
Frontiers in Immunology | www.frontiersin.

Edited by:
Guan-Jun Yang,

Ningbo University, China

Reviewed by:
Jia Xiao,

Jinan University, China
Yun Chen,

Nanjing Medical University, China

*Correspondence:
Ming Xia

xiamingsdu@sohu.com
Chengcheng Liu

LCcheng211314@126.com

†These authors have contributed
equally to this work and share

first authorship

Specialty section:
This article was submitted to

Inflammation,
a section of the journal

Frontiers in Immunology

Received: 15 December 2021
Accepted: 13 January 2022
Published: 28 January 2022

Citation:
Gong N, Shi L, Bing X, Li H, Hu H,

Zhang P, Yang H, Guo N, Du H, Xia M
and Liu C (2022) S100A4/TCF

Complex Transcription Regulation
Drives Epithelial-Mesenchymal

Transition in Chronic Sinusitis Through
Wnt/GSK-3b/b-Catenin Signaling.

Front. Immunol. 13:835888.
doi: 10.3389/fimmu.2022.835888

ORIGINAL RESEARCH
published: 28 January 2022

doi: 10.3389/fimmu.2022.835888
S100A4/TCF Complex Transcription
Regulation Drives Epithelial-
Mesenchymal Transition in
Chronic Sinusitis Through
Wnt/GSK-3b/b-Catenin Signaling
Ningyue Gong1,2†, Lei Shi1†, Xin Bing1,2, Hui Li1, Houyang Hu1, Pan Zhang1,
Huiming Yang1, Na Guo1, Hongjie Du3, Ming Xia1,2* and Chengcheng Liu4*

1 Department of Otolaryngology, Shandong Provincial Hospital Affiliated to Shandong First Medical University, Jinan, China,
2 Department of Otolaryngology, Shandong Provincial Hospital, Cheeloo College of Medicine, Shandong University, Jinan,
China, 3 Department of Biotechnology Research and Development, Qilu Pharmaceutical, Co.Ltd, Jinan, China, 4 Central
Laboratory, Shandong Provincial Hospital Affiliated to Shandong First Medical University, Jinan, China

Epithelial-mesenchymal transition (EMT) is thought to be involved in the tissue remodeling
and long-term inflammatory process of chronic sinusitis (CRS), but the driving mechanism
is still unclear. Using high-resolution mass spectrometry, we performed a proteomic
screen of CRS nasal mucosal tissue to identify differentially expressed proteins. Data are
available via ProteomeXchange with identifier PXD030884. Specifically, we identified S100
calcium binding protein A4 (S100A4), an effective factor in inflammation-related diseases,
and its downstream protein closely related to tissue fibrosis collagen type I alpha 1 chain
(COL1A1), which suggested its involvement in nasal mucosal tissue remodeling. In
addition, stimulation of human nasal epithelial cells (HNEpCs) with lipopolysaccharide
(LPS) mimicked the inflammatory environment of CRS and showed that S100A4 is
involved in regulating EMT and thus accelerating tissue remodeling in the nasal
mucosa, both in terms of increased cell motility and overexpression of mesenchymal-
type proteins. Additionally, we further investigated the regulation mechanism of S100A4
involved in EMT in CRS. Our research results show that in the inflammatory environment of
CRS nasal mucosal epithelial cells, TCF-4 will target to bind to S100A4 and regulate its
transcription. The transcription of S100A4 in turn affects the execution of the important
signaling pathway in EMT, the Wnt/GSK-3b/b-catenin pathway, through the TCF-4/b-
catenin complex. In conclusion, this study confirmed that the expression of S100A4 was
significantly increased during the progressive EMT process of CRS mucosal epithelial
cells, and revealed that the transcriptional regulation of S100A4 plays an important role in
the occurrence and development of EMT. This finding will help us to better understand the
pathogenesis behind the remodeling in CRS patients, and identify target molecules for the
treatment of CRS.
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INTRODUCTION

The clinical prevalence of chronic rhinosinusitis (CRS) is high,
affecting about 8% of the Chinese population (1), and more than
10% of adults in Europe and the USA are affected by the disease
(2). The post-operative recurrence rate can be as high as about
20%, seriously affecting the quality of life of patients (3). As a
result, in recent years, there has been an increase in the research
of the pathogenesis of CRS. Currently, it is thought that the
function of the epithelial barrier of patients with CRS is impaired
under the influence of long-term inflammation, and tissue
remodeling gradually occurs during the epithelial repair
process (4, 5). Studies on chronic inflammatory diseases of the
lower airways have shown that damage of the lung epithelial cell
barrier leads to airway remodeling with inflammatory cell
infiltration and altered bronchial structure (6). Since Grossman’s
observation that rhinitis and asthma often coexist in the same
patient, the idea of “one airway, one disease” co-morbidity has
been proposed, as has impaired epithelial barrier function and
tissue remodeling in chronic inflammatory diseases of the upper
airways (7). The European Position Paper on Rhinosinusitis and
Nasal Polyps 2020 (EPOS2020) guideline also classifies CRS
comorbidities into separate chapters (8). Proteomics has been
developed over the last few decades and is a very reliable method
for screening differentially expressed proteins (DEPs). In a review
of proteomic studies related to tissue remodeling in CRS, the nasal
mucosa proteome showed increased protein expression of cellular
components, such as cytoskeleton and adhesion junctions, in CRS
patients compared to healthy subjects (9). The nasal mucus
proteome showed dysfunction of immune pathways, decreased
cell signal transduction, increased cell metabolism and related
tissue remodeling pathways, and the mucosal immune and
antioxidant pathways were significantly downregulated with the
progression of tissue remodeling (10).

Epithelial mesenchymal transition (EMT), which is the
morphological transformation of the epithelial cell phenotype
to a fibroblastic or mesenchymal cell phenotype, may explain
epithelial dysfunction and tissue remodeling. Under normal
physiological conditions, the main structures that maintain the
epithelial barrier are the tight junctions between cells and
adherent junctions, which limit cell movement and maintain
the epithelial laminar arrangement, thereby preserving the
structural integrity of the epithelium (11). The integrity of the
epithelium mainly depends on adhesion junction proteins (ZO-
1, claudins, F11R, E-cadherin) and intracellular proteins (b-
catenin) of epithelial cells. These transmembrane proteins
adhere to each other by binding between adjacent epithelial
cells, and some of them attach to the intracellular actin
cytoskeleton, which is essential for maintaining epithelial apical
to basal polarity (12, 13). When tissue remodeling occurs, the
transmembrane proteins that restrict EMT, from E-cadherin, b-
catenin, ZO-1, and occludin, which are unique to epithelial cells,
to N-cadherin and a-SMA, which are unique to mesenchymal
cells, indicate EMT has occurred (14).

The major known function of the S100A4 protein is to
promote tumor metastasis (15). Overexpression of S100A4 in
human breast cancer cells promotes lung and lymph node
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metastasis (16, 17). Inhibition of S100A4 in human bone
sarcoma cells and lung cancer cells is associated with reduced
metastasis (18, 19). Recently, however, S100A4 has been found to
be a powerful factor in various inflammation-related diseases, and
the S100 protein family, including S100A4, has been referred to as
a part of the damage-associated molecular patterns (DAMPs),
which have a key function in the inflammatory reaction in the
organism (20, 21). DAMPs are produced and released by damaged
and dead cells and can promote inflammation as well as the repair
and regeneration of tissues and contribute to the development of a
variety of inflammatory diseases, such as metabolic disorders,
autoimmune diseases and cancer (22, 23). The pathological
processes of tumorigenesis and metastasis are currently
considered to be related to a protracted abnormal state of
inflammation (24, 25). Accordingly, there are many similarities
between chronic inflammatory disease and the molecular processes
in cancer development. In chronic inflammatory diseases, the S100
protein family members S100A7, S100A8, S100A9 and S100A12 act
as immunomodulators and are significantly associated with the
degree of inflammation and tissue remodeling in the disease (26,
27). However, to the best of our knowledge, the regulatory role of
S100A4 in CRS tissue remodeling has not yet been reported.

Activation of the Wnt/b-catenin pathway has been suggested
to be associated with EMT and b-catenin is involved in the
transcription of S100A4 (28, 29), suggesting that S100A4 is
involved in the regulatory mechanism of EMT. The canonical
Wnt pathway effects through inhibiting GSK-3b-mediated b-
catenin hosphorylation and degradation. When Wnt proteins
bind to the FZD and LRP5/6 receptors, intracellular DSH is
activated by phosphorylation, causing the disassembly of the
GSK-3b complex, leading to the accumulation of b-catenin in the
cell cytoplasm, and eventually a certain level b-catenin can enter
the nucleus (30). After entering the nucleus, b-catenin binds to
TCF/LEF to regulate the expression of target genes, including
downstream target genes for EMT-related transcription factors,
such as SNAIL (31). This study focuses on the process of
mesenchymal transformation of nasal mucosal epithelium
induced by S100A4 via the Wnt/GSK-3b/b-catenin pathway
from molecular mechanism to cell morphology, and
systematically analyzes the mechanism of CRS tissue
remodeling to identify new targets for CRS treatment.
MATERIALS AND METHODS

Subjects
Nine pairs of patients with CRS andmatched control subjects with
non-CRS-related conditions who attended the Department of
Otolaryngology of Shandong Provincial Hospital Affiliated to
Shandong First Medical University for functional endoscopic
sinus surgery (FESS) (32) or rhinoplasty were recruited for this
study. The above-mentioned patients with CRS were diagnosed
according to EPOS-2020 criteria (8). All tissues were collected
from patients without symptoms of inflammation, allergy, asthma,
or aspirin sensitivity. None of the patients had taken oral steroids,
nonsteroidal anti-inflammatory drugs, antihistamines, or
antibiotics for at least 2 months. Demographic data, Lund-
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Mackay score and symptom severity score were recorded for each
patient. The study was approved by the Ethics Committee of the
Affiliated Hospital of Shandong First Medical University (NSFC:
No. 2020-354), and written informed consent was obtained from
all participants in accordance with the Declaration of Helsinki.

Liquid Chromatography-Tandem Mass
Spectrophotometry (LC‐MS/MS) Analysis
and Proteome Analysis
Nasal tissue samples were prepared according to a previously
reported protocol (33). Peptides were dissolved in 20 mL of 0.5%
TFA and 5% ACN and profiled using a Q Exactive Plus
Orbitrap™ mass spectrometer (Thermo Fisher Scientific Inc.,
Waltham, MA, USA) and separated by liquid chromatography
with an EASY-nLC 1000 system (Thermo Fisher Scientific). A
binary mobile phase system with 85 min of 0.1% formic acid and
80% acetonitrile plus 0.1% formic acid at a flow rate of 250 nL/
min was used for the liquid phase portion. For MS analysis,
peptides were loaded onto a 2 cm EASY column precolumn
(Thermo Fisher Scientific ID 100 µm, 5 µm, C18) and eluted on a
10 cm EASY column analytical column (Thermo Fisher
Scientific ID 75 mm, 3 mm, C18, Thermo Fisher Scientific) for
90 min from 4% to 100% linear gradient of ACN with full scan
MS spectra at 70 000 resolution. The top 10 abundant ions were
obtained by HCD.

The Uniprot Homo sapiens database (20,199 protein entries)
was used for protein identification by comparing the raw data of
the peptides using Maxquant (version 1.5.0.1). The search
parameters were set to a maximum error tolerance of 10 and
5ppm for survey scanning and MS/MS analysis, respectively. For
peptide spectrum matching (PMS) and protein quantification,
error detection rate (FDR)was set at 1%. DEPs were tested with
right-tailed Fisher exact test (corrected p value < 0.05). The
analysis of the DEPs was performed using the Ingenuity®

Pathway Analysis (IPA) software (Qiagen, Valencia, CA, USA).
We chose the first 10 paths for further analysis. The WEB-based
gene set analysis toolkit (WebGestalt) was used for gene set
enrichment analysis. The Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) databases were
used to perform enrichment and functional analysis of DEPs
using hypergeometric tests. Heat maps were plotted using the
ClustVis online tool (https://biit.cs.ut.ee/clustvis/).

Cells Culture
Human nasal epithelial cells (HNEpCs; Cat. No. CBR-130634)
were acquired from Cell-Bio Biotechnology Co., Ltd. (Taipei
City, Taiwan, China). HNEpCs were maintained in RPMI-1640
(Cat. No. CM1004; Macgene Co., Ltd., Beijing, China) medium
at 37°C in 5% CO2 which was supplemented with 10% fetal
bovine serum (FBS) (Cat. No. FCS500; ExCell Bio, Shanghai,
China) and 1% penicillin-streptomycin (Cat. No. P1400; Sino
Biological Inc., Beijing, China).

Immunohistochemistry Analysis
Immunohistochemistry (IHC) analysis was used to measure the
expression of S100A4 and its downstream proteins in samples
from CRS patients and healthy control subjects. Briefly, the nasal
Frontiers in Immunology | www.frontiersin.org 3
biopsy tissue was incubated at 60°C for 30 min, deparaffinized
with xylene, followed by rehydration with gradient ethanol and
then cultured in simmering citrate buffer (Cat. No. C1010;
Solarbio Science & Technology Co., Ltd., Beijing, China) for 10
min to complete antigen repair. After treatment with perhydrol
for 20 min, the specimens were blocked with 5% bovine serum
albumin (BSA). Then, individual tissue slides were separately
incubated at 4°C overnight with the corresponding primary
antibody, including the following: S100A4 antibody (Cat. No.
A1631; 1:200; ABclonal Technology, Woburn, MA, USA),
COL1A1 antibody (Cat. No. ab34710; 1:200; Abcam,
Cambridge, UK), b-catenin antibody (Cat. No. 8480S; 1:100;
Cell Signaling Technology (CST), Danvers, MA, USA), E-
cadherin antibody (Cat. No. 20874-1-AP; 1:500; ProteinTech
Group, Rosemont, IL, USA), and a-SMA antibody (Cat. No. bs-
10196R; 1:200; Bioss Antibodies, Woburn, MA, USA).
Subsequently, the tissue slides were incubated for 1 h with the
appropriate goat anti-rabbit labeled secondary antibody (Cat.
No. ZB-2301; 1:200; ZhongShan Golden Bridge (ZSGB)-BIO,
Beijing, China) and immunoreactivity was eventually detected
using a diaminobenzidine (DAB) horseradish peroxidase
chromogenic kit.

Immunofluorescence
After washing with cold phosphate-buffered saline (PBS),
HNEpCs were directly fixed with 4% polyformaldehyde (Cat.
No. P0099; Beyotime Biotechnology, Shanghai, China) and then
permeated with 0.3% Triton X-100 (Cat. No. T8200, Solarbio
Science & Technology Co., Ltd.) in PBS. The non-specific sites of
the samples were blocked with sheep serum and the cells were
then stained with a primary anti-S100A4 antibody (Cat. No.
A1631; 1:200; ABclonal Technology) overnight at 4°C. The
samples were then rinsed with PBS and incubated with
fluorescently labeled goat anti-rabbit antibody at room
temperature for an additional 1 h. Afterwards, a 4′,6-
diamidino-2-phenylindole (DAPI) dye solution (Cat. No.
C0060; Solarbio Science & Technology Co., Ltd.) was added
and incubated for 10 min in the dark. Finally, the nuclei were
counted, and the stained cells were analyzed under a
fluorescent microscope.

Western Blot Analysis
Total protein was extracted from HNEpCs or frozen nasal tissues
with RIPA lys is buffer (Cat .No.P0013B; Beyot ime
Biotechnology). The nuclear proteins and cytoplasmic proteins
of LPS-stimulated HNEpCs were extracted and separated using
the Nuclear and Cytoplasmic Protein Extraction Kit (Cat. No.
P0027; Beyotime Biotechnology) and quantified using the
bicinchoninic acid (BCA) Protein Assay kit (Cat. No. P0010S;
Beyotime Biotechnology). Subsequently, 50 µg of protein
samples were loaded and separated by 10 and 8% sodium
dodecyl sulfate‐polyacrylamide gel electrophoresis (SDS‐
PAGE) and transferred onto polyvinylidene difluoride
membranes (PVDF). After blocking the membranes with 5%
fat-free milk for 1 h, followed by overnight incubation at 4°C
with the followin individual mouse monoclonal antibodies:
S100A4 antibody (Cat. No. A1631; 1:1,000; ABclonal
January 2022 | Volume 13 | Article 835888
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Technology), COL1A1 antibody (Cat. No. ab34710; 1:5,000;
Abcam), GSK-3b antibody (Cat. No. 12456S; 1:1,000; Cell
Signaling Technology), b-catenin antibody (Cat. No. 8480S;
1:1,000; Cell Signaling Technology), E-cadherin antibody (Cat.
No. 20874-1-AP; 1:5,000; ProteinTech Group), and a-SMA
antibody (Cat. No. bs-10196R; 1:5,000; Bioss Antibodies) and
the internal reference rabbit antibody GAPDH (Cat. No. TA-08;
1:1,000; ZSGB-BIO). Next day, after washing with PBS, the
membranes were incubated at 37°C with the appropriate
secondary antibody, including anti-mouse IgG (Cat. No. zb-
2301; 1:2,000; ZSGB-BIO) and anti-rabbit IgG; (Cat. No. zb-
23051; 1:2,000; ZSGB-BIO). Subsequently, after washing with
tris-buffered saline containing Tween 20 (TBST) buffer, the
signals were visualized using an enhanced chemiluminescence
imaging system (Cat. No. Tanon-4600; Tanon Science &
Technology Co., Ltd, Shanghai, China).

Epithelial-Mesenchymal Transition (EMT)
Induction and Assessment
To induce EMT, the cells were incubated with 1, 2 and 4 ug/ml
LPS (Cat. No. L8880; Solarbio Science & Technology Co., Ltd.)
for 6 and 24 h, respectively. The morphology of the cells was
observed by phase contrast microscopy. The protein expression
levels of E-cadherin and a-SMA were determined by Western
blot analysis, as described above.

RNA Interference and Transfection
The small interfering RNAs (shRNAs) targeting S100A4 (sh-
S100A4) were obtained from Shanghai GenePharma Co., Ltd
(Shanghai, China). Three sequences of the sh-S100A4 were used,
and in order to improve the transfection efficiency, HNEpCs
were transfected twice. Briefly, after the confluence reached 30%,
HNEpCs were transfected with 30 nM shRNA using
Lipofectamine 2000 (cat. No. 11668030; Invitrogen, Carlsbad,
CA, USA) following the manufacturer’s instructions. After 24 h
of culture, the second transfection was performed. Cells were
then cultured for 24 h and collected. The sh-S100A4 sequences
are as follows:

sh-S100A4-1 TGGGCTTGCACACGCTGTTGCTATA
sh-S100A4-2 GCTTGCACACGCTGTTGCTATAGTA
sh-S100A4-3 CGCTGTTGCTATAGTACGTGTTGAT
negative control (nc) TTCTCCGAACGTGTCACGT

Cells Migration Scratch Assay
The cells were seeded in 6-well plates and cultured at 37°C until
80% confluence was reached. A scratched wound was created
with the tip of the pipette, then the cells were washed with PBS,
and serum-free medium was added to each well. After 24 h of
culture, the same area of each wound was captured with an
inverted microscope (Cat. No. XD-202; Nanjing Jiangnan
Yongxin Optics Co., Ltd., Nanjing, China), and the relative
mobility of cells in each group was calculated.

Transwell Migration Assay
The cells were seeded in the upper part of the Transwell
chamber. Briefly, a 300 µL aliquot of cell suspension
(containing about 5,000 cells) was added to each well of the
Frontiers in Immunology | www.frontiersin.org 4
upper chamber, and 500 µL of complete serum-containing
medium is added into each well of the lower chamber. After
incubation for 24 h, the cells on the top surface of the membrane
were removed and the cells on the bottom surface of the
membrane were stained with 0.1% crystal violet (cat. No.
g1064; Solarbio Science & Technology Co., Ltd.). Images of
stained were acquired using a microscope at 400 ×
magnification, from five high-power fields (HPFs) and
migrated cells were counted.

Chromatin Immunoprecipitation
For chromatin immunoprecipitation (ChIP) assay, 5 × 10^6

HNEpCs were cross-linked with formaldehyde and lysed, with
IP lysis buffer (Cat. No. G2038; Servicebio Technology Co., Ltd.,
Wuhan, China) containing protease inhibitor (Cat. No. G2007,
Servicebio Technology Co., Ltd.) by subjecting the cells to
ultrasonic lysis until the average DNA fragment size was 1,000
bp. Then, 90 mL of cleared lysate was kept for the input test, 40
mL of the product was added to 10 mL of 5* reduced protein
sampling buffer (Cat. No. G2013, Servicebio Technology Co.,
Ltd.), denatured by heating and subjected to Western blot
analysis detection, and the DNA in the remaining 50 mL of the
product was uncrosslinked from protein overnight and used for
polymerase chain reaction (PCR) amplification. The effect of
ultrasonic fragmentation was evaluated and the presence of
target DNA and protein in the sample was confirmed.
Subsequently, 100 mL of the product was diluted in 900 mL of
ChIP dilution buffer containing 1 mM phenylmethylsulfonyl
fluoride (PMSF; Cat. No. G2008; Servicebio Technology Co.,
Ltd.) and 20 mL of 50* cocktail (Cat. No. G2006, Servicebio
Technology Co., Ltd.). Then, cleared lysates were precleared with
bovine serum albumin (BSA; Cat. No. G2026, Servicebio
Technology Co., Ltd.)salmon sperm DNA blocking protein A/
G plus agarose (Cat. No. IP05, Millipore, Burlington, MA, USA)
and incubated overnight at 4°C with corresponding primary
antibodies. Afterwards, immune complexes were captured with
BSA/salmon DNA blocking protein A/G plus agarose, washed,
and the beads were resuspended in TE buffer. The centrifuged
solution was added to a CB3 adsorption column for purification.
The transcription factor binding site was predicted using known
transcription factor binding site motifs in the Jaspar database.
Primers for PCR screening were designed and synthesized
according to the binding site. The antibodies used for ChIP
were anti-b-catenin (Cat. No. 8480S; Cell Signaling Technology)
and anti-TCF-4 (Cat. No. ab217668; Abcam).

Co-Immunoprecipitation (Co-IP)
Cells were collected by centrifugation with cold IP cell lysis buffer
(Cat. No. G2038; Servicebio Technology Co., Ltd.) and incubated
at 4°C for 10 min, and then centrifuged at 12,000 g for 10 min.
The protein content of the supernatant was determined by the
BCA method. A small aliquot of supernatant was taken for the
input experiment after denaturation. Then, the b-catenin
antibody, TCF-4 antibody and inactive rabbit IgG were added
at a concentration of 1 µg/mL and incubated overnight at 4°C on
a shaking bed. On the second day, a 80-µL aliquot of protein A/
G-beads (Cat. No. IP05; Millipore) was added to the tube and
January 2022 | Volume 13 | Article 835888
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shaken slowly at 4°C for 2 h. The supernatant was removed after
centrifugation, and the precipitate was washed 4 times with 1 mL
of cold IP lysis buffer 4 and centrifuged. After the last wash, the
supernatant was discarded, and the precipitate was resuspended
in 80 µL of 1× SDS-PAGE sample loading buffer and boiled for
10 min. Eventually, a 10-mL aliquot of supernatant was
centrifuged for Western blot analysis detection.

Statistical Analysis
Statistical analysis was conducted using the SPSS (v.19.0)
software (IBM Corporation, Armonk, NY, USA. All data were
expressed as the mean ± standard deviation. The significant
difference between groups was evaluated using an independent t-
test or analysis of variance (ANOVA). All experiments were
performed at least three times, and P < 0.05 was considered as a
statistically significant difference.
RESULTS

Proteome Comparison Between
Nasal Mucosal Tissues of CRS
Patients and Control Subjects
A total of 2,753 proteins were identified and quantified, and 69
proteins were significantly differentially expressed between the
nasal mucosa of CRS patients and normal control subjects.
Among them, 44 proteins were significantly increased and 25
proteins were decreased in CRS patients (Table 1) (P < 0.05). The
GO classification system revealed the biological significance of
the different proteins (Figures 1A–C). Most of the proteins were
contractile fibers and actin cytoskeleton components, and their
molecular functions included extracellular matrix structural
constituent and cytoskeleton structure. They were involved in
various biological processes, including cytoskeleton organization
and wound healing. The changes in intercellular structure,
enhanced cell movement, and extracellular collagen deposition
and tissue remodeling occurred in CRS, which suggested that
EMT may occur in CRS. In addition, the heatmap analysis of the
expression of differential proteins using ClustVis revealed
(Figure 1D) that the DEPs were mainly members of the
calcium-binding protein family (S100) and collagen protein
family (COL). As shown in Figure 1E, the IPA network
analysis indicated that the COL family and the S100 family of
DEPs interacted and correlated with the b-catenin signaling
pathway. Studies have shown that S100A4 is associated with
pleural mesothelial cells and EMT in biliary atresia (32, 33). And
COL1A1 is associated with EMT in breast cancer (34). Therefore,
we speculate that S100A4 and COL1A1 in CRS may be involved
in the EMT process of nasal mucosal epithelial cells via the Wnt/
b-catenin signaling pathway.

The Expression of S100A4 and COL1A1 Is
Increased in CRS Nasal Mucosa
The results of the IHC analysis of the protein expression level of
S100A4 and COL1A1 in the nasal mucosa of CRS patients
revealed that the protein levels of S100A4 and COL1A1 were
Frontiers in Immunology | www.frontiersin.org 5
TABLE 1 | Proteins with significant differences in chronic rhinosinusitis.

Gene names Protein IDs Ratio
N/CRS

P value

H2AFV;H2AFZ Q71UI9;P0C0S5 0.510863031 0.000124535
HEL-76;CA2 V9HW21;P00918 0.308414813 0.000762733
EHD2 A0A024R0S6 0.467713904 0.000827173
ACTC1;ACTA1 P68032;A8K3K1 0.446532834 0.001300552
COL1A1 P02452;Q6LAN8 0.38986831 0.002298073
HSPG2 A0A024RAB6 0.516110083 0.002638246
TMSB4X A2VCK8;P62328 1.602381543 0.003063176
HEL32;DSTN V9HWA6;P60981 0.60563386 0.003155291
COL1A2 A0A087WTA8 0.492639727 0.003260182
MYH11 A0A024QZJ4 0.212257392 0.003346806
HEL-S-37;LCP1 V9HWJ7 1.980555364 0.003650284
SPTBN1 B2ZZ89;Q01082 0.628945443 0.00383177
DPYSL2 Q59GB4;Q16555 0.666200395 0.004132201
SPTAN1;DKFZp564P0562 A0A024R889 0.624917927 0.004580224
VCL;HEL114 A0A024QZN4 0.57391272 0.004628198
S100A4 P26447 0.567163161 0.00592066
ACTR3 A0A024RAI1 1.300310678 0.00632945
HEL-S-43;S100A11 V9HWH9 1.412661446 0.008154354
TPM1 Q6ZN40 0.389343295 0.00909404
TPP1 B4DSE2;B4E0C7 2.081267391 0.00912802
HEL-S-30;PKM;PKM2 V9HWB8;P14618 1.243313331 0.010045356
FLNA Q5HY54;P21333 0.560536843 0.010739654
LMNA P02545;Q5I6Y5 0.748100228 0.010997514
POSTN A0A024RDS2 2.823890603 0.011088399
ITIH2 Q5T985;A2RTY6 2.249616312 0.011570922
TLN1 Q9Y490 0.672497924 0.011750335
PRELP;MST161 Q6FHG6;P51888 0.525103605 0.011763869
LAMC1 A0A024R972 0.456545543 0.012328024
PTRF B4DPZ5;B4DNU9 0.53049269 0.012414864
F13A1 P00488;B2R6V9 2.2500092 0.013013469
ADH5 Q6IRT1;Q6FI45 0.768391559 0.013278048
VAT1 A0A024R1Z6 0.744177822 0.014065971
HEL-S-273 V9HW25 0.497114864 0.014701114
A8K008_HUMAN
Uncharacterized

A8K008 2.167693738 0.016541779

GLUD1;GLUD2 B4DMF5 0.730647486 0.017498562
CSRP1;DKFZp686M148 B4DY28;P21291 0.450650197 0.017815294
LMNB1 P20700;E9PBF6 1.915906076 0.017880373
ACTR2 P61160;Q8IY98 1.355676164 0.017910762
SH3BGRL3;HEL-S-297 Q5T123;Q86Z22 1.556469071 0.018393109
HEL-S-34;PEBP1 D9IAI1;P30086 0.652088077 0.019168704
CORO1A A0A024R611 2.537679806 0.020117333
HEL107;TKT V9HWD9 1.628929183 0.020275063
CP A8K5A4;A5PL27 5.147710911 0.021794028
OGN A8K0R3;B4DI63 0.563131206 0.023578264
KRT5 CON:P13647 1.923428112 0.023694742
COL1A1 D3DTX7 0.55576631 0.024898639
ARHGDIB A0A024RAS5 1.695863555 0.025300843
MYL6 F8W1R7;G3V1V0 0.675981091 0.025402265
CBR1 P16152 0.717892593 0.026627938
KCTD12 B3KY04 0.708919 0.027680969
HBA2;HBA1 D1MGQ2 0.616303185 0.028224531
TAGLN Q5U0D2 0.557283225 0.02879555
TPM3;DKFZp686J1372 A0A0S2Z4G4 1.224835548 0.029416277
IGL@ Q8N355 3.04147209 0.03074476
GGT5 B4DND4;P36269 0.675807813 0.032241336
KRT15 CON:P19012 2.520130695 0.034869703
PSAP Q53FJ5 1.367275834 0.035510117
COL14A1 Q05707;A8KAL5 0.482138598 0.035549304
hCG_40889;CFH A0A024R962 2.384107014 0.03647054
UQCRC2 P22695;H3BRG4 0.73400239 0.03963777
SOD3 A0A140VJU8 0.479436212 0.04003326
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significantly higher in the CRS group than in the control group.
The S100A4-positive cells had brown-yellow cytoplasm or
nucleus, and the color was mainly observed in the mucosal
epithelium and glandular epithelium (Figure 2A). The COL1A1-
positive cells had mainly a brownish color in the cytoplasm and
extracellular connective tissue. The evaluation of the changes in
S100A4 and COL1A1 protein levels in the total protein of nasal
mucosal tissue of the CRS group and the control group by
Western blot analysis further confirm the dysregulation of the
expression of S100A4 and COL1A1 in CRS. These findings
indicated that the expression of both S100A4 and COL1A1
were clearly increased in the CRS group compared with the
control group (Figure 2B).

Expression of EMT Markers in
Nasal Mucosa of CRS Patients
and Control Subjects
We previously hypothesized, based on bioinformatics, that
S100A4 and COL1A1 might be involved in the EMT process
of CRS. To determine whether nasal mucosal epithelial cells of
CRS tissue can transform into mesenchymal cells, we evaluated
the expression level of E-cadherin and a-SMA in the CRS and
control groups. IHC analysis results revealed that the expression
of E-cadherin protein was decreased in the CRS group compared
with the control group, while the expression of a-SMA protein
was significantly increased (Figure 3A). In addition, these
findings were confirmed by Western blot analysis (Figure 3B).
Thus, these results indicated that epithelial cells can transform
into mesenchymal cells in CRS tissues.

LPS Induces S100A4 and EMT Markers
Expressions in HNEpCs
To simulate the inflammatory conditions in vitro, HNEpCs were
stimulated with LPS, and the mesenchymal phenotype of HNEpCs
was observed by phase contrast microscopy. After 24 h of LPS
stimulation, epithelial cells began to become flat and extend in
opposite directions, showing the typical spindle shape of fibroblasts
(Figure 4A). In addition, Western blot analysis (Figure 4B) showed
thatwith the increaseof theLPSconcentration theprotein expression
of S100A4, COL1A1 and a-SMA increased gradually, while the
protein expression of E-cadherin decreased. Moreover,
immunofluorescence staining revealed that S100A4 protein was
present in the cytoplasm and nucleus of HNEPCs, and LPS
stimulation increased the expression of S100A4 protein (Figure 4C).
Frontiers in Immunology | www.frontiersin.org 6
Downregulation of S100A4 Reverses the
EMT of HNEpCs
The enhancement of migration ability is one of the important
functional characteristics of mesenchymal cells. We confirmed
that S100A4 overexpression is associated with EMT in HNEpCs,
thus we used shRNA against S100A4 to downregulate its
expression (Figure 5A) and eventually selected the sh-S1004A-
1 group for follow-up experiments to evaluate the EMT of
HNEpC by observing their migration ability. As shown by the
cell migration scratch assay (Figures 5B, C), compared with the
control group, the cell scratch area in the LPS-stimulated group
was significantly reduced, while in the sh-S100A4-1 group, the
cell scratch area was significantly increased (P <0.05).
Furthermore, as shown by the transwell migration assay
(Figures 5D, E), the migrating cell count increased to 250 in
the LPS-stimulated group compared with the control group.
After downregulating S100A4 with sh-S1004A-1, these effects
could be reversed, and the number of migrated cells decreased to
about 130. The above findings were confirmed by the Western
blot analysis of the protein level changes of S100A4, COL1A1, E-
cadherin and a-SMA in the four groups (Figure 5F). The
Western blot analysis results showed that the stimulatory
effects of LPS on the expression of COL1A1 and a-SMA
proteins were abolished, while the expression of E-cadherin
protein was increased when the S100A4 expression was
downregulated by sh-S1004A-1.

S100A4 Expression Is Regulated via the
Wnt/GSK-3b/b-Catenin/TCF-4 Signaling
Pathway in CRS
The above IPA network analysis results showed that S100A4 was
closely related to the EMT-associated Wnt/b-catenin signaling
pathway. In combination with a literature review, we found that
the half-life of b-catenin in the cytoplasm is very short (35–37). It
is inactivated after phosphorylation by a “destruction complex”
composed of GSK-3b, CK-Ia, AXIN and APC. In contrast, in
response to specific signaling stimulation, mutation of a critical
phospho-site in the “destruction complex”, the b-catenin protein
appears to accumulate in the cytoplasm, followed by nuclear
translocation. In tumor cells, the T-cell factor (TCF) binding
motifs activate the transcription of the target gene S100A4 (31,
38). Therefore, we suspect that direct targeting binding of
S100A4 to the b-catenin/TCF complex in CRS regulates the
Wnt/b-catenin signaling pathway, resulting in abnormal
expression of the downstream EMT-related protein COL1A1,
ultimately leading to tissue remodeling in the nasal mucosa.

We first performed Western blot analysis on CRS and normal
nasal mucosal tissues (Figure 6A), and the results showed that
expression of GSK-3b protein, a component of the destruction
complex, was significantly decreased in CRS. Afterwards, we
examined b-catenin protein expression in CRS tissues by IHC
analysis and found that b-catenin protein expression was
markedly increased in the CRS group compared with the
control group (Figure 6B). Western blot analysis of the
cytoplasmic and cytosolic proteins from LPS-stimulated
HNEPCs revealed that the expression of b-catenin in both
TABLE 1 | Continued

Gene names Protein IDs Ratio
N/CRS

P value

FGA P02671 1.881004106 0.040339534
CAPZB B2R7T8;P47756 1.224661199 0.040612013
RPS18 P62269 0.746554987 0.044336416
YWHAZ D0PNI1;P63104 0.831646141 0.044958897
MYL12B O14950 0.69090751 0.045432789
DPYSL3 A0A140VK07 0.731155232 0.046165319
KRT8 CON:P05787 0.676382105 0.048060684
HEL-S-123m;ATP5A1 V9HW26;P25705 0.77635782 0.048791926
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cytoplasm and nucleus was higher than that in the control
group (Figure 6C).

To further confirm whether S100A4-induced EMT is
regulated by b-catenin, we treated HNEpCs with the b-catenin
inhibitor XAV-939 to study the effect of downregulating b-
catenin on the degree of expression of S100A4 and COL1A1
(39). The Western blot analysis results revealed that compared
with the control group, the expression levels of S100A4, COL1A1
Frontiers in Immunology | www.frontiersin.org 7
and b-catenin proteins were increased in the LPS-stimulated
group, while the expression of GSK-3b protein was decreased.
These results show that inflammation stimulates nasal mucosal
epithelial cells, leading to increased expression of S100A4 n and
b-catenin of the Wnt pathway and COL1A1 a protein
downstream of EMT. Compared with the LPS-stimulated
group, after GSK-3b overexpression in the XAV-939+LPS
group, the expression levels of b-catenin, COL1A1 and S100A4
A

B C

D E

FIGURE 1 | Proteome comparison between nasal mucosal tissues of CRS patients and control subjects. (A) The biological process (BP) analysis of genetic
ontology (GO) of differential proteins. (B) Analysis of cellular composition (CC) of genetic ontology (GO) of differential proteins. (C) Molecular functional (MF) analysis of
genetic ontology (GO) of differential proteins. (D) Heatmap analysis of differential proteins. HP, CRS patient samples; HT, Healthy control samples. (E) Network
analysis of differential proteins. Each circle represents a protein, and the lines between proteins represent interactions between them.
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proteins showed a decreasing trend (Figure 6D). Conversely,
analysis of the expression of b-catenin protein after knocking
down S100A4 with sh-S100A4 revealed that compared with the
LPS-stimulated group, the expression of b-catenin was decreased
Frontiers in Immunology | www.frontiersin.org 8
in the si-S100A4+LPS-stimulated group (Figure 6E). This
finding suggests that b-catenin may interact with S100A4 to
induce the overexpression of COL1A1, a protein downstream
of EMT.
A

B

FIGURE 2 | Expression of S100A4 and COL1A1 in tissues of chronic rhinosinusitis group. (A) The expression of S100A4 and COL1A1 proteins in chronic sinusitis
tissues and normal control tissues were detected by immunohistochemistry. The upper image is at 200X magnification, and the lower image shows a partially
magnified image in a black box.bar=50um. (B) Western blot was used to detect the expression of S100A4 and COL1A1 proteins in chronic rhinosinusitis tissue and
normal control tissue. The bar graph on the right shows the protein expression statistics. *P < 0.05.
A

B

FIGURE 3 | Expression of EMT markers in chronic rhinosinusitis tissues. (A) The expression of markers of EMT in chronic sinusitis tissues and normal control
tissues were detected by immunohistochemistry. The upper image is at 200X magnification, and the lower image shows a partially magnified image in a black
box.bar=50um. (B) Western blot was used to detect the expression of markers of EMT proteins in chronic rhinosinusitis tissue and normal control tissue. The bar
graph on the right shows the protein expression statistics. *P < 0.05, **P < 0.01.
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Also, to further establish whether S100A4 is a direct target of b-
catenin, we analyzed the sequence of the gene from the human
S100A4 promoter and found a TCF-4 binding site sequence. The
binding of the transcription factor TCF-4 to the S100A4 promoter
was confirmed by the results of the CHIP assay (Figure 6F). Given
all the above data, we conclude that TCF-4 can specifically bind b-
catenin from cellular immunoprecipitates, which shows that
S100A4 is directly regulated via the Wnt/GSK-3b/b-catenin/TCF-
4 pathway, which is involved in regulating the specific protein
COL1A1 related to mesenchymal cell morphology and cell
movement (Figure 7).
DISCUSSION

This study describes the identification, by proteomics and
bioinformatics approach, of the differential protein expression
Frontiers in Immunology | www.frontiersin.org 9
of S100A4 in CRS. It targets the downstream transcription factor
TCF-4 of the Wnt signaling pathway and induces the expression
of the downstream mesenchymal protein COL1A1, thereby
promoting EMT in the nasal mucosa. The exosome proteome
revealed that the human nasal epithelium-derived secreted
exosomes from Chronic rhinitis sinusitis with nasal polyps
(CRSwNP) patients contain proteins that affect cell
proliferation pathways and are involved in epithelial
remodeling, mainly via p53-mediated pathways and other
pathways, which may lead to remodeling of the sinus mucosa
(40). Both, the nasal mucus proteome and mucosal proteome,
suggest that CRS is associated with tissue remodeling (9, 10). In
this study, we performed mass spectrometry analysis of the nasal
mucosal proteome and identified 2,753 proteins expressed in
CRS tissues. Among them, we found several DEPs, including
collagen family proteins, such as COL1A1, COL1A2 and
COL14A1, and S100 family proteins, such as S100A4 and
A

C

B

FIGURE 4 | The expression of S100A4 and COL1A1 increased during the process of epithelial-mesenchymalization of nasal mucosa epithelial cells. (A) The
morphology of HNEpC cells after LPS stimulation for 6h and 24h under phase contrast microscope.bar=100um. (B) Western blot was used to detect the
expressions of S100A4, COL1A, a-SMA and E-cad in HNEpC cells stimulated with different concentrations of LPS (1-4ug/ml) for 24h. (C) Immunofluorescence was
used to observe the expression of S100A4 in the nucleus and cytoplasm of HNEpC cells stimulated by LPS for 24 h. Red represents S100A4 and blue represents
nuclear staining (DAPI). bar=20um.
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S100A11, which have functions related to tissue remodeling,
such as contractile fibers, actin cytoskeleton, muscle structural
architecture and cytoskeletal structural architecture. Our
proteomics identified DEPs in CRS that are involved in the
tissue remodeling process. We used mass spectrometry analysis
combined with bioinformatics to innovatively identify S100
protein that plays an important role in tissue remodeling.
Additionally, we investigated the regulatory mechanism of
S100A4 in nasal mucosal tissue remodeling during CRS.

There are three subtypes of EMT depending on the biological
context of its function: type 1, which is associated with physiological
processes, such as embryology, development and organ formation;
type 2, which is associated with tissue regeneration, damage repair
and fibrosis; type 3, which is associated with malignant tumor
invasion (41). Accordingly, the functional subtype of EMT in CRS is
mainly type 2 EMT. Under physiological conditions, when the
inflammatory response is relieved, the EMT process will gradually
Frontiers in Immunology | www.frontiersin.org 10
stop on its own (42, 43). However, if the nasal inflammatory
response continues to be activated, likewise, EMT will persist,
eventually causing massive collagen deposition in the nasal
mucosa and ultimately irreversible tissue remodeling of the nasal
mucosa (44). In fact, numerous studies have confirmed that S100A4
is involved in EMT during inflammation (45). However, whether
S100A4 causes EMT in CRS has not been demonstrated. In this
study, we showed that high expression of S100A4 in CRS was
accompanied by significant changes in EMT marker proteins and
cell morphology as well as cell motility in vitro and in vivo. On the
other hand, we observed a reversal in the expression of EMTmarker
proteins in nasal mucosal epithelial cells after inhibiting the
expression of S100A4, which demonstrated that S100A4 is a key
component of the EMT process in CRS.

S100A4 has different intracellular and extracellular activities.
In cells, the expression of S100A4 is related to cell migration and
the maintenance of stem cell stability (46, 47). In terms of
A

C

B

E

F

D

FIGURE 5 | Epithelial mesenchymal changes in HNEpC cells after knockdown of S100A4. (A) RT-PCR was used to detect the knockdown efficiency of shRNA-
S100A4 transfected HNEpC cells. (B) After LPS treatment of HNEpC cells for 24 h or transfection with shRNA-S100A4, cell scratch assay was used to detect cell
migration. (C) Statistics of cell scratch area. (D) Transwell assay for cell migration. (E) Statistical graph of the number of migrated cells. (F) Western blot detection of
epithelial-mesenchymal-related protein expression in HNEpC cells after S100A4 knockdown. Histograms on the right represent protein expression statistics. *P < 0.05,
**P < 0.01, ***P < 0.001.
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regulating cell migration, intracellular S100A4 interacts with
rhotekin, promyosin and actin to regulate cell migration and
invasion (48). S100A4 interacts with thioredoxin leading to
intracellular microfilament remodeling and alterations in cell
motility and adhesion (49). The proteomics analysis in this study
identified DEPs associated with cell migration, including myosin
light polypeptide 6, ACTB, type II cytoskeletal 8. The S100A4
protein in CRS may interact with such proteins to increase the
motility of nasal mucosal epithelial cells, but this needs to be
Frontiers in Immunology | www.frontiersin.org 11
further investigated. However, our scratch migration assay and
transwell assay revealed that S100A4 overexpression in nasal
mucosal epithelial cells in an inflammatory environment could
enhance the motility of nasal mucosal epithelial cells. This suggests
that S100A4 can promote the migration of nasal mucosal epithelial
cells in CRS. In addition, S100A4 exerts its effect outside the cell by
triggering the hyperinflammatory immune response and various
factors, such as cytokines, extracellular matrix (ECM) proteins and
matrix metalloproteinases (MMPs) (50–53). There is growing
A

C

D E

F

B

FIGURE 6 | S100A4 is a direct transcriptional target of the Wnt/b-catenin/TCF-4-mediated signaling pathway, encoding the protein COL1A1. (A) Western blot
detection of GSK-3b protein expression in chronic sinusitis tissue. (B) Immunohistochemical observation of the expression of b-catenin in chronic sinusitis tissue.
Image magnification: 100×, bar=100um and 200×, bar=50um. (C) Western blot was used to detect the expression of b-catenin protein in the nucleus and cytoplasm
of HNEpC cells after LPS stimulation, below is a graph of protein expression statistics. (D) The expressions of S100A4, COL1A1 and GSK-3b after b-catenin
inhibition were detected by Western blot. Shown on the right is a statistical graph. (E) Detection of b-catenin protein expression in HNEpC cells after S100A4
knockout. (F) ChIP for binding of b-catenin and TCF-4 to the S100A4 promoter in LPS treated HNEpC cells, S100A4-specific PCR products were amplified following
ChIP with TCF-4 antibody, as well as from the input of ChIP assay, while S100A4-specific PCR product was not detected in immunoglobulin G control. Co-IP results
showed that b-catenin could be detected in the immune complex pulled by TCF-4 antibody, while b-catenin and TCF-4 proteins could not be detected in the
immune complex pulled down by ineffective IgG. *P < 0.05, **P < 0.01, ***P < 0.001.
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evidence that increased levels of S100A4 in the exocytic sphere are
significantly associated with various human inflammatory
indications (54–56). S100A4 also stimulates the secretion of
hyperinflammatory agents, including cytokines (25). Cytokine-
mediated pathways can stimulate the secretion of S100A4 by
various cells, such as IL-7-mediated secretion of S100A4 (57).
LPS is present in the cell wall of Gram-negative bacteria and
bacterial infection can trigger a range of inflammatory responses
mediated by a variety of inflammatory cell types (58, 59). And
many studies have shown that LPS can promote EMT in cells (60,
61). Therefore, we stimulated HNEpC cells with LPS to establish an
EMTmodel of nasal mucosa epithelial cells. In this study, we found
increased expression of S100A4 and overexpression of COL1A1, as
well as changes of EMT marker proteins after stimulation of
HNEpCs with LPS, suggesting that S100A4 plays an important
role in the pro-inflammatory pathway and causes extracellular
collagen deposition, which is a major component of the ECM.
Furthermore, the specific expression of S100A4 in CRS leads to the
remodeling of the ECM. On the one hand, S100A4 processing in
fibroblasts leads to the induction of the secretion of collagen (62,
63), which is a major component of the ECM. On the other hand,
the ECMmakes a difference in supporting immunological reactions
at the affected site due to changes in the cytokine pool during the
inflammatory process. Cells at the site of the lesions receive
cytokines associated with S100A4 in the ECM (64). In addition,
the activity of the S100A4 protein stimulates the structural
molecular changes of the ECM and the production of MMPs
related to ECM remodeling, which affect the process of ECM
remodeling by degrading the proteins in the ECM (65–68).
Moreover, S100A4 as a fibroblast-specific protein is associated
with tissue remodeling and inflammatory cell recruitment in CRS
studies and increased fibroblasts are associated with decreased
quality of life in patients with CRSwNP and allergic fungal
rhinosinusitis (AFRS) (69). However, the S100A4-induced process
Frontiers in Immunology | www.frontiersin.org 12
of nasal mucosal remodeling has not been fully explained in studies
to date. In this study, based on the observation of morphological
changes after LPS stimulation of HNEpCs and enhanced cell
migration function, it is suggested that the process of tissue
remodeling that occurs in CRS is closely related to EMT.

We analyzed the S100A4 expression regulation network and
found that the Wnt/b-catenin pathway is the main S100A4-
associated pathway. It has also been widely reported that b-
catenin in cytoplasm can bind E-cadherin on various epithelial
membranes to mediate intercellular adhesion (70, 71). Therefore,
we believe that the Wnt pathway regulates EMT from two aspects:
on the one hand, the activation of the Wnt pathway leads to the
translocation of b-catenin to the nucleus where it regulates the
transcription of genes involved in the EMT. On the other hand,
the activation of the Wnt pathway promotes the translocation of
b-catenin to the nucleus, inhibits the binding of b-catenin to the
epithelial cell membrane E-cadherin, weakens the adhesion of
epithelial cells, and affects the EMT process. In addition, it has
been shown that downregulation of S100A4 can reduce
myocardial fibrosis in mice through the Wnt/b-catenin pathway,
and knockdown of S100A4 can significantly reduce myocardial
fibrosis and b-catenin levels (72). S100A4 interacts with the Wnt/
b-catenin pathway to modulate cell migration in cancer and
fibrotic diseases (73). The S100A4 gene binds to TCF and b-
catenin for transcription (74), but this study was not performed in
CRS. We first analyzed the binding of the transcription factor
TCF-4 to the S100A4 promoter using the ChIP assay on LPS-
stimulated HNEpCs, as well as by Co-IP experiments and found
that TCF-4 specifically binds b-catenin from the immunoprecipitates
of HNEpCs. The data show that S100A4 is directly regulated by the
Wnt/GSK-3b/b-catenin/TCF-4 pathway, which induces
mesenchymal transformation of the epithelium into fibroblasts that
secrete COL1A1, causing extracellular collagen deposition and tissue
remodeling (Figure 7).
FIGURE 7 | Schematic representation of S100A4 regulation of the Wnt/b-catenin/TCF-4 pathway in CRS.
January 2022 | Volume 13 | Article 835888

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Gong et al. S100A4/TCF Drives EMT in CRS
S100A4 in CRS triggers a series of processes that activate
inflammatory responses, such as activation of the Wnt/b-catenin
signaling pathway and lead to persistent EMT. This study focuses
only on the study of S100A4 in CRS in general and lacks a
classification of the different subtypes of CRS. Since S100A4 is an
effective inducer of CRS, it would be interesting to find out
whether S100A4 is differentially expressed in different immune
response types of sinusitis. Then, we can study the interaction
between S100A4 and various inflammatory factors in
eosinophilic type 2 reactive sinusitis and non-eosinophilic
sinusitis. In fact, the increase in S100A4 expression provides an
attractive therapeutic target for CRS by neutralizing S100A4
activity, making it an excellent target against tissue remodeling in
CRS. S100A4 inhibitors, such as sulinic acid, cloniclosamide and
niclosamide, are currently undergoing clinical trials (75, 76).
Although the entire study has verified the important role of
S100A4 in the occurrence of EMT in CRS at the pathological and
cellular levels, the in vivo experimental verification is insufficient.
Therefore, we next tend to use animals to verify the role of
S100A4 in the development of CRS. Specifically, we are able to
establish a mouse model of CRS for symptom assessment after
anti-S100A4 drug treatment and collecte nasal mucosal biopsies
at different time points for proteomic time-series evaluation of
the natural variability in nasal mucosal tissue remodeling over
time and local response to anti-S100A4 treatment in mice. This
also provides clinicians with new ideas for studying CRS, such as
focusing on the expression of S100A4 in different CRS disease
types, the association between high S100A4 expression and
different symptom scores, and the presence of differential
S100A4 expression in patients responding to drug treatment.
CONCLUSION

s100a4 is involved in the EMT process in CRS mucosa, where it
triggers the deposition of COL1A1 in the nasal mucosa and
regulates the EMT of HNEpCs via the Wnt/b-catenin/TCF-4
signaling pathway.
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