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IGHLIGHTS
MiR-99a-5p  was  the  most  significant  differentially  expressed  gene  in  exosomes.
The  proliferation  and  migration  of  NPC  cells  were  extremely  facilitated  by  exosomes.
NPC  derived  exosomes  facilitated  the  proliferation  and  migration  of  NPC.
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Abstract
Objectives:  Nasopharyngeal  Carcinoma  (NPC)  is  a  common  malignant  tumor  of  nasopharyngeal
mucosal epithelium  in  clinical  practice.  Radiotherapy  and  chemotherapy  are  the  main  treat-
ment methods  at  present,  but  the  therapeutic  effect  is  still  unsatisfactory.  Studies  have  shown
that exosomes  and  microRNAs  (miRNAs)  play  an  important  role  in  the  development  of  cancer.
Therefore,  this  study  aimed  to  investigate  the  effects  of  NPC  derived  exosomes  on  NPC  and
their molecular  mechanisms.
Methods:  Serum  was  collected  from  healthy  subjects,  Epstein---Barr  Virus  (EBV)  infected
patients and  NPC  patients  (n  =  9  group)  and  exosomes  were  extracted  separately.  High-
throughput  sequencing  of  exosomes  was  performed  to  screen  differentially  expressed  miRNAs.
The function  of  the  screened  miRNA  was  identified  by  treating  NPC  cells  with  exosomes.  The
target gene  of  miRNA  was  identified  using  the  dual-luciferase  assay.  Real-Time  quantitative
 (RT-qPCR)  was  used  to  determine  the  levels  of  miR-99a-5p  and
zinc  finger  domain  protein  2A  (BAZ2A).  Cell  Counting  Kit-8  assay,

 healing  assay  were  utilized  to  detect  cell  viability,  cell  cycle  and
Polymerase  Chain  Reaction
Bromodomain  Adjacent  To
flow cytometry,  and  wound

apoptosis, and  migration  ability.  The  protein  levels  were  evaluated  by  Western  blot.
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Results:  MiR-99a-5p  was  identified  as  the  most  significant  differentially  expressed  miRNA  in
exosomes (p  <  0.05).  The  proliferation  and  migration  of  NPC  cells  were  extremely  facilitated  by
exosomes, accompanied  by  the  suppressed  apoptosis,  upregulated  BAZ2A,  Monocyte  Chemotac-
tic Protein-1  (MCP1),  and  Vascular  Endothelial  Growth  Factor  A  (VEGFA),  and  downregulation
of Interleukin  (IL)-1�  and  Nuclear  Transcription  Factor-�B  (NF-�B)  (p  <  0.05).  BAZ2A  was  a
target gene  of  miR-99a-5p.  Furthermore,  the  regulatory  effect  of  exosomes  on  the  prolifer-
ation, migration,  and  apoptosis  was  significantly  abolished  by  overexpression  of  miR-99a-5p  or
downregulation  of  BAZ2A  (p  <  0.05).
Conclusion:  NPC  derived  exosomes  facilitated  the  proliferation  and  migration  of  NPC  through
regulating  the  miR-99a-5p/BAZ2A  axis.
© 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/).
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asopharyngeal  Carcinoma  (NPC)  is  a  malignant  tumor
ocated  in  the  mucosal  epithelium  of  the  nasopharynx,
hich  is  a  common  head  and  neck  tumor.1 Compared
ith  common  head  and  neck  squamous  cell  carcinoma,
PC  is  sensitive  to  radiotherapy  and  chemotherapy  with
haracteristic  clinical  manifestations  and  a  better  progno-
is.  With  the  development  of  radiotherapy  technology  and
he  optimization  of  chemotherapy  regimens,  the  locore-
ional  control  rate  of  NPC  has  been  significantly  improved.
owever,  4-year  Overall  Survival  (OS)  remains  low.2,3 Radi-
tion  resistance  are  observed  in  approximately  in  20%  of
PC  patients.4 Therefore,  it  is  important  to  explore  the
ovel  mechanisms  regulating  the  biological  behavior  of  NPC
ells.

Studies  have  shown  that  microRNAs  (miRNAs)  in  exosomes
ind  to  target  genes  related  to  various  cellular  pathways
nd  participate  in  angiogenesis,  cell  transport,  apoptosis,
nd  protein  cleavage.5,6 Based  on  this,  there  are  increas-
ng  studies  on  exosomal  miRNAs  in  NPC.  Jiang  et  al.  showed
hat  miR-197-3p  in  NPC  cell-derived  exosomes  reduced  the
roliferation  and  migration  potential  of  NPC  cells,  inhibited
utophagy  of  NPC  cells,  and  improved  NPC  radiosensitiv-
ty  by  targeting  HSPA5  to  regulate  the  AKT/mTOR  pathway.7

ang  et  al.  found  that  miR-205-5p  in  NPC  cell-derived  exo-
omes  enhanced  EGFR/ERK  signaling  and  MMP  expression
y  targeting  DSC2  and  promoted  angiogenesis  and  NPC
etastasis.8 In  addition,  Li  et  al.  showed  that  miR-106a-5p  in
PC  cell-derived  exosomes  activates  AKT  phosphorylation  by
argeting  Aryl  hydrocarbon  Receptor  Nuclear  Translocator  2
ARNT2),  thereby  promoting  NPC  cell  proliferation,  reducing
poptosis,  and  resistance  to  cisplatin.9 These  studies  suggest
hat  exosomal  miRNAs  play  a  crucial  role  in  regulating  tumor
evelopment.

MiR-99a-5p,  as  a  tumor  suppressor  gene,  is  a  poten-
ial  biomarker  for  predicting  early  squamous  neck  cell
arcinoma.10 Studies  have  shown  that  miR-99a-5p  regulates
oxorubicin  resistance  through  the  COX-2/ABCG2  axis  in

11
riple-negative  breast  cancer. miR-99a-5p  plays  an  anti-
umor  role  in  tumor  metastasis  by  targeting  CDC25A/IL6
o  hinder  the  Epithelial---Mesenchymal  Transition  (EMT)  pro-
ess  in  human  cervical  squamous  cell  carcinoma.12 Thus,
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iR-99a-5p  is  a  candidate  miRNA  for  inhibiting  a  variety  of
umors.  However,  no  study  has  yet  reported  the  effect  of
iR-99a-5p  in  NPC.
The  Bromodomain  Adjacent  Tozinc  finger  domain  protein

A  (BAZ2A)  plays  an  important  role  in  chromatin  remodel-
ng  and  regulation  of  non-coding  RNAs.13 Previous  studies
ave  shown  that  BAZ2A  is  an  epigenetic  regulator  involved
n  ribosomal  RNA  transcription  and  is  overexpressed  in
rostate  cancer  and  is  a  marker  for  predicting  prostate  can-
er  recurrence.14 Recent  studies  have  shown  that  TIP5  exerts
ncogenic  effects  in  Hepatocellular  Carcinoma  (HCC)  by
ctivating  �-catenin/TCF7L2  signaling,  suggesting  that  TIP5
ay  be  a  promising  therapeutic  target  for  HCC.15 LINC00885

xerts  oncogenic  effects  in  cervical  cancer  by  adsorbing
iR-3150b-3p  through  sponges  and  upregulating  BAZ2A.16

hese  studies  suggest  that  BAZ2A  promotes  tumor  progres-
ion.  However,  the  relationship  between  BAZ2A  and  NPC  is
nclear.  In  this  study,  binding  sites  of  miR-99a-5p  to  BAZ2A
ere  predicted  by  TargetScan  database.  However,  these

esearch  gaps  mentioned  above  are  highly  desirable  to  be
xplored  experimentally.

Therefore,  in  this  study,  we  screened  differentially
xpressed  miRNAs  in  serum  by  high-throughput  sequenc-
ng  and  investigated  the  effects  of  serum-derived  exosomes
n  NPC  cell  proliferation,  migration  and  apoptosis.  In
ddition,  serum  exosomes  were  added  to  NPC  cells  over-
xpressing  miR-99a-5p  to  investigate  the  effect  of  serum
xosomes  on  the  miR-99a-5p/BAZ2A  axis.  Our  study  aimed  to
nvestigate  the  effect  of  serum-derived  exosomes  and  miR-
9a-5p/BAZ2A  axis  on  NPC,  thus  providing  more  scientific
asis  for  the  pathogenesis  and  treatment  of  NPC.

ethods

he  extraction  and  identification  of  exosomes

he  serum  was  moved  into  a  new  centrifuge  tube  and  cen-
rifuged  at  2000×g for  30  min  at  4 ◦C.  The  supernatant
as  carefully  transferred  to  a  new  centrifuge  tube  and

entrifuged  at  10,000×g and  4 ◦C  for  45  min  to  remove
arger  vesicles.  The  supernatant  was  removed  and  filtered
hrough  a  0.45  �m  filter  membrane  (HAWG04700,  Sigma-
ldrich.cn)  to  collect  the  filtrate,  which  was  transferred
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Table  1  Sequences  of  primers  used  in  the  RT-PCR  assay.

Gene  Forward  primer  (5′ →  3′)  Reverse  primer  (5′ →  3′)

U6  CTCGCTTCGGCAGCACA  AACGCTTCACGAATTTGCGT
MiR-99a-5p  GCGAACCCGTAGATCCGAT  AGTGCAGGGTCCGAGGTATT
BAZ2A GCCTCGGTACTCGGAAGAAG  CATCTCCATCAGGATAATCTCGCA
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�-Actin TGGCACCCAGCACAATGA

o  a  new  centrifuge  tube  and  centrifuged  at  100,000×g
or  70  min  at  4 ◦C  with  a  superspeed  rotor  selected.  After
emoval  of  the  supernatant  and  resuspension  with  10  mL
f  precooled  Phosphate  Buffered  Saline  (PBS),  the  rotor
as  selected  and  ultra-centrifugated  at  100,000×g  at
◦C  for  70  min.  The  precipitates  were  collected  as  exo-

omes,  which  were  resuspended  in  800  �L  of  precooled  PBS
or  subsequent  transmission  electron  microscopy  (Olympus
M3030Plus,  Japan),  particle  size  identification,  and  miRNA
igh-throughput  sequencing.  This  study  has  been  approved
y  the  Ethics  Committee  (Zhongshan  Traditional  Chinese
edicine  Hospital  Ethics  Committee),  and  all  patients  have

igned  informed  consent.

igh-throughput  sequencing  of  miRNA

xosomes  were  extracted  from  three  types  of  serum:  serum
rom  9  healthy  subjects  (NC’exo),  serum  from  9  Epstein---Barr
irus  (EBV)  infected  patients  (EBV’exo),  and  serum  from

 NPC  patients  (NPC’exo).  Exosomes  obtained  by  ultra-
entrifugation  were  added  to  the  lysate  to  extract  RNA,
nd  a  small  RNA  sequencing  library  was  constructed.  High-
hroughput  sequencing  of  miRNA  was  performed  on  the
llumina  platform.  The  differentially  expressed  miRNAs  were
creened  and  verified  by  quantitative  Polymerase  Chain
eaction  (qPCR).

eal-time  quantitative  PCR  (RT-qPCR)

NAs  were  extracted  from  cells  using  the  Trizol  Reagent
CW0580S,  CWBIO,  China),  followed  by  obtaining  the  total
iRNA  using  the  miRNA  extraction  kit  (CW0627S,  CWBIO,
hina)  and  the  total  mRNA  using  the  mRNA  extraction  kit
CWBIO,  China).  Total  miRNA  and  mRNA  were  transcribed
nto  micDNA  and  cDNA  using  the  miRNA  cDNA  Synthesis  Kit
CW2141S,  CWBIO,  China)  and  the  HiScript  II  Q  RT  Super-
ix  for  qPCR  (+gDNA  wiper)  (R223-01,  Vazyme,  China),

espectively.  The  PCR  reaction  was  conducted  with  the
iRNA  Universal  SYBR  qPCR  Master  Mix  (MQ101-02,  Vazyme,
hina)  and  ChamQ  Universal  SYBR  qPCR  Master  Mix  Q711-
2,  Vazyme,  China).  Real-time  fluorescent  quantitative  PCR
nstrument  Gene  amplification  instrument  system  (ABI  7500,
hermoFisher  Scientific)  was  used  for  PCR  detection.  The

ene  levels  were  checked  utilizing  the  2−��Ct method.
equences  of  primers  were  shown  in  Table  1.  U6  and  �-actin
ere  utilized  as  the  internal  reference  for  miRNA  and  mRNA,

espectively.
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3

CTAAGTCATAGTCCGCCTAGAAGCA

estern  blotting  assay

he  BCA  kit  (Cwbio,  Jiangsu,  China)  was  utilized  to  quantify
he  protein  isolated  from  cells,  followed  by  being  sepa-
ated  with  the  12%  SDS-PAGE.  The  separated  protein  was
ransferred  from  the  gel  to  the  Polyvinylidene  Difluoride
embrane  (PVDF)  membrane,  which  was  further  introduced
ith  5%  skim  milk.  Then,  the  membrane  was  introduced
ith  the  primary  antibody  against  BAZ2A  (1:1000,  DF3858,
ffinity,  USA),  Interleukin  (IL)-1� (1:1000,  AF5103,  Affin-

ty,  USA),  Monocyte  Chemotactic  Protein  1  (MCP1,  1:1000,
F7577,  Affinity,  USA),  Nuclear  transcription  Factor-�B
NF-�B,  1:1000,  66535-1-Ig,  Proteintech,  USA),  Vascular
ndothelial  Growth  Factor  A  (VEGFA,  1:1000,  AF5131,  Affin-
ty,  USA),  and  GAPDH  (1:2000,  TA-08,  ZSBIO,  China).  The
econd  antibody  (1:2000,  ZB-2301,  ZSBIO,  China)  was  sub-
equently  added  to  be  incubated  for  90  min.  Finally,  ECL
eagent  was  added  to  expose  the  bands,  which  were  further
uantified  with  the  Image  J  software.

CK-8  assay

ells  were  implanted  in  96-well  plates  for  24  h,  followed  by
dding  with  10  �L CCK8  solution.  After  incubating  for  2  h,
he  OD  value  was  detected  using  the  microplate  reader  (WD-
012B,  LIUYI,  China).

ound  healing  assay

hen  the  cell  density  reached  more  than  90%,  200  �L  of
he  gun  tip  was  used  to  scratch  in  each  well,  followed  by
iscarding  the  medium  and  replaced  with  DMEM  incomplete
edium.  Then  the  scratch  in  each  well  was  photographed.
ells  were  put  into  the  incubator,  and  the  scratch  of  each
ell  was  photographed  again  after  24  h.  According  to  the

cratch  condition,  the  24  h  scratch  data  and  the  0  h  scratch
ata  were  determined.  The  corresponding  scratch  width  and
igration  rate  was  calculated.

he  detection  of  apoptosis  using  the  flow
ytometry

 ×  106 cells  were  collected  and  washed  by  PBS  buffer,  which
ere  then  re-suspended  with  300  �L  pre-cold  1×  Annexin  V-
ITC  binding  buffer.  Then,  cells  were  introduced  with  5  �L

nnexin  V-FITC  reagent  and  10  �L  PI  reagent,  followed  by
0  min  incubation  in  the  dark  at  room  temperature.  Lastly,
ells  were  loaded  onto  the  flow  cytometry  (NovoCyte  2060R,
CEA  Biosciences,  China)  for  the  analysis  of  apoptosis.
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igure  1  The  extracted  exosomes  were  identified.  (A)  The  m
icroscopy. (B)  The  particle  size  of  exosomes  was  detected  by  

he  detection  of  cell  cycle  using  the  flow
ytometry

he  medium  in  the  6-well  plate  was  discarded,  and  each  well
as  rinsed  twice  with  1  mL  PBS.  Then  200  �L  EDTA  containing

rypsin  digestion  solution  was  added  and  digested  in  37 ◦C
ncubator.  The  cell  suspension  was  centrifuged  at  3000  rpm
or  3  min,  and  the  supernatant  was  discarded.  1  mL  PBS  was
dded  to  each  tube,  followed  by  centrifuged  at  3000  rpm
or  3  min.  1  mL  of  absolute  ethanol  precooled  at  4 ◦C  was
dded  to  each  tube  and  placed  in  a  4 ◦C  refrigerator  for  more
han  2  h.  Samples  were  centrifuged  at  3000  rpm  for  3  min
nd  the  supernatant  was  discarded.  1  mL  of  PBS  was  added,
ollowed  by  centrifuged  at  3000  rpm  for  3  min  and  discarding
he  supernatant.  500  �L  DNA  staining  solution  was  added  to
e  incubated  in  the  dark  for  1  h,  followed  by  loaded  onto  the
ow  cytometry  (NovoCyte  2060R,  ACEA  Biosciences,  China)
or  the  analysis  of  cell  cycle.

ouble  luciferase  assay

he  full-length  3′-UTR  fragment  of  the  BAZ2A  gene  was
mplified  using  the  BEC  genome  as  a  template,  and  the
CR  product  was  digested,  followed  by  linking  the  amplified
roduct  to  the  pMIR  plasmid.  After  transforming  the  ampli-
ed  product  into  DH5� cells,  positive  clones  were  screened
nd  sequenced  for  correction.  The  correct  sequencing
lasmids  were  used  for  transfection  and  named  pMIR-BAZ2A-
T  and  pMIR-BAZ2A-MUT.  Subsequently,  pMIR-BAZ2A-WT  or

MIR-BAZ2A-MUT  was  transfected  into  HEK293T  cells,  along

ith  the  miR-99a-5p  mimic  or  mimic  NC,  using  Lipofec-

amine  2000.  After  2-day  incubation,  relative  luciferase
ctivity  was  measured  according  to  the  instructions  of  the
ual-Glo  Luciferase  Assay  System  Kit.

g
t
1
o

4

ology  of  exosomes  was  imaged  using  the  transmission  electron
anoparticle  Tracking  Analysis  (NTA).

he  grouping  for  the  verification  of  miR-99a-5p
unction  in  NPC

our  groups  were  divided  to  verify  the  miR-99a-5p  function
n  NPC:  Control,  NPC’exo,  NPC’exo+  mimic,  and  NPC’exo+
imic  NC.  In  the  control  group,  NPC  cells  were  treated  with
lank  medium.  In  the  NPC’exo  group,  NPC  cells  were  treated
ith  20  �g/mL  NPC’exo,  while  in  the  NPC’exo+  mimic  group,
PC  cells  were  treated  with  20  �g/mL  NPC’exo  combined
ith  50  nM  miR-99a-5p  mimic.  In  the  NPC’exo+  mimic  NC
roup,  NPC  cells  were  treated  with  20  �g/mL  NPC’exo  com-
ined  with  50  nM  mimic  NC.

tatistical  analysis

ean  ±  Standard  Deviation  (SD)  was  utilized  to  present  data,
hich  was  analyzed  using  the  one-way  ANOVA  method  with

he  software  of  GraphPad  prism  software  6.0;  p  <  0.05  was
onsidered  to  be  a  statistically  significant  difference.

esults

he  identification  of  extracted  exosomes

xosomes  are  derived  from  multivesicular  bodies  in  cells,
hich  are  membrane  vesicles  with  a  diameter  of  about
0---150  nm  secreted  by  living  cells.  The  density  of  exosomes
s  1.13---1.19  g/mL  with  a  typical  ‘‘cup  and  plate’’  shape.

As  shown  in  Fig.  1A---B,  exosomes  extracted  from  each

roup  showed  a  typical  ‘‘cup  and  plate’’  morphology,  and
he  particle  size  was  mainly  distributed  between  50  and
20  nm,  which  was  consistent  with  the  basic  characteristics
f  exosomes.
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Figure  2  Mir-99a-5p  and  miR-8085  were  significantly  highly  expressed  in  EBV’exo  and  NPC’exo.  (A)  Screening  of  differentially
expressed miRNAs  in  exosomes  from  healthy  subjects’  sera  (NC’exo),  EBV-infected  patients’  sera  (EBV’exo)  and  NPC  patients’  sera
( PCR  
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NPC’exo) by  high-throughput  sequencing  of  miRNAs.  (B---C)  RT-q
evels in  NC’exo,  EBV’exo  and  NPC’exo  (*p  <  0.05  vs.  control).

igh-throughput  sequencing  of  miRNAs  and
dentification

iR-99b-5p  and  miR-8085  were  selected  as  candidate  genes
y  high-throughput  sequencing  analysis  Fig.  2A,  which  were
ubsequently  validated  by  qPCR.  As  shown  in  Fig.  2B---C,
ompared  to  control,  miR-99a-5p  and  miR-8085  were  sig-
ificantly  upregulated  in  EBV’exo  (miR-99a-5p  expression,
8.02  ±  4.82;  miR-8085  expression,  5.63  ±  2.33;  n  =  3),  and
PC’exo  (miR-99a-5p  expression,  259.72  ±  23.80;  miR-8085
xpression,  5.14  ±  1.64;  n  =  3),  in  which  miR-99a-5p  showed
he  most  significant  differential  expression.  Therefore,  miR-
9a-5p  was  selected  for  subsequent  assays.

he  impact  of  different  exosomes  on  the
iofunction  of  NPC  cells

s  shown  in  Fig.  3A---B,  in  both  5---8F  and  NPC/HK1  cells,
ompared  to  control,  the  cell  viability  and  migration  rate
ere  extremely  elevated  by  the  introduction  of  EBV’exo  and
PC’exo.  Furthermore,  higher  cell  viability  (EBV’exo  group
07.59  ±  2.87  and  NPC’exo  group  113.21  ±  2.08  in  5---8F  cell,
ompared  to  the  control  group  100  ±  3.1;  EBV’exo  group
08.41  ±  1.69  and  NPC’exo  group  112.41  ±  3.12  in  NPC/HK1
ell,  compared  to  the  control  group  100  ±  3.12;  n  =  5)  and
igration  rate  (EBV’exo  group  23.62  ±  2.42  and  NPC’exo

roup  24.29  ±  4.21  in  5---8F  cell,  compared  to  the  control
roup  18.78  ±  1.64;  EBV’exo  group  20.39  ±  3.34  and  NPC’exo
roup  23.00  ±  3.94  in  NPC/HK1  cell,  compared  to  the  con-
rol  group  10.92  ±  3.21;  n  =  3)  were  observed  in  the  NPC’exo
ompared  to  the  EBV’exo  group.  As  shown  in  Fig.  3C,  in
PC/HK1  cells,  compared  to  control,  the  apoptotic  rate  was

reatly  reduced  by  the  introduction  of  EBV’exo  (4.92  ±  0.36;

 =  3)  and  NPC’exo  (5.96  ±  0.34;  n  =  3).  Moreover,  no  sig-
ificant  difference  was  observed  among  different  groups
egarding  the  cell  cycle.
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5

was  used  to  detect  miR-99a-5p  (B)  and  miR-8085  (C)  expression

he  impact  of  different  exosomes  on  the  protein
evel of  BAZ2A,  IL-1�,  MCP1,  NF-�B,  and  VEGFA  in
PC cells

s  shown  in  Fig.  4, compared  with  the  control  group,  the
xpression  levels  of  BAZ2A  (EBV’exo  group  0.97  ±  0.1  and
PC’exo  group  1.29  ±  0.07  in  5---8F  cell;  EBV’exo  group
.80  ±  0.02  and  NPC’exo  group  1.09  ±  0.03  in  NPC/HK1  cell;

 =  3),  MCP1  (EBV’exo  group  1.10  ±  0.09  and  NPC’exo  group
.16  ±  0.05  in  5---8F  cell;  EBV’exo  group  0.73  ±  0.04  and
PC’exo  group  1.02  ±  0.01  in  NPC/HK1  cell;  n  =  3)  and  VEGFA
EBV’exo  group  0.55  ±  0.04  and  NPC’exo  group  0.68  ±  0.06
n  5---8F  cell;  EBV’exo  group  0.79  ±  0.04  and  NPC’exo  group
.02  ±  0.07  in  NPC/HK1  cell;  n  =  3)  protein  were  signifi-
antly  up-regulated,  and  the  expression  levels  of  IL-1�
EBV’exo  group  0.67  ±  0.05  and  NPC’exo  group  0.41  ±  0.01
n  5---8F  cell;  EBV’exo  group  0.56  ±  0.03  and  NPC’exo  group
.53  ±  0.02  in  NPC/HK1  cell;  n  =  3)  and  NF-�B (EBV’exo  group
.79  ±  0.06  and  NPC’exo  group  0.55  ±  0.03  in  5---8F  cell;
BV’exo  group  0.86  ±  0.05  and  NPC’exo  group  0.69  ±  0.03
n  NPC/HK1  cell;  n  =  3)  protein  were  significantly  down-
egulated  in  NPC  cells  treated  with  EBV’exo  and  NPC’exo.  In
ddition,  the  expression  levels  of  BAZ2A,  MCP1  and  VEGFA
rotein  in  NPC’exo  group  were  significantly  higher  than
hose  in  NC’exo  group,  while  the  expression  levels  of  IL-
�  and  NF-�B  protein  were  significantly  lower  than  those  in
C’exo  group.

he  binding  between  miR-99a-5p  and  BAZ2A  was
dentified by  the  dual-luciferase  assay

s  shown  in  Fig.  5,  compared  to  the  BAZ2A-WT  +  NC

roup  (590.00  ±  41.59;  n =  9),  dramatically  declined  fluores-
ence  intensity  was  observed  in  the  BAZ2A-WT  +  miR-99a-5p
imic  group  (398.56  ±  75.50;  n  =  9).  However,  no  signifi-

ant  difference  on  the  fluorescence  intensity  was  observed
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Figure  3  The  impact  of  different  exosomes  on  the  biofunction  of  NPC  cells.  (A)  The  cell  viability  was  detected  by  the  CCK-8  assay.
(B) The  migration  ability  of  NPC  cells  was  evaluated  by  the  wound  healing  assay.  (C)  The  apoptosis  and  cell  cycle  were  detected  by
the flow  cytometry  (*p  <  0.05  vs.  control).
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igure  4  The  expression  level  of  BAZ2A,  IL-1�,  MCP1,  NF-�B,  

y the  Western  blotting  assay  (*p  <  0.05  vs.  control).

etween  the  BAZ2A-WUT  +  NC  group  (520.11  ±  38.61;  n  =  9)
nd  BAZ2A-WUT  miR-99a-5p  mimic  groups  (543.56  ±  64.33;

 =  9).  These  data  suggested  that  miR-99a-5p  specifically  tar-
eted  BAZ2A.

he  identification  of  miR-99a-5p  overexpression  in
PC cells

o  overexpress  miR-99a-5p  in  NPC  cells,  cells  were  trans-
ected  with  miR-99a-5p  mimic,  with  mimic  NC  as  a  negative
ontrol.  As  shown  in  Fig.  6,  in  both  5---8F  and  NPC/HK1
ells,  compared  to  mimic  NC  (1.00  ±  0.03  in  5---8F  cell,
.00  ±  0.09  in  NPC/HK1  cell;  n  =  3),  the  level  of  miR-99a-5p
4610.04  ±  669.21  in  5---8F  cell,  7054.10  ±  501.77  in  NPC/HK1
ell;  n  =  3)  was  extremely  elevated  by  the  transfection  of
iR-99a-5p  mimic,  suggesting  a  successful  overexpression

f  miR-99a-5p  in  NPC  cells.

he  verification  of  miR-99a-5p  function  in  NPC

ells

s  shown  in  Fig.  7A,  in  both  5---8F  and  NPC/HK1  cells,  com-
ared  to  control  (100.00  ±  2.51  in  5---8F  cell,  100.00  ±  1.43

n
p
a
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7

EGFA  in  NPC  cells  treated  by  different  exosomes  was  detected

n  NPC/HK1  cell;  n  =  5),  the  cell  viability  was  extremely
levated  in  the  NPC’exo  (108.54  ±  3.59  in  5---8F  cell,
12.69  ±  3.08  in  NPC/HK1  cell;  n  =  5),  which  was  greatly
epressed  in  the  NPC’exo+  mimic  group  (98.66  ±  2.82  in  5---8F
ell,  89.83  ±  3.97  in  NPC/HK1  cell;  n  =  5),  suggesting  that  the
ffect  of  miR-99a-5p  on  the  proliferation  of  NPC  cells  was
artly  abolished  by  miR-99a-5p.

As  shown  in  Fig.  7B,  in  both  5---8F  and  NPC/HK1  cells,
ompared  to  NPC’exo  (1.12  ±  0.05  in  5---8F  cell,  1.14  ±  0.21
n  NPC/HK1  cell;  n  =  3),  the  BAZ2A  level  was  dramatically
educed  in  the  NPC’exo+  mimic  group  (0.92  ±  0.01  in  5---8F
ell,  0.84  ±  0.09  in  NPC/HK1  cell;  n  =  3),  suggesting  that
AZ2A  was  downregulated  by  the  overexpression  of  miR-99a-
p.

iscussion

PC  is  the  most  common  malignant  tumor  of  the  head  and

eck  in  China,  which  has  a  unique  geographical  incidence
attern.  NPC  is  highly  prevalent  in  southern  China,  with
n  annual  incidence  of  about  30  cases  per  100,000  peo-
le.  The  incidence  of  NPC  is  related  to  a  variety  of  risk
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Growth  Factor  A  (VEGFA)  is  highly  expressed  in  tumor  tis-
igure  5  The  binding  between  miR-99a-5p  and  BAZ2A  was
dentified  by  the  dual-luciferase  assay  (*p  <  0.05  vs.  BAZ2A-WT).

actors,  including  EBV  infection,  genetic  susceptibility,  and
nvironmental  factors.1

The  secretion  of  exosomes  is  commonly  observed  in
umor  tissues  and  cells,  which  are  involved  in  angiogen-
sis,  tumor  microenvironment  remodeling,  and  regulation
f  cancer  metastasis  and  drug  resistance.17 We  extracted
xosomes  from  serum  in  healthy  subjects,  EBV  infected
atients,  and  NPC  patients,  respectively.  The  typical

‘plates’’  morphology  and  50---120  nm  particle  size  indi-
ated  that  exosomes  were  successfully  extracted.18 By
igh-throughput  sequencing,  miR-99b-5p  and  miR-8085  were

s
f
t

Figure  6  The  transfection  efficacy  of  miR-99a-5p  in  NPC  cells  w
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creened  out  and  miR-99b-5p  showed  a  more  significant  dif-
erence.  As  a  tumor  suppressor,  miR-99a-5p  is  reported  to
nhibit  cell  proliferation  and  migration,  which  is  downregu-
ated  in  tumor  tissues.19 In  the  present  study,  miR-99a-5p
as  highly  expressed  in  peripheral  blood,  which  may  be
ue  to  the  regulation  of  miRNAs  in  peripheral  blood  by
omplex  feedback  mechanisms20 or  the  different  or  even
pposite  roles  of  miRNAs  in  different  tissues  or  cells.  For
xample,  miRNA-221  and  222  show  anti-proliferation  and
ro-apoptosis  effects  in  endothelial  cells.21 However,  oppo-
ite  effects  in  smooth  muscle  cells  are  observed.22 Exosomes
re  claimed  to  affect  the  biological  function  of  cells  by
eplicating  the  growth  microenvironment  of  parent  cells.23

xosomes  from  glioblastoma  is  found  to  promote  the  prolif-
ration  and  drug  resistance  of  glioblastoma  cells  in  vitro.24

n  the  present  study,  the  cell  proliferation  and  migration
bility  of  NPC  cells  were  markedly  facilitated  by  EBV’exo
nd  NPC’exo,  accompanied  by  a  declined  apoptotic  rate,
ndicating  that  NPC  exosomes  promoted  the  proliferation
nd  migration,  and  inhibited  cell  apoptosis  by  creating  a
imilar  tumor  microenvironment.  However,  no  significant
ifference  in  cell  cycle  among  groups  was  observed,  which
ight  be  driven  by  the  interaction  between  multiple  kinases

nd  related  cyclins.
Western  blotting  was  used  to  detect  the  expression  of

AZ2A,  MCP1,  and  VEGFA  in  5---8F  and  NPC/HK1  cells  treated
y  three  types  of  exosomes,  which  was  found  dramatically
levated  by  the  treatment  of  EBV’exo  and  NPC’exo.  BAZ2A  is
ighly  expressed  in  metastatic  tumors  and  promotes  tumor
ell  proliferation  and  migration.14 MCP1  is  a  cell  chemotac-
ic  factor  related  to  cell  migration,  which  is  also  reported  to
acilitate  the  migration  of  smooth  muscle  cells.25 When  the
evel  of  MCP1  is  increased,  enhanced  infiltration  of  Tumor-
ssociated  Macrophages  (TAM)  will  be  triggered,  thereby
ontributing  to  the  tumor  growth.26 Vascular  Endothelial
ues  and  induces  angiogenesis.27 Overexpression  of  VEGFA  is
ound  to  promote  the  survival  and  capillar-like  tube  forma-
ion  of  paranasal  Sinus  Squamous  Cell  Carcinoma  (SNSCC)

as  identified  by  the  RT-PCR  assay  (*p  <  0.05  vs.  mimic  NC).
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igure  7  The  verification  of  miR-99a-5p  function  in  NPC  cel
evel of  BAZ2A  in  NPC  cells  was  measured  by  the  RT-PCR  assay  (

ells,  and  inhibit  the  apoptosis.28 Results  obtained  in  the
resent  study  identified  that  BAZ2A,  MCP1  and  VEGFA  played

 key  role  in  the  proliferation  and  migration  of  NPC  cells.
urthermore,  BAZ2A  was  identified  as  the  target  of  miR-
9a-5p  in  NPC  cells,  suggesting  that  miR-99a-5p  might  exert
egulatory  function  in  NPC  cells  by  mediating  the  expression
f  BAZ2A.

It  has  been  reported  that  calcitriol  inhibits  the  prolifer-
tion  of  triple-negative  breast  cancer  cells  by  stimulating
he  expression  of  IL-1� and  TNF-�.29 NF-kB  is  considered
s  an  oncogene,  which  has  been  targeted  for  the  cancer
reatment.  However,  recent  evidence  suggests  that  NF-�B
ay  also  functions  as  a  tumor  suppressor,  inhibition  of  which

nstead  increases  the  proliferative  viability  of  ovarian  cancer
ells.30 In  the  present  study,  the  low  expression  of  IL-1� and

F-�B  in  NPC  cells  implied  that  inhibition  on  IL-1� and  NF-�B
ight  result  in  the  facilitated  proliferation  and  migration.

i

9

)  The  cell  viability  was  detected  by  the  CCK-8  assay.  (B)  The
.05  vs.  control,  #p  <  0.05  vs.  NPC’exo).

Although  our  study  suggests  that  NPC  derived  exosomes
an  promote  NPC  progression  and  may  be  through  regulation
f  the  miR-99a-5p/BAZ2A  axis.  However,  many  unresolved
uestions  remain  in  our  study.  First,  we  did  not  further
nvestigate  the  effect  of  NPC  derived  exosomes  on  prolif-
ration,  migration  and  invasion  of  NPC  cells  overexpressing
iR-99a-5p,  as  well  as  further  validate  our  results  by  rever-

ion  assays.  In  addition,  we  did  not  investigate  the  effect
f  NPC  derived  exosomes  on  NPC  progression  by  regulating
he  miR-99a-5p/BAZ2A  axis  in  an  animal  model.  Finally,  the
umber  of  samples  in  each  group  sequenced  in  this  study  was
mall,  and  more  clinical  samples  are  needed  to  further  iden-
ify  miR-99a-5p  as  a  potential  target  for  NPC  in  the  future.
herefore,  the  shortcomings  in  these  studies  will  continue
o  be  explored  in  depth  later,  thus  providing  more  insights

nto  the  role  of  miR-99a-5p  and  BAZ2A  in  NPC.
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onclusions

n  short,  In  the  present  study,  NPC  derived  exosomes  can  sig-
ificantly  promote  NPC  cell  proliferation  and  migration  and
nhibit  apoptosis,  however  NPC  cells  overexpressing  miR-
9a-5p  can  partially  eliminate  these  effects  of  exosomes,
nd  the  miR-99a-5p/BAZ2A  axis  may  be  the  regulatory  mech-
nism.
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