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IGHLIGHTS
Hsa circ  0013561  is  significantly  up  regulated  in  nasopharyngeal  carcinoma.
Knockdown  of  Hsa  circ  0013561  in  NPC  cells  inhibited  cell  proliferation  and  migration.
Knockdown  of  Hsa  circ  0013561  in  NPC  cells  inhibited  EMT  progression  in  vitro.
Hsa circ  0013561  functions  through  the  JAK2/STAT3  signaling  pathway.
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Abstract
Objective:  Nasopharyngeal  Carcinoma  (NPC)  is  a  malignancy  of  epithelium  of  epithelium  of
the nasopharynx,  with  the  highest  incidence  of  otolaryngeal  malignancies.  A  growing  number
of studies  confirm  that  Circular  RNA  (circRNA)  plays  an  important  role  in  tumor  development,
including  Hsa  circ  0013561.  This  study  aims  to  elucidate  the  process  and  mechanism  of  NPC
regulation  hsa  circ  0013561.
Methods:  In  this  study,  circRNA  expression  nodes  and  subcellular  localization  in  NPC  tissues
were analyzed  by  fluorescence  in  situ  hybridization.  The  expression  of  hsa  circ  0013561  in  NPC
cells was  further  clarified  by  RT-qPCR.  At  the  same  time,  the  lentivirus  vector  interfered  by
hsa circ  0013561  was  constructed  and  transfected.  The  cell  proliferation  was  detected  by  CCK-
8 method,  EdU  assay  and  plate  cloning  assay.  The  cell  cycle  and  apoptosis  were  detected  by

flow cytometry,  and  the  cell  migration  ability  was  detected  by  wound  healing  assay  and  Tran-
swell assay.  Western  blotting  examined  the  expression  of  apoptosis,  Epithelial-Mesenchymal
Transition  (EMT)-associated  proteins,  and  Janus  Kinase/Signal  Transductor  and  Activator  of
Transcription  (JAK/STAT)  signaling  pathway-related  proteins.
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Results:  The  results  showed  that  the  expression  of  hsa  circ  0013561  in  NPC  samples  was  sig-
nificantly upregulated  and  hsa  circ  0013561  localized  in  the  cytoplasm.  After  down-regulating
hsa circ  0013561  expression,  it  significantly  inhibited  the  proliferation  and  metastasis  ability
of NPC,  inhibited  EMT  progression,  and  promoted  apoptosis.  Further  studies  showed  that  inter-
ference hsa  circ  0013561  significantly  inhibited  JAK2/STAT3  signaling  pathway  activation  and
induced the  expression  of  apoptosis-related  proteins.
Conclusion:  In  summary,  we  found  that  hsa  circ  0013561  is  a  pro-tumor  circRNA  in  NPC,  which
can reduce  the  activation  of  JAK2/STAT3  pathway  by  knocking  down  hsa  circ  0013561,  thereby
slowing down  the  malignant  progression  of  NPC.
Oxford  Centre  for  Evidence-Based  Medicine  2011  Levels  of  Evidence:  Level  4.
© 2023  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published  by
Elsevier España,  S.L.U.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).

I

N
a
c
i
w
w
7
d
W
r
u
o
n
t

T
r
i
c
t
t
u
a
p
s
t
a
a
e
t
w
s

R
m
e
c
c
a
b
C
o

a
l
s
t

o
h
n
f

M

T

P
c
i
2
h
f
a
p

F

W
B
d
s
t
t

C

W
f
C
H
then  inoculated  in  DMEM/F-12  (Gibco,  GrandIsland,  NY,
ntroduction

asopharyngeal  Carcinoma  (NPC)  has  ethnic  susceptibility
nd  regional  concentration,  and  the  incidence  area  is  con-
entrated  in  South  China,  East  China,  and  West  China,  which
s  a  cancer  with  ’Chinese  characteristics’.  In  2020,  there
ere  about  133,354  newly  diagnosed  cases  of  NPC  world-
ide,  and  80,008  new  deaths  in  the  same  year.  More  than
0%  of  these  cases  occurred  in  endemic  regions,  and  the  inci-
ence  of  men  in  Southeast  Asia  ranked  first  in  the  world.1,2

ith  the  exploration  of  various  new  treatment  methods,  the
ecurrence,  metastasis  rate  and  mortality  of  NPC  are  grad-
ally  decreasing,  however,  some  patients  still  face  the  risk
f  recurrence  or  metastasis.3 Therefore,  there  is  an  urgent
eed  to  explore  the  mechanism  of  NPC  and  develop  new
herapeutic  methods  to  improve  the  prognosis  of  NPC.

Janus  Kinase  (JAK)/Signal  Transducer  and  Activator  of
ranscription  (STAT)  pathway  plays  a  central  role  in  immune
esponse,  cell  proliferation  and  differentiation,  and  stud-
es  have  shown  that  overexpression  and  overactivation  of
omponents  in  the  JAK/STAT  pathway  are  associated  with
he  development  of  different  types  of  cancer.4 In  the  public
ranscriptomic  analysis  of  NPC,  JAK2  is  the  most  significant
pregulated  gene  associated  with  JAK  activity  activation,
nd  JAK2  protein  expression  also  has  an  impact  on  the
rognosis  of  patients  with  NPC.5 IL-6  is  elevated  in  the
erum  of  patients  with  NPC.  As  the  upstream  activator  of
he  JAK2/STAT3  pathway,  the  increased  expression  of  IL-6
nd  the  activation  of  JAK2/STAT3  signaling  pathway  have
n  impact  on  the  prognosis  of  patients  with  NPC,  short-
ning  the  survival  time  and  providing  potential  targets  for
he  treatment  of  NPC.6 Therefore,  we  can  further  dissect
hether  Hsa  circ  0013561  promotes  the  malignant  progres-

ion  of  NPC  by  activating  the  JAK2/STAT3  pathway.
Circular  RNAs  (circRNAs)  are  a  special  class  of  non-coding

NA  molecules  that  are  formed  by  a  non-canonical  splicing
echanism  of  reverse  splicing,  connecting  the  3’  end  of  the

xon  to  the  5’  end  of  the  same  or  upstream  exon,  forming  a
losed  loop.7 At  present,  domestic  and  foreign  studies  have
onfirmed  that  circRNA  can  participate  in  the  occurrence
nd  development  of  laryngeal  squamous  cell  carcinoma,8
ladder  cancer,9 breast  cancer,10 etc.  In  Non-Small  Cell  Lung
ancer  (NSCLC),  highly  expressed  circ  ZNF124  promotes  the
ccurrence  and  development  of  NSCLC  by  promoting  the
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ctivation  of  JAK2/STAT3  signaling  pathway.11 In  Hepatocel-
ular  Carcinoma  (HCC),  circ  0072088  activates  JAK2/STAT3
ignaling  pathway  and  enhances  the  proliferation,  migra-
ion,  and  invasion  ability  of  HCC  cells.12

Here,  we  aim  to  explore  the  biological  role
f  hsa  circ  0013561  in  NPC.  We  speculate  that
sa  circ  0013561  regulates  the  role  of  JAK2/STAT3  sig-
aling  pathway  in  the  progression  of  NPC,  and  we  will
urther  dissect  the  mechanism.

ethods

issue  samples

araffin  samples  of  carcinoma  and  paracancer  tissues  were
ollected  from  3  patients  with  NPC  who  were  patholog-
cally  diagnosed  and  had  complete  clinical  data  during
021---2022  from  the  Department  of  Pathology  of  Shang-
ai  Gongli  Hospital,  and  the  paraffin  samples  were  used
or  immunohistochemical  experiments.  This  research  was
pproved  by  the  Ethics  Committee  of  Shanghai  Gongli  Hos-
ital,  and  all  patients  signed  the  informed  consent.

luorescence  in  situ  hybridization  (FISH)

e  tested  hsa  circ  0013561  with  the  help  of  Geneseed
iotech  (Guangzhou,  China).  We  used  Cy3-bound  anti-
igoxin  and  FitC-bound  anti-biotin  antibodies  to  explore  the
ignal.  We  used  4,6-Diamino-2-  Phenylindole  (DAPI)  to  invert
he  nucleus.  After  that,  we  used  a  Leica  microscope  to  get
he  images.

ell  culture  and  cell  transfection

e  purchased  Human  Nasal  mucosal  Epithelial  Cells  (HNEpC)
rom  Shanghai  phytobiotechnology  Company  (Shanghai,
hina)  and  received  a  donation  from  the  NPC  cell  line
NE1  from  the  Naval  Medical  University.  HNEpC  cells  were
SA)  medium  and  HNE1  cells  in  RPMI-1640  (Gibco,  GrandIs-
and,  NY,  USA)  medium  with  10%  Fetal  Bovine  Serum  (FBS,
IOEXPLORER  FBS  collected  in  South  America)  and  1%  strep-
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omycin/penicillin  antibiotics,  and  cultured  at  37 ◦C  and  5%
O2.

We  constructed  lentivirus-stabilized  hsa  circ  0013561
nockdown  cells  known  as  sh-circ0013561-HNE1.  After  cell
assage,  RNA  was  extracted  to  verify  transfection  efficiency.

uantitative  real-time  polymerase  chain  reaction
qRT-PCR)

otal  RNA  was  isolated  by  the  Fastagen  kit  (RNAfast200),
nd  the  amount  of  total  RNA  was  measured  by  using  the
anoDrop  device  (Thermo  Fisher  Scientific,  Waltham,
assachusetts,  USA).  Complementary  DNA  (cDNA)  is

ynthesized  using  the  cDNA  synthesis  kit  (Takara,  Ozu,
apan).  Primers  were  synthesized  by  Sangon  Biotech
Shanghai,  China)  using  Primer  software  based  on  the
equence  of  each  gene  in  circBase.  The  hsa  circ  0013561
nd  �-actin  primers  used  in  this  study  are  as  follows:
sa  circ  0013561  (Forward:  5′-GAATGCTGTCCTGTCCTC-
′,  Reverse:  5′-TGCCAATCATGGTCAGAG-3′),  �-actin
Forward:  5′-GGCTGTGCTATCCCTGTACG-3′,  Reverse:
′-CTTGATCTTCATTGTGCTGGGTG-3′).  �-actin  is  an  endoge-
ous  control,  while  the  2-��Ct method  is  used  for  estimation
f  relative  gene  expression.  Real-time  PCR  was  performed
n  the  StepOnePlus  RT-PCR  system  (Thermo  Fisher  Scientific)
sing  SYBR  Green  PCR  Master  Mix  (Yeasen,  Shanghai,  China).
he  thermal  cycle  conditions  of  PCR  were:  0.5  min  at  95◦C,
0  s at  95 ◦C,  30  s  at  60 ◦C,  and  40  cycles.

ell  counting  kit-8  (CCK-8)  assay

ccording  to  the  manufacturer’s  protocols,  relative  cell  via-
ility  was  measured  at  24  h,  48  h,  and  72  h  after  transfection
sing  CCK-8  (Yeasen,  Shanghai,  China).  The  cells  were  inoc-
lated  in  96-well  plates  with  4,000  cells  per  well  and  3
epeat  wells.  After  10  �L  CCK-8  solution  was  added  to  each
ell,  the  plates  were  incubated  at  37 ◦C  for  1  h  away  from

ight.  After  0  h,  24  h,  48  h,  and  72  h,  Optical  Density  (OD450nm)
as  measured  at  450  nm  for  each  sample  using  a  microplate

eader.

-Ethynyl-2′-deoxyuridine  (EdU)  assay

e  evaluated  cell  proliferation  using  the  EdU  assay  kit  (US
VERBRIGHT,  Suzhou,  China).  Normal  Control  Cells  (HNE1-
C)  and  sh-circ0013561-HNE1  cells  in  the  logarithmic  growth
hase  were  inoculated  in  24-well  plates,  inoculated  with

 ×  104 per  well,  and  cultured  overnight.  Add  10  �L  of  EdU-
abeled  medium  to  a  24-well  plate  and  then  incubate  at  5%
O2 at  37 ◦C  for  2  h.  After  treatment  with  4%  paraformalde-
yde  and  0.5%  Triton  X-100,  EdU  and  DAPI  staining  solutions
ere  added  to  the  staining  and  observed  under  fluorescence
icroscopy.  The  EdU  incorporation  rate  is  calculated  as  the

atio  of  the  total  number  of  EdU-positive  cells  (red  signal)
o  DAPI-positive  cells  (blue  signal).
olony  formation  assays

he  transfected  cells  were  inoculated  into  six-well  plates
t  a  density  of  1000  cells  per  well  and  cultured  in  RPMI-
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640  medium  containing  10%  FBS  for  7 days.  Washed
ith  Phosphate  Buffered  Saline  (PBS)  twice,  fixed  with  4%
araformaldehyde  for  20  min,  and  dyed  with  0.5%  crystal
iolet  for  20  min.  Colonies  consisting  of  at  least  50  cells  were
ounted  and  compared  with  NC.

poptosis  test

e  assessed  apoptosis  using  apoptosis  assays  (BD  Pharmin-
en,  FITC  Annexin  V  Apoptosis  Detection  Kit  I).  First,  collect

 ×  106 cells  and  add  100  �L  of  1×  Binding  Buffer  and  trans-
er  them  to  Eppendorf  (EP)  tubes,  add  5  �L  of  Annexin  V-APC
nd  5  �L  PI  to  each  tube.  After  mixing,  incubate  for  15  min
t  room  temperature  in  the  dark,  add  500  �L  of  1×  Binding
uffer  to  terminate  the  reaction,  and  then  detect  apoptosis
ith  flow  cytometry.

ell  cycle  test

ell  cycle  was  assessed  using  a  cell  cycle  assay  kit  (Bey-
time,  Cell  Cycle  and  Apoptosis  Analysis  Kit).  First,  collect

 ×  106 cells  and  add  500  �L staining  buffer,  25  �L  propidium
odide  staining  solution  (20×)  and  10  �L  RNase  A  (50×)  and
ransfer  them  to  EP  tubes,  mix  well  and  incubate  at  room
emperature  protected  from  light  for  30  min.  Measure  the
ell  cycle  with  flow  cytometry.

ound  healing  assay

ontrol  cells  and  transfected  cells  were  inoculated  into  six-
ell  plates  at  a  density  of  3.5  ×  105 cells/well  and  cultured

n  RPMI-1640  medium  containing  10%  FBS.  When  confluence
as  reached  at  90%---95%,  create  a  ‘‘scratch’’  using  a  1  mL
ipette  tip  and  the  scratched  cells  were  washed  off  with
BS.  Subsequently,  basic  medium  without  FBS  was  added
or  culture.  At  0 h,  24  h,  48  h  and  72  h,  the  wound  area  was
easured  under  the  microscope,  and  the  wound  area  was
easured  with  Image  J  software,  and  the  cell  scratch  heal-

ng  rate  was  calculated  =  [(scratch  area  at  0  h  −  scratch  area
t  a  certain  time  point)/scratch  area  at  0  h]  ×  100%.

ranswell  assay

ontrol  cells  and  transfected  cells  were  suspended  in  200  �L
erum-free  medium  at  a  density  of  2  ×  104 cells/well  and
noculated  in  the  upper  chamber  of  Transwell  plate  with

 �m  well.  In  addition,  600  �L medium  containing  15%  FBS
as  placed  in  the  lower  chamber  as  chemotactic  agent.
fter  1  day  of  culture,  it  was  fixed  with  4%  paraformalde-
yde,  stained  with  0.1%  crystal  violet,  and  counted  with  3
andom  fields  of  view  under  the  microscope.

estern  blot  analysis

otal  proteins  were  isolated  from  transfected  cells  using
IPA  Lysis  Buffer  (Beyotime,  RIPA  Lysis  Buffer  Strong)  lysate

ith  a protease  inhibitor  (Beyotime,  Phenylmethanesul-

onyl  fluoride,  PMSF).  Protein  concentration  was  determined
ith  a  BCA  protein  kit  (Yeasen,  Shanghai,  China).  Elec-

rophoretic  protein  samples  (15  �g)  in  SDS-PAGE  (10%)  gel
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Figure  1  The  expression  of  hsa  circ  0013561  were  increased  in  both  NPC  tissues  and  cells.  (A  and  B)  FISH  detection  show  the
expression and  subcellular  localization  of  hsa  circ  0013561  in  NPC  tissues.  Data  are  means  ±  SD;  ***  p  <  0.001  vs  normal.  (C)  RT-qPCR
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etection show  the  expression  of  hsa  circ  0013561  in  HNE1  an
cale =  50  �m.

nd  transfer  them  to  PVDF  membranes.  Next,  block  with
kim  milk  powder  (5%)  for  1  h  and  then  incubate  the  pri-
ary  antibody  overnight  in  a  4 ◦C  shaker.  The  corresponding
rimary  antibody:  anti-BAX  (1:5000,  Proteintech,  Wuhan,
hina),  anti-BCL-2  (1:5000,  Proteintech,  Wuhan,  China),
nti-E-cadherin  (1:5000,  Proteintech,  Wuhan,  China),  anti-
-cadherin  (1:5000,  Proteintech,  Wuhan,  China),  anti-JAK2
1:1000,  Affinity  Biosciences,  Jiangsu,  China),  anti-p-JAK2
1:1000,  Affinity  Biosciences,  Jiangsu,  China),  anti-STAT3
1:1000,  Zenbio,  Chengdu,  China),  anti-  p-STAT3  (1:1000,
enbio,  Chengdu,  China)  and  anti-�-actin  (1:10000,  Protein-
ech,  Wuhan,  China).  �-actin  was  used  as  internal  reference.
n  the  second  day,  incubated  with  peroxidase  labeled  sec-
ndary  antibodies  on  a  shaker  for  1  h,  the  corresponding
econd  antibody:  Goat  Anti-Mouse  IgG  (1:5000,  Biosharp,
nhui,  China)  and  Goat  Anti-Rabbit  IgG  (1:5000,  Biodragon,
eijing,  China).  Then  ECL  Western  Blotting  kit  (Vazyme,  Nan-
ing,  China)  was  used  to  analyze  the  chromogenic  protein
ands.  Finally,  the  bands  were  analyzed  using  Image  J soft-
are.

tatistical  analysis

ifferences  between  the  groups  were  evaluated  using  the

npaired  t-test,  and  the  data  were  expressed  as  averages.
e  considered  with  p  <  0.05  considered  statistically  signifi-

ant.  All  statistical  analyses  were  performed  using  GraphPad
rism.

s
d
t
o

4

NEpC  cells.  Data  are  means  ±  SD;  **  p  <  0.01  vs  HNEpC.  Ruler

esults

as circ 0013561  expression  in  NPC  tissues  and
ells

o  reveal  the  correlation  between  circRNA  expression  and
asopharyngeal  carcinoma  progression,  we  performed  in  situ
ybridization  on  paraffin  specimens  from  3  nasopharyngeal
arcinoma  patients  and  analyzed  nasopharyngeal  carci-
oma  cells  by  qRT-PCR.  FISH  results  showed  that  the
sa  circ  0013561  was  significantly  upregulated  in  cancerous
issue  compared  to  paracancerous  tissue  and  most  of  the
sa  circ  0013561  was  distributed  in  the  cytoplasm  (Fig.  1A
nd  B).  Compared  with  HNEpC,  hsa  circ  0013561  in  NPC  cells
NE1  was  significantly  up  regulated  (**p  <  0.05,  Fig.  1C).

nockdown  hsa  circ  0013561  validated  in  NPC  cells

asopharyngeal  carcinoma  cell  line  HNE1  was  established,
sa  circ  0013561  knockdown  virus  model  was  constructed,
nd  hsa  circ  0013561  was  stably  transfected  into  HNE1.
fter  transfection,  observe  under  a fluorescence  micro-
cope  and  take  pictures  (Fig.  2A).  The  results  showed  that
he  HNE1  cells  in  the  knockdown  group  (sh-circ0013561)

howed  green  fluorescence,  while  the  Normal  Control  (NC)
id  not  have  green  fluorescence.  qRT-PCR  results  showed
hat  compared  with  the  NC  group,  the  expression  level
f  has  circ  0013561  in  knockdown  group  was  significantly



Brazilian  Journal  of  Otorhinolaryngology  2024;90(1):101362

Figure  2  Knockdown  of  hsa  circ  0013561  was  validated  in  cells.  (A)  Fluorescence  observation  of  sh  circ  0013561cells  transfected
with lentivirus.  (B)  The  expression  of  hsa  circ  0013561  in  HNE1  cells  was  verified  by  qRT-PCR.  Data  are  presented  as  mean  ±  SD;  **
p <  0.05  vs.  NC.  Ruler  scale  =  50  �m.

Figure  3  Knockdown  of  hsa  circ  0013561  inhibits  NPC  proliferation.  (A)  CCK8  assays  were  used  to  evaluate  cell  proliferation.  Data
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s mean  ±  SD;  **  p  <  0.05  vs.  NC.  (D  and  E)  Colony  formation  ass
* p  <  0.05  vs.  NC.  Ruler  scale  =  100  �m.

own-regulated  (***p <  0.05,  Fig.  2B).  The  results  indicated
hat  the  stable  transfer  sh-circ0013561  cell  line  was  success-
ully  constructed.

nockdown  hsa  circ  0013561  inhibit  cell

roliferation

CK-8  (Fig.  3A),  EdU  tests  (Fig.  3B  and  C)  and  plate
loning  tests  (Fig.  3D  and  E)  showed  that  knockdown  of

c
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s  were  used  to  evaluate  cell  proliferation.  Data  are  presented
owing  proliferation  in  cells.  Data  are  presented  as  mean  ±  SD;

sa  circ  0013561  inhibited  the  proliferation  of  HNE1  cells.
fter  6  h  of  CCK8,  cells  were  attached  to  the  wall  and  OD
alue  was  measured  at  0  h,  and  then  measured  for  3  con-
ecutive  days.  The  results  showed  that  the  mean  OD  value
f  72  h in  the  knockdown  group  was  significantly  decreased
ompared  with  the  mean  OD  value  of  72  h  in  the  NC  group

***p  <  0.05).  In  the  EdU  test,  the  count  EdU/DAPI  ratio  was
he  percentage  of  cell  proliferation,  which  was  significan-
ly  decreased  in  knockdown  group  compared  with  the  mean
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Figure  4  Knockdown  of  hsa  circ  0013561  changed  cell  apoptosis  and  cycle  distribution.  (A  and  B)  The  cell  apoptosis  was  detected
by flow  cytometry.  Data  are  presented  as  mean  ±  SD;  ****  p  <  0.001  vs.  NC.  (C  and  D)  The  cell  cycle  was  detected  by  flow  cytometry,
and the  cell  arrest  was  in  G1  phase.  Data  are  presented  as  mean  ±  SD;  ****  p  <  0.001  vs.NC.  (E-F)  Relative  expression  of  BAX  and
BCL-2 in  HNE1  cells  was  detected  by  Western  blot.  The  expression  of  BAX  was  increased  and  the  expression  of  BCL-2  was  decreased.
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ompared  with  the  NC  group,  the  average  number  of  clone
olonies  in  knockdown  group  was  significantly  decreased  (**p

 0.05).

nockdown  hsa  circ  0013561  alters  apoptosis  and
ycle distribution

low  cytometry  was  used  to  detect  apoptosis  in  the  two
roups  (Fig.  4A  and  B),  and  the  results  showed  that  com-
ared  with  the  average  apoptosis  ratio  of  the  NC  group,
he  knockdown  group  was  significantly  increased  (****p <

.05),  and  the  apoptosis  ability  of  cells  was  enhanced  after
ransfection  knockdown  hsa  circ  0013561.  It  has  been  shown
hat  knocking  down  hsa  circ  0013561  promotes  apoptosis
n  HNE1  cells.  Cell  cycle  (Fig.  4C  and  D)  HNE1  cells  were
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tained  with  Propyl  Iodide  (PI),  and  cell  cycle  was  detected
y  flow  cytometry  in  both  groups.  The  results  showed  that
ompared  with  the  NC  group,  the  average  cell  ratio  of
0/G1  phase  was  significantly  higher  in  the  knockedown
roup  (****p <  0.05).  The  results  showed  that  compared  with
he  NC  group,  the  mean  S  phase  cell  ratio  was  significan-
ly  decreased  in  the  knock  down  group  (****p <  0.05).  The
esults  indicated  that  knockdown  of  hsa  circ  0013561  medi-
ted  the  arrest  of  HNE1  cells  in  G1  phase.  Western-blot  assay
as  used  to  detect  the  expression  of  apoptosis-related  pro-

eins  in  the  two  groups  (Fig.  4E---F).  Compared  with  the  NC
roup,  the  knockdown  group  showed  higher  expression  of
poptosis-related  protein  BAX  and  lower  expression  of  anti-
poptosis-related  protein  BCL-2.  The  results  indicated  that
sa  circ  0013561  knockdown  enhanced  the  expression  of

AX  protein  in  HNE1  cells,  while  decreased  the  expression  of
CL-2  protein.
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Figure  5  Knockdown  of  hsa  circ  0013561  inhibits  NPC  migration  and  EMT  progression.  (A  and  B)  Cell  migration  ability  was  detected
by wound  healing  assay.  Data  are  presented  as  mean  ±  SD;  ***  p  <  0.001  vs.  NC.  (C  and  D)  Transwell  assay  was  used  to  detect  cell
migration ability.  Data  are  presented  as  mean  ±  SD;  ***  p  <  0.001  vs.NC.  (E  and  F)  Relative  expression  of  E-cadherin  and  N-cadherin
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nockdown  hsa  circ  0013561  inhibit  cell  migration
nd EMT  progression

nalysis  of  wound  healing  (Fig.  5A  and  B),  which  was  used  to
easure  migration  ability,  showed  that  the  wound  healing

ate  in  the  knock  down  group  was  significantly  lower  than
he  mean  wound  healing  rate  in  the  NC  group  at  72  h  (***p  <
.05).  In  the  results  of  transwell  (Fig.  5C  and  D),  the  num-
er  of  cells  migrated  per  visual  field  was  counted.  Compared
ith  the  mean  number  of  cells  migrated  in  the  NC  group,

he  number  of  cells  migrated  in  the  knockdown  group  was
ignificantly  reduced  (***p  <  0.05).  The  expression  of  EMT-
elated  protein  in  the  two  groups  of  cells  was  detected  by
he  Western-blot  method  (Fig.  5E  and  F),  and  compared  with
he  NC  group,  the  knockdown  group  had  high  expression  of
he  inhibition  migration  protein  E-cadherin  and  low  expres-
ion  of  the  pro-migration  protein  N-cadherin.  These  results
ndicated  that  knockdown  of  hsa  circ  0013561  inhibited  EMT
rogression  in  HNE1  cells.

nockdown  hsa  circ  0013561  inhibit  JAK2/STAT3
ignaling pathway  activation  in  NPC  cells
he  Western-blot  method  was  used  to  detect  the  expres-
ion  of  pathway-related  proteins  in  the  two  groups  (Fig.  6A),
nd  compared  with  the  NC  group,  the  expression  of  p-

S
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s

7

adherin  was  increased  and  the  expression  of  N-cadherin  was
s.  NC.  Ruler  scale  =  50  �m.

AK2  and  p-STAT3  proteins  was  significantly  downregulated,
nd  the  ratio  of  p-JAK2/JAK2  and  p-STAT3/STAT3  decreased
Fig.  6B).  These  results  indicated  that  hsa  circ  0013561
nockdown  could  inhibit  the  malignant  progression  of  NPC
y  inhibiting  the  expression  of  JAK2/STAT3  signaling  pathway
elated  proteins.

iscussion

he  location  of  the  nasal  cavity  is  hidden,  which  makes  it
ifficult  to  detect  early  NPC  by  general  examination  meth-
ds.  So,  most  patients  are  already  in  the  middle  and  late
tage  when  detected,  and  some  patients  may  have  local  and
egional  tumor  recurrence  or  residual  after  the  initial  radical
reatment,  and  the  effects  of  radiotherapy  and  chemother-
py  are  not  ideal.13,14 Therefore,  NPC  has  the  characteristics
f  high  incidence,  difficult  diagnosis  and  difficult  surgical
adical  treatment,  which  makes  it  a difficult  problem  for
urgeons,  and  it  is  particularly  important  to  find  new  break-
hroughs  in  treatment.  circRNA  contains  a  class  of  emerging
ich  endogenous  noncoding  RNA  molecules,  which  play  an
mportant  role  in  the  pathogenesis  and  progression  of  can-
er  and  has  received  extensive  attention  in  recent  years.15,16
tudies  have  shown  that  circRNA  has  tissue  and  disease-
pecific  expressibility  and  can  be  expressed  differently  in
isease-associated  genes.16,17 Currently,  many  studies  have
hown  that  circRNA  is  involved  in  the  occurrence  and
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Figure  6  Knockdown  hsa  circ  0013561  inhibit  JAK2/STAT3  sig-
naling pathway  activation  in  NPC  cells.  (A)  The  expression  of
JAK2, p-JAK2,  STAT3,  and  p-STAT3  proteins  in  cells  after  knock-
ing down  hsa  circ  0013561  in  HNE1  cells.  (B)  The  expression  of
p-JAK2 and  p-STAT3  proteins  was  significantly  downregulated,
and the  ratio  of  p-JAK2/JAK2  and  p-STAT3/STAT3  decreased.
Data  are  presented  as  mean  ±  SD;  ***  p  <  0.05  vs.  NC.
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Figure  7  Hsa  circ  0013561  promotes  progression  of  nasopharyn
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,  Y.  Tailei  et  al.

evelopment  of  NPC,  such  as  knockdown  hsa  circ  0007637
nhibiting  the  growth  of  NPC  cells,  and  hsa  circ  0007637
romoting  the  progression  of  NPC  through  the  sponge  miR-
36/TPD52  axis.18 Circ  0000523  overexpression  promoted
he  proliferation  of  NPC  cells  and  accelerated  the  cell  cycle
rocess,  while  circ  0000523  knockdown  inhibited  the  prolif-
ration  of  NPC  cells  and  induced  cell  cycle  arrest.19

The  best-known  apoptosis-related  family  BCL-2  contains
any  pro-apoptotic  proteins  and  anti-apoptotic  proteins.

ro-apoptotic  members  such  as  BAX  promote  apoptosis  and
re  the  most  important  pro-apoptotic  members  of  the  BCL-2-
elated  gene  encoding  the  BCL-2  family,  while  anti-apoptotic
embers  such  as  BCL-2  hinder  the  mechanism  of  apoptotic

ell  death.20---22 Liu  et  al.23 found  that  Ovatodiolide  (Ova)
nhibited  tumor  development,  up-regulated  the  expression
f  BAX  and  down-regulated  the  expression  of  BCL-2,  and
ncreased  the  expression  of  E-cadherin.  Ova  inhibited  the
tem-like  phenotype  of  NPC  cells  by  inhibiting  STAT3  signal-
ng  and  regulating  the  dysfunction  of  JAK2/STAT3  pathway.

Epithelial-Mesenchymal  Transition  (EMT)  plays  an  impor-
ant  role  in  cancer  metastasis.  EMT  procedures  can
nhance  metastasis,  chemical  resistance,  and  tumor  stem-
ess,  mainly  characterized  by  reduced  expression  of  cell
dhesion  molecules  such  as  E-cadherin.  E-cadherin  is  a
otential  marker  of  malignancy.24,25 N-cadherin  is  a  trans-
embrane  adhesion  molecule  associated  with  advanced

ancer  progression  and  poor  prognosis.  Increased  expression
f  N-cadherin  is  a  marker  of  EMT  and  promotes  tumor  cell
urvival,  migration,  and  invasion.26,27 Decreased  or  absent
xpression  of  E-cadherin  can  lead  to  weakened  adhesion
etween  cancer  cells,  which  in  turn  makes  cancer  cells

rone  to  shedding  and  metastasis,  and  promotes  tumorigen-
sis,  invasion  and  metastasis  of  epithelial  tumors  (including
PC).28,29 Knockdown  of  the  long  non-coding  RNA  MALAT1
Metastasis-Associated  Lung  Adenocarcinoma  Transcription-

geal  carcinoma  by  activating  JAK2/STAT3  signaling  pathway.
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)  inhibits  proliferation,  invasion,  and  EMT  of  NPC  cells,  as
hown  by  increased  expression  of  E-cadherin  and  decreased
xpression  of  N-cadherin.30

In  this  study,  we  found  that  hsa  circ  0013561  was  sig-
ificantly  upregulated  in  NPC  tissues  and  hsa  circ  0013561
as  highly  expressed  in  NPC  cells  HNE1  compared  to  HNEpC.
hese  findings  suggest  that  hsa  circ  0013561  may  play  a  role

n  NPC  progression.  In  order  to  further  explore  the  func-
ion,  expression  and  mechanism  of  hsa  circ  0013561  in  NPC,
e  further  carry  out  research.  Firstly,  knocking  down  the
sa  circ  0013561  in  HNE1  cells  found  that  it  would  inhibit
ell  proliferation,  while  the  expression  level  of  BAX  protein
as  upregulated  and  the  expression  level  of  BCL-2  protein
as  down-regulated,  which  promoted  cell  apoptosis.  Change

he  cell  cycle  and  block  cells  in  G1  phase  inhibit  migration
bility,  high  expression  of  E-cadherin  and  low  expression  of
-cadherin  inhibit  EMT  progression.  The  results  show  that
sa circ  0013561  can  promote  the  proliferation  and  migra-
ion  of  NPC.

onclusions

n  conclusion,  these  data  indicate  that  the  expression  of
sa  circ  0013561  in  NPC  is  increased  and  closely  related
o  the  malignant  progression  of  NPC.  Knocking  down
sa  circ  0013561  inhibits  NPC  progression  through  the
AK2/STAT3  signaling  pathway  (Fig.  7).  Therefore,  our
esults  provide  a  new  target  for  NPC  treatment  that  deserves
urther  investigation.
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