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Abstract

Objective    The underlying mechanism of Ezrin in ovarian cancer (OVCA) is far from being understood.
Therefore, this study aimed to assess the role of Ezrin in OVCA cells (SKOV3 and CaOV3) and investigate
the associated molecular mechanisms.

Methods     We  performed  Western  blotting,  reverse  transcription-quantitative  polymerase  chain
reaction,  MTT,  cell  colony,  cell  wound healing,  transwell  migration  and  invasion,  RhoA and  Rac  active
pull  down  assays,  and  confocal  immunofluorescence  experiments  to  evaluate  the  functions  and
molecular  mechanisms  of  Ezrin  overexpression  or  knockdown  in  the  proliferation  and  metastasis  of
OVCA cells.

Results     The  ectopic  expression  of  Ezrin  significantly  increased  cell  proliferation,  invasiveness,  and
epithelial–mesenchymal  transition  (EMT)  in  OVCA  cells.  By  contrast,  the  knockdown  of  endogenous
Ezrin  prevented  OVCA  cell  proliferation,  invasiveness,  and  EMT.  Lastly,  we  observed  that  Ezrin  can
positively regulate the active forms of RhoA rather than Rac-1 in OVCA cells, thereby promoting robust
stress fiber formation.

Conclusion     Our  results  indicated  that  Ezrin  regulates  OVCA  cell  proliferation  and  invasiveness  by
modulating  EMT  and  induces  actin  stress  fiber  formation  by  regulating  Rho-GTPase  activity,  which
provides novel insights into the treatment of the OVCA.
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INTRODUCTION

O varian  cancer  (OVCA)  is  the  most  lethal
female  gynecological  cancer.  Most
patients  with  OVCA  are  diagnosed  at  an

advanced  stage  due  to  the  lack  of  early  symptoms
and  available  diagnostic  techniques.  At  present,
surgery  is  the  main  treatment,  and  platinum  and

taxane  are  used  for  auxiliary  chemical  system
treatment.  Unfortunately,  more  than  80% of  OVCA
patients  develop  a  recurrent  disease  after  the
primary  curative  surgical  approach  followed  by
chemotherapy[1-5]. The median survival time of OVCA
patients  is  short,  and  the  10-year  rates  of  disease-
free  survival  among  patients  with  recurrent  disease
are  less  than  15%[6].  Majority  of  patients  with
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recurrent  OVCA  need  additional  treatment  options.
Despite  being  studied  for  two  decades,  the
pathobiology  of  epithelial  OVCA  has  yet  to  be  fully
understood  due  to  numerous  factors,  including  the
poor understanding of the mechanisms of precursors
and  tumor  progression  and  the  usually  late-stage
occurrence  of  this  aggressive  disease[7,8].  Numerous
researchers  aim  to  determine  the  molecular
mechanism  that  regulates  the  proliferation  and
metastasis of OVCA cells.

Ezrin,  a  member  of  the  ezrin–radixin–moesin
(ERM)  family,  is  not  only  a  key  membrane
cytoskeletal  crosslinker,  but  also  involved  in  signal
transduction[9].  High  ezrin  expression  and  aberrant
localization  are  observed  in  clinical  cervical  cancer
specimens;  such  observation  might  be  an
independent  effective  prognostic  marker  for
evaluating  cervical  lesions  with  a  high  risk  of
progression  to  cervical  cancer[10,11].  Ezrin  has  high
expression  levels  in  glioblastoma  multiforme  cells
and  can  enhance  cell  growth  by  regulating  the
activity  of  Rac1[12,13].  Chen  et  al.[14] reported  that
ezrin is overexpressed in OVCA tissues and cells, with
the highest expression level in metastatic tissues and
cells.  Song  et  al.[15] demonstrated  that  estrogen-
induced ezrin overexpression plays an important role
in OVCA metastasis. Thus, we hypothesized that the
high expression of ezrin can regulate the growth and
metastasis of OVCA cells.

Here, we performed MTT, cell colony, cell wound
healing,  transwell  migration and invasion, RhoA and
Rac  active  pull  down  assays,  and  confocal
immunofluorescence experiments in the SKOV3 and
CaOV3  cell  lines  to  evaluate  the  functions  of  ezrin
and explore the involved mechanisms.

MATERIALS AND METHODS

Antibodies and Reagents

Ezrin,  E-cadherin,  and  Vimentin  monoclonal
antibodies  and  GAPDH  polyclonal  antibody  were  all
purchased  from  Santa  Cruz  Biotechnology  Inc.
(Dallas,  TX,  USA).  The  secondary  antibody
conjugated to Alexa Fluor 488 or Alexa Fluor 594 was
from Beyotime Institute of Biotechnology (Shanghai,
China).  Peroxidase-coupled  secondary  antibodies
were purchased from Jackson Immunology Research
Laboratory  (West  Grove,  Pennsylvania,  USA).  A
RhoA/Rac1/Cdc42  activation  assay  combo  kit  (STA-
405) was obtained from Cell Biolabs, Inc. (San Diego,
CA,  USA).  The  pCMV-FLAG-ezrin  plasmids  were
constructed in our laboratory.

Cell Culture and Treatment

Human  ovarian  carcinoma  cells  SKOV3  and
CaOV3  were  purchased  from  Cell  Resource  Center,
Institute of Life Science Chinese Academy of Sciences
(Shanghai,  China).  All  cell  lines  were  cultured  in
high-glucose  Dulbecco’s  modified  Eagle’s  medium
(DMEM) supplemented with 10% fetal bovine serum
(FBS,  GE  Healthcare,  Chicago,  IL,  USA)  and
maintained  at  37  °C  in  a  humidified  atmosphere
containing 5% CO2.

Ezrin siRNA Transfection

SKOV3  and  CaOV3  cells  were  transfected  with
100 nmol/L Ezrin siRNA or negative control siRNA using
Lipofectamine  2000  (Invitrogen,  Carlsbad,  CA,  USA)  in
accordance  with  the  manufacturer’s  instructions.  For
an effective Ezrin knockdown, a mixture of four siRNAs
with a final concentration of 100 nmol/L was used. The
mixture included the following sequences: ezrin-siRNA-
1:  5'-GCUCAAAGAUAAUGCUAUGTT-3'  (forward)  and
5'-CAU  AGCAUUAUCUUUGAGCTT-3'  (reverse),  ezrin-
siRNA-2:  5'-GGAAUCAACUAUUUCGAGATT-3'  (forward)
and  5'-UCUCGAAAUAGUUGAUUCCTT-3'  (reverse),
ezrin-siRNA-3:  5'-GCGCAAGGAGGAUGAAGUUTT-3'
(reverse)  and  5'-AACUUCAUCCUCCUUGCGCTT-3'
(reverse),  ezrin-siRNA-4:  5'-GCGCGGAGCUGUCUA-
GUGATT-3' (forward) and 5'-UCACUAGACAGCUCCGCG-
CTT-3' (reverse). All of the siRNAs were synthesized by
Shanghai GenePharma Co., Ltd. (Shanghai, China).

Detection  of  Protein  Expression  via  Western  Blot
Analysis

Subconfluent  cell  cultures  were  washed  twice
with  cold  PBS  and  then  lysed  with  a  lysis  buffer
[20 mmol/L  Tris  (pH 7.5),  150 mmol/L  NaCl,  sodium
pyrophosphate,  β-glycerophosphate,  EDTA,  1%
Triton  X-100,  Na3VO4,  leupeptin,  and  1% protease
inhibitor  cocktail  (Roche  Applied  Science,  Penzberg,
Germany)]  for  20  min  on  ice.  Cell  lysates  were
centrifuged,  and  the  supernatants  were  collected.
An aliquot of combined extract was used for protein
determination  using  a  BCA  kit  (Thermo  Fisher
Scientific,  Waltham,  MA,  USA).  A  total  of  50  μg  of
protein  were  separated  by  10% or  12% SDS-PAGE
and  transferred  to  polyvinylidene  difluoride
membranes  (EMD  Millipore,  Billerica,  MA,  USA).
After blocking in 5% dry skimmed milk for 60 min at
room temperature (RT), membranes were incubated
with  the  primary  antibodies  (dilution,  1∶2,000)
overnight  at  4  °C.  Next,  the  membranes  were
washed  with  TBST  buffer  and  incubated  with
horseradish  peroxidase-conjugated  secondary
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antibodies  (dilution,  1∶5,000;  ProteinTech  Group,
Wuhan, China) for 60 min at RT. All  antibodies used
in the present study were diluted in 5% dry skimmed
milk  in  TBST  buffer.  An  enhanced  chemilumi-
nescence  kit  (Beyotime  Institute  of  Biotechnology,
Shanghai,  China)  was  used  to  detect  protein
expression.  The  Western  blotting  bands  were
quantified  using  ImageJ  software  (version  number,
1.42;  National  Institutes  of  Health,  Bethesda,  MD,
USA).

MTT Assay

SKOV3  and  CaOV3  cells  transfected  with  siRNAs
or  recombinant  plasmids  in  accordance  with  the
experimental  requirements  were  plated  at  96-well
plates  at  a  density  of  5  ×  103 cells  in  200 μL  DMEM
medium  with  10% FBS  at  37  °C  with  5% CO2.  The
MTT  reagent  (Sangon,  Shanghai,  China)  was  added
to  each  well  at  the  indicated  time  points  and
incubated  for  4  h  in  the  CO2 incubator.  The
generated  formazan  was  dissolved  in  150  μL  of
DMSO,  and  the  optical  density  was  read  at  570  nm
on  a  microplate  spectrophotometer.  Quintuplicate
wells were measured in each treatment group.

Colony Formation Assay

SKOV3  and  CaOV3  cells  transfected  with  siRNAs
or  recombinant  plasmids  in  accordance  with  the
experimental  requirements  were  seeded  in  6-well
plates  at  a  density  of  400  or  200  cells/well.  After
incubation  for  14  d,  cells  were  washed  twice  with
PBS,  fixed  with  methanol,  and  stained  with  crystal
violet before being counted.

Cell Migration Assay

Transwell  chambers  with  8  mm  membranes
(Costar®,  Corning,  NY,  USA)  that  were  placed  in  24-
well  plates  were  incubated  with  serum-free  DMEM
medium  at  37  °C  for  1  h.  Then,  5  ×  104 transfected
cells  in  200  μL  serum-free  medium  were  seeded  in
the  upper  compartment  of  the  transwell  chambers.
After incubation for 12 h at 37 °C, the migrating cells
that  were  attached  to  the  lower  membranes  were
stained with crystal violet and counted.

Wound Healing Assay

SKOV3  and  CaOV3  cells  were  transfected  with
either  pCMV-FLAG-vector  or  pCMV-FLAG-ezrin
recombinant  plasmids  and  then  seeded  onto  6-well
plates. After 16 h, the adhered cell monolayers were
scratched with a 200 μL pipette tip and incubated in
FBS-free  medium  for  24  h.  Wound  healing  capacity
was monitored via microscopy at 0, 12, 18, and 24 h.

Cell Invasion Assay

SKOV3 and CaOV3 cells (5 × 104) transfected with
siRNAs or  recombinant  plasmids  in  accordance with
the experimental requirements were resuspended in
200 μL of medium without FBS and then seeded into
the  top  chamber  with  Matrigel-coated  membrane.
Subsequently,  500  μL  of  DMEM  medium  containing
10% FBS  was  added  to  the  bottom  chamber  as  a
chemical  attractant.  After  incubation  for  12  h,  the
cells  were  fixed  and  stained  with  crystal  violet.  The
invaded cells  in  five  randomly  chosen fields  of  each
well were counted.

Reverse  Transcription-quantitative  Polymerase
Chain Reaction (RT-qPCR)

Total  RNA  was  extracted  from  cultured  cells
using  TRIzol  reagent  (Thermo  Fisher  Scientific,  Inc.),
and  DNA  was  removed  using  the  recombinant
DNaseI.  cDNA was prepared from 1 μg of  total  RNA
using  reverse  transcriptase  and  an  iScriptTM  cDNA
synthesis  kit  (Bio-Rad  Laboratories,  Inc.,  Hercules,
CA,  USA)  in  accordance  with  the  manufacturer’s
protocol.  All  PCR  reactions  were  performed  using
SsoFastTM  Eva  Green  Supermix  (Bio-Rad
Laboratories,  Inc.)  with  the  following  39  thermal
cycles:  95  °C  for  15  s,  60  °C  for  15  s,  and  72  °C  for
20  s.  The  following  primers  were  used  for  PCR:
Vimentin  forward,  5′-CCACCAGGTCCGTGTCCTCGT-3′
and  reverse,  5′-CGCTGCCCAGGCTGTAGGTG-3′;  E-
cadherin forward, 5′-TTGCACCGGTCGACAAAGGAC-3′
and  reverse,  5′-TGGAGTCCCAGGCGTAGACCAA-3′;
and  GAPDH  (control)  forward,  5′-AACGGATTT-
GGTCGTATTG-3′ and  reverse,  5′-GGAAGATGGTGAT-
GGGATT-3′.  The  relative  concentration  of  HDAC6
mRNA was calculated using the 2−ΔΔCq method.

RhoA and Rac Active Pull Down Assays

RhoA and Rac1  pulldown activation  assays  were
conducted  in  accordance  with  the  manufacturer’s
protocols (STA- 405, Cell Biolabs).

Immunofluorescent Analysis

SKOV3  and  CaOV3  cells  were  grown  on
polylysine-precoated slides. Cells were fixed with 4%
paraformaldehyde for 30 min, permeated with 0.1%
Triton X-100 for 10 min at RT, blocked in 10% normal
goat  serum  for  1  h,  and  then  incubated  with  the
primary  antibody  at  4  °C  overnight.  After  washing,
cells  were  incubated  with  Alexa  Fluor
488-conjugated  secondary  antibody,  followed  by
nuclear counterstaining with DAPI for 10 min. F-actin
was  stained  with  0.7  μmol/L  rhodamine-phalloidin
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for  30  min  (Invitrogen).  Slides  were  imaged  using  a
40 ×  NA 0.75 Oil  Dic  objective  on an inverted laser-
scanning confocal microscope (LSM700; Zeiss GmbH,
Jena,  Germany),  and  images  were  captured  using
Zeiss software.

Statistical Analysis

All  statistical  analyses  were  performed  using
GraphPad  Prism  6  software  (GraphPad  Software,
Inc.,  La  Jolla,  CA,  USA).  The  significant  differences
between  the  two  groups  were  analyzed  via  two-
tailed  unpaired  Student’s t-tests.  Data  were
expressed  as  the  mean  ±  standard  deviation, n ≥ 3,
unless  otherwise  stated. P <  0.05  indicated  a
statistically significant difference.

RESULTS

Ezrin Promotes the Proliferation of  Epithelial  OVCA
Cells

To  characterize  the  role  of  Ezrin  in  OVCA  cells,
we examined the expression level of ezrin in human
ovarian epithelial cell lines IOSE80 and human OVCA
cell lines CaOV3 and SKOV3. The results showed that
Ezrin  was  overexpressed  in  either  CaOV3  or  SKOV3
compared with IOSE80 cells, hinting on a correlation
between the expression of ezrin and its involvement
in the carcinogenesis of OVCA (Figure 1A). To explore
the  influence  of  changes  in  ezrin  expression  on  the
proliferation  of  epithelial  OVCA  cells,  we  down-  or
upregulated  ezrin  in  OVCA  SKOV3  and  CaOV3  cell
lines via transfection  with  siRNA  or  the  FLAG-ezrin
over-expression  plasmid  or  their  corresponding
controls.  Transfection  with  the  FLAG-ezrin  over-
expression  plasmid  or  siRNA  significantly  up-  or
downregulated the expression of ezrin in SKOV3 and
CaOV3  cells,  respectively  (Figure  1B).  Cell
proliferation  was  detected via MTT  assay,  and  data
showed that after the suppression of ezrin in SKOV3
and  CaOV3  cells,  cell  proliferation  significantly
decreased.  However,  cell  proliferation  was
significantly increased after the upregulation of ezrin
in  SKOV3  and  CaOV3  cells  (Figure  1C).  The  same
results were obtained via the colony-formation assay
(Figure 1D).

Ezrin  Promotes  the  Migratory  and  Invasive  Ability
of Epithelial OVCA Cells

To corroborate the role of ezrin in mediating cell
migration,  we  used  a  modified  Boyden  chamber
migration  assay  and  wound  healing  methods  to
assess  whether  the  ezrin  expression  changes  in

SKOV3  and  CaOV3  OVCA  cells  could  affect  cell
motility.  As  shown  in Figure  2,  SKOV3  and  CaOV3
cells with an increased level of ezrin had significantly
higher  migratory  ability  compared  with  the  control
group,  whereas  significantly  less  cell  migration  was
detected  in  SKOV3  and  CaOV3  cells  subjected  to
siEzrin  transfection  for  24  h.  The  same results  were
obtained  via  the  wound  healing  assays,  indicating
that ezrin positively regulates the migration ability of
OVCA  cells  (Figure  2 and Supplementary  Figure  S1
available in www.besjournal.com).

We  then  investigated  whether  ezrin  could
influence the invasive  capacity  of  OVCA cells,  which
are  a  key  metastatic  phenotype.  Transwell  invasion
assays  were  used  to  assess  the  invasion  of  SKOV3
and CaOV3 cells  transfected  with  pCMV-FLAG-ezrin,
which  showed  significantly  stronger  Matrigel
invasion  capacity  compared  with  the  control  group.
Reciprocally,  when  SKOV3  and  CaOV3  cells  were
transfected  with  siEzrin,  the  invasiveness  of  the
matrix gel decreased in comparison with the control
group transfected with siNC (Figure 3A and 3B). This
result indicates that ezrin enhances the invasiveness
of epithelial OVCA cells.

Ezrin  Upregulates  Vimentin  and  Downregulates  E-
cadherin  Expression  to  Promote  Epithelial–
mesenchymal Transition

Epithelial–mesenchymal  transition  (EMT)  refers
to  the  process  in  which  polar  epithelial  cells  lose
their  polarity  and  cell–cell  adhesion  ability,
rearrange  the  cytoskeleton,  and  gain  the  ability  of
migration  and  invasion.  This  process  is  involved  in
various physiological and pathological processes that
regulate  embryonic  development  and  tissue  repair
and  is  also  associated  with  the  occurrence  and
development  of  fibrous  diseases  and  cancer.
Vimentin  is  used  as  a  marker  of  mesenchymally
derived  cells  or  cells  undergoing  EMT.  E-cadherin,
which is also a hallmark of EMT, is expressed in most
normal epithelial tissues[16].

We  then  investigated  the  effects  of  ezrin  on
EMT.  Compared  with  cells  transfected  with  control
plasmids,  SKOV3  and  CaOV3  cells  transfected  with
FLAG-ezrin expressing plasmids showed upregulated
vimentin,  whereas  the  expression  of  epithelial
marker  E-cadherin  was  downregulated.  By  contrast,
the  protein  levels  of  E-cadherin  were  upregulated,
and  the  protein  levels  of  vimentin  were
downregulated  in  SKOV3  and  CaOV3  cells
transfected  with  anti-ezrin  siRNA  compared  with
cells  transfected  with  siNC  (Figure  4A).  RT-qPCR
assays were also used to detect these EMT markers
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(vimentin and E-cadherin) in SKOV3 and CaOV3 cells
with  transfection  of  anti-ezrin  siRNA  or  FLAG-ezrin
expressing plasmids or their corresponding controls.

Ezrin overexpression increased the mRNA expression
of  vimentin  and  decreased  the  mRNA  expression
levels of E-cadherin in SKOV3 and CaOV3 cells. Ezrin

 

IO
SE

80

SK
O

V3

CaO
V3

Ezrin

GAPDH

95 

34

A

GAPDH

si
N

C
si
Ezr

in

Fl
ag

-v
ect

or

Fl
ag

-E
zr

in

si
N

C
si
Ezr

in

Fl
ag

-v
ect

or

Fl
ag

-E
zr

in

Ezrin

SKOV3 CaOV3B

SKOV3

Flag-vector

Flag-Ezrin

siNC

siEzrin

Time (d)

1 2 4 6

4

3

2

1

0

A
 (
λ 

=
 5

7
0

 n
m

)

C
CaOV3

Flag-vector

Flag-Ezrin

siNC

siEzrin

Time (d)

1 2 4 6

5

4

3

2

1

0

A
 (λ

 =
 5

70
 n

m
)

SKOV3

siN
C

siE
zr

in

Fl
ag-

ve
ct

or

Fl
ag-

Ezr
in

siN
C

siE
zr

in

Fl
ag-

ve
ct

or

Fl
ag-

Ezr
in

CaOV3D

kD

**

**

**

**

Figure 1. Effects  of  ezrin  on  cell  proliferation  in  ovarian  carcinoma  cells. (A)  The  protein  levels  of  ezrin
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presented as mean ± standard deviation, n ≥ 3, **P < 0.01. (D) Colony formation assays were performed
on the upregulation and downregulation of ezrin in SKOV3 and CaOV3 cells.
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knockdown  decreased  the  mRNA  expression  of
vimentin  and increased the  mRNA expression  levels
of  E-cadherin  in  SKOV3  and  CaOV3  cells  (Figure
4B–C).  These  results  are  similar  to  the  above
Western  blot  results,  suggesting  that  ezrin  induces

EMT in epithelial OVCA cells.

Ezrin  Mediates  Cytoskeletal  Rearrangement  by
Regulating RhoA Activity

ERM proteins can reciprocally regulate the small
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Rho GTPases through interaction with Rho guanine
nucleotide exchange factors  [GEFs (RhoGEFs)],  Rho
GTPase-activating  proteins  (RhoGAPs),  and  Rho
GDP dissociation inhibitors.  The small  GTPases Rho
and Rac regulate the assembly of actin filament and
the  formation  of  integrin  adhesion  complexes  to
produce stress fibers and lamellipodia, respectively,
in  mammalian  cells[17,18].  We  conducted  RhoA  and
Rac  active  pull  down  assays  to  determine  the
pathogenic  pathway  of  ezrin  in  epithelial  OVCA
cells.  Using  the  anti-RhoA  antibody,  the
immunosignal  of  GTP-RhoA  (isolated  and  pulled
down by Rhotekin RBD beads) was much stronger in
SKOV3 and CaOV3 cells transfected with FLAG-ezrin
expressing plasmids compared with that in the cells
transfected  with  FLAG-vector  control  plasmids;
conversely,  GTP-RhoA  immunosignals  weakened
after  the  downregulation  of  ezrin  in  SKOV3  and
CaOV3 cells,  although no significant difference was
observed  in  RhoA  expression  in  these  cell  lysates
(Figure  5A and 5B).  When  the  anti-Rac1  antibody
was  used  to  detect  the  protein  pulled  down  by
human  p21  activated  kinase  1  protein  (PAK)
Rac/Cdc42 (p21) binding domain agarose beads and
total  protein  from� SKOV3  and  CaOV3  cells,  the

immunosignal  intensity  remained  unchanged  by
either  an  increase  or  decrease� in  ezrin  expression
(Figures  5C and 5D).  These  results  indicate  that
although ezrin had no effect on small  Rho GTPases
expression, it activates RhoA.

Ezrin  is  mainly  located  in  the  cytoplasm,  and  a
proportion  of  it  is  colocalized  with  F-actin.  The  N-
terminal  FERM  domain  of  ezrin  can  bind  to  the
cytoplasmic  tail  of  membrane  proteins,  and  its  C-
terminal  domain interacts  with F-actin,  resulting in
actin  filament  remodeling,  cell  motility,  invasion,
and  carcinoma  metastasis[14].  To  obtain  visible
evidence  regarding  ezrin  in  cultured  SKOV3  and
CaOV3  cells,  we  performed  indirect
immunofluorescence  staining  of  ezrin,  followed  by
confocal  scanning.  Cells  were  transfected  with
pCMV-FLAG-ezrin  or  pCMV-FLAG  empty  vector  for
24 h and then subjected to fluorescence staining, as
described  in ‘Materials  and  Methods’. Figure  6A
shows  that  cells  transfected  with  pCMV-FLAG
empty  vector  were  smooth  and  rounded,  with  no
membrane  ruffling  and  almost  no  protrusions  or
stress  fibers.  The  FLAG  was  evenly  distributed
throughout  the  cell,  with  little  staining  in  the
membrane.  By  contrast,  when  the  cells  were
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transfected  with  pCMV-FLAG-ezrin  expressing
plasmids,  cells  changed  shape.  The  cell  flattened
and  formed  membrane  ruffling  and  protrusions.
Thick  and  bundled  filaments,  which  are  similar  to
actin  stress  fibers,  traversed  the  cell  body.
Immunoreactive FLAG-ezrin had moved to and was
concentrated  in  the  area  of  actin  stress  fibers.
However, the effect of ectopic ezrin on stress fiber

reorganization  can  be  abolished  by  C3  transferase
and specific inhibitors of RhoA[19]; however, C3 does
not  completely  eliminate  the  formation  of  cell
membrane  ruffling  caused  by  ectopic  ezrin.  The
same  effect  was  observed  in  CaOV3  cells
(Figure  6B).  These  results  suggest  that  ezrin  is
related  to  the  morphological  changes  in  the  EMT
and actin filament remodeling processes.
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DISCUSSION

OVCA  is  the  most  common  cause  of  death  in
women with gynecological malignancy. However, the
therapeutic  effectiveness  of  treatments  for  OVCA  is
not  ideal  at  present.  Most  patients  with  OVCA  die

from  the  advanced  stage  (metastatic)  of  the
cancer[6-8,20,21].  Similar  to  other  solid  cancers,  the
occurrence  of  metastasis  and  invasion  is  an
important  contributing  factor  for  OVCA  mortality.
Therefore, understanding the mechanism underlying
the metastasis of OVCA is crucial.
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Numerous studies have demonstrated that ezrin
is  relevant  to  various  tumors,  including  gliob-
lastoma[13], pancreatic cancer[22,23], breast cancer[24-26],

cervical  cancer[10,27],  and  osteosarcoma[28].  In  many
cases,  increased  ezrin  expression  is  correlated  to
tumor  cell  growth,  survival,  and  progression[29-31].
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However,  the  role  of  ezrin  in  the  progression  of
OVCA  is  controversial  in  the  literature.  In  a  study
consisting  of  440  ovarian  serous  adenocarcinomas
patients,  Moilanen  et  al.[32] showed  that  patients
with  negative  or  low  ezrin  expression  had  a
significantly shorter time to progression and shorter
survival  time  than  those  whose  tumors  had
moderate  or  high  Ezrin  expression.  Juanni  et  al.[33]

reported  that  the  promotion  of  HO-8910  OVCA  cell
invasion  by  VEGF  is  due  to  the  downregulation  of
ezrin  caused  by  miR-205  upregulation.  However,
Kobel et al.[34] reported that ezrin may be necessary
for tumor cell invasion, and lacking ezrin may predict
an  improved  prognosis  of  ovarian  carcinomas.  This
finding is in accordance with our data. In this study,
our  results  demonstrated  that  the  upregulated
expression  of  ezrin  significantly  promoted  cell
growth,  EMT,  metastasis,  and  invasiveness  in  the
OVCA  cell  lines  SKOV3  and  CaOV3.  By  contrast,  the
knockdown  of  endogenous  ezrin  prevented  ovarian
carcinoma  cell  growth,  EMT,  metastasis,  and
invasiveness (Figures 1–4 and Supplementary Figure
S1).  Our  observations  revealed  that  ezrin  functions
as  a  tumor  promoter  in  OVCA  cells.  Combining  our
results  with  other  reports,  we  speculated  that  the
effects  mediated  by  ezrin  are  likely  specific  to  the
histological subtypes of ovarian carcinoma or cellular
environment.

A  growing  number  of  research  suggests  that
during  the  progression  of  malignant  tumor,  the
cytoskeleton  is  strongly  altered[21,35-38].  Yin  et  al.[39]

reported  that  ezrin  modulates  the  RhoA/ROCK  and
cAMP/PKA signaling pathways,  which are key cellular
processes  associated  with  asthma.  Quang  et  al.[40]

reported that cytoskeletal linker protein ezrin plays an
essential  role  in  the  transformation  of  NIH  3T3
fibroblasts by the small  G protein RhoA and its GEFs.
Francesca  et  al.[41] examined  differential  protein
expression  in  cytotoxic  gold  compound  Auoxo6-
treated  A2780  human  ovarian  carcinoma  cells  and
found  eight  altered  proteins,  of  which  ezrin  is
increased.  They  speculated  that  the  increase  in
Auoxo6-induced  ezrin  expression  may  be  considered
an  initial  sign  of  apoptosis  because  the  apoptotic
process  involves  several  rearrangements  of  the
cytoskeleton  and  cell  morphology.  In  this  study,  we
reported  that  ezrin  activates  GTP-RhoA but  not  Rac1
and  induces  the  formation  of  robust  stress  fibers  in
SKOV3  and  CaOV3  cells;  these  results  are  consistent
with  other  studies  that  elevated  RhoA/Rho  kinase
signaling  promoting  tumor  development  and
metastasis[42,43].  The  small  GTPase  RhoA,  plays
important  roles  in  the  organization  of  the  actin

cytoskeleton  and  is  involved  in  a  wide  range  of
fundamental  cellular  functions,  such  as  contraction,
adhesion,  migration,  proliferation,  and  apoptosis[16].
Stress  fiber  formation  and  membrane  ruffling  have
been ascribed to the activation of RhA or Rac[19,35,44,45].
Our  results  showed  that  ezrin  overexpression
provokes  a  complex  and  dramatic  reorganization  of
the  actin  cytoskeleton  and  established  the
physiological  role  of  ezrin-RhoA  in  cytoskeletal
regulation.  As  shown  in Figure  6,  membrane  ruffles
responding to ezrin overexpression were observed in
SKOV3  and  CaOV3  cells  treated  with  or  without  C3
transferase.  This  observation  suggests  that  RhoA  is
not  required  for  membrane  rufflings  caused  by  ezrin
overexpression.  Moreover,  we  found  that  ezrin
overexpression  does  not  affect  the  expression  and
activity  of  Rac1 �(Figure  5);  thus,  we  speculated  that
this  event  was  not  Rac1-dependent.  The  regulatory
relationship  between  ezrin  and  RhoA  is  complex.
Some reports have shown that RhoA can regulate the
phosphorylation of ezrin and regulate its activity[46-48],
whereas  others  reported that  ezrin  can interact  with
key  receptors  and  adaptors  to  promote  RhoA
activation[49-52];  these findings are consistent with the
results of the present study. However, many detailed
mechanisms  must  be  elucidated.  These  mechanisms
include the relation between RhoA GTPases and ezrin
in  the  activation of  stress  fiber  and membrane ruffle
formation  and  the  key  players  and  downstream
effectors  (ROCK  or  mDia1)  in  RhoA  signaling  that
modulate  the  actin  cytoskeleton  in  response  to  the
down-  or  upregulation  of  ezrin;  these  topics  will  be
explored in our next research[45].

CONCLUSION

Ezrin  plays  an  important  role  in  regulating  the
growth,  metastasis,  and  invasion  of  OVCA  cells.  In
the  future,  ezrin  can  be  used  as  a  new  biological
marker  of  OVCA,  and  the  expression  level  of  ezrin
can be detected for the early diagnosis of tumors as
a  marker  of  tumor  metastasis,  a  therapeutic  target,
and a standard for the evaluation of prognosis.
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Supplementary Figure S1. Representative  images  of  wound  healing  assay  carried  out  in  ovarian  cancer
cells (SKOV3 and CaOV3) transfected with siNC, si-Ezrin.
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