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IGHLIGHTS
We  have  investigated  the  fibrosis  genes  in  the  TGF-�  pathway  in  the  early  and  mature  nasal  polyps  development  process,
respectively.
PAI-1  is  involved  in  early  nasal  polyps,  and  its  low  fibrolysis  is  predisposed  to  nasal  polyps’  development.
PAI-1  is  affected  by  the  TGF  pathway,  and  low  PAI-1  expression  is  one  of  the  main  reasons  for  tissue  remodeling  in  nasal  polyps.
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Abstract
Objective:  Our  study  aimed  to  elucidate  the  effect  of  PAI-1  (Plasminogen  Activator  Inhibitor-1)
and t-PA  (Tissue-type  Plasminogen  Activator)  in  tissue  remodeling  in  nasal  polyps  patients.
Methods:  Samples  were  streamed  as  early  Nasal  Polyps  (eNP,  n  =  10)  and  inferior  tissue  from
the same  patient,  mature  Nasal  Polyps  (mNP,  n  =  14),  and  Control  group  (n  =  15),  respectively.
Immunohistochemistry  and  immunofluorescence  were  applied  to  detect  localization.  Quantita-
tive Real-Time  Polymerase  Chain  Reaction  (qRT-PCR)  and  Western  blot  were  used  to  measure
different  levels  among  three  groups.  The  mNP  tissue  was  cultured  in  vitro  and  treated  with
TGF-�1 (Transforming  Growth  Factor-beta  1)  activator,  TGF-�1  inhibitor  (SB431542),  and  PAI-1
inhibitor  (TM5275);  then  Western  blot,  qRT-PCR,  and  ELISA  were  used  to  assess  changes.
Results: The  immunohistochemistry  and  immunofluorescence  showed  that  PAI-1  expression
decreased  in  eNP  and  mNP,  mainly  in  epithelium  and  glands.  The  transcriptional  expression
and protein  level  of  TGF-�1/t-PA/PAI-1/Collagen1  were  lower  in  eNP  than  IT  while  mNP  group

demonstrated  lower  mRNA  expression  and  protein  level  of  TGF-�1/t-PA/PAI-1/Collagen1  than
Control group.  In  mNP  tissue  culture  in  vitro,  TGF-�1  activator  elevated  t-PA,  PAI-1,  and  Colla-
gen1 with  higher  release  of  PAI-1  and  Collagen1  in  supernatant,  whereas  SB431542  suppressed
above reactions;  TM5275  lowered  transcriptional  and  protein  level  of  Collagen1  in  supernatant.
∗ Corresponding author.
E-mail: yychxh@163.com (Y. Yang).
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Conclusion:  Early  Nasal  polyps’  formation  in  middle  meatus  mucous  is  related  with  fibrillation
system PAI-1/t-PA  and  tissue  remodeling;  moreover,  nasal  polyps’  development  is  regulated  by
TGF-�1-mediated  PAI-1  reduction.
Level  of  evidence:  3b.
© 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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hronic  Rhinosinusitis  (CRS)  is  a  complicated  sinonasal
nflammation  disease  with  a  prevalence  of  5%---12%  in
dults.1 CRS  with  Nasal  Polyps  (CRSwNP)  is  the  most  common
henotype  in  practice  and  visualize  with  mucosal  edema
nd  hyperplasia  and  localized  fibrosis.2 Moreover,  CRSwNP
atients  suffer  from  more  severe  symptoms  and  a  high  two-
ear  recurrence  rate  of  55.3%,  causing  a  decline  in  quality
f  life.3,4 The  underlying  mechanism  remains  unclear  to
his  day;  however,  it  is  generally  acknowledged  that  tis-
ue  remodeling  and  mucous  inflammation  are  vital  in  the
ormation  and  development  of  CRSwNP.5 Some  research
roved  that  those  two  factors  construct  a  complex  and
ynamic  network  in  early  and  mature  nasal  polyps  devel-
pment,  and  each  stage  has  unique  pathological  features.6

esides,  CRSwNP  demonstrated  two  prominent  histological
eatures  ---  localized  mucous  edema  and  inadequate  fibrosis.
ome  studies  have  also  shown  that  TGF-�1 (Transforming
rowth  Factor-beta  1)  and  Collagen1  in  Extracellular  Matrix

ECM)  are  relatively  deficient  in  Mnp,4,7 but  it  needs  further
esearch  to  decide  whether  the  same  scenario  happens  in
NP.

TGF-�1  is  a  pleiotropic  cytokine,  and  its  typical  upstream
s  the  Smad-dependent  signaling  pathway.8 TGF-�1 is  widely
nvolved  with  upper  respiratory  disease  tissue  remodeling
nd  acts  as  the  master  switch  in  the  development  of  CRS.9---11

n  the  pathological  deformity  of  CRSwNP,  TGF-�1 partici-
ates  in  the  initiation  and  maintenance  of  tissue  fibrosis
y  inhibiting  the  release  of  pro-inflammatory  mediators
o  alleviate  tissue  damage,  activating  fibroblasts  to  close
ounds  or  causing  abnormal  collagen  deposition  in  different
rgans.9,12 Notably,  TGF-�1 deficiency  and  pSmad2-positive
ells  in  CRSwNP  are  dramatically  lower  than  in  control
roups,  resulting  in  inadequate  tissue  repair  and  local  con-
ective  tissue  sparing  and  edema.1,7,13,14

Fibrotic  receptors  and  inhibitors  play  key  roles  in  tis-
ue  remodeling  and  inflammation.1 Different  phenotypes
nd  endotypes  are  associated  with  tissue  remodeling  in
pper  respiratory  diseases.15 PAI-1  (Plasminogen  Activator
nhibitor-1)  is  a  member  of  the  serine  protease  inhibitor
amily,  primarily  grouped  as  t-PA  (Tissue-type  Plasminogen
ctivator)  and  u-PA  (Urokinase-type  Plasminogen  Activator),
hich  assists  in  transforming  fibrinogen  into  fibrin  to  take
art  in  fibrolysis4;  t-PA  is  also  regarded  as  a  central  fibrino-

16
en  activator  of  fibrinolysis. PAI-1  is  expressed  in  multiple
rgans,17 like  skin,  esophagus,  lung,  kidney,  liver,  eye,  and
eart.PAI-1  participates  in  dynamic  disease  procedures  and
xpresses  at  a  high  level  in  hepatic  fibrosis,  mouse  tissue
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omogenate,  and  fibroblasts  over  time.18 However,  whether
nd  how  it  is  involved  in  the  occurrence  of  CRSwNP,  partic-
larly  in  eNP,  needs  in-depth  exploration.

PAI-1  is  located  in  the  downstream  of  TGF-�1 and  TGF-
1/Smad  induced  elevating  PAI  level  and  skin  fibrosis17 and

t  is  highly  expressed  in  some  reversible  lower  respiratory
iseases,  like  asthma.19,20 Among  many  genes  modulated  by
GF-�1,higher  PAI-1  levels  facilitate  tissue  fibrosis  in  asthma
atients.19---21 TGF-�1 induced  the  expression  of  PAI-1  as
art  of  the  TGF-�1-activated  esophageal  fibrosis  network.21

ll  previous  studies  demonstrated  that  TGF-�1 regulated
enetic  change  of  its  downstream  PAI-1,  but  its  role  in  CRS
s  yet  to  know.

The  aim  of  this  study  is  to  investigate  whether  PAI-1/t-PA
s  involved  in  mucosal  tissue  remodeling  in  the  early  stage
f  nasal  polyps,  and  to  further  explore  the  expression  and
echanism  of  TGF-�1/PAI-1/Col-1  axis  in  mNP,  to  provide

nsights  for  precise  clinical  treatment  of  nasal  polyps.

ethods

ubjects’  classification  and  selection

ubjects’  classification
e  define  early  nasal  polyps  based  on  the  size  of  nasal
olyps  under  nasal  endoscopy,  namely  Lund-Kennedy  scale
L  K  scale).  Score  1  point  in  l-K  scale  is  termed  as  early
asal  polyps  which  means  nasal  polyps  only  occur  in  the
iddle  meatus.  Score  more  than  1  (>1)  point  l-K  scale

ndicating  that  nasal  polyps  beyond  the  middle  meatus
re  termed  mature  nasal  polyps.  Early  nasal  polyps  (eNP,

 =  10)  and  mature  nasal  polyps  (mNP,  n =  14)  were  obtained
rom  those  who  had  been  confirmed  in  preoperative  diag-
osis  and  required  endoscopic  sinus  surgery.  Tissues  of  the
ontrol  group  (Control,  n  =  15)  were  operative  patients  diag-
osed  with  inferior  turbinate  hypertrophy  without  any  sinus
isease.  All  specimens  were  obtained  under  general  anes-
hesia.

ubjects’  selection
ubjects  were  selected  from  30th  October  2020  to  31st
ecember  2021,  and  patients  with  nasal  polyps  were
eferred  to  the  2020  European  Position  paper  on  sinusitis
nd  nasal  polyps  (EPOS2020),  all  confirmed  by  pathological
eport  before  surgery.  The  enrollment  criteria  included:  (1)

atients  without  any  prior  sinus  surgery;  (2)  Patients  who
o  not  suffer  lower  respiratory  diseases,  such  as  asthma
nd  chronic  bronchitis;  (3)  Patients  who  do  not  take  any
elevant  medications,  such  as  NSAID  or  anti-coagulants.
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Table  1  Clinical  characteristics  of  the  patients.

Control  eNP  mNP  p

Number  of  patients  15  10  14
Age, year  41  (34---60)  34  (28---49)  38  (32---57)  NS
Gender, male/female  8/7  5/5  6/8  NS
Positive skin  prick  test  n/N  0/15  0/10  0/14  NS
Asthma n/N  0/15  0/10  0/14  NS
Endoscopy score  0  1  (1---1)  3  (2---4)  <0.05
CT score  0  4  (0---10)  14  (10---18)  <0.05
VAS score  2  (0---4)  5  (2---8)  8  (4---10)  <0.05
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Data presented as medians and interquartile ranges. p-value rep
Student’s t-test.

ndoscopy,  sinus  CT  scan,  and  clinical  symptom  assessment
ere  marked  by  Lund---Kennedy  Scale,  Lund---Mackay,  and
isual  Analog  Scale  (VAS)  respectively.  Detailed  information
re  shown  in  Table  1.  This  research  protocol  was  approved
y  the  ethics  committee  of  the  First  Affiliated  Hospital  of
hongqing  Medical  University  and  patient  informed  consent
as  obtained  prior  to  the  study.

issue  distribution  and  preparation

issues  were  rinsed  with  PBS  three  times  after  surgery  and
ivided  into  three  sections.  One  was  immediately  applied
or  tissue  culture  in  vitro;  the  other  part  was  embed-
ed  in  paraffin  and  prepared  for  thickness  of  4---5  �m  for
mmunofluorescence  (IF)  and  Immunohistochemistry  (IHC);
he  last  part  was  stored  at  −80 ◦C  for  Qualitative  Real-Time
CR  (q  RT-PCR)  and  Western  Blot  (WB).

issue culture and treatment in vitro

pecimens  were  cut  into  4---5  mm3 sections  to  pass  through
he  filter,  rinsed  with  PBS  three  times.  Small  fractions  were
ransferred  to  a  T-25  flask  contained  with  tissue  medium
Gibco)  mixed  with  10%  Fetal  Bovine  Serum  (FBS,  Gibco)  and
%  penicillin-streptomycin  (Gibco).  Tissues  were  suspended
nd  incubated  at  37 ◦C  and  5%  CO2 for  24  h.  The  processed
issues  were  equally  distributed  into  a  6-well  plate  and
ach  group  was  treated  with  a  TGF-�1 activator  10  ng/mL
MCE),  a  TGF-�1 inhibitor  (SB431542)  50  nM  (MCE),  and  a
AI-1  inhibitor  (TM5275)  75  �M  (TargetMol),  respectively.
fter  72  h’  stimulation,  tissues  were  collected  for  WB  and

 RT-PCR,  and  supernatants  for  ELISA  assay.

mmunohistochemistry

fter  deparaffinized  by  gliding  scale  ethanol,  the  specimens
ere  blocked  by  goat  serum  albumin  from  the  general  SP
it  (ZSGB-Bioscience)  and  then  incubated  with  primary  anti-
odies.  After  a  whole  night,  the  samples  were  incubated  in
he  presence  of  Biotin-labeled  Goat  anti-Rabbit  IgG  polymer.

ext,  the  specimens  were  incubated  for  15  more  mins  with
treptavidin-peroxidase  and  then  incubated  with  DAB  (ZSGB-
ioscience),  showing  yellowish  or  brown  precipitate,  and
roving  positive.  Finally,  slides  were  counterstained  with
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ts comparisons between the eNP and mNP groups, obtained by

ematoxylin  eosin,  washed  thoroughly  under  running  tap
ater,  and  sealed  for  endoscopic  examination.

mmunofluorescence

he  paraffin  sections  were  deparaffinized,  permeabilized
ith  0.5%  Triton  X-100  (Beyotime),  blocked  with  10.0%  goat

erum  albumin  (Beyotime)  for  1  hour,  and  incubated  with  pri-
ary  antibodies.  Twelve  to  fourteen  hours  later,  the  sections
ere  incubated  with  fluorescent  antibody  Goat  Anti-Rabbit

gG  (1:300;  Orange  red  DyLight  594  fluorescent  markers;
bbkine)  in  darkness  for  1  h.  Specimens  were  counterstained
sing  DAPI  (Beyotime),  sealed  with  nasal  polish,  and  visual-
zed  under  a  fluorescence  microscope.

asson  trichrome  staining

he  paraffin  sections  were  stained  with  Masson  trichrome
nd  visualized  under  an  endoscope  with  5---8  representative
elds  (×400  magnification),  and  ImageJ  software  was  used
o  calculate  the  fibrotic  area  and  collagen  volume  fraction.

ualitative  real-time  PCR

NA  in  tissue  was  extracted  by  TRIzol  (Invitrogen);  then,
DNA  reverse  transcription  was  performed,  to  finally  get
DNA,  stored  at  −20 ◦C.  The  primer  sequences  were
esigned  and  synthesized  by  Takara,  and  the  primer  names
nd  sequences  are  shown  in  Table  2.  PCR  protocol  contained
ne  cycle  at  95 ◦C  for  5  min.  and  the  following  40  cycles  at
5 ◦C  for  15  s and  at  60 ◦C  for  30  s.

estern  blot

omogenates  from  tissue  were  lysed  with  RIPA  buffer  and
uantitated  by  BCA  assay  reagent  (Beyotime).  Proteins
ere  separated  by  SDS-PAGE,  transferred  onto  PVDF  mem-
ranes,  and  then  blocked  with  7%  skim  milk  for  70  min.
he  membranes  were  incubated  with  following  specific
rimary  antibodies  on  an  orbital  shaker  overnight:  anti-

AI-1  polyclonal  (1:1500,  Abcam),  anti-t-PA  monoclonal
1:3000,  Abcam),  anti-TGF-�1  polyclonal  (1:1000,  Cell  Sig-
aling  Technology,  CST),  anti-pSmad2/3  polyclonal  (1:1000,
ioss),  and  anti-Col-1  monoclonal  (1:1000,  CST).  The  fol-

8
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Table  2  Primer  sets  for  PCR  amplification.

Gene  Sequence

Human  TGF-�1
Forward:  CAGCAACAATTCCTGGCGATAC
Reverse:  GCTAAGGCGAAAGCCCTCAAT

Human  PAI-1
Forward:  GTGCTGGTGAATGCCCTCTAC
Reverse:  CAGTGCTGCCGTCTGATTTG

Human  t-PA
Forward:  GCTACTTTGGGAATGGGTCA
Reverse:  TGCTGTGTAAACCTTGCCTATC

Human  Smad2
Forward:  GAAACCTTCCA  TGCA  TCACAGC
Reverse:  CTTCTTGTCA  TTTCTACCGTGGC

Human  Smad3
Forward:  ACTAACTTCCCCGCAGGCA  TC
Reverse:  TGCTGTGGTTCA  TCTGGTGGTC

Human  Col-1
Forward:  AAGGTGTTGTGCGATGACG
Reverse:  GGTTTCTTGGTCGGTGGGT

Human  GAPDH
Forward:  TTCTCTTGTGACAAAGTGGA
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C
inflammatory  cytokines  with  changeable  pathophysiological

22
Reverse:  TGCTGACAATCTTGAGGGAG

owing  day,  the  membranes  were  incubated  with  anti-rabbit
ntibodies  (1:4000;  Zen-Bioscience),  and  then  visualized  by
he  ECL  system  with  a  mixture  of  liquid  A  and  B  (A:B  =  1:1,
en-Bioscience).  Eventually  the  images  were  analyzed  by
he  ImageJ  software.

LISA

fter  72  h  of  treatment  with  TGF-�1 activator,  SB431542,
nd  TM5275,  the  concentration  of  secreted  PAI-1  and  Col-
agen1  of  approximately  500  �L supernatant  collected  from
very  group  was  determined  using  an  ELISA  kit  following  the
rotocol.

tatistical  analysis

ll  data  were  presented  as  the  mean  ±  SEM,  and  the  analy-
es  were  done  using  GraphPad  Prism  8.  All  data  were  tested
or  normality  and  Chi-Square.  If  data  obeyed  a  normal  distri-
ution  with  equal  variances,  one-way  ANOVA  was  used  for
omparison  between  groups.  If  not,  Kruskal---Wallis  H-test
as  executed  to  compare  the  relationship  among  variables;

 <  0.05  was  considered  statistically  significant.

esults

linical  characteristics  of  patients

s  shown  in  Table  1,  the  nasal  endoscopy  and  CT  scan  in  the
NP  group  were  lower  than  those  in  the  mNP  group  (p  <  0.05)
hile  there  was  no  significant  difference  in  age,  gender,

kin  prick  test,  and  asthma  between  the  two  groups.  Using
he  Visual  Analogue  Scale  for  further  comparison,  there
as  a  significant  difference  shown  in  t-test.  In  contrast  to
elf-reported  problems  of  patients  with  early  nasal  polyps,
atients  with  mature  nasal  polyps  complained  more  severe
ymptoms  in  our  study.
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gology  2023;89(3):366---373

he  expression  of  TGF-�1/PAI-1/  t-PA/Collagen-1  in
NP

ematoxylin-Eosin  Staining  (HE)and  immunohistochemistry
howed  edema  and  inflammatory  cell  infiltration  in  eNP
Fig.  2A),  and  IT  demonstrated  higher  epithelial  layers
nd  less  inflammatory  cell  infiltration.  Immunofluorescence
Fig.  2B---C)  indicated  that  PAI-1/t-PA  were  mainly  expressed
n  epithelium  and  glands.  qRT-PCR  (Fig.  2D)  and  Western
lot  (Fig.  2E)  suggested  that  the  mRNA  expression  and  pro-
ein  levels  of  TGF-�1/PAI-1/t-PA/Collagen1  were  lower  in
he  eNP  group  than  in  IT.

he  expression  of  TGF-�1/PAI-1/t-PA/Collagen-1  in
ontrol group  and  mNP

ucous  from  mNP  group  turned  edematous  and  loose  with
nflammatory  cell  infiltration  and  had  thinner  epithelium  in
E  and  immunohistochemistry  (Fig.  3A).  In  contrast  with  the
ontrol  group,  immunofluorescence  proved  that  the  mean
uorescence  intensity  of  PAI-1/t-PA  was  lower  in  the  mNP
roup  (Fig.  3B---C).  Interestingly,  data  obtained  from  qRT-
CR  (Fig.  3D)  and  Western  blot  (Fig.  3E)  suggested  that
he  expression  levels  of  TGF-�1/PAI-1/t-PA/Collagen1  were
ttenuated  in  the  mNP  group  than  in  the  Control  group.

GF-�1  induced  PAI-1  gene  expression  in  tissue
ulture in  vitro

o  further  investigate  whether  t-PA  and  PAI-1  are  modulated
y  their  upstream  TGF-�1signaling  pathway,  we  conducted  a
issue  stimulation  experiment  in  vitro.  The  qRT-PCR  results
howed  that  the  expression  levels  of  Smad3/  PAI-1/t-PA  were
igher  in  the  mNP  group  than  in  the  Control  group  after
eing  stimulated  with  the  TGF-�1 activator,  whereas  the
B431542  treated  mNP  group  showed  opposite  results,  and
mad2  mRNA  expression  did  not  change  (Fig.  4A).The  West-
rn  blot  and  ELISA  findings  showed  that  the  mNP  group
reated  with  the  TGF-�1 activator  had  higher  expression
evels  of  PAI-1/t-PA  than  the  Control  group;  consistently,
NP  tissue  stimulated  by  SB431542  showed  contrary  results

Fig.  4B---C).

AI-1  takes  part  in  TGF-�1-mediated  expression  of
brosis  gene  Collagen1

he  results  of  qRT-PCR,  Western  blot,  and  ELISA  indicated
hat  the  TGF-�1 activator  elevated  the  mRNA  expression,
rotein  level,  and  supernatant  secretion  of  Collagen1  in  the
NP  group.  Moreover,  Collagen1  expression  suggested  the

pposite  trend  after  being  stimulated  with  SB431542  and
M5275  (Fig.  5A---C).

iscussion

RS  is  a  heterogeneous  disease  involving  multiple  cells  and
eatures  due  to  different  endotypes  and  phenotypes. Stud-
es  have  shown  that  the  diagnosis  of  early  nasal  polyps  is  of
reat  clinical  significance  for  treatment  and  prognosis.  As

9



Y.  Liu,  L.  Shu,  X.  Jiang  et  al.

Figure  1  Representative  images  of  eNP  and  mNP  in  endoscope  and  CT  scan.

Figure  2  Localization  and  quantitative  expression  of  t-PA  and  PAI-1  in  eNP  and  IT.  (A)  Representative  images  hematoxylin  eosin
stain (HE),  Immunohistochemistry,  and  Masson  Trichrome  stain.  AOD,  average  optical  density;  CVF,  collagen  volume  fraction.  (B,
C) Immunofluorescence  images  of  t-PA  and  PAI-1  in  eNP  and  IT  (×400  magnification).  (D)  qRT  -PCR  and  (E)  Western  blot  showed
t Col-1
(

s
t
s
t

t

p
i

hat the  mRNA  expression  and  protein  levels  of  t-PA,  PAI-1,  and  

300 ×  300  DPI).

hown  in  Fig.  1  and  Table  1,  the  invasion  of  eNP  was  found
o  be  much  smaller  than  that  mNP  by  nasal  endoscopy  and  CT

can,  and  the  scores  of  nasal  endoscopy  and  CT  also  showed
hat  eNP  was  lower  than  mNP.

Our  findings  confirmed  that  TGF-�1 induced  PAI-1  reduc-
ion  in  CRS.  Compared  with  IT,  the  mRNA  expression  and

n
p
a
e

37
 were  higher  in  IT  than  in  eNP.  *p  <  0.05,  **p  <  0.01,  ***p <  0.001

rotein  level  of  TGF-�1/PAI-1/t-PA/Collagen1  was  lower
n  eNP  group,  while  Smad2  presented  no  statistical  sig-

ificance,  which  is  in  line  with  predilection  site  of  nasal
olyps  in  uncinate  tissue  in  the  middle  meatus.  PAI-1  is

 43  kDa  (≈50  kDa)  glycosylated  secreted  protein  that
ffectively  regulates  the  fibrinolytic  system  by  inhibiting

0
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Figure  3  The  position  and  quantification  expression  of  PAI-1  and  t-PA  in  the  Control  and  mNP  group  respectively.  (A)  Representative
Immunohistochemistry  images  of  PAI-1  and  t-PA  in  the  Control  and  mNP  groups.  (B,  C)  Immunofluorescence  representative  images
(×400 magnification).  (D)  qRT-PCR  and  (E)  Western  blot  indicated  that  the  mRNA  expression  and  protein  levels  of  t-PA,  PAI-1,  and
Col- 1.  *p  <  0.05,  **p  <  0.01,  ***p <  0.001  (300  ×  300  DPI).

Figure  4  Mature  nasal  polyps  tissue  culture  treated  with  TGF-�1  activator  elevated  the  (A)  mRNA  expression  and  (B)  protein  levels
o
a

f t-PA,  PAI-1,  pSmad2/3,  and  (C)increased  the  release  of  PAI-1  in  th
fter SB431542  treatment  in  vitro  tissue  culture.  (300  ×  300  DPI).

37
e  supernatant.  Consistently,  the  opposite  trend  was  observed

1
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igure  5  Mature  nasal  polyps  tissue  culture  in  vitro  treated  w
xpression, (B)  Col-1  secretion  in  supernatant,  and  (C)  protein  

erine  protease,  t-PA,  and  u-PA,  which  is  a  key  media-
or  in  disease  occurrence  and  development.  Compared  to
ature  ethmoidal  polyps  and  normal  nasal  mucous,  eNP

howed  a  more  severe  epithelial  loss,  including  epithelial
amage,  repair  responses,  and  tissue  remodeling,  which
esembled  the  tissue  remodeling  that  occurs  in  parallel  with
ocal  inflammation  instead  of  happening  later.6 While  our
esearch  primarily  focused  on  the  dynamic  process  of  tissue
emodeling  in  CRS.  It  also  emphasized  that  PAI-1  is  a  vital
ediator  throughout  the  occurrence  and  development  of

asal  polyps.  Consequently,  we  speculated  that  low  expres-
ion  of  TGF-�1/ PAI-1/t-PA/Collagen1  in  eNP  contributed  to
nsufficient  repair  after  epithelial  injury,  thereby  developing
nto  mature  nasal  polyps.

Beyond  that,  we  made  great  efforts  to  explore  the  devel-
pment  process  of  mNP.  TGF-�1, an  important  fibrogenic
actor,13 regulates  the  transcriptional  and  expression  lev-
ls  of  various  downstream  genes  via  the  Smad  signaling
athway.  A  previous  study  reported  that  elevated  TGF-
1  expression  and  reduced  Smad7  expression  were  found

n  the  fibrotic  myocardial  tissue  of  hypertensive  rats.  In
revious  studies,  low  levels  of  TGF-�1 in  CRSwNP  con-
ributed  to  tissue  repair  and  collagen  reduction,  which  is
ne  of  the  leading  causes  of  the  development  of  CRSwNP.14

dditionally,  overexpression  of  PAI-1  promotes  collagen
ccumulation  while  PAI-1  knockdown  had  lower  collagen
evels  in  skin  fibroblasts,  which  strongly  suggested  that  col-
agen  was  regulated  by  PAI-1.  Higher  concentrations  of  PAI-1
n  endometriosis  patients  may  inhibit  u-PA  activity,  lead-
ng  to  collagen  accumulation;23 indicating  that  abnormal
AI-1  tissue  level  is  correlated  with  multiple  diseases.  Our
tudy  showed  that  lower  PAI-1  alleviated  local  fibrosis  in  CRS
nd  also  confirmed  the  differential  expression  of  PAI-1  in

RSwNP.

We  assumed  that  collagen  was  regulated  by  PAI-1  and
nvolved  in  tissue  remodeling  in  CRS  with  PAI-1  located  in  the

w
s
P
p

37
TM5275,  the  results  presented  the  reduction  of  (A)Col-1  mRNA
.  (300  ×  300  DPI).

ownstream  of  TGF-�1. In  tissue  culture  in  vitro  treated  with
he  TGF-�1 activator,  the  mRNA  expressions  and  protein  lev-
ls  of  PAI-1  and  t-PA,  and  Collagen1  were  higher  than  in  the
ontrol  group,  but  SB431542  counterbalanced  the  results.
urthermore,  TM5275  reduced  both  the  transcriptional  and
rotein  levels  of  Collagen1,  confirming  that  the  expression
evel  of  PAI-1  correlated  with  fibrosis  gene  expression  in  mNP
issue  remodeling  and  could  be  initiated  by  TGF-�1 as  part  of
he  tissue  remodeling  fibrosis  network.24 Studies  proved  that
ral  administration  of  TM5275  to  mice  resulted  in  reduced
ollagen  deposition  in  the  airway.21,25 Moreover,  the  plasma
AI-1  of  patients  diagnosed  with  eosinophilic  esophagitis
as  positively  linked  with  peripheral  TGF-�1 levels.21 By

timulating  mNP  tissue  culture  in  vitro,  we  confirmed  that
GF-�1  regulated  the  changes  of  its  downstream,  PAI-1,
nd  that  PAI-1  regulated  the  production  of  TGF�1-induced
ollagen.  However,  recent  studies  revealed  the  dual  charac-
eristics  of  PAI-1;  PAI-1  deficiency  and  the  overexpression
f  its  downstream  target  u-PA  promoted  cardio  selective
brosis.26 As  a  result,  further  investigations  are  needed  to

nvestigate  whether  the  TGF-�1 signaling  pathway  regulated
AI-1  reduction  in  CRS  and  explore  the  exact  mechanism.

This  study  had  some  limitations.  First,  much  time  was
pent  on  tissue-level  treatment  in  vitro  without  detailing
ignaling  pathway  investigation.  Second,  TGF-�1 is  typi-
ally  time-dose  dependent  and  can  be  expressed  in  different
rgans,  but  we  used  the  regular  routine  of  TGF-�1 without
reating  tissues  on  time  and  concentration  gliding  scale.

onclusion

he  expression  levels  of  PAI-1/t-PA/TGF-�1,  and  Collagen1

ere  lower  in  the  dynamic  process  of  eNP;  in  the  mNP  tis-

ue  treatment  in  vitro,  TGF-�1 regulated  the  expression  of
AI-1/t-PA,  further  modulating  the  fibrosis  gene  Collagen1
articipation  in  tissue  fibrosis  and  remodeling.  PAI-1  could  be

2
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