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miR-155-5p downregulation inhibits epithelial-to-mesenchymal
transition by targeting SIRT1 in human nasal epithelial cells
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Abstract. Epithelial-to-mesenchymal transition (EMT) in
nasal epithelial cells is involved with tissue remodeling of
nasal polyps. The present study investigated the molecular
mechanisms through which miR-155-5p regulated EMT in
chronic rhinosinusitis (CRS). Patients were divided into the
following groups: CRSsNP, CRS without nasal polyposis
group, CRSwNP, CRS with nasal polyposis and controls. The
expression of transforming growth factor (TGF)-f1, EMT
markers, sirtuin 1 (SIRT1) and miR-155-5p were determined
by western blotting and reverse transcription-quantitative PCR.
Cell morphology following TGF-f1 treatment in the presence
of miR-155-5p inhibitors or controls was observed under a
microscope. Target genes and potential binding sites between
miR-155-5p and SIRT1 were predicted by TargetScan and
confirmed using dual-luciferase reporter assay. In patients with
CRS, the expression levels of E-cadherin were downregulated
and the expression levels of TGF-31, mesenchymal markers and
miR-155-5p were upregulated. Additionally, these changes in
expression levels were reduced or increased to a greater extent
in the CRSWNP group compared with the CRSsNP group.
Furthermore, TGF-f1 expression promoted EMT in human
nasal epithelial cells (HNEpCs) and upregulated miR-155-5p
expression. These effects were reversed by miR-155-5p
inhibitors. Additionally, SIRT1 was predicted as a target gene of
miR-155-5p. Downregulation of miR-155-5p upregulated epithe-
lial marker expression and downregulated mesenchymal marker
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expression by regulating SIRT1. Therefore, the downregulation
of miR-155-5p inhibited EMT in HNEpCs by targeting SIRT1.

Introduction

Chronic rhinosinusitis (CRS) is a multifunctional inflammatory
disease of the nasal cavity and sinus mucosa (1) that often lasts
>12 weeks (2). CRS is often accompanied by chronic sinus
inflammation (3). Some forms of the disease are driven by
allergy, often in association with asthma (4). According to nasal
endoscopy and whether nasal polyps (NPs) are present, CRS
can be divided into two heterogeneous phenotypes: i) CRS with
nasal polyposis (CRSwNP); and ii) CRS without nasal polyposis
(CRSsNP) (5). CRSsNP is mainly characterized by nasal
obstruction, anosmia, drainage, headaches and facial pain or
pressure (6). CRSWNP is more closely associated with obstruc-
tion of the nasal cavity and anosmia (7). Clinically, CRSWNP is
frequently resistant to medical therapy (8). Recently, it has been
demonstrated that epithelial-to-mesenchymal transition (EMT)
and its effects on nasal epithelial cells may result in the tissue
remodeling of nasal polyps (9). However, the regulation of EMT
by microRNAs (miRNAs or miRs) in CRS has not been investi-
gated to the same extent and requires further investigation.

miRNAs are single-strand and non-coding RNAs
18-25 nucleotides in length that regulate related gene expression
by binding to the 3'-untranslated regions (3'-UTR) of mRNA
targets and induce mRNA destruction or translation inhibi-
tion (10). A previous study revealed that miRNAs may serve
a vital role in the progression of inflammation and CRSwNP
remodeling (11). Furthermore, miR-142-3p may regulate inflam-
matory responses by regulating tumor necrosis factor a (11).
Interactions between miR-4492 and interleukin 10 associated
with Janus kinase/signal transducers and activators of the
transcription signaling pathway may be one of the key mecha-
nisms in CRSwWNP (8). miR-155-5p has also been reported to be
targeted by circular RNA nuclear receptor subfamily 1 group H
member 4 in the pathological process of renal injury regulation
in salt-sensitive hypertensive mice (12). Moreover, miR-155-5p
has been revealed to inhibit vascular smooth muscle cell viability
by targeting proto-oncogene c-Fos and Zic family member 3 to
promote aneurysm formation (13).
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As the underlying biological functions and molecular
mechanisms of miR-155-5p in CRS development and progres-
sion remain unclear, the present study investigated the role of
miR-155-5p on EMT in CRS related to sirtuin 1 (SIRT1) to
establish the molecular mechanisms of miR-155-5p in CRS
development.

Materials and methods

Ethical statement. The Ethics Committee of Zhujiang Hospital,
Southern Medical University, Guangzhou, P.R. China approved
the present study (approval no. EBYHK20190503) and written
informed consent was obtained from all patients.

Study population. A total of 35 patients who attended Zhujiang
Hospital, Southern Medical University for treatment from June
2019 to December 2019 were enrolled in the present study
and were divided into the following groups: i) The CRSsNP
group (n=14), from whom mucosa samples originating from
the middle turbinates were collected; ii) The CRSWNP group
(n=11), from whom polyp tissue samples were collected from
the middle meatus; and iii) The control group (n=10), which
was comprised of patients who had received septoplasty or
rhinoseptoplasty with anatomical variations without sinus
disease and who had inferior turbinate samples collected.

Patients with CRS were diagnosed based on clinical symp-
toms, examinations, nasal endoscopy and sinus-computed
tomography (CT) scans in accordance with the criteria from the
European Position Paper on Rhinosinusitis and Nasal Polyps
(EPOS; 2012) (5). Generally, patients included in the study were
examined for: i) Cystic fibrosis; ii) Gross immunodeficiency;
iii) Congenital mucociliary problems; iv) Non-Invasive fungal
sinusitis; v) Invasive fungal disease; vi) Systemic vasculitis;
and vii) Granulomatous diseases as listed by EPOS. None of
the patients received antihistamines, antileukotrienes, oral or
intranasal decongestants, or intranasal anticholinergics 2 weeks
prior to the present study. Moreover, drug treatments, including
steroids, antibiotics and antihistamines, were terminated for
>1 month prior to the present study. Paranasal sinus CT scans
were scored using the Lund-Mackay scoring method (14) and
nasal endoscopic quantitative evaluation was performed using
the Lund-Kennedy scoring method (15). Moreover, patients
were scored using a visual analog scale (16). Patients were
excluded if they had immune deficiencies, primary ciliary
dyskinesia, fungal sinusitis, cystic fibrosis, antrochoanal polyps,
vasomotor rhinitis, asthma or a history of sinus surgery.

Demographic and clinical characteristics of all the patients
are presented in Table I. Fresh samples of nasal tissues were
collected during surgery and stored at -80°C for subsequent
experiments.

Skin prick tests. The patients underwent skin prick tests
by specially trained nurses with a panel of 13 common
allergen, including alder pollen, birch pollen, Timothy grass
pollen, smooth meadow grass pollen, Festuca pratensis
pollen, mugwort pollen, dandelion pollen, dog dander,
cat dander, horse dander, cow dander and house dust
mites Dermatophagoides farinae and Dermatophagoides
pteronyssinus. Saline was used as negative control and
histamine as positive control. Skin prick test responses were
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considered positive if the allergen caused a wheal with a
diameter >3 mm.

Cell culture and treatment. Primary human nasal epithelial
cells (HNEpCs) were obtained from PromoCell GmbH. Cells
were grown in a RPMI-1640 medium (cat. no. 31870082,
Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10%
FBS (Invitrogen; Thermo Fisher Scientific, Inc.) in a humidi-
fied incubator at 37°C with 5% CO,.

HNEpCs were cultured in a 96-well plate (3x10° cells/ml)
for 24 h. miR-155-5p inhibitor (5'-ACCCCUAUCACGAUU
AGCAUUAA-3") and inhibitor control (5'-CAGUACUUU
UGUGUAGUACAA-3") were purchased from Sigma-Aldrich,
Merck KGaA. The medium in the plates was replaced with a
fresh one following culturing for 24 h and the HNEpCs were
transfected with 50 nM miR-155-5p inhibitor and inhibitor
control using Lipofectamine® 2000 transfection reagent
(Thermo Fisher Scientific, Inc.). The cells were harvested
at 48 h post-transfection for subsequent studies.

To explore the effect of TGF-f1 on HNEpC morphology
and EMT, HNEpCs were stimulated with 5 ng/ml trans-
forming growth factor (TGF)-f1 (cat. no. 34-8348-82;
Invitrogen; Thermo Fisher Scientific, Inc.) in the pres-
ence of miR-155-5p inhibitor or inhibitor control. HNEpC
morphology was observed under a DM500 light microscope
(Leica Microsystems, Inc.). Furthermore, to explore the func-
tion of SIRT1, an SIRT1 inhibitor, Splitomicin (cat. no. S4068;
Sigma-Aldrich; Merck KGaA) at final concentration of 100 xM
was incubated with the cells for 48 h at 37°C.

Cell Counting Kit-8 (CCK-8) assay. Cell viability was deter-
mined using a CCK-8 kit (Beyotime Institute of Biotechnology)
according to the manufacturer's protocol. The cells were cultured
at 37°C with 95% O, and 5% CO, in an incubator for 24,48 or 72 h.
The CCK-8 solution was then added and cultured for another 2 h
at 37°C. Optical density values were measured at 450 nm using a
microplate reader (model 680; Bio-Rad Laboratories, Inc.).

Western blotting. Protein expression was detected by western
blotting as previously described (17). Briefly, HNEpCs were
cultured in a 24-well plate (3x10° cells/wells) for 24 h. Total
proteins from HNEpCs and nasal samples (CRSsNP, CRSwNP
and control groups) were lysed and extracted using RIPA buffer
(cat. no. PO0O13C; Beyotime Institute of Biotechnology) and
protein concentrations were measured using a BCA protein kit
(Sigma-Aldrich; Merck KGaA). Subsequently, 30 pg protein
sample lysates were electrophoresed by 12% SDS-PAGE
(cat. no. POO12A; Beyotime Institute of Biotechnology) and
transferred to PVDF membranes (cat. no. FFP28; Beyotime
Institute of Biotechnology). Membranes were then blocked
with 5% non-fat milk for 2 h at room temperature and then
incubated with the primary antibodies anti-TGF-B1 (mouse;
1:2,000; cat. no. ab27969), anti-E-cadherin (mouse; 1:1,000;
product code abl416), anti-a-smooth muscle actin (SMA;
rabbit; 1:1,000; cat. no. ab5694), anti-fibronectin (rabbit; 1:1,000;
cat.no. ab2413), anti-vimentin (rabbit; 1:1,000; cat. no. ab92547),
anti-SIRT1 (mouse; 1:1,000; cat. no. ab110304) and anti-B-actin
(mouse; 1:1,000; cat.no. ab8226) at 4°C overnight. 3-actin served
as an internal reference. Membranes were subsequently incu-
bated with secondary horseradish peroxidase (HRP)-combined
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Table I. Clinical characteristics of the patients with CRS.
Characteristics Controls CRSsNP CRSwNP
No. of patients 10 14 11
Median age (IQR) 32 (13-61) 42 (18-63) 38 (21-59)
Sex
Male 4 5 4
Female 6 9 6
Median VAS score (IQR) 0 4 (2-9) 8 (6-12)
Median CT score (IQR) 0 5 (3-8) 8 (4-9)
Median endoscopy score (IQR) 0 10.5 (8-14) 13 (10-15)
Positive skin prick test 0 2 1

CRS, chronic rhinosinusitis; CRSsNP, CRS without nasal polyposis; CRSWNP, CRS with nasal polyposis; IQR, interquartile range; VAS,

visual analog scale; CT, computed tomography.

antibodies goat anti-rabbit immunoglobulin (Ig) G H&L (goat;
1:2,000; cat. no. ab205718) and goat anti-mouse IgG H&L
(HRP; goat; 1:2,000; cat. no. ab205719) at room temperature
for 1 h and then washed with TBST three times. All antibodies
were purchased from Abcam. Protein bands were obtained and
developed using an ECL kit (EMD Millipore). Grey values
were further collected and calculated using ImageJ software
(version 5.0; Bio-Rad Laboratories, Inc.).

RNA isolation and reverse transcription-quantitative
PCR (RT-qPCR). HNEpCs were cultured in a 96-well plate
(3x10° cells/ml) for 24 h at 37°C. Total RNA was extracted
from HNEpCs and nasal samples (CRSsNP, CRSwNP and
control groups) using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.), preserved in a refrigerator at -80°C.
Total RNA concentration was detected and quantified using
a biological spectrometer (Nano Drop 2000; Thermo Fisher
Scientific, Inc.). cDNA was synthesized from 1 g of total RNA
using a First-strand cDNA Synthesis kit (cat. no. E6300L;
New England BioLabs, Inc.), according to the manufacturer's
protocol. RT-qPCR was conducted using a SYBR Premix Ex
Taq IT kit (cat. no. RR820L; Takara, Bio, Inc.) and a Touch
real-time PCR Detection system (cat. no. CFX96; Bio-Rad
Laboratories, Inc.), according to the manufacturer's protocol.
The thermocycling conditions were as follows: Denaturation
at 95°C for 30 sec, 95°C for 5 sec and 60°C for 1 min for a
total of 40 cycles. Primer sequences are presented in Table II.
[-actin and U6 were used as internal references. Relative gene
expression was quantified using the 2244 method (18).

Target gene prediction and dual-luciferase reporter assay.
Target genes and potential binding sites of miR-155-5p and
SIRT1 were predicted using TargetScan software (version 7.2;
targetscan.org) and subsequently confirmed by a dual-lucif-
erase reporter assay.

Wild-type (WT) or mutant (MUT) SIRT1 sequences were
cloned into pMirGLO reporter vectors (Promega Corporation)
to generate SIRT1-WT and SIRT1-MUT vectors. HNEpCs
were cultured in 96-well plates (5x10° cells/well) for 24 h
at 37°C and co-transfected with SIRT1-WT or SIRT1-MUT
and miR-155-5p inhibitor (I group) or inhibitor control

Table II. Primers used for reverse transcription-quantitative
PCR.

Genes Primers
miR-155-5p
Forward 5'-GGGTGTCGTATCCAGTGCAA-3'
Reverse 5'-GTCGTATCCAGTGCGTGTCG-3'
SIRT1
Forward 5'-AAATGCTGGCCTAATAGAGTGG-3'
Reverse 5'-TGGCAAAAACAGATACTGATTACC-3'
U6
Forward 5'-GAGAAAGTTAGCACGGCTTCTG-3'
Reverse 5'-CAAAATATGGAATGCTTCAAAGAG-3'
[-actin
Forward 5'-ATTGGCAATGAGCGGTTC-3'
Reverse 5'-GGATGCCACAGGACTCCA-3'

miR, microRNA; SIRT1, sirtuin 1.

using Lipofectamine® 2000 Transfection reagent (Thermo
Fisher Scientific, Inc.) at 37°C. Cells were harvested at 48 h
post-transfection and subjected to a dual-luciferase reporter
assay system (cat. no. E1910; Promega Corporation). Luciferase
activity was normalized to Renilla luciferase.

Statistical analysis. All experiments were performed in triplicate.
Data are expressed as the mean + standard deviation. Statistical
analysis was performed using SPSS software (version 21.0; IBM
Corp.). Data were analyzed using an unpaired Student's t-test and
one-way ANOVA followed by Dunnett's post hoc test. P<0.05
was considered to indicate a statistically significant difference.

Results
Epithelial markers are downregulated and TGF-§1,

mesenchymal markers and miR-155-5p are upregulated in
CRSwNP. To determine whether EMT occurs in CRS, the
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Figure 1. Epithelial markers are downregulated and TGF-31, mesenchymal markers and miR-155-5p are upregulated in patients with CRSWNP. (A) Relative
protein/B-actin expression levels of TGF-B1 and epithelial-to-mesenchymal transition-associated proteins (E-cadherin, a-SMA, fibronectin and vimentin) in
the control, CRSsNP and CRSwNP groups were detected by western blotting. 3-actin served as the internal control. (B) Relative miR-155-5p expression in the
control, CRSsNP and CRSWNP groups was assessed by reverse transcription-quantitative PCR. U6 served as the internal control. Experiments were performed
in triplicate. Data are presented as the mean * standard deviation. "P<0.05, ""P<0.01 and "“P<0.001 vs. control. TGF-B1, transforming growth factor f1;
a-SMA, a-smooth muscle actin; CRSsNP, chronic rhinosinusitis without nasal polyps; CRSWNP, chronic rhinosinusitis with nasal polyps; miR, microRNA.

protein expression of TGF-f1 and EMT-associated markers  fibronectin were upregulated in the CRSsNP and CRSwNP
(E-cadherin, vimentin, a-SMA, and fibronectin) in the groups compared with the control (Fig. 1A; P<0.001), indi-
CRSwNP, CRSsNP and control groups was determined cating that epithelial marker expression was downregulated
by western blotting. The protein expression of E-cadherin  and the expression of TGF-f1 and mesenchymal markers were
was downregulated and TGF-f1, vimentin, a-SMA, and  upregulated in the CRSsNP and CRSwNP group. Furthermore,
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Figure 2. TGF-f1 upregulates miR-155-5p expression and induces epithelial-to-mesenchymal transition of HNEpCs, which is reversed by miR-155-5p inhibi-
tors. (A) Relative miR-155-5p expression in the control, NC and I groups were measured using RT-qPCR. U6 served as the internal control. "P<0.05 vs. NC.
(B) Relative miR-155-5p expression levels in the control, TGF-f1 and TGF-B1+I groups were determined by RT-qPCR. U6 served as the internal control.
#P<0.001 vs. control; "P<0.05 vs. TGF-f1. (C) Cell viability in the HNEpC control, TGF-B1 and TGF-B1+I groups was assessed using a Cell Counting Kit-8
assay. P<0.01 and "P<0.001 vs. control; "P<0.05 and ""P<0.001 vs. TGF-B1. (D) Morphological changes on HNEpCs were observed under a microscope.
Experiments were performed in triplicate. Data are presented as the mean + standard deviation. TGF-f1, transforming growth factor $1; miR, microRNA;
HNEpCs, human nasal epithelial cells; NC, negative control; I, miR-155-5p inhibitor; RT-qPCR, reverse transcription-quantitative PCR.

changes in E-cadherin, TGF-B1, vimentin, a-SMA, and fibro-
nectin expression were greater in the CRSwWNP group than in
the CRSsNP group.

Additionally, the expression of miR-155-5p was determined
to investigate the role of miR-155 in CRS. The expression of
miR-155-5p was significantly increased in the CRSWNP and
CRSsNP groups compared with the control (P<0.001; Fig. 1B),
indicating that miR-155-5p may be a therapeutic target for
CRS.

TGF-f31 upregulates miR-155-5p expression and induces EMT
in HNEpCs, which is reversed by miR-155-5p inhibitors. To
determine the function of miR-155-5p in HNEpCs, HNEpCs
were transfected with miR-155-5p inhibitors to knockdown
miR-155-5p expression. Control and NC groups were estab-
lished and the transfection rate of miR-155-5p was measured by
RT-gPCR. The results demonstrated that miR-155-5p expres-
sion in the I group was downregulated compared with the
control (Fig. 2A; P<0.05 vs. NC), indicating that miR-155-5p
inhibitors reduced miR-155-5p expression.

miR-155-5p expression has been reported to be upregulated
by TGF-f1 (19). Therefore, miR-155-5p expression in HNEpCs
prior to or following 5 ng/ml TGF-f1 treatment was examined.
The results demonstrated that miR-155-5p expression was
significantly upregulated following 5 ng/ml TGF-f}1 treatment
(P<0.001 vs. the control; Fig. 2B); however, this expression
was inhibited by miR-155-5p inhibitors (P<0.05 vs. TGF-p1).
Furthermore, cell viability was determined via CCK-8 assay
and the results demonstrated that viability in HNEpCs was
promoted by TGF-B1 (P<0.001 vs. the control) and inhibited
by miR-155-5p inhibitors (P<0.05 vs. TGF-1; Fig. 2C).

A previous study revealed that TGF-p1 induced EMT
in primary airway epithelial cells (20). In the present study,
HNEpCs were stimulated by TGF-f1 to observe whether
TGF-B1 induced EMT in HNEpCs. TGF-p1 treatment in
HNEpCs induced transition HNEpCs from normal epithelial
morphology with cobblestone-like appearance into migratory
mesenchymal morphology with an abnormally elongated
appearance (Fig. 2D). However, these changes were inhibited
following the transfection of miR-155-5p inhibitors. These
results indicated that TGF-B1 treatment induced EMT in
HNEpCs. Immunohistochemical staining and transepithelial
resistance could be performed in future studies to examine
cell-cell contact adhesion.

During EMT development, cell-to-cell adhesion, polarity
of epithelial cells and transformation of epithelial cells into
mesenchymal cells gradually decline (21). The protein expres-
sion levels of EMT-related proteins (E-cadherin, a-SMA,
fibronectin, and vimentin) were assessed using western blot-
ting. In accordance with changes in cell morphology, TGF-f1
treatment significantly downregulated E-cadherin protein
expression and significantly upregulated a-SMA, fibronectin
and vimentin protein expression in HNEpCs (P<0.01 and
P<0.001 vs. the control; Fig. 3). These expression levels were
reversed by miR-155-5p inhibitors (P<0.01 and P<0.001
vs. TGF-B1+IC), indicating that TGF-p1 induced EMT in
HNEpCs.

miR-155-5p mediates TGF-f1-induced EMT in HNEpCs by
regulating SIRTI expression. miRNAs regulate gene expres-
sion by binding to the 3'-UTR of target mRNAs (22). The
online database TargetScan was used to successfully predict
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Figure 3. TGF-f1 regulates the expression of EMT-related proteins in human nasal epithelial cells. These expression levels were reversed by miR-155-5p
inhibitors. The expression of EMT-related proteins E-cadherin, a-SMA, fibronectin and vimentin were detected by western blotting. -actin served as the
internal control. “P<0.01 and ““P<0.001 vs. control; #P<0.01 and *#P<0.001 vs. TGF-B1 + IC. Experiments were performed in triplicate. Data are presented
as the mean =+ standard deviation. TGF-f1, transforming growth factor p1; EMT, epithelial-to-mesenchymal transition; miR, microRNA; a-SMA, a-smooth

muscle actin; IC, inhibitor control; I, miR-155-5p inhibitor.

that SIRT1 was a possible target of miR-155-5p (Fig. 4A).
This prediction was confirmed by dual-luciferase reporter
assays (Fig. 4B). The results demonstrated that the relative
luciferase activity of the SIRT1-WT group was significantly
increased compared with the IC group (P<0.001 vs. IC).
miR-155-5p inhibitors did not affect the luciferase activity
in the SIRT1-MUT group. These results demonstrated that
SIRT1 was a target of miR-155-5p.

To further determine the role of SIRT1 in CRS, the protein
and mRNA expression levels of SIRT1 in CRSsNP, CRSwNP
and control groups were detected by western blotting and
RT-qPCR. The results demonstrated that the protein and
mRNA expression levels of SIRT1 were downregulated in
the CRSsNP and CRSwNP groups compared with the control
(Fig. 5A and B; P<0.01 and P<0.001 vs. the control).

Following treatment with 5 ng/ml TGF-f1 and 100 uM spli-
tomicin treatment, the protein expression of EMT-associated
markers (E-cadherin, a-SMA, fibronectin and vimentin)
in HNEpCs was assessed by western blotting to detect the
association between miR-155-5p and SIRT1, and their effects
on EMT. Consistent with previous results, following TGF-p1
treatment, the protein expression of E-cadherin was down-
regulated and the expression levels of a-SMA, fibronectin
and vimentin were upregulated compared with the control
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Figure 4. miR-155-5p targets SIRT1 in human nasal epithelial cells.
(A) Sequences of SIRT1-WT (top), miR-155-5p (middle) and SIRT1-MUT
(bottom) used to predict that SIRT1 may be a potential target of miR-155-5p.
(B) Dual-luciferase reporter assays confirmed that SIRT1 was a target of
miR-155-5p. “P<0.01, vs. IC. Experiments were performed in triplicate. Data
are presented as the mean + standard deviation. miR, microRNA; SIRTI,
sirtuin 1; WT, wild-type; MUT, mutant; IC, inhibitor control; I, miR-155-5p
inhibitor.
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expression in the control, CRSsNP and CRSwNP groups was measured by reverse transcription-quantitative PCR. 3-actin served as the internal control.
(C) Relative protein/B-actin expressions of EMT-related proteins (E-cadherin, a-SMA, fibronectin and vimentin) were assessed by western blotting. -actin
served as the internal control. “P<0.01 and "“P<0.001 vs. the control; “P<0.05, #P<0.01 and **P<0.001 vs. TGF-f31; "P<0.05 and "'P<0.01 vs. TGF-B1+spl.
Experiments were performed in triplicate. Data are presented as the mean =+ standard deviation. miR, microRNA; TGF-f1, transforming growth factor f1;
EMT, epithelial-to-mesenchymal transition; SIRT1, sirtuin 1; CRSsNP, chronic rhinosinusitis without nasal polyps; CRSWNP, chronic rhinosinusitis with nasal
polyps; a-SMA, a-smooth muscle actin; spl, splitomicin; I, miR-155-5p inhibitor.

(Fig. 5C; P<0.01 and P<0.001 vs. the control). Splitomicin
treatment further enhanced the effect of TGF-f1 on protein
expression (P<0.01 and P<0.001, vs. TGF-f1), indicating that
SIRT]1 inhibition promoted EMT. Furthermore, these changes
in protein expression were reversed by miR-155-5p inhibitors
(P<0.05 and P<0.01 vs. TGF-Bl+spl). This suggested that
miR-155-5p downregulation mediated TGF-fB1-induced EMT
in HNEpCs by regulating SIRT1 expression.

Discussion
The present study revealed that miR-155-5p mediated EMT

in HNEpCs by regulating SIRT1 expression in response
to TGF-B1. To the best of knowledge, the present study is

the first to report that miR-155-5p served an essential role
in EMT in CRS. Although miRNA dysfunction has been
widely discussed in various pathophysiological processes,
such as coronary heart disease (23), atherosclerosis (24)
and cancer (25), their biological roles and molecular
mechanisms in CRS development and progression remain
unclear. miR-155 upregulation and TGF-f1 overexpression
accelerate EMT and promote cell migration and invasion,
thereby inducing hepatocellular carcinoma progression (26).
Furthermore, TGF-B1 has been reported to upregulate
miR-155 expression to alter osteoclast differentiation (27).
Based on these findings, the present study hypothesized that
miR-155 induction by TGF-f1 may serve a potential role in
CRS pathogenesis.
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CRS is an inflammatory upper respiratory tract disease
characterized by a persistent inflammatory state and paranasal
sinuses, with a minimum duration of 12 weeks (28,29). Based
on the presence or absence of polyposis, CRS can be divided
into CRSWNP and CRSsNP (5). Though the occurrence of
CRSwNP is infrequent, medical intervention is unsuccessful
for a large proportion of patients with CRSwNP (8). In addition
to inflammation, CRSwNP and CRSsNP are characterized by
remodeling of structural components, particularly in the epithe-
lium (30). Remodeling under normal conditions is defined as an
essential reconstruction process in response to minor inflam-
matory conditions; however, dysregulated remodeling, which
may be induced by severe or chronic inflammation, can result
in pathological reconstruction and formation of pathological
tissues during healing and repairing (31). Depending on the
disease and its severity, inflammation often causes different
degrees of tissue injury, indicating that remodeling may occur
during inflammatory diseases, including CRSwWNP (17).
Recently, the role of remodeling in upper airway diseases,
such as CRS, has received considerable attention, partly since
remodeling begins at an early disease stage and contributes to
later development and progression (31).

To date, the mechanisms of tissue remodeling have not
been fully elucidated, however, accumulating evidence has
indicated that EMT may be involved (32-34). In multiple
progressive fibrotic diseases, EMT is seen as a point of
convergence between inflammation and pathological
remodeling (31). EMT is a process by which differentiated
epithelial cells undergo phenotypic transformation and
acquire the mesenchymal cell phenotype (35). A previous
study reported that ongoing EMT may result in the progres-
sion of numerous diseases, such as cancer (36) and chronic
kidney disease (37), particularly in CRSwNP (1). Following
injury, the expression of junctional proteins, including
E-cadherin, are downregulated and the expression of mesen-
chymal proteins, such as a-SMA, vimentin and fibronectin,
are upregulated in epithelial cells, which then undergo EMT
and alter morphology (38). In accordance with previous
studies, the present study suggested that E-cadherin expres-
sion was reduced, while expression of a-SMA, vimentin and
fibronectin were increased in CRSWNP and CRSsNP tissues
compared with control groups. CRSsNP is characterized by
fibrosis, a thickened membrane of basement and excessive
goblet cells (39). TGF-f1, a significant regulator of fibrosis
promotion and airway remodeling, was demonstrated to be
upregulated in CRSsSNP compared with control. This result
was consistent with a previous study (40).

TGF-P1 is a multifunctional peptide regulating various
cellular functions, including cell growth, differentiation,
apoptosis and migration (41). TGF-f1 is implicated in the
pathogenesis of airway diseases, including chronic obstructive
pulmonary disease (42) and CRS (1). TGF-p1 serves a key
role in fibrosis and EMT, and induces epithelial cell transition,
contributes to tissue remodeling and CRSwNP pathogen-
esis (43). The present results revealed that TGF-B1 expression
was upregulated in the CRSWNP group compared with the
control. Furthermore, TGF-f1 altered HNEpCs morphology
and regulated the expression of EMT-related proteins. These
expression levels were reversed by downregulating the expres-
sion of miR-155-5p.
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miR-155-5p is associated with various diseases. For
example, miR-155-5p affects Wilms' tumor cell prolif-
eration and apoptosis by targeting CREB1 (44). Moreover,
p53/miR-155-5p/SIRT1-mediated autophagic processes have
been implicated in diabetic kidney injury (45). miR-155-5p
has also been demonstrated to mediate the TGF-f31 signaling
pathway and EMT (26). Zhang et al (46) reported that miR-155-5p
regulated cardiac fibrosis induced by glucose via the TGF-f1
signaling pathway. Wang et al (47) demonstrated that miR-155-5p
regulated TGF-B-induced EMT in human coronary artery endo-
thelial cells by targeting c-Ski to affect cardiac fibrosis (47). The
results of the present study revealed that miR-155-5p expression
was increased in the CRSwNP group compared with the control
and that upregulated miR-155-5p expression induced by TGF-f31
caused EMT in HNEpCs. Furthermore, these results were
reversed by miR-155-5p downregulation.

Aprevious study reported that SIRT1 attenuates nasal polypo-
genesis through EMT suppression (48). Furthermore, it has been
demonstrated that SIRT1 is a target gene of miR-155-5p (49).
Huang er al (49) reported that miR-155 downregulation stimu-
lated cardioprotection against myocardial ischemia/reperfusion
injury by binding to SIRT1. However, the role of miR-155-5p in
inhibiting EMT has not been extensively reported. The present
study demonstrated that miR-155 downregulation attenuated
CRS by inhibiting EMT via targeting of SIRTI.

However, the present study still had some limitations.
Firstly, the number of samples in the experimental groups were
not equal and an animal model was not established. Secondly,
there was a lack of immunohistochemical data. Further studies
could perform Transwell assays to confirm the ETM state of
the HNEpCs cells.

In conclusion, the results of the present study revealed that
miR-155 may be a potential therapeutic target for CRS treat-
ment by suppressing EMT. Furthermore, miR-155 inhibitors
may be a novel anti-polyp drug in the regulation of SIRT1
expression in HNEpCs and miR-155 downregulation may be a
potential method for treating CRS.
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