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IGHLIGHTS
MiR-186  was  lowly  expressed  in  nasopharyngeal  carcinoma.
MiR-186  inhibited  epithelial---mesenchymal  transformation  of  nasopharyngeal  carcinoma.
MiR-186  directly  targets  ZEB1  to  negatively  regulate  its  expression.
MiR-186  regulated  the  epithelial---mesenchymal  transformation  by  targeting  ZEB1.

KEYWORDS
miR-186;
ZEB1;
Nasopharyngeal
carcinoma;
Epithelial---mesenchymal
transformation;

Abstract
Objectives:  Nasopharyngeal  carcinoma  (NPC)  is  an  aggressive  epithelial  cancer.  The  expression
of miR-186  is  decreased  in  a  variety  of  malignancies  and  can  promote  the  invasion  and  metastasis
of cancer  cells.  This  study  aimed  to  explore  the  role  and  possible  mechanism  of  miR-186  in  the
metastasis  and  epithelial---mesenchymal  transformation  (EMT)  of  NPC.
Methods:  The  expression  of  miR-186  in  NPC  tissues  and  cells  was  detected  by  RT-PCR.  Then,
miR-186 mimic  was  used  to  transfect  NPC  cell  lines  C666-1  and  CNE-2,  and  cell  activity,  invasion
Metastasis and migration  were  detected  by  CCK8,  transwell  and  scratch  assay,  respectively.  The  expression
of EMT-related  proteins  was  analyzed  by  western  blotting  analysis.  The  binding  relationship
between  miR-186  and  target  gene  Zinc  Finger  E-Box  Binding  Homeobox  1  (ZEB1)  was  confirmed
by double  luciferase  assay.
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Results:  The  expression  of  miR-186  in  NPC  was  significantly  decreased,  and  transfection  of  miR-
186 mimic  could  significantly  inhibit  the  cell  activity,  invasion,  and  migration,  and  regulate  the
protein expressions  of  E-cadherin,  N-cadherin  and  vimentin  in  C666-1  and  CNE-2  cells.  Further
experiments  confirmed  that  miR-186  could  directly  target  ZEB1  and  negatively  regulate  its
expression. In  addition,  ZEB1  has  been  confirmed  to  be  highly  expressed  in  NPC,  and  inhibition
of ZEB1  could  inhibit  the  activity,  invasion,  metastasis  and  EMT  of  NPC  cells.  And  co-transfection
of miR-186  mimic  and  si-ZEB1  could  further  inhibit  the  proliferation  and  metastasis  of  NPC.
Conclusion:  miR-186  may  inhibit  the  proliferation,  metastasis  and  EMT  of  NPC  by  targeting
ZEB1, and  the  miR-186/ZEB1  axis  plays  an  important  role  in  NPC.
© 2023  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial  .  Pub-
lished by  Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license
(http://creativecommons.org/licenses/by/4.0/).
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Human  nasal  epithelial  cell  line  HNEpC  (no BFN60806616)  and
o

ntroduction

asopharyngeal  carcinoma  (NPC)  is  a  malignant  cancer
ccurring  in  the  epithelium  of  the  nasopharynx  mucosa  and
inor  salivary  glands.1 According  to  statistics,  there  were

33,354  new  cases  of  NPC  worldwide  in  2020,  and  80,008
eaths.2 More  than  40%  of  NPC  are  concentrated  in  China,
ith  higher  incidence  in  the  south  of  China.3 Epidemiological

tudies  indicate  that  Epstein---Barr  virus  infection,  genetic
usceptibility,  exposure  to  harmful  environmental  factors
nd  special  diet  may  be  associated  with  its  onset.4 Cur-
ently,  the  best  treatment  for  NPC  is  a  combination  therapy
ased  on  radiotherapy,  but  multiple  treatments  have  not  sig-
ificantly  improved  patient  outcomes.5 Although  the  5-year
verall  survival  rate  of  NPC  can  reach  about  80%  after  stan-
ardized  treatment,  there  are  still  10%---15%  of  primary  NPC
atients  with  local  or  regional  recurrence.6 NPC  is  the  can-
er  with  the  highest  metastasis  potential  among  all  head  and
eck  cancers,  and  distant  metastasis  and  local  compound
re  the  main  causes  for  its  treatment  failure.7 Therefore,
t  is  necessary  to  elucidate  markers  and  molecular  mech-
nisms  independently  associated  with  cancer  progression
nd  aggressiveness  in  order  to  provide  patients  with  more
ffective  treatment.

MicroRNA  (miRNA),  a  class  of  single-stranded  non-coding
NA  composed  of  22  nucleotides,  inhibits  the  transcription
nd  accelerates  the  degradation  of  target  mRNA  at  the  pre-
ranscription  level  by  binding  with  3′-UTR,  thus  affecting
he  intracellular  transcript  level.8 MiRNA  presents  different
xpression  characteristics  in  different  tissues,  and  there  is
ncreasing  evidence  that  miRNA  plays  a  key  role  in  many  dis-
ases,  including  the  progression  of  cancers.9 Understanding
he  molecular  mechanism  of  cancer  from  the  perspective  of
iRNA  and  mRNA  regulation  is  helpful  to  provide  clues  for

he  molecular  diagnosis  and  treatment  of  cancer.10 MiR-186
s  a  regulatory  factor  associated  with  the  progression  of  var-
ous  cancers.11 Multiple  studies  have  shown  that  miR-186
s  down-regulated  in  malignant  cancers  including  cervi-
al  cancer,12 renal  cell  cancer,13 liver  cancer14 and  lung
denocarcinoma,15 and  can  be  used  as  a  cancer  inhibitor.
n  a  recent  study,  miR-186  was  also  found  to  be  significan-
ly  under-expressed  in  NPC,16 suggesting  that  miR-186  may

lay  a  key  role  in  the  occurrence  and  progression  of  NPC.
n  addition,  miR-186  is  reported  to  be  involved  in  the  reg-
lation  of  key  cellular  processes  such  as  cell  proliferation,
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poptosis,  and  metastasis,  all  of  which  are  important  in  the
evelopment  of  cancer.  However,  whether  the  expression  of
iR-186  in  NPC  is  related  to  malignant  metastasis  of  NPC

till  need  further  study.
The  purpose  of  this  study  was  to  explore  the  expression

f  miR-186  in  NPC  and  its  effects  on  the  proliferation  and
etastasis  of  NPC.  Based  on  bioinformatics  analysis,  the
ownstream  targets  of  miR-186  were  identified,  and  the  role
nd  possible  mechanism  of  miR-186  in  NPC  were  explored
sing  the  miRNA---mRNA  regulatory  network,  so  as  to  further
nderstand  the  molecular  mechanism  of  the  progression  and
etastasis  of  NPC.

ethods

issue  sample  collection

hirty  pairs  of  NPC  and  para-cancer  tissue  samples  were
btained  from  NPC  patients  in  the  Affiliated  Hospital  of
orth  Sichuan  Medical  College.  All  patients  signed  informed
onsent  of  specimen  retention  before  surgery,  and  all
atients  conforming  to  surgical  conditions  routinely  col-
ected  pathological  tissue  samples.  Professional  doctors
nsure  that  the  NPC  sample  and  its  adjacent  normal  tissue
re  removed  as  accurately  as  possible  during  the  proce-
ure.  Detailed  pathological  analysis  was  performed  on  the
ollected  tissues,  such  as  immunohistochemical  staining  to
etect  the  expression  of  specific  tumor  markers  in  neigh-
oring  tissues,  and  cell  types  in  neighboring  tissues  were
urther  confirmed  through  experiments  such  as  cell  morphol-
gy  observation.  All  specimens  were  confirmed  by  2  or  more
athologists  in  our  hospital  as  NPC  tissues  and  adjacent  nor-
al  tissues,  and  no  tumor  cells  and  atypical  hyperplasia  cells
ere  found  in  normal  tissues.  This  study  was  approved  by

he  Medical  Ethics  Committee  of  Affiliated  Hospital  of  North
ichuan  Medical  College  (No.  2022ER287-1).

ell  culture
uman  NPC  cell  line  C666-1  (n BFN608006727)  and  CNE-2
no BFN60700251)  were  purchased  from  BLUEFBIO  (Shanghai,
hina).  The  three  cells  were  cultured  in  DMEM  high  glucose

http://creativecommons.org/licenses/by/4.0/
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edium  (Hyclone,  USA)  containing  10%  fetal  bovine  serum
FBS,  Gibco,  USA)  and  1%  penicillin-streptomycin  solution
Hyclone,  USA)  in  a  5%  CO2 incubator  at  37 ◦C.

ell  transfection

he  NC  mimic  (no miR1N0000001-1-5)  and  the  hsa-miR-186-
p  mimic  (no miR10000456-1-5)  were  purchased  from  Ribobio
China).  Interference  sequences  of  si-RNA  target  Zinc  Finger
-Box  Binding  Homeobox  1  (ZEB1)  were  also  synthesized  by
ibobio  (China).  Then,  NC  mimic,  miR-186  mimic,  si-NC  and
i-ZEB1  were  used  to  transfect  C666-1  and  CNE-2  cells  by
ipofectamine  2000  (no 11668019;  Invitrogen,  USA).  First,
imic,  siRNA  and  lipofectamine  2000  reagents  were  diluted

n  Opti-MEM,  incubated  for  5  min,  and  the  diluted  reagents
nd  plasmids  were  mixed  and  placed  at  room  temperature
or  20  min.  When  the  cell  density  reached  70%,  the  transfec-
ion  mixture  was  added  and  cultured  at  37 ◦C  with  5%  CO2.
fter  transfection  for  6  h,  fresh  medium  was  exchanged,  and
he  follow-up  study  was  conducted  48  h  later.

ell  viability  analysis

ell  viability  was  analyzed  by  Cell  Counting  kit-8  (CCK8).
fter  different  transfections,  CCK8  solution  (no C0037;  Bey-
time,  China)  was  added  and  incubated  with  cells  at  37 ◦C
or  1  h.  Absorbance  was  measured  at  570  nm  using  an  enzyme
arker,  and  the  cell  survival  rate  of  each  treatment  group
as  calculated.

ell  invasion  assay

ell  invasion  was  carried  out  through  transwell  compart-
ents  coated  with  an  artificial  substrate  gel  Matrigel.  The

omplete  culture  medium  containing  FBS  was  added  to  the
ower  chamber  of  the  transwell,  and  5  ×  104 single-cell  sus-
ension  suspended  with  the  serum-free  medium  was  added
o  the  upper  chamber.  The  cells  were  cultured  in  a  cell  incu-
ator  at  37 ◦C  for  24  h,  and  the  number  of  invaded  cells  was
bserved  after  fixing  with  4%  paraformaldehyde  solution  (no

0099;  Beyotime,  China)  for  20  min,  and  staining  with  crys-
al  violet  staining  solution  (no C0121;  Beyotime,  China)  for
---10  min.

ell  migration  assay

ell  migration  was  performed  by  a  scratch  assay.  About
 ×  105 cells  were  evenly  spread  in  the  six-well  plate,  and
wo  parallel  lines  were  drawn  after  sticking  to  the  wall  and
rowing.  The  cells  were  continued  to  be  cultured  in  a 37 ◦C,
%  CO2 incubator  for  24  h.  Observed  and  photographed  under

 microscope,  the  migration  distance  was  calculated.

ouble  luciferase  reporter  gene  assay

irst,  the  Wild-Type  (WT)  and  Mutant  (MUT)  sequences  of

EB-1  were  constructed  on  luciferase  vectors  pGL3-basic.
uciferase  vectors  and  miR-186  mimic  or  NC  mimic  were
ransfected  into  293T  cells  according  to  experimental  groups
sing  transfection  reagents  Lipofectamine  2000.  The  dual
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uciferase  reporter  gene  assay  kit  (no RG027;  Beyotime,
hina)  was  used  to  detect  fluorescence  intensity  and  analyze

uciferase  activity.

estern  blot  analysis

he  total  protein  in  NPC  tissue  or  cells  was  obtained  by
IPA  lysis  buffer  (no P0013B,  Beyotime,  China),  the  protein
ontent  was  quantified  by  BCA  protein  assay  kit  (no P0012S,
eyotime,  China),  and  the  total  protein  was  separated  by
DS-PAGE  after  protein  denaturation.  Then,  the  isolated  pro-
eins  were  transferred  to  the  PVDF  membrane,  sealed  with
%  skim  milk,  and  incubated  at  4 ◦C  overnight  with  the  pri-
ary  antibody  �-actin  (no sc-8432;  Santa  Cruz  Biotechnology,
SA),  ZEB1  (no sc-515797;  Santa  Cruz  Biotechnology,  USA),
-cadherin  (no sc-8426;  Santa  Cruz  Biotechnology,  USA),  N-
adherin  (no sc-8424;  Santa  Cruz  Biotechnology,  USA)  or
imentin  (no.  sc-6260;  Santa  Cruz  Biotechnology,  USA).
hen,  the  secondary  antibody  goat  anti-mouse  IgG-HRP  (no.
c-2005;  Santa  Cruz  Biotechnology,  USA)  was  incubated  at
oom  temperature  for  2  h.  ECL  western  blotting  substrate
no.  PE0010;  Solarbio,  China)  and  gel  imaging  analyzer  (Bia-
ad,  USA)  was  used  to  visualize  the  images.  The  relative
rotein  expression  was  calculated  using  �-actin  as  an  inter-
al  reference.

eal-time  quantitative  polymerase  chain  reaction
RT-PCR)

he  gene  expressions  of  miR-186  and  ZEB1  in  NPC  tissue  and
ells  were  analyzed  by  RT-PCR.  Total  RNA  was  extracted  by
RIzol  reagent  (no 15596026;  Invitrogen,  USA).  For  the  exam-

nation  of  miR-186,  cDNA  was  obtained  by  miR-Quant  TaqMan
icroRNA  cDNA  synthesis  kit  (no.  MT0006;  Biorab,  China),

nd  PCR  reaction  was  performed  by  miR-Quant  TaqMan
icroRNA  qPCR  kit  (no MTT02318;  Biorab,  Beijing,  China).

or  the  detection  of  ZEB1,  cDNA  was  obtained  by  HiScript
st  strand  cDNA  synthesis  kit  (no R111-01;  Vazyme,  Nan-
ing,  China),  and  PCR  reaction  was  performed  by  HiScript
I  one  step  RT-PCR  kit  (no P611-01;  Vazyme,  Nanjing,  China).
he  miR-186  and  U6  sequence  was  provided  by  the  kit,
he  ZEB1  sequence  was  F:  5′-ATGCAGCTGACTGTGAAGGT-
′, R:  5′-GCCCTTCCTTTCCTGTGTCA-3′, and  the  �-actin
equence  was  F:  5′-GAAGATCAAGATCATTGCTCC-3′,  R:  5′-
ACTCCTGCTTGCTGATCCA-3′.  Using  U6  as  the  internal
eference  of  miR-186  and  �-actin  as  the  internal  reference
f  ZEB1,  the  relative  gene  expression  was  calculated  by  the
−��CT method.

tatistical  analysis

ll  data  in  this  study  were  analyzed  by  SPSS  software  and
xpressed  as  mean  ±  standard  deviation.  The  difference

nalysis  between  the  two  groups  was  conducted  by  the
tudent  t-test,  and  the  difference  analysis  among  the  mul-
iple  groups  was  conducted  by  one-way  analysis  of  variance;

 <  0.05  was  considered  statistically  significant.
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Figure  1  Expression  of  miR-186  in  NPC.  The  expression  of  miR-186  in  NPC  tissues  (A)  and  cells  (B)  was  detected  by  RT-PCR.  *p  <  0
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esults

iR-186  was  lowly  expressed  in  NPC  tissues  and
ells

o  analyze  the  effects  of  miR-186  on  NPC,  the  expres-
ion  of  miR-186  was  analyzed  by  RT-PCR,  and  the  results
howed  that  the  expression  of  miR-186  in  cancer  tissues
as  significantly  reduced  (p  <  0.01,  Fig.  1A).  Similarly,  miR-
86  expression  was  significantly  decreased  in  NPC  cell  lines
666-1  and  CNE-2  compared  to  human  nasal  epithelial  cell

ine  HNEpC  (p  <  0.01,  Fig.  1B).

iR-186  inhibited  proliferation,  metastasis,  and
MT of  NPC  cells

ue  to  the  low  expression  of  miR-186  in  C666-1  and  CNE-
 cells,  the  miR-186  mimic  was  used  to  transfect  C666-1
nd  CNE-2  cells,  and  RT-PCR  was  used  to  verify  the  expres-
ion  of  miR-186  after  transfection.  The  results  showed  that
he  miR-186  mimic  significantly  increased  the  expression
f  miR-186  in  two  NPC  cells  compared  with  the  NC  mimic
p  <  0.01,  Fig.  2A).  The  effects  of  miR-186  mimic  on  cell
roliferation  and  metastasis  were  further  analyzed,  CCK8
xperiment  showed  that  the  cell  viability  in  miR-186  mimic
ransfected  cells  was  significantly  reduced  compared  with
C  mimic  in  both  two  NPC  cells  (p  <  0.01,  Fig.  2B).  In
ddition,  the  invasion  number  (Fig.  2C  and  E)  and  migra-
ion  distance  (Fig.  2D  and  F)  of  C666-1  and  CNE-2  cells
n  the  miR-186  mimic  group  were  significantly  reduced
ompared  with  the  NC  mimic  group  (p  <  0.001),  suggest-
ng  that  miR-186  mimic  inhibited  NPC  metastasis.  The
xpression  of  EMT-related  proteins  was  further  analyzed,
nd  results  showed  that  miR-186  mimic  significantly  pro-

oted  the  protein  expression  of  E-cadherin,  reduced  the
rotein  expression  of  N-cadherin  and  vimentin,  and  inhib-
ted  the  EMT  of  NPC  cells  compared  with  the  NC  group
p  <  0.01,  Fig.  2G  and  H).
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iR-186  directly  targets  ZEB1  to  negatively
egulate  its  expression

o  further  clarify  the  mechanism  of  miR-186  regulating  NPC
etastasis,  the  potential  downstream  genes  of  miR-186
ere  predicted  through  the  RNAInter  bioinformatics  plat-

orm.  The  results  showed  that  miR-186  and  ZEB1  had  a
otential  binding  site  (Fig.  3A).  Dual  luciferase  assay  showed
hat  the  fluorescence  intensity  in  the  miR-186  mimic  + ZEB1-
T  group  was  significantly  reduced  compared  with  the  NC
imic  +  ZEB1-WT  group  (p  < 0.01,  Fig.  3B),  confirming  the
resence  of  a binding  site  between  miR-186  and  ZEB1.
hen,  the  expression  of  ZEB1  in  miR-186  mimic  transfected
666-1  and  CNE-2  cells  was  analyzed,  and  results  showed
hat  compared  with  the  NC  mimic  group,  the  protein,  and
ene  expressions  of  ZEB1  in  the  miR-186  mimic  group  were
oth  significantly  reduced  (p  <  0.01,  Fig.  3C  and  D),  suggest-
ng  that  miR-186  can  target  ZEB1  and  negatively  regulate
ts  expression.  In  order  to  further  clarify  whether  ZEB1  is
nvolved  in  the  regulation  of  NPC  by  miR-186,  the  protein
nd  gene  expressions  of  ZEB1  in  NPC  tissues  and  cells  were
lso  analyzed,  and  the  results  showed  that  the  protein  and
ene  expressions  of  ZEB1  in  NPC  tissues  were  significantly
ncreased  (p  <  0.01,  Fig.  3E  and  F).  Similarly,  ZEB1  protein
nd  gene  expression  in  C666-1  and  CNE-2  cells  were  also
ignificantly  increased  compared  with  HNEpC  cells  (p  <  0.01,
ig.  3G  and  H).

iR-186  regulated  the  EMT  of  NPC  cells  by
argeting ZEB1

he  si-RNA  targeting  ZEB1  was  used  to  intervene  the  expres-
ion  of  ZEB1  in  NPC  cells,  and  the  intervention  effect
as  verified  by  WB  and  RT-PCR.  The  results  showed  that
ompared  with  the  si-NC  group,  the  protein  and  gene  expres-
ions  of  ZEB1  in  the  si-ZEB1  group  were  both  significantly
ecreased  (p  <  0.001,  Fig.  4A  and  B).  And  compared  with

he  si-NC  group,  the  expression  of  miR-186  in  the  si-ZEB1
roup  was  significantly  increased,  suggesting  that  ZEB1  could
everse  regulate  the  expression  of  miR-186  in  NPC  (p  <  0.05,
ig.  4C).  The  role  of  the  miR-186/ZEB1  regulatory  net-
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Figure  2  Effects  of  miR-186  on  proliferation  and  metastasis  of  NPC  cells.  (A)  The  expression  of  miR-186  in  cells  transfected  with
miR-186 mimic  was  detected  by  RT-PCR.  (B)  Cell  viability  was  detected  by  CCK8.  (C)  The  number  of  cells  invaded.  (D)  Cell  migration
distance. (E)  Representative  images  of  cell  invasion  measured  by  transwell.  (F)  Representative  images  of  cell  migration  detected
by scratch  assay.  (G)  The  protein  expressions  of  E-cadherin,  N-cadherin  and  vimentin  were  detected  by  WB.  Full-length  blots/gels
are presented  in  Supplementary  Fig.  1.  (H)  Gray  scale  analysis  of  protein  bands.  *p  <  0.05,  **p  <  0.01,  ***p <  0.001,  vs.  NC  mimic.
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Figure  3  MiR-186  negatively  regulated  the  expression  of  ZEB1  in  NPC.  (A)  The  predicted  potential  binding  site  between  miR-186
and ZEB1.  (B)  Double  luciferase  reporter  assay  was  used  to  detect  luciferase  activity.  (C)  The  protein  expression  of  ZEB1  in  cells
transfected with  miR-186  mimic  was  detected  by  WB.  Full-length  blots/gels  are  presented  in  Supplementary  Fig.  2.  (D)  The  gene
expression of  ZEB1  in  cells  transfected  with  miR-186  mimic  was  detected  by  RT-PCR.  (E)  The  protein  expression  of  ZEB1  in  NPC
tissues was  detected  by  WB.  Full-length  blots/gels  are  presented  in  Supplementary  Fig.  3.  (F)  The  gene  expression  of  ZEB1  in  NPC
tissues was  detected  by  RT-PCR.  (G)  The  protein  expression  of  ZEB1  in  NPC  cells  was  detected  by  WB.  Full-length  blots/gels  are
p f  ZE
*

w
a
Z
F
m
o
F
s
t
(
r
m
p
e
c
Z
m
m

D

N
n
d
d
h
m
s
s
d
l
o
s
s
in  NPC.  The  miR-186/ZEB1  regulatory  network  may  inhibit
resented in  Supplementary  Fig.  4.  (H)  The  gene  expression  o
**p <  0.001.

ork  in  NPC  cell  proliferation  and  metastasis  was  further
nalyzed.  CCK8  results  showed  that  miR-186  mimic  and  si-
EB1  could  significantly  inhibit  NPC  cell  viability  (p  <  0.001,
ig.  4D).  Transwell  and  scratch  tests  showed  that  miR-186
imic  and  si-ZEB1  could  significantly  inhibit  the  number

f  invaded  cells  and  the  distance  of  migration  (p  <  0.001,
ig.  4E---H).  Co-transfected  with  miR-186  mimic  and  si-ZEB1
howed  more  significant  inhibitory  effects  on  NPC  cells
han  those  of  si-NC  +  miR-186  or  si-ZEB1  +  NC  mimic  group
p  <  0.05,  Fig.  4D---H).  In  addition,  the  expressions  of  EMT-
elated  proteins  were  analyzed,  and  results  showed  that
iR-186  mimic  and  si-ZEB1  could  significantly  increase  the
rotein  expression  of  E-cadherin  and  reduce  the  protein
xpression  of  N-cadherin  and  vimentin  in  C666-1  and  CNE-2
ells  (p  <  0.001,  Fig.  5).  The  regulation  effect  in  the  si-
EB1  +  miR-186  mimic  group  on  EMT  protein  expression  was

ore  obvious  than  that  in  the  si-NC  +  miR-186  or  si-ZEB1  +  NC
imic  group  (p  <  0.001,  Fig.  5).

t
t

6

B1  in  NPC  cells  was  detected  by  RT-PCR.  *p  <  0.05,  **p  <  0.01,

iscussion

PC  is  a  kind  of  malignant  cancer  originating  from  the
asopharyngeal  mucosal  epithelial,  most  of  which  are  poorly
ifferentiated  or  undifferentiated,  with  high  malignancy
egree  and  easy  metastasis.17 Currently,  a  lot  of  studies
ave  shown  that  the  mutation  or  abnormal  expression  of
iRNA  may  be  linked  to  cancer  and  can  be  used  as  a  key

ign  for  cancer.18 The  present  study  found  that  the  expres-
ion  of  miR-186  in  NPC  tissues  and  cells  was  significantly
ecreased.  After  transfection  with  miR-186  mimic,  the  pro-
iferation  activity,  invasion,  and  migration  ability,  and  EMT
f  NPC  cells  were  significantly  inhibited.  Further  analysis
howed  that  miR-186  could  negatively  regulate  the  expres-
ion  of  ZEB1  by  targeting  its  3′-UTR  region  and  participating
he  disease  process  by  regulating  EMT  to  inhibit  NPC  metas-
asis.
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Figure  4  Effects  of  miR-186/ZEB1  regulatory  network  on  proliferation  and  metastasis  of  NPC  cells.  (A)  The  protein  expression  of
ZEB1 in  NPC  cells  transfected  with  si-ZEB1  was  detected  by  WB.  Full-length  blots/gels  are  presented  in  Supplementary  Fig.  5.  (B)
The gene  expression  of  ZEB1  in  NPC  cells  transfected  with  si-ZEB1  was  detected  by  RT-PCR.  (C)  The  gene  expression  of  miR-186
in NPC  cells  transfected  with  si-ZEB1  was  detected  by  RT-PCR.  (D)  Cell  viability  was  detected  by  CCK8.  (E)  The  number  of  cells
invaded. (F)  Cell  migration  distance.  (G)  Representative  images  of  cell  invasion  measured  by  transwell.  (H)  Representative  images
of cell  migration  detected  by  scratch  assay.  *p  <  0.05,  **p  <  0.01,  ***p <  0.001.
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igure  5  Effects  of  miR-186/ZEB1  regulatory  network  on  EMT-
f E-cadherin,  N-cadherin  and  vimentin  were  detected  by  WB.  

The  phenotype  of  the  organisms  and  the  morphologi-
al  changes  of  cells,  including  normal  differentiation  and
he  carcinogenesis  of  cells,  are  the  result  of  the  long-
erm  effects  of  various  factors  on  the  gene  regulatory
etwork.19,20 The  stability  of  the  gene  regulatory  net-
ork  plays  an  important  role  in  the  development  and
aintenance  of  tissue  morphology.21 Nearly  all  cancers

ave  abnormal  miRNA---mRNA  regulation  networks,  which
ay  be  related  to  clinical  classification,  recurrence,  and
etastasis.22,23 The  regulatory  network  of  miRNA---mRNA  is

ntimately  associated  to  NPC  invasion  and  metastasis,  and
berrant  miRNA  expressions  have  been  discovered  during
PC  development.24 Cancer  suppressor  miR-186  is  altered

n  several  malignancies.  MiR-186  expression  varies  in  can-
er  type  and  may  be  utilized  to  diagnose  and  prognosticate
ancer.11 In  addition,  studies  have  confirmed  that  miR-186
nhibited  the  metastasis  of  bladder  cancer  by  targeting
SBP1,25 breast  cancer  by  targeting  Twist1,26 and  non-small
ell  lung  cancer  by  targeting  MAP3K2,27 playing  an  impor-
ant  role  in  the  metastasis  of  multiple  cancers.  In  this
ork,  miR-186  expression  in  NPC  was  considerably  low-
red,  inhibiting  NPC  proliferation,  invasion,  and  migration.
n  addition,  miR-186  directly  targets  ZEB1  to  negatively
egulate  its  expression,  and  the  miR-186-ZEB1  regulatory
etwork  is  involved  in  the  metastasis  of  NPC.

ZEB1,  a  ZEB  family  member,  activates  cancer  stem  cells,
egulates  apoptosis,  promotes  angiogenesis,  and  resists
hemotherapy.28 ZEB1  is  an  important  transcription  factor
ith  zinc  finger  clusters,  which  can  regulate  the  transcrip-

ion  of  target  genes,29 and  has  been  confirmed  to  play  a  key

egulatory  role  in  cancer  invasion  and  metastasis.30 ZEB1,
hich  is  overexpressed  in  many  malignant  tumors,  regu-

ates  the  transcription  multiple  genes,  including  vimentin
nd  E-cadherin,  to  control  EMT  and  accelerate  cancer

c
a
i
c

8

ed  protein  expression  in  NPC  cells.  (A)  The  protein  expressions
ength  blots/gels  are  presented  in  Supplementary.

pread.31,32 ZEB1  expression  is  tightly  regulated  by  a  vari-
ty  of  pre-  and  post-transcriptional  signaling  pathways  and
olecules.33 Current  studies  have  shown  that  miR-34  could

nhibit  melanoma  by  targeting  ZEB1,34 and  miRNA-199b-3p
ould  inhibit  ovarian  cancer  by  targeting  ZEB1,35 suggesting
hat  ZEB1  can  be  regulated  by  miRNA  to  play  a  key  role  in
ancer.  This  study  confirmed  that  ZEB1  was  also  the  down-
tream  target  gene  of  miR-186,  and  miR-186  can  target  and
egatively  regulate  its  expression.  As  the  downstream  target
ene  of  miR-186,  ZEB1  was  significantly  high  expression  in
PC.  Intervention  with  ZEB1  could  significantly  inhibit  the
roliferation  activity,  invasion,  and  metastasis  ability  and
MT  of  NPC.

EMT  occurs  in  most  epithelial  cell  carcinomas  during
nvasion  and  metastasis.36 EMT,  which  cells  lose  epithe-
ial  properties  and  gain  interstitial  ones,  contributes  to  in
hronic  inflammation,  organ  fibrosis,  cancer  invasion,  migra-
ion,  and  drug  resistance.37,38 During  the  occurrence  of
MT,  epithelial  cells  that  were  originally  tightly  connected
ose  their  polarity  and  transform  into  loosely  connected
esenchymal  cells  with  enhanced  migration  and  move-
ent  ability,  which  accelerates  the  progression  of  malignant
ehavior  and  improves  the  invasion  ability  of  cancers.39 EMT
ncludes  the  loss  of  epithelial  markers  and  the  increase
f  interstitial  markers.  The  decreased  expression  of  E-
adherin,  and  the  increased  expression  of  vimentin  and
-cadherin  are  important  evidence  for  the  occurrence  of
MT.40,41 E-cadherin  is  involved  in  the  maintenance  of
pithelial  tissue  integrity  and  cell  polarity,  and  is  widely
ound  in  epithelial  tissues.42 When  the  expression  of  E-

adherin  is  down-regulated,  it  can  cause  invasive  growth
nd  lead  to  distal  metastasis  of  cancer  cells.43 Vimentin
s  mainly  responsible  for  maintaining  the  integrity  of  the
ytoskeleton,  and  is  an  intermediate  filament  protein
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n  mesenchymal-derived  cells.44 The  high  expression  of
imentin  indicates  the  progression  of  EMT  and  the  occur-
ence  of  cancer  cell  metastasis  and  invasion.45 N-cadherin
s  involved  in  biological  processes  such  as  cell  adhesion,
ell  signal  transduction,  cell  recognition  and  cell  move-
ent,  and  its  expression  level  is  positively  correlated  with

he  degree  of  metastasis.46 This  study  found  that  miR-186
ould  significantly  increase  the  expression  of  E-cadherin  and
ecrease  the  expression  of  vimentin  and  N-cadherin  in  C666-

 and  CNE-2  cells.  In  addition,  si-ZEB1  further  enhanced  the
nhibitory  effect  of  miR-186,  suggesting  that  miR-186  may
nhibit  EMT  in  NPC  by  inhibiting  ZEB1.

onclusion

n  conclusion,  this  study  found  that  the  expression  of  miR-
86  was  significantly  low  in  NPC,  and  miR-186  mimic  could
ignificantly  inhibit  the  proliferation,  invasion,  and  EMT  of
PC  cells.  ZEB1,  as  a  downstream  target  of  miR-186,  was
ignificantly  highly  expressed  in  NPC.  MiR-186  could  directly
arget  ZEB1  and  negatively  regulate  its  expression,  partic-
pating  in  the  regulation  of  NPC  cell  proliferation  and  EMT.
his  study  revealed  the  role  of  the  miR-186/ZEB1  regulatory
etwork  in  NPC,  providing  a  new  target  for  the  diagnosis  and
reatment  of  NPC.
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regulator of cell plasticity, DNA damage response, and therapy
resistance. Front Mol Biosci. 2020;7:36.

4. Xu Y, Guo B, Liu X, Tao K. miR-34a inhibits melanoma growth by
targeting ZEB1. Aging. 2021;13:15538---47.
5. Wei L, He Y, Bi S, Li X, Zhang J, Zhang S. miRNA-199b-3p
suppresses growth and progression of ovarian cancer via the
CHK1/E-cadherin/EMT signaling pathway by targeting ZEB1.
Oncol Rep. 2021;45:569---81.

4

10
.  Zhou  et  al.

6. Pastushenko I, Blanpain C. EMT transition states during tumor
progression and metastasis. Trends Cell Biol. 2019;29:212---26.

7. Lu W, Kang Y. Epithelial-mesenchymal plasticity in cancer pro-
gression and metastasis. Dev Cell. 2019;49:361---74.

8. Du B, Shim JS. Targeting epithelial-mesenchymal transition
(EMT) to overcome drug resistance in cancer. Molecules.
2016;21:965.

9. Brabletz S, Schuhwerk H, Brabletz T, Stemmler MP.
Dynamic EMT: a multi-tool for tumor progression. EMBO
J. 2021;40:e108647.

0. Chen T, You Y, Jiang H, Wang ZZ. Epithelial-mesenchymal
transition (EMT): a biological process in the development,
stem cell differentiation, and tumorigenesis. J Cell Physiol.
2017;232:3261---72.

1. Bischoff J. Endothelial-to-mesenchymal transition. Circ Res.
2019;124:1163---5.

2. van Roy F, Berx G. The cell-cell adhesion molecule E-cadherin.
Cell Mol Life Sci. 2008;65:3756---88.

3. Wong SHM, Fang CM, Chuah LH, Leong CO, Ngai SC. E-cadherin:
its dysregulation in carcinogenesis and clinical implications. Crit
Rev Oncol Hematol. 2018;121:11---22.

4. Paulin D, Lilienbaum A, Kardjian S, Agbulut O, Li Z. Vimentin:
regulation and pathogenesis. Biochimie. 2022;197:96---112.

5. Satelli A, Li S. Vimentin in cancer and its potential as

a molecular target for cancer therapy. Cell Mol Life Sci.
2011;68:3033---46.

6. Cao ZQ, Wang Z, Leng P. Aberrant N-cadherin expression in can-
cer. Biomed Pharmacother. 2019;118:109320.

http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0130
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0135
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0140
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0145
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0150
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0155
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0160
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0165
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0170
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0175
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0180
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0185
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0190
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0195
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0200
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0205
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0210
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0215
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0220
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0225
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230
http://refhub.elsevier.com/S1808-8694(23)00126-X/sbref0230

	miR-186 regulates epithelialmesenchymal transformation to promote nasopharyngeal carcinoma metastasis by targeting ZEB1
	Introduction
	Methods
	Tissue sample collection
	Cell culture
	Cell transfection
	Cell viability analysis
	Cell invasion assay
	Cell migration assay
	Double luciferase reporter gene assay
	Western blot analysis
	Real-time quantitative polymerase chain reaction (RT-PCR)
	Statistical analysis

	Results
	MiR-186 was lowly expressed in NPC tissues and cells
	MiR-186 inhibited proliferation, metastasis, and EMT of NPC cells
	MiR-186 directly targets ZEB1 to negatively regulate its expression
	MiR-186 regulated the EMT of NPC cells by targeting ZEB1

	Discussion
	Conclusion
	Funding
	Conflicts of interest
	Acknowledgment
	Appendix A Supplementary data
	References


