In  this  review,  cetuximab  and
lapatinib-resistant  oral  squamous  cell  carcinoma  (OSCC)  cells  proliferation  and  migration  signal
transduction  passway  is  discussed  by  introducing  our  research.
© 2017  The  Authors.  Published  by  Elsevier  Ltd.  This  is  an  open  access  article  under  the  CC
Sphere  formation
BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Cancer  tissue  is  a  complex  ‘‘organ’’.  The  tumor  tissue
microenvironment  is  composed  of  a  variety  of  cells,  includ-
ing  tumor  cells,  cancer  stem  cells,  inflammatory  cells,
and  cancerassociated  fibroblasts,  along  with  blood  vessels
(Fig.  1).  It  is  possible  that  cancer  stem  cells  participate  in
the  processes  that  lead  to  resistance  to  therapy  and  the
establishment  of  distant  metastases.

The  epidermal  growth  factor  receptor
[(EGFR)/ErbB1/HER1]  is  a  member  of  the  ErbB  tyro-
sine  kinase  family.  All  receptors  of  the  ErbB  family  activate
and  regulate  diverse  cellular  processes,  including  prolifera-
tion,  survival,  adhesion,  migration  and  differentiation  [1].
Ligand  binding  potentiates  receptor  interaction  with  either
a  homologous  molecule  (homodimerization),  a  different
ErbB-family  receptor  [2—5].  Upregulation  of  EGFR  expres-
sion  in  many  human  epithelial  cancers  is  associated  with
advanced  tumor  stage  and  an  unfavorable  prognosis  [6,7].

Thus,  EGFR  is  considered  to  be  not  only  a  useful  prognostic
biomarker  but  also  a  promising  therapeutic  target,  have
been  developed  and  used  in  cancer  treatment.

Figure  1  Cancer  tissue  is  a  complex  ‘‘organ’’.  The  tumor
tissue  microenvironment  is  composed  of  a  variety  of  cells,
including  tumor  cells,  cancer  stem  cells  along  with  blood  ves-
sels. The  cancer  stem  cells  are  rare  cells  found  primarily  in  the
invasive  edge  of  tumors  close  to  blood  vessels.
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Molecularly-targeted  therapies,  which  include  mono-
lonal  antibodies  and  small  molecule  inhibitors,  such  as
GFR,  have  significantly  changed  the  treatment  of  cancer
ver  the  past  10  years.  These  drugs  are  now  a  compo-
ent  of  therapy  for  many  common  malignancies,  including
reast,  colorectal,  lung,  and  pancreatic  cancers,  as  well  as
ral  cancer.  The  mechanisms  of  action  and  toxicities  of  tar-
eted  therapies  differ  from  those  of  traditional  cytotoxic
hemotherapy.  Targeted  therapies  are  generally  better  tol-
rated  than  traditional  chemotherapy.  Targeted  therapy  has
aised  new  questions  about  the  tailoring  of  cancer  treatment
o  an  individual  patient’s  tumor,  the  assessment  of  drug
ffectiveness  and  toxicity,  the  economics  of  cancer  care,
nd  resistance  following  treatments.

Cetuximab  is  a chimeric  IgG1  monoclonal  antibody  that
inds  with  high  affinity  to  the  extracellular  domain  of  EGFR
8]. The  antibody  blocks  EGFR  activation  by  preventing  tyro-
ine  kinase-mediated  phosphorylation  of  the  protein  [9].
etuximab  has  been  prescribed  for  patients  with  metastatic
olorectal  cancer  (mCRC)  [10—14]  and  head  and  neck  squa-
ous  cell  carcinoma  (HNSCC)  [15—19]. For  clinical  setting

f  metastatic  or  recurrent  oral  cavity  cancers,  cetuximab
00  mg/m2 IV  loading  dose  on  day  1,  followed  250  mg/m2 IV
eekly  until  disease  progression.

The  EGFR/ErbB2  dual  inhibitor  lapatinib  is  used  to
reat  ErbB2-positive  breast  cancer.  Despite  intensive  efforts
nvestigating  a  large  number  of  ligands  identified  for  EGFR,
rbB3  and  ErbB4,  no  direct  ligand  for  ErbB2  binding  has  been
dentified.  However,  ErbB2  dimerizes  with  other  ErbB  recep-
ors  and  acts  as  a  co-receptor  [20],  and  overexpression  of
rbB2  can  induce  transformation  of  cells  without  the  ligand
21]. In  addition,  since  heterodimeric  formation  of  ErbB2
ith  other  ErbBs  can  enhance  ligand  binding,  receptor  tyro-

ine  phosphorylation,  and  cell  proliferation  compared  with
GFR  homodimers,  lapatinib  has  better  efficacy  than  those
f  single  inhibitors  of  EGFR  signal  transduction  for  prevent-
ng  tumor  growth  and  survival  [22]. For  clinical  use,  oral
apatinib  1500  mg  daily  or  oral  lapatinib  1000  mg  daily  in
ombination  with  intravenous  trastuzumab  2  mg/kg  weekly
after  the  initial  4  mg/kg  loading  dose).
However,  use  of  EGFR  inhibitors  containing  cetuximab
r  lapatinib  is  resistance  following  treatments.  Thus,  it  is
mportant  to  understand  not  only  how  cetuximab  or  lap-
tinib  acts  but  also  the  mechanisms  of  resistance.  In  this
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Figure  2  EGFR  expression  by  cell  lines  and  sensitivity  of  the  cells  to  various  inhibitors.
(A) Three  human  OSCC  cell  lines,  HSC3,  HSC4  and  SAS  provided  by  the  RIKEN  BioResource  Center  (Ibaraki,  Japan),  were  used  in
the present  study.  Human  OSCC  cells  (2  ×  103/well)  were  plated  in  96-well  plates.  After  24  h  of  growth,  cetuximab  were  added  at
the indicated  concentrations.  All  experiments  were  performed  in  triplicate.  Cell  proliferation  was  assessed  using  the  CellTiter  96

®

Non-Radioactive  Cell  Proliferation  Assay  (Promega,  Tokyo,  Japan).The  effects  of  cetuximab  on  growth  of  HSC3,  HSC4  and  SAS  cells,
measured using  the  MTT  assay.  The  values  are  means  ±  SD  of  data  from  triplicate  samples  from  one  representative  experiment.
(B) Immunofluorescence  analysis.  Cultured  cells  and  cell  aggregates  were  fixed  in  3.5%  (w/v)  formaldehyde,  permeabilized  in  0.2%
(v/v) Triton  X-100,  and  blocked  in  2%  (w/v)  BSA.  The  primary  antibodies  were  rabbit  anti-EGFR.  Alexa  Fluor  488-conjugated  IgG
(Life Technologies)  was  used  as  the  secondary  antibody.  After  incubation  with  the  antibodies,  SlowFade  Gold  Antifade  reagent  with
4′,6-diamidino-2-phenylindole  (DAPI;  Invitrogen)  was  added.  The  specimens  were  observed  using  fluorescence  microscopy.  HSC3,
HSC4 and  SAS  cells  were  stained  with  an  anti-EGFR  antibody  (left  panels)  or  DAPI  (right  panels).
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Figure  3  Serum-dependence  of  OSCC  cell  growth  and  sphere  formation  activity.
(A) Serum  dependence  of  OSCC  cells.  HSC3,  HSC4  and  SAS  cells  were  cultured  in  DMEM  with  various  concentrations  of  serum  (0,
1, 2,  5  or  10%;  all  v/v)  for  4—6  days,  and  cells  were  enumerated  using  the  MTT  assay.  The  values  are  means  ±  SD  of  data  from
triplicate samples  from  one  representative  experiment.  (B)  When  aggregation  culture  was  performed,  1  ×  103 cells  were  seeded
into each  well  of  low  adhesive  96-well  plates  (Sumitomo,  Tokyo,  Japan)  and  cultured  in  DMEM  supplemented  with  10%  (v/v)  FCS
at 37 ◦C  under  5%  (v/v)  CO2.  To  allow  sphere  formation,  1:1000  dilution  of  a  suspension  of  1  ×  103  cells  was  added  to  the  well  of
low-adhesive  96-well  U-shaped  plates  in  ‘sphere  medium’,  which  was  DMEM/F12  supplemented  with  2  mM  glutamine,  2%  (v/v)  B27,
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20 ng/ml  EGF,  20  ng/ml  bFGF,  penicillin,  and  streptomycin.  Pha
and single  or  multiple  HSC4  cells  growing  in  low-adhesive  96-we

review,  cetuximab  and  lapatinib-resistant  oral  squamous
cell  carcinoma  (OSCC)  cells  proliferation  and  migration  sig-
nal  transduction  passway  is  discussed  by  introducing  our
research.

2. Proliferation of OSCC cell lines in
monolayer culture

2.1.  Cetuximab  inhibits  proliferation  of  HSC3  and
HSC4  cells,  but  not  SAS  cells

Although  Cetuximab  inhibits  the  growth  of  squamous  cell

carcinoma,  it  may  not  be  effective  for  some  cancers,  or
may  acquire  resistant.  In  the  results  of  our  research,  cetux-
imab  reduce  the  proliferation  of  HSC3  and  HSC4  cells,  but
SAS  cells  proliferate  (Fig.  2A).  Thus,  HSC3  and  HSC4  cells
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ontrast  micrographs  of  spheres  cultured  from  single  SAS  cells
lture  plates.

ere  cetuximab-sensitive  and  SAS  cells  were  cetuximab-
esistant.  Accordingly,  HSC3  and  HSC4  proliferation  was
egulated  principally  by  EGFR,  whereas  SAS  proliferation
as  not  controlled  by  EGFR.  Fathermore,  immunofluores-
ence  from  anti-EGFR  antibody  was  detected  in  the  cell-cell
ontact  regions  of  all  cell  lines,  indicating  that  EGFR  was
ocated  in  the  cell  membrane  (Fig.  2B).  These  data  are  con-
istent  with  those  of  a  previous  report  that  EGFR  biomarker
nalysis  in  non-small  cell  lung  carcinoma  patients  showed
hat  those  with  higher  EGFR  expression  levels  obtained  more
herapeutic  benefit  from  cetuximab  than  did  patients  with
ower  EGFR  levels  [23]. However,  we  found  that  SAS  prolif-
ration  was  not  affected  by  cetuximab,  although  SAS  cells

xpressed  EGFR,  which  was  localized  in  the  cell  membrane,
s  did  HSC3  and  HSC4  cells.  Chung  et  al.  showed  that  col-
rectal  cancer  patients  with  EGFR-negative  tumors  could
onetheless  respond  to  cetuximab-based  therapies  [10].
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Figure  4  Monolayer  cultures  (upper  panel)  and  aggregates  (lower  panel)  of  SAS  cells  with  (F+)  or  without  (F−)  filipin  III  were
immunostained  for  cav1.
For  immunofluorescence  staining,  cultured  cells  were  fixed  in  3.5%  (w/v)  formaldehyde,  permeabilized  in  0.2%  (v/v)  Triton
x-100, and  blocked  in  2%  (w/v)  BSA.  The  primary  antibodies  were  incubated  at  4 ◦C  overnight.  Alexa  fluor  488-conjugated  IgG
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Figure  5  Sphere  formation  cultures.
Cells  (1  ×  103)  were  seeded  into  each  well  of  ultra-low  attachment  6-well  plates  (Corning,  NY,  USA)  and  cultured  in  DMEM  supple-
mented with  10%  (v/v)  FBS  at  37 ◦C  under  5%  CO2.  Phase-contrast  photomicrographs  of  cell  masses  derived  from  single  cells;  1  ×  103
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HSC3,  HSC4,  Ca9-22,  KB,  DU145  and  SAS  cells  were  grown  on  ul

Collectively,  EGFR  status  does  not  seem  to  have  predic-
tive  value  when  used  to  gauge  the  efficacy  of  cetuximab
treatment  in  oral  cancer  patients.

2.2.  Cetuximab-resistant  OSCC  cell  lines
proliferate  autonomously  in  monolayer  culture  and
form spheres  in  floating  culture,  and  growth  of  SAS
aggregates is  inhibited  by  cetuximab

Fig.  3A  shows  that  proliferation  in  monolayer  culture  was
promoted  by  serum  in  a  concentration-dependent  manner.
HSC3  and  HSC4  cells  proliferated  only  slightly  over  6  and
4  days,  respectively  of  serum-free  culture.  Notably,  how-
ever,  SAS  cells  proliferated  strongly  in  serum-free  medium.
Analyzing  the  sphere  formation  capacity  of  single  cells  grow-
ing  in  serum-free  sphere  formation  medium  supplemented
with  bFGF  and  EGF  [24],  SAS  cells  form  spheres  from  sin-
gle  cells  (Fig.  3B),  and  sphere  diameter  increase  as  culture
time  rose.  In  contrast,  HSC4  cells  did  not  form  spheres
from  either  single  (Fig.  3B)  or  multiple  cells  (Fig.  3B).  Thus,
cetuximab-resistant  SAS  cells  exhibite  cancer  stem  cell-like
characteristics  but  cetuximab-sensitive  cells  were  incapable

of  forming  growing  aggregates.  Sphere  formation  revealed
the  stem  cell-like  properties  of  SAS  cells.  HSC3  and  HSC4
cells  essentially  lacked  such  properties,  being  unable  to
form  spheres  from  single  cells.  This  suggests  that  expres-
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(Life Technologies) was used as the secondary antibody. After incubati
diamidino-2-phenylindole (dAPI; Invitrogen/Life Technologies) was added
were stained with dAPI.
w  attachment  6-well  plates.

ion  of  stem  cell-like  features  is  associated  with  cetuximab
esistance  under  anchorage-dependent  growth  conditions.

.  Proliferation of OSCC cell lines in floating
ulture

.1.  Cetuximab  sensitivity  of  SAS  aggregate
rowth  is  EGFR-PI3K-AKT  pathway-dependent

ignaling  through  the  EGFR  is  transmitted  to  the  nucleus
hrough  various  routes.  We  analyzed  the  MAPK/ERK  and  the
I3K-AKT  pathways  downstream  of  EGFR  activation  in  SAS
ggregates  [25].  The  EGFR-PI3K-AKT  pathway  plays  a  crucial
ole  in  SAS  growth  under  anchorage-independent  condi-
ions.  Anchorage-mediating  structures  on  the  extracellular
atrix  of  epithelial  cells  serve  a  mechanical  function  and
rovide  important  survival  signals  to  the  cell.  Detachment
rom  the  substrate,  loss  of  cell  anchorage,  and  concomi-
ant  loss  of  such  survival  signals  leads  to  the  induction
f  apoptosis,  which  is  termed  anoikis,  in  the  majority  of
dherent  cells  [26—28].  Acquisition  of  anoikis  resistance  of
ancer  cells  constitutes  an  essential  prerequisite  for  tumor

rogression  and  metastases  in  most  cancers  of  epithelial
rigin  [29,30].  Herein,  we  demonstrated  that  activation  of
he  ligand-dependent  EGFR/PI3K/Akt  pathway,  other  than
noikis  resistance,  is  necessary  for  anchorage-independent

on with the antibodies, SlowFade Gold Antifade reagent with 4′,6-
. The specimens were observed using fluorescence microscopy. Nuclei
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Figure  6  Proliferation  of  OSCC  cell  lines  in  monolayer  culture.  (Left  side)  EGFR  signaling  has  an  important  role  for  the  proliferation
of HSC3  and  HSC4.  Addition  of  EGF  induces  the  promotion  of  cell  proliferation.  Moreover,  addition  of  EGFR  inhibitor,  such  as
cetuximab, AG1478,  and  lapatinib,  inhibit  the  proliferation  of  these  cell  lines.  (Right  side)  SAS  also  express  EGFR  on  the  plasma
membrane. The  cell  proliferation  is  not  inhibited  by  the  EGFR  inhibitors  (cetuximab  and  AG1478).  On  the  other  hand,  the  addition
of lapatinib,  a  dual  inhibitor  of  EGFR  and  ErbB2  tyrosine  kinase  activity,  inhibit  the  cell  proliferation.  Moreover,  the  addition  of
ErbB inhibitor  II  significantly  inhibit  the  cell  proliferation.  These  results  suggest  that  proliferation  of  SAS  needs  the  signaling  of  ErbB
other than  EGFR.  In  addition,  the  ErbB  signaling  phosphorylates  and  activates  MAPK,  which  in  turn  phosphorylates  and  activates
E ,  con
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RK. This  signaling  cascade  promotes  the  SAS  cell  proliferation

rowth  during  metastasis,  consistent  with  a  recent  report
31].

.2.  EGFR  is  stimulated  in  lipid  rafts  in  SAS
ggregates

he  phosphorylation  of  EGFR  and  AKT  was  upregulated  by
ggregation  in  floating  cultures  of  SAS  cells  indicates  that
istinct  EGFR  signaling  pathways  are  used  in  different  cul-
ure  conditions.  EGFR  is  localized  mainly  at  the  plasma
embrane  and  is  activated  by  signals  from  the  environment.
he  plasma  membrane  contains  discrete  heterogeneous
icrodomains  [32],  including  lipid  rafts  that  act  as  plat-

orms  for  cellular  signaling  [33].  EGFR  has  been  reported  to
e  localized  in  the  lipid  rafts  [34].  To  explore  whether  lipid
afts  may  also  provide  such  a  platform,  we  use  the  Filipin
II,  which  preferentially  removes  cholesterol  from  plasma
embranes,  to  perturb  the  lipid  rafts  [35—37]. Filipin  III

reatment  inhibited  the  phosphorylation  of  EGFR  and  AKT

n  SAS  aggregates,  but  not  in  monolayer  cultures  [25],  indi-
ating  that  lipid  rafts  are  involved  in  EGFR  transactivation
n  SAS  aggregates.  A  previous  report  showed  that  caveolin-1
cav1)  phosphorylation  is  required  for  EGFR  and  AKT  acti-

l

L
2

sequently.

ation  in  a  specific  environment  [38]. Examining  the  cav1
xpression  and  its  phosphorylation  in  SAS  aggregates,  Cav1
as  detected  in  equal  amounts  in  both  SAS  cell  aggregates
nd  in  monolayers.  However,  its  phosphorylation  levels  were
nly  downregulated  in  aggregates  [25].  Immunocytological
taining  demonstrated  that  in  SAS  monolayer  cultures,  cav1
as  localized  on  the  cell  surface  and  translated  into  the
ytoplasm  in  response  to  filipin  III  treatment  (Fig.  4,  ML).
owever,  cav1  was  localized  in  the  cytoplasm  in  SAS  aggre-
ates  and  its  localization  was  not  affected  by  filipin  III
reatment  (Fig.  4, Ag).  Accordingly,  in  SAS  aggregates,  non-
hosphorylated  cav1  was  localized  in  the  cytoplasm  and  not
nvolved  with  lipid  rafts.  Thus,  we  speculate  that  lipid  rafts
erve  as  a platform  in  which  EGFR  and  PI3K  co-localize  in
he  plasma  membrane  of  SAS  aggregates,  thereby  transmit-
ing  growth  signals  to  the  PI3K-Akt  pathway  through  EGFR
ctivation  by  ligand  binding.

.3.  Lapatinib  reduces  proliferation  of  OSCC  cell

ines lacking  sphere  formation  capability

apatinib  inhibite  the  proliferation  of  HSC3,  HSC4  and  Ca9-
2  cells,  but  lapatinib  did  not  inhibit  the  proliferation  of
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Figure  7  Proliferation  of  SAS  in  floating  culture.  SAS  can  proliferate  in  the  anchorage-independent  growth  condition  and  form
sphere. In  this  condition,  activated  receptors,  including  EGFR,  assemble  at  lipid  raft,  which  is  a  kind  of  platform  of  the  plasma
membrane. Not  only  lapatinib  but  also  cetuximab  and  AG1478,  inhibit  the  proliferation  of  SAS  sphere.  Moreover,  LY294002,  which
is a  PI3K  inhibitor,  and  MK2206,  which  is  an  AKT  inhibitor,  suppress  the  amount  of  cyclin  D2.  Cyclin  D2  is  one  of  a  regulator  of  cell
cycle and  contributes  to  the  proliferation  of  SAS  sphere.
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KB,  SAS  and  DU145  cells  [39].  Thus,  HSC3,  HSC4  and  Ca9-
22  cells  were  lapatinib-sensitive,  and  KB,  SAS  and  DU145
cells  were  lapatinib-resistant.  Previous  studies  reported  that
lapatinib  reduced  the  formation  of  atmospheres  and  prolif-
eration  of  the  progenitor/stem-enriched  ductal  carcinoma
in  situ  population  regardless  of  the  ErbB2  status  [40]. Ana-
lyzing  the  sphere  formation  capacities  of  these  cell  lines.
HSC3,  HSC4  and  Ca9-22  cells  remained  single  cells  in  float-
ing  cultures,  while  KB,  DU145  and  SAS  cells  formed  spheres
(Fig.  5).  Therefore,  lapatinib-sensitive  cells  lack  stem  cell
properties,  while  lapatinib-resistant  cells  exhibit  cancer
stem  cell-like  characteristics  (Fig.  5B).  Lapatinib  inhibited
the  proliferation  of  HSC3,  HSC4  and  Ca9-22  OSCC  cell  lines,
in  monolayer  cultures.  After  lapatinib  treatment,  levels  of

AKT  S473  phosphorylation  and  cyclin  D1  protein  expres-
sion,  as  well  as  phosphorylation  of  EGFR,  ErbB2  and  ErbB3,
decreased  in  these  cell  lines,  consistent  with  previous  stud-
ies  of  breast  cancer  cells  [41,42].  However,  growth  of  OSCC
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ell  lines  KB  and  SAS,  and  the  prostate  cancer  cell  line
U145  were  resistant  to  lapatinib  in  monolayer  cultures.

n  breast  cancer,  the  causes  of  lapatinib  resistance  involve
oth  ErbB2-dependent  and  ErbB2-independent  mechanisms.
n  the  former  case,  expression  and  structural  changes  of
rbB2  induce  lapatinib  resistance  [43,44]. In  the  latter  case,
ctivation  of  a  pathway  other  than  ErbB2  overcomes  the
nhibitory  effects  of  lapatinib  [45].

.4.  Sphere  formation  of  SAS  cells  via  activation  of
he ErbB/AKT/cyclin  D2  signalling  pathway  is
nhibited by  lapatinib
nchorage-dependent  growth  of  SAS  cells  is  resistant  to
GFR  inhibitors,  cetuximab  and  AG1478,  but  anchorage-
ndependent  growth  becomes  sensitive  to  these  inhibitors
25]. Examining  the  effects  of  lapatinib  on  sphere  formation
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Figure  8  Cetuximab  inhibits  SAS  cell  migration.
Cell migration  was  determined  by  a  scratch  wound  healing  assay  as  described  [59],  with  slight  modifications.  Briefly,  cells  at  a  semi-
confluence in  12-well  plates  were  treated  with  10  �g/ml  of  mitomycin  C  for  4  h  to  block  proliferation  and  subsequently  wounded
with a  sterile  200-�l  pipette  tip  to  generate  a  cell-free  gap  ∼1  mm  in  width.  Cells  were  then  washed  with  PBS  and  photographed
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in  KB,  SAS  and  DU145  cancer  cell  lines  possessing  sphere
formation  capabilities,the  levels  of  EGFR  phosphorylation
in  KB  and  SAS  cells  increase  during  sphere  formation  pro-
cess,  but  remaine  during  sphere  formation  in  DU145  cells.
ErbB2  phosphorylation  levels  increase  during  sphere  forma-
tion  in  all  the  cell  lines.  AKT  phosphorylation  increase  during
sphere  formation  of  SAS  cells  but  remaine  at  low  levels
during  sphere  formation  of  KB  and  DU145  cells.  Cyclin  D1
levels  were  moderately  altered  during  sphere  formation  in
all  cells.  Cyclin  D2  levels  were  increased  along  with  sphere
formation  of  SAS  cells  but  were  not  detected  in  KB  or  DU145
spheres  [39].  Analyzing  the  formation  of  lapatinib-resistant
cell  lines  develops  sensitivity  to  lapatinib,  sphere  forma-
tion  was  inhibite  by  lapatinib  in  SAS  cells,  but  not  in  KB  or
DU145  cells  [39].  Phosphorylation  of  EGFR  and  ErbB2  was
reduced  by  lapatinib  in  these  cell  lines.  Furthermore,  lapa-
tinib  treatment  reduced  AKT  phosphorylation  and  cyclin  D2
protein  expression  in  SAS  spheres.  AKT  phosphorylation  and
cyclin  D2  protein  expression  were  not  detected  in  untreated
KB  and  DU145  spheres  [39].  Thus,  ErbB/AKT/cyclin  D2  path-
way  plays  an  important  role  in  sphere  formation  of  SAS  cells
(Figs.  6  and  7).

4. Migration of OSCC cell lines

4.1.  Cetuximab  treatment  markedly  inhibited  the
migratory  activity  of  SAS  cells

In  addition  to  cell  proliferation,  EGFR  signaling  impacts
other  important  physiological  properties,  including  migra-
tion,  differentiation,  and  apoptosis  [46,47].  Although
cetuximab  inhibits  the  growth  of  OSCC,  it  may  not  be
effective  for  some  cancers  on  migration.  By  the  wound
healing  assay  in  the  presence  of  cetuximab,  cetuximab
treatment  markedly  inhibited  the  migratory  activity  of  SAS
cells  (Fig.  8A).  Inhibitory  effects  of  cetuximab  were  moder-
ate  in  HSC3  cells,  and  almost  absent  in  HSC4  cells  (Fig.  8B
and  C).  So,  alterations  in  EGFR  signaling  induced  by  cetux-
imab  play  an  important  role  in  SAS  cell  migration  [25,48].
Cetuximab  binds  to  the  EGFR  with  a  high  affinity  com-
parable  to  that  of  its  ligands  [26],  and  prevents  ligand
binding  and  receptor  activation.  Thus,  the  effects  of  cetux-
imab  are  restricted  to  cellular  physiology  regulated  by
ligand-dependent  EGFR  activation.  Growth  of  SAS  cells  in
monolayer  cultures  persists  in  serum-free  medium  and  was
not  inhibited  by  cetuximab  treatment.  Wound  repair  by  SAS
cells  was  inhibited  by  cetuximab  treatment  (Fig.  8).  These

data  show  that  dual  systems  of  EGFR  activation,  including
ligand-independent  and  ligand-dependent  EGFR  activation,
play  distinct  roles  in  SAS  monolayer  cultures,  in  cell  growth
and  in  wound  repair,  respectively.
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to record the wound width at 0 h. Next, one group of cells was cultur
treated with various concentrations of cetuximab. Twenty-four hours la
healing assays were performed to compare the migration capability of S
cetuximab treatment. The width of the scratches were measured at 0 h a
was calculated as the mean width of the cell scratch. The effect of cet
the width of treated and non-treated cells; the non-treated width was s
97

.2.  EGFR  inhibitors  promote,  and  EGF  suppresses,
he accumulation  of  actin  filaments  in  SAS  cells

s  the  remodeling  of  the  actin  network  is  considered  to
e  involved  in  cell  migration  [49]. Analyzing  the  effects
f  cetuximab  or  AG1478  treatment  on  actin  filament  lev-
ls  using  phalloidin  staining,  the  degree  of  staining  was
arkedly  increase  following  the  treatment  of  SAS  cells  with

etuximab  and  AG1478,  as  compared  with  untreated  cells
Fig.  9A).  By  contrast,  the  EGFR  inhibitors  cetuximab  and
G1478  were  not  observed  to  affect  the  degree  of  phal-

oidin  staining  in  HSC4  cells  (Fig.  9A).  EGFR  is  induced  by
GF  binding,  and  EGF  affects  actin  organization  in  HSC4
nd  SAS  cells.  EGF  treatment  reduce  the  degree  of  pal-
oidin  staining  in  SAS  cells,  but  not  in  HSC4  cells  (Fig.  9B).
hus,  the  EGF-EGFR  signaling  pathway  regulates  actin  fil-
ment  turnover,  and  that  it  is  necessary  for  cell  motility.
he  cytoskeleton,  which  is  composed  of  actin  filaments,  is  a
ighly  organized  network  that  enables  cellular  motion  [50].
t  was  hypothesized  that  the  accumulation  of  actin  filaments
ay  produce  irregular  tension  in  the  cytoskeletal  system

hat  is  able  to  disrupt  the  orchestrated  generation  of  force
nd  interfere  with  directional  cell  migration.  Therefore,  the
ffects  of  EGFR  inhibitors  on  the  motility  of  SAS  cells  are
ossibly  due  to  the  accumulation  of  actin  filaments  in  the
ytoskeleton.

.3.  Filopodia  and  lamellipodia  formation  is
nduced by  HGF/c-Met  signalling  in  HSC4  and  SAS
ells

he  cells  promote  actin  polymerization  toward  the  mov-
ng  direction,  and  migrate  by  extruding  the  cell  membrane
rom  the  inside.  At  this  time,  filopodia  and  lamellipodia  are
ormed  in  the  leading  edge  of  the  cells  [51,52].  To  confirm
he  formation  of  lamellipodia  in  HSC4  cells,  the  index  which
etermine  the  formation  of  lamellipodia  as  co-localization
f  actin  and  cortactin  are  used  by  immunocytochemistry
53]. Filopodia  is  thin  cell  processes  and  extends  from  the
eading  edge  of  migrating  cells  (Fig.  10A)  and  lamellipo-
ia  are  thin,  sheet-like  membrane  processes  found  at  the
eading  edge  of  migrating  cells  (Fig.  10B).  Examine  the
elationship  to  the  formation  of  filopodia  and  lamellipo-
ia,  and  EGFR  and  HGF/c-Met  pathway  in  HSC4  and  SAS
ells,  the  effects  of  HGF/c-Met  on  filopodia  and  lamellipo-
ia  reduce  significantly  compared  with  untreated  cells  of
U11274  treatment  [54], and  filopodia  formation  in  HSC4
nd  SAS  cells  was  decreased  by  inhibition  of  c-Met  sig-
aling.  Further,  filopodia-forming  HSC4  and  SAS  cells  were

ncreased  of  HGF  treatment  compared  with  the  serum-free
edium.  Additionally,  the  ratios  of  HSC4  and  SAS  cells  with

amellipodia  was  reduced  significantly  by  SU11274  treat-
ent  compared  with  untreatment  cells.  The  percentages  of

ed in dMEM with 10% FBS for 24 h as a control. Other groups were
ter, photographs were taken to evaluate migration. Scratch wound
AS (A), HSC3 (B), and HSC4 (C) cells in the presence or absence of
nd after 24 h of culture using ImageJ software. The relative distance
uximab treatment on cell migration was investigated by comparing
et at 1.0.
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Figure  9  Staining  of  actin  fiber.
Cultured  HSC4  and  SAS  cells  were  fixed  in  3.5%  (w/v)  paraformaldehyde  for  10  min  at  room  temperature,  permeabilized  in  0.2%
(v/v) Triton  X-100  for  5  min  at  room  temperature,  and  blocked  in  2%  (w/v)  BSA  for  30  min  at  room  temperature.  Fixed  cells  were
incubated in  100  nM  of  Acti-stainTM 488  phalloidin  in  the  dark  for  30  min  at  room  temperature.  Phalloidin  staining  was  observed
under fluorescent  microscopy  (Olympus,  Tokyo,  Japan).  The  EGF-EGFR  signaling  pathway  regulates  the  actin  network.  Fluorescent
images of  phalloidin  staining  of  the  actin  filaments  in  HSC4  and  SAS  cells  treated  with  (A)  cetuximab  or  AG1478  and  (B)  EGF.  Fixed
cells were  permeabilized  and  stained  with  Acti-stainTM 488.
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Figure  10  The  typical  images  of  filopodia  and  lamellipodia.  Cultured  cells  were  fixed  in  3.5%  (w/v)  paraformaldehyde,  permeabi-
lized in  0.2%  (v/v)  Triton  X-100  and  blocked  in  2%  (w/v)  bovine  serum  albumin  (BSA).  The  cells  were  incubated  with  anti-cortactin
antibody at  4 ◦C  overnight,  followed  by  Alexa  Fluor  594-conjugated  IgG  (Thermo  Fisher  Scientific,  Yokohama,  Japan)  as  the  secondary
antibody and  Acti-stain  488  phalloidin  (Cytoskeleton)  for  actin-fiber  staining.  After  incubation,  SlowFade  gold  antifade  reagent  with
4′,6-diamidino-2-phenylindole  (Invitrogen/Life  Technologies)  was  added  to  the  cells.  The  specimens  were  observed  by  fluorescence
microscopy (Olympus  IX73;  Olympus,  Tokyo,  Japan).  We  determined  lamellipodia  formation  by  evaluating  fluorescent  actin  fibers
and cortactin  co-localization  at  the  cell  periphery.  (A)  Arrow  heads  indicate  filopodia  which  are  slender  cytoplasmic  projection  that
extended beyond  the  leading  edge  in  migrating  cells.  (B)  It  is  known  that  actin  and  cortactin  co-localizes  at  lamellipodia.  These
images show  the  immunofluorescence  staining  of  actin  or  cortactin,  in  HSC4  cells.  Arrow  heads  indicate  lamellipodia.
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Figure  11  The  signaling  relating  to  cell  migration  of  HSC4.  HGF/c-Met  signaling  increase  the  filopodia  formation,  the  amount
of lamellipodin  and  the  lamellipodia  formation.  The  addition  of  SU11274,  which  is  a  c-Met  inhibitor,  suppresses  the  HGF/c-Met
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ignaling and  reduces  the  cell  migration  of  HSC4.  On  the  other
SC4.

amellipodia-forming  HSC4  and  SAS  cells  after  HGF  treat-
ent  did  no  differ  from  those  of  untreated  cells  were

ncreased[54].  Thus,  HGF/c-Met  signalling  is  important  for
he  formation  of  filopodia  and  lamellipodia  in  both  the  HSC4
nd  SAS  cells,  and  that  EGFR  signalling  plays  an  impor-
ant  role  in  filopodia  and  lamellipodia  formation  in  SAS
ells  (Figs.  11  and  12).  These  results  are  consistent  with
revious  reports  that  HGF/c-Met  signalling  promoted  cell
igration  through  lamellipodia  and  filopodia  formation  in

ung  endothelial  cells  [55]  and  in  some  normal  cells  (30).
hus,  it  is  possible  that  lamellipodia  and  filopodia  forma-
ion  is  regulated  by  c-Met  signalling,  thereby  promoting
he  migration  of  OSCC  cells.  ERK  and  PI3K/Akt  serve  as
ownstream  effectors  of  c-Met  signalling  [55].  However,  the
olecules  downstream  of  c-Met/ERK  and  c-Met/PI3K/Akt

ignalling  that  directly  regulate  filopodia  and  lamellipodia
ormation  remain  unknown.  In  this  context,  we  showed  that
-Met  signalling  was  involved  in  the  regulation  of  lamel-

ipodin  protein  levels.  Promotion  of  cell  migration  potency
ia  the  c-Met  pathway  is  possibly  regulated  by  increasing  the
evel  of  lamellipodin,  because  upregulation  of  lamellipodin
rotein  markedly  promoted  cell  migration  [56].

s
i
T

d,  EGF/EGFR  signaling  is  not  involved  in  the  cell  migration  of

. Conclusions

AS  cell  migration  is  sensitive  to  the  EGFR  inhibitors  cetux-
mab.  Moreover,  HGF/c-Met  pathway  also  has  an  important
ole  for  OSCC  cell  migration.  Therefore,  cetuximab  treat-
ent  in  combination  with  HGF/c-Met  inhibitor  may  be  a

andidate  therapeutic  target  for  the  prevention  of  cancer
tem  cell  dissociation  from  the  primary  tumor,  migration  into
he  surrounding  tissues  during  the  early  stage  and  coloniza-
ion  at  distant  sites  in  OSCC  metastasis.

Cancer  cells  possessing  sphere  formation  ability  survive
nd  grow  from  single  cells  under  anchorage-independent
ulture  conditions.  These  characteristics  are  similar  to  the
roperties  of  circulating  tumor  cells  (CTCs)  during  metasta-
is.  CTCs  are  expected  to  be  mesenchymal,  since  they  enter
he  circulation  from  the  primary  tumor  after  epithelial-to-
esenchymal  transition  (EMT).  However,  CTCs  consist  of

pithelial  and  mesenchymal  subpopulations  [57].  Both  CTC

ubpopulations  colonize  in  distant  organs,  where  they  are
nvolved  in  secondary  tumorigenesis  as  epithelial  CSCs  [58].
hus,  lapatinib  can  be  used  as  a  potential  anticancer  drug



Molecularly-targeted  therapy  for  the  oral  cancer  stem  cells  101

Figure  12  The  signaling  relating  to  cell  migration  of  SAS.
As well  as  HSC4,  HGF/c-Met  signaling  increase  the  filopodia  formation,  the  amount  of  lamellipodin  and  the  lamellipodia  formation,

FR  s
aling

[

and continuing  promotes  the  cell  migration  of  SAS.  Moreover,  EG
formation of  such  cell  protrusion  does  not  depend  on  EGFR  sign

for  both  differentiated  cancer  cells  of  the  primary  tumor
and  for  cells  of  the  metastatic  cancer.
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