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Abstract

Background: Epithelial-to-mesenchymal transition (EMT) in nasal epithelial cells is involved in tissue remodeling of 
chronic rhinosinusitis with nasal polyps (CRSwNP). Our study investigated the molecular mechanisms that microR-
NA-182 (miR-182) regulated EMT in eosinophilic (Eos) and non-eosinophilic (non-Eos) CRSwNP. 

Objective: To investigate the mechanism by which miR-182 regulates EMT in human nasal epithelial cells (hNEPCs).

Methods: The expression of EMT markers (E-cadherin, N-cadherin and vimentin), transforming growth factor (TG-
F)-β1, and miR-182 were determined by western blotting and reverse transcription-quantitative PCR (RT-qPCR). Flu-
orescence in situ hybridization (FISH) was used to detect the miR-182 localization. Additionally, EMT markers expres-
sion and cell morphology changes were checked upon treatment with TGF-β1, or TGF-β1 with miR-182 inhibitor, or 
miR-182 mimics, or miR-182 inhibitor alone in hNEPCs. 

Results: In both Eos CRSwNP and non-Eos CRSwNP, the expression levels of E-cadherin were downregulated while 
the expression levels of N-cadherin, vimentin, TGF-β1 and miR-182 were significantly upregulated compared with con-
trol nasal tissues. Additionally, more significant changes in these EMT markers were observed in the Eos-CRSwNP 
when compared with the non-Eos CRSwNP. Invitro hNEPCs model, TGF-β1 upregulated miR-182 expression and pro-
moted EMT in hNEPCs, indicated by changes in cell morphology and EMT markers expression. Furthermore, these 
upregulations were reversed by miR-182 inhibitor. 

Conclusion: This study showed that miR-182-induced EMT in response to TGF-β1 might promote nasal polypogenesis 
in both Eos CRSwNP and non-Eos CRSwNP, thus providing potential targets for the future development of novel ther-
apeutic approaches for the management of CRSwNP.
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Introduction
Chronic rhinosinusitis (CRS) is a heterogeneous group of 

sinus diseases in which the sinonasal mucosa is abnormally 
and persistently inflamed.1,2 CRS is currently divided into two 
types: CRS without nasal polyps (CRSsNP) and CRS with nasal 
polyps (CRSwNP) with distinctive expression of inflammatory
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and remodeling mediators.3 Through the immunohistolog-
ical method, CRSwNP can be classified into the following 2 
distinct subtypes based on observed eosinophil infiltration: 
eosinophilic CRSwNP (Eos CRSwNP) and non-eosinophilic 
CRSwNP (non-Eos CRSwNP).4

Eosinophilic inflammation has been considered as a major 
pathologic hallmark of CRSwNP. It has been found in 65–90% 
and 50% of total CRSwNP cases in Caucasian and Chinese 
individuals, respectively.2,5 Compared with non-eosinophil-
ic CRSwNP, eosinophilic CRSwNP demonstrates a higher 
degree of disease severity and a poorer response to surgery, 
which represents a hard-to-treat subtype of CRSwNP. Howev-
er, the mechanisms underlying polypogenesis in patients with 
CRSwNP are still unclear.

Epithelial-to-mesenchymal transition (EMT) is a cellular 
process whereby epithelial cells acquire mesenchymal proper-
ties and lose cell-to-cell interactions and apicobasal polarity.6 
Recently, it has been demonstrated that EMT and its effects 
on nasal epithelial cells may result in the tissue remodeling of 
nasal polyps.7,8 In patients with CRSwNP, especially those who 
have eosinophilic infiltration, may induce EMT, and a subse-
quent persistent EMT process may accelerate NP formation.9 
Besides, loss of the epithelial marker protein, E-cadherin, is 
a fundamental event in EMT; this phenomenon has been ob-
served in NP tissues.10 During EMT, E-cadherin is down-reg-
ulated while the mesenchymal markers N-cadherin is up-reg-
ulated, resulting in weak cell-to-cell contacts and increased 
motility.11,12 Transforming growth factor (TGF)-β1 via Smad3 
signaling pathway is also involved in EMT.13 In previous 
studies on lower airway diseases such as asthma or COPD, 
TGF-β1 and Smad3 were known to induce EMT in bronchial 
mucosa.13,14 In primary human nasal epithelial cells, TGF-β1 
was reported to promote EMT via upregulation of α-smooth 
muscle actin (α-SMA).15 

MicroRNAs (miRNAs) are single-strand and non-cod-
ing RNAs that regulate related gene expression by binding to 
the 3’-untranslated regions (3’-UTR) of mRNA targets and 
induce mRNA destruction or translation inhibition.16 A pre-
vious study revealed that miRNAs may serve a vital role in 
the progression of inflammation and CRSwNP remodeling.17 
miR-182 upregulation and TGF-β1 overexpression accelerate 
EMT and promote cell migration and invasion in gallblad-
der cancer.18 Furthermore, miR-182 expression is upregulated 
in colorectal cancer, which significantly promotes epitheli-
al-mesenchymal transition (EMT), cell proliferation, invasion 
and migration by targeting Special AT-rich Sequence-Binding 
protein 2.19 In allergic rhinitis, miR-182-5p inhibited the ac-
tivation of the NF-κB signaling pathway by targeting TLR4.20 
However, the regulation of EMT by miRNA-182 in CRSwNP 
metastasis is not far more understood. 

In this study, we hypothesized that TGF-β1-induced EMT 
and remodeling of nasal mucosa in CRSwNP is through 
miR-182. According to this assumption, expression of EMT 
markers, miR-182, and TGF-β1 was verified in nasal polyps 
of CRSwNP patients and inferior turbinates of controls. Addi-
tionally, by using the hNEPCs model, we sought to investigate 
the effect TGF-β in mediating miR-182 on EMT during polyp 
formation and the molecular mechanisms of tissue remodel-
ing in CRSwNP development.

Materials and Methods
Subjects

Sinonasal mucosa specimens from 26 patients with Eos 
CRSwNP, 23 patients with non-Eos CRSwNP and 15 control 
patients were obtained from the Department of Otolaryngolo-
gy, Eye and Ear, Nose, and Throat Hospital, Fudan University. 
Inferior turbinates (IT) from patients with anatomical varia-
tions but without sinus disease undergoing septoplasty or rhi-
noseptoplasty were collected as controls. For CRSwNP, polyp 
tissue samples in the middle meatus area were used. The diag-
nosis of sinus disease was carried out according to a European 
Position Paper on Rhinosinusitis and Nasal Polyps (EPOS),1 
which is based on history, clinical examination, nasal endos-
copy, and sinus computed tomography (CT) scans. Patients 
who had a previous history of acute infection, fungal sinusitis, 
cystic fibrosis, antrochoanal polyps, or gastroesophageal reflux 
disease were excluded from the study based on the EPOS defi-
nition. None of the subjects received antihistamines, antileu-
kotrienes, oral or intranasal decongestants, or intranasal an-
ticholinergics during the 2 weeks before surgery. None of the 
subjects used oral and topical application of corticosteroids 
and antibiotics at least 4 weeks prior to surgery. Females who 
were pregnant or breastfeeding were also excluded from the 
study. The demographic data of all subjects enrolled in this 
study are listed in Table 1. 

Table 1. Demographic and clinical characteristics of sub-
jects

Controls Eos 
CRSwNP

Non-Eos 
CRSwNP

Patients, (no.) 15 26 23

Gender (M/F) 10/5 19/7 14/9

Age (y) 39 ± 11 47 ± 16 45 ± 14

SPT (positive/negative) 1/14 6/20 5/18

Asthma (no.) 1 2 2

Smoking history (yes/no) 0/15 2/24 1/22

Endoscopic 
(Lund-Kennedy) scores N/A 7.0 ± 2.1 6.7 ± 2.1

CT (Lund-Mackay) scores N/A 12.7 ± 5.2 12.2 ± 5.4

Age, Endoscopic score and CT score are presented as mean ± SD. SPT = 
skin-prick test; CT = computed tomography; Eos CRSwNP = eosinophilic 
chronic rhinosinusitis with nasal polyps; Non-Eos CRSwNP = non-eosino-
philic chronic rhinosinusitis with nasal polyps; M, male; F, female.

This study was approved by the ethics committee boards 
at the Department of Otolaryngology, Eye and Ear, Nose, and 
Throat Hospital, Fudan University. All study participants were 
enrolled after providing written informed consent. According 
to eosinophil levels, the CRSwNP patient population was di-
vided into Eos CRSwNP and non-Eos CRSwNP. In summa-
ry, the cutoff value separating Eos CRSwNP from non-Eos 
CRSwNP was set at 8 eosinophils/high-power field (HPF); a 
polyp with ≥ 8 eosinophils/HPF was defined as Eos CRSwNP. 
All the laboratory assays were performed in a single-blinded 
manner. 
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by dividing the intensities of each protein signal by the inten-
sities of housekeeping gene β-actin signals. 

Fluorescence in situ hybridization (FISH) and total fluores-
cence intensity evaluation

The dried slides were then successively soaked in 70%, 
85%, and 100% ethanol for 1 min and then air dried for 10 
min. The tissue sections on the slide were treated with 4 μL 
mR-182-5p probe solution (5’-fam-AGTGTGAGTTCTAC-
CATTGCCAAA-fam-3’) with a dilution of 1:600, and then 
coverslips were applied. Afterward, the probe was hybridized 
overnight at room temperature in the dark. The next day, 
coverslips were removed, and the slides were washed in SSC 
buffer at room temperature. Then, the cell area was dyed with 
DAPI solution. Images of miR182 on tissue sections were cap-
tured at ×400 magnification with a fluorescence microscope 
(Olympus IX51, Tokyo, Japan). Total fluorescence intensity 
(TFI) measurements were performed by multiplying the pos-
itive area by mean fluorescence intensity, and corrected by 
subtracting the background auto-fluorescence. 

Cell culture and treatment
Primary human nasal epithelial cells (hNEPCs) were ob-

tained from Shanghai Institutes for Biological Sciences. Cells 
were grown in a Dulbecco’s modified eagle medium (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% FS 
(Invitrogen; Thermo Fisher Scientific, Inc.) in a humidified 
incubator at 37°C with 5% CO2. Cells were seeded in 21 cm2 
culture flasks and grown in complete medium to a density of 
60–70%. Lipofectamine 2000 (2.5 µL; Invitrogen Company, 
USA) was diluted with 250 μL serum-free culture medium 
and then kept at room temperature for 5 min. Both dilutions 
were gently mixed and stored at room temperature for 15 min 
for complex formation, and serum-free culture medium was 
used to wash cells. Serum-free culture medium was added to 
the complex, and then the complex was transferred to culture 
flasks for transfection at 37°C in 5% CO2. 

hNEPCs were cultured in a 6 cm plate for 24 h. The 
primers used to amplify EMT were designed based on the 
published sequence: miR-182 inhibitor sense (5’-AGUGU-
GAGUUCUACCAUUGCCAA-3’) and negative control sense 
(5’-CAGUACUUUUGUGUAGUACAA-3’) with a dilution of 
1:400, miR-182 mimics sense (5’-UUUGGCAAUGGUAGAA-
CUCACACU-3’), antisense (5’-UGUGAGUUCUACCAUUG-
CCAAAUU-3’) and miR-182 mimics negative control sense 
(5’-UUCUCCGAACGUGUCACGUTT-3’), antisense (5’-AC-
GUGACACGUUCGGAGAATT-3’) with a dilution of 1:400. 
Cells at 60-70% were transfected with miR-182 inhibitor, miR-
182 mimics, miR-182 mimics negative control, and miR-182 
inhibitor negative control by using lipofectamine 2000 trans-
fection reagent, respectively. The cells were harvested at 24 h 
post-transfection for subsequent studies. 

To explore the effect of TGF-β1 on hNEPCs morpholo-
gy and EMT. hNEPCs were stimulated with 5 ng/ml TGF-β1 
(CST, Inc.) in the presence of miR-182 inhibitor or inhibi-
tor control incubated with the cells for 48 h at 37°C. hNEPC 
morphology was observed under a DM500 light microscope 
(Leica Microsystems, Inc.).

Each specimen was divided into 3 pieces for further anal-
ysis. The first piece was stored immediately in RNAlater solu-
tion (Tiangen, Beijing, China) for subsequent RNA extraction; 
the second was fixed with 4% paraformaldehyde and then 
embedded in paraffin wax for immunohistochemical (IHC) 
staining, and the third was stored immediately at -80°C for 
western blot analysis. 

qRT-PCR Assay
The mRNA expression levels of target genes were detect-

ed by RT‐qPCR analysis as previously described.21 Briefly, 
total RNA was extracted with TRIzol reagent (Invitrogen, 
Carlsbad, CA), according to the manufacturer’s instructions. 
Reverse transcription was performed, in which cDNA for 
quantitative PCR was synthesized from 2 μg of total RNA us-
ing an oligo (dT) 18 primer and M-MLV reverse transcrip-
tase (Takara, Dalian, China). RNA integrity and the success 
of the reverse transcription reaction were monitored by PCR 
amplification of Glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) transcripts. Expression of mRNA was determined 
using the ABIPRISM7500 Detection System (Applied Biosys-
tems, Foster City, CA) and SYBRP remix Ex Taq II kit (Ta-
kara). The primers sequences were as follows: E-cadherin 
forward (5’-TCACTGACACCAACGATAATCC-3’) and re-
verse (5’-TTTCAGTGTGGTGATTACGACGTTA-3’), N-cad-
herin forward (5’-CCATCAAGCCTGTGGGAATC-3’) and 
reverse (5’-GCAGATCGGACCGGATACTG-3’), Vimentin 
forward (5’-CCGAAAACACCCTGCAATCTTTC-3’) and re-
verse (5’-CACATCGATTTGGACATGCTGT-3’), GAPDH 
forward (5’-ACCCAGAAGACTGTGGATGG-3’) and reverse 
(5’-TTCTAGACGGCAGGTCAGGT-3’), TGF-β1 forward 
(5’-GGCCAGATCCTGTCCAAGC-3’) and reverse (5’-GTG-
GGTTTCCACCATTAGCAC-3’). The mean cycle threshold 
(Ct) values were normalized to those of GADPH, and the rel-
ative mRNA levels of the target genes were analyzed using the 
2-ΔΔCt method. 

Western blotting analysis
The protein level of E-cadherin, N-cadherin and vimentin 

were determined by western blotting analysis. Briefly, Total 
proteins from hNEPCs and the tissues were dissected on ice 
and homogenized by sonication in radioimmunoprecipita-
tion assay lysis buffer containing a protease inhibitor cocktail 
(Sigma-Aldrich, St. Louis, MO). The protein concentration 
in the supernatants was determined using the BCA method. 
Samples containing 15 μg of protein were boiled, subjected to 
SDS-PAGE in 10% Tris-glycine gels, and electrophoretically 
transferred to a polyvinylidene fluoride membrane. The mem-
brane was blocked with 5% fat-free milk in Tris-buffered solu-
tion containing 0.05% Tween-20 for 1 hour at room tempera-
ture before being incubated with primary antibodies against 
E-cadherin, N-cadherin, vimentin at a dilution of 1:2,000 
(Abcam, Cambridge, MA) overnight at 4°C. The membrane 
was then incubated with horseradish peroxidase-linked 
secondary antibody for 1 h at room temperature. The rel-
ative band density of the target protein relative to the β-ac-
tin protein was determined with Bio-Rad Quantity One 1-D 
Analysis Software (Bio-Rad Laboratories, Hercules, Calif). 
The relative intensities of each protein signal were obtained
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Immunohistochemistry staining
Paraffin-embedded human nasal tissues were cut into 

4-μm sections and placed onto glass slides, and IHC staining 
was performed by the peroxidase-labeled streptavidin bio-
tin technique. The sections were incubated overnight at 4°C 
with primary antibodies against E-cadherin, N-cadherin and 
Vimentin with a dilution of 1:200, 1:250 and 1:200 (Signaling 
Technology, Inc. MA). Subsequently, each section was incu-
bated with a secondary antibody and then with horseradish 
peroxidase-labeled streptavidin complex (Santa Cruz Biotech-
nology, USA). The distribution of peroxidase was revealed by 
incubating the sections in a solution containing 3% 3, 3-diam-
inobenzidine tetrahydrochloride before being counterstained 
with hematoxylin and coverslipped. The negative IHC control 
procedure was performed by replacing the primary antibod-
ies with normal IgG in appropriate concentrations. The sec-
tions were blindly examined and coded with no awareness of 
the clinical data with an Olympus CX40 Microscope (Olym-
pus Optical Co, Hamburg, Germany). The number of positive 
cells (brown cells) was counted in 10 randomly HPFs and av-
eraged. 

Statistical Analysis
At least 3 independent experiments provided the results in 

this study. The data were analyzed by SPSS 22.0 and Graph-
Pad Prism software 8.0. Results are expressed as means ± 
SD. Differences between the values were determined by Stu-
dent-NewmanKeuls q test or analysis of variance (ANOVA). 
All statistical tests were 2-sided, and significance was consid-
ered when the p-value was less than 0.05. 

Results
EMT markers expression in sinonasal tissues

To determine whether EMT occurs in CRSwNP patients, 
we firstly evaluated the expression of EMT markers (N-cad-
herin, E-cadherin, and vimentin) in nasal polyps from pa-
tients with Eos CRSwNP and non-Eos CRSwNP and inferi-
or turbinate from controls. The qPCR revealed E-cadherin 
mRNA expression significantly decreased in Eos CRSwNP 
and non-Eos CRSwNP compared with controls (P < 0.01; P 
= 0.0068 respectively; Figure 1a). Additionally, the expression 
levels of E-cadherin mRNA in Eos CRSwNP were much lower 
than in non-Eos CRSwNP patients (P < 0.001; Figure 1a). On 
the contrary, N-cadherin and Vimentin mRNA were signifi-
cantly increased in nasal polyps from Eos CRSwNP and non-
Eos CRSwNP compared with controls (both P < 0.001, Figure 
1b and 1c). The expression levels of N-cadherin and vimen-
tin mRNA in Eos CRSwNP were significantly higher than in 
non-Eos CRSwNP (P < 0.05, P < 0.001 respectively, Figure 
1b and 1c). Next, we examined the protein and localization 
of EMT markers with IHC staining. We found E-cadherin was 
significantly reduced in Eos CRSwNP and non-Eos CRSwNP 
compared to controls (both P < 0.05, Figure 1d). N-cadher-
in and vimentin expressions were significantly higher in Eos 
CRSwNP and non-Eos CRSwNP compared to controls (both 
P < 0.05, Figure 1d). As shown by IHC staining, we found 
that E-cadherin and N-cadherin immunoreactivity of sinona-
sal tissues was mainly localized in mucosal and glandular epi-
thelia, whereas vimentin was detected exclusively in submuco-
sal and perivascular areas. 
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Figure 1. The experession levels of E-cadherin, N-cadherin and vimentin in controls, Eos CRSwNP and non-Eos CRSwNP. 
(a) E-cadherin mRNA levels were decreased in polyp tissues from Eos CRSwNP and non-Eos CRSwNP compared with sinonasal 
tissues from controls. (b-c) N-cadherin and vimentin mRNA levels were increased in polyp tissues from Eos CRSwNP and non-
Eos CRSwNP compared with sinonasal tissues from controls. (d) Representative immunostaining results of E-cadherin, N-cad-
herin and vimentin in sinonasal mucosa of controls and Eos CRSwNP and non-Eos CRSwNP.  
*P < 0.05, **P < 0.01, ***P < 0.001, NP = nasal polyp; Eos CRSwNP = eosinophilic chronic rhinosinusitis with nasal polyps; non-
Eos CRSwNP = non-eosinophilic chronic rhinosinusitis with nasal polyps. All slides were viewed at ×200 magnification.
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Figure 1. (Continued)

Vimentin

N-cadherin

E-cadherin
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Figure 2. TGF-β1 and miR-182 are upregulated in Eos CRSwNP and non-Eos CRSwNP.
The mRNA levels of miR-182 (a) and TGF-β1 (b) levels were increased in Eos CRSwNP and non-Eos CRSwNP compared with 
controls. (c) Representative fluorescent image is shown with miR-182 (green) and nuclear DAPI (blue) (×200 magnification). (d)
The TFI of miR-182 was significantly higher in Eos CRSwNP and non-Eos CRSwNP than in controls.
*P < 0.05, **P < 0.01, ***P < 0.001; TFI: total fluorescence intensity; DAPI: 4–6-Diamidino-2-phenylindole dihydrochloride; NP = 
nasal polyp; Eos CRSwNP = eosinophilic chronic rhinosinusitis with nasal polyps; non-Eos CRSwNP = non-eosinophilic chronic 
rhinosinusitis with nasal polyps. The relative mRNA expression versus the housekeeping genes encoding GAPDH is shown; All 
slides were viewed at ×200 magnification.
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Figure 2. (Continued)

Figure 3. Overexpression of miR-182 resulted in EMT-like transformation in hNEPCs.
(a) The mRNA expression levels of miR-182, E-cadherin, N-cadherin and vimentin in hNEPCs. (b) The protein expression of 
E-cadherin, N-cadherin and vimentin in hNEPCs. (c) Quantitative analysis of E-cadherin, N-cadherin and vimentin protein lev-
els in hNEPCs. (d) The morphological changes induced by miR-182 mimics compared with the control group by phase-contrast 
microscopy. (×200 magnification)
OE: overexpression; *p < 0.05, **p < 0.01, ***p < 0.001.

Increased expression of miR-182 and TGF-β1 in sinonasal 
tissues

Furthermore, we found that the mRNA expression lev-
els of miR-182 and TGF-β1 were significantly higher in both 
Eos CRSwNP and non-Eos CRSsNP than in controls (both P 
< 0.01, Figure 2a and 2b). However, Eos CRSwNP demon-
strated significantly higher mRNA levels of miR-182 and 
TGF-β1 compared with non-Eos CRSsNP (both P < 0.001, 
Figure 2a and 2b). To identify the cellular source of miR-182 
in sinonasal mucosa, we performed FISH in sinonasal tissues

ControlNON-EOS CRSwNPEOS CRSwNP

× 15

× 40

d

and found that the fluorescence intensity of miR-182 was sig-
nificantly increased in epithelium and submucosa of sinonasal 
mucosa from Eos CRSwNP and non-Eos CRSwNP compared 
with controls (Figure 2d). According to the semi-quantitative 
scoring system, we examined the levels of miR-182 in sinon-
asal mucosa and quantification of TFI showed miR-182 was 
significantly higher in Eos CRSwNP than control subjects 
(5.8-fold; P < 0.05, Figure 2c) and non-Eos CRSwNP (1.9-
fold; P < 0.001, Figure 2c). 
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Figure 3. (Continued)
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Figure 4. Downregulation of miR-182 inhibited EMT-like transformation in hNEPCs.
(a) The mRNA expression levels of miR-182 E-cadherin, N-cadherin and vimentin in hNPECs. (b) The protein expression of 
E-cadherin, N-cadherin and vimentin in hNPECs. (c) Quantitative analysis of E-cadherin, N-cadherin and vimentin protein lev-
els in hNEPCs. (d) The morphological changes induced by miR-182 inhibitor compared with the control group by phase-contrast 
microscopy. (×200 magnification)
KD: knockdown; *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 4. (Continued)

miR-182 induced EMT in hNEPCs
To determine the role of miR-182 in EMT, we then exam-

ined whether transfection with miR-182 mimics or inhibitors 
could attenuate EMT in hNEPCs. Consequently, the overex-
pression of miR-182 alone resulted in EMT-like transforma-
tion in hNEPCs. And transfection of miR-182 mimics into 
hNEPCs leads to reduced E-cadherin and increased N-cad-
herin and vimentin expression (Figure 3a-c). Furthermore, 
miR-182 mimics induced transition hNEPCs from normal 
epithelial morphology with cobblestone-like appearance into 
migratory mesenchymal morphology with an abnormally 
elongated appearance (Figure 3d). After downregulation of 
miR-182 expression in hNEPCs following transfection with 
the miR-182 inhibitor, we found EMT was inhibited signifi-
cantly. As shown in our data, migratory mesenchymal mor-
phological changes induced by miR-182 were ameliorated 
(Figure 4d). Moreover, we observed the recovery of E-cadher-
in expression and loss of N-cadherin and vimentin expression 
by western blotting and qPCR after downregulation of miR-
182 expression (Figure 4a-c). 

TGF-β1 upregulates miR-182 expression and induces EMT in 
hNEPCs

A previous study confirmed that TGF-β1 induces EMT 
in primary airway epithelial cells.14 Therefore, we then exam-
ined the expression changes of miR-182 and EMT markers in 
hNEPCs following TGF-β1 treatment. We found that TGF-β1 
treatment significantly downregulated E-cadherin expression 
and upregulated miR-182, N-cadherin and vimentin expres-
sion in hNEPCs (Figure 5a-c). Phase-contrast microscopy 
revealed that treatment with TGF-β1 changed hNEPCs from 
normal epithelial morphology with a cobblestone-like appear-
ance into a migratory mesenchymal morphology with an ab-
normally elongated appearance (Figure 5d). However, these 
expression levels were reversed by miR-182 inhibitor. And 
transfection of miR-182 inhibitor into hNEPCs leads to re-
duced N-cadherin and vimentin and increased E-cadherin ex-
pression (Figure 6a-c), which means TGF-β1 treatment could 
lead hNEPCs to undergo EMT-like transformation.
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Figure 5. TGF-β1 upregulated miR-182 and induced EMT in hNEPCs
(a) The mRNA expression levels miR-182, E-cadherin, N-cadherin and vimentin in hNEPCs were assessed by qPCR. (b) The 
protein expression levels of E-cadherin, N-cadherin and vimentin in hNEPCs were detected by western blotting. (c) Quantitative 
analysis of E-cadherin, N-cadherin and vimentin protein levels in hNEPCs. (d) Phase-contrast microscopy revealed that treat-
ment with TGF-β1 changed hNEPCs morphological appearance.
The morphological changes induced by TGF-β1 compared with the control group by phase-contrast microscopy (×200 magnifi-
cation).
*P < 0.05, **P < 0.01,
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Figure 6. miR-182 inhibitor inhibited TGF-β1-induced EMT in hNEPCs
(a) The mRNA expression levels miR-182, E-cadherin, N-cadherin and vimentin in hNEPCs were assessed by qPCR. (b) The 
protein expression levels of E-cadherin, N-cadherin and vimentin in hNEPCs were detected by western blotting. (c) Quantitative 
analysis of E-cadherin, N-cadherin and vimentin protein levels in hNEPCs
*P < 0.05, **P < 0.01
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In CRSwNP patients, the expression levels of miR-21 and 
TGF-β1 mRNA were increased compared with CRSsNP pa-
tients and control.32 miR-182 upregulation and TGF-β1 over-
expression accelerate EMT and promote cell migration and 
invasion in gallbladder cancer.18 Furthermore, miR-182 ex-
pression is upregulated in colorectal cancer, which significant-
ly promotes epithelial-mesenchymal transition (EMT), cell 
proliferation, invasion and migration by targeting Special AT-
rich Sequence-Binding protein.19 Further observation showed 
that miR-182 suppressed the EMT via targeting Met and at-
tenuating HGF/Met/Snail signaling in lung cancer.33 

TGF-β1 is a well-known stimulator of EMT, which in-
duces the transition of epithelial cells into myofibroblasts, 
contributing to tissue remodeling and the pathogenesis of 
CRSwNP.17 Both upper and lower airway diseases have simi-
lar histopathologic features such as fibrosis, tissue remodeling, 
and extracellular matrix production, and those are associated 
with TGF-β1 expression in the airway tissue.34 We checked 
the expression level of TGF-β1 and miR182 in the sinonasal 
mucosal tissues from Eos CRSwNP, non-Eos CRSwNP and 
controls. Our tissue experiments showed that mRNA and pro-
tein expression of TGF-β1and miR-182 was strongly increased 
in both Eos CRSwNP and non-Eos CRSwNP. Based on these 
findings, we used an hNEPCs model, TGF-β1 upregulates 
miR-182 expression and induces EMT transition of hNEPCs, 
which is reversed by miR-182 inhibitors. We acknowledge that 
there are still some potential limitations in this study. First, 
the number of our experimental specimens being quite limit-
ed may lead to bias of results and conclusion; Second, our ex-
periment has not been verified by in vivo animal experiments, 
and systemic allergic factors cannot be excluded from the ex-
periment.

Discussion
The pathophysiological mechanisms underlying the differ-

ent subtypes of CRSwNP are largely unknown. In this study, 
we identified that miR-182 promotes EMT in hNEPCs in re-
sponse to TGF-β1 and therefore may play a potential role in 
tissue remodeling of patients with CRSwNP. To our knowl-
edge, this is the first study to demonstrate the miR-182 reg-
ulatory networks associated with TGF-β1 related to the EMT 
in Eos CRSwNP and non-Eos CRSwNP patients compared 
with control subjects. It is possible that further investigation 
and better understanding of the miRNAs in Eos CRSwNP and 
non-Eos CRSwNP may provide potential targets for therapeu-
tic interventions in the future.

CRSwNP is a heterogeneous and multifactorial inflam-
matory disease of the paranasal sinuses and nasal cavities.1 
CRSwNP results in a substantial burden with a prevalence of 
approximately 0.5% to 4% worldwide.1,22 Typical histological 
features of nasal polyps are dense inflammatory infiltrates, 
loose fibrous connective tissue with substantial tissue edema 
and a thickened basement membrane covered mostly by re-
spiratory pseudostratified epithelium.2,23 Eosinophilic inflam-
mation has been considered as a major pathologic hallmark of 
CRSwNP.21,22 Compared with non-Eos CRSwNP, Eos CRSwNP 
represents a hard-to-treat subtype of CRS and demonstrates a 
higher degree of disease severity and a worse response to sur-
gery.24 Although Eos CRSwNP is characterized by Th2-biased 
cytokine profiles and non-Eos CRSwNP by predominantly 
Th1/Th17-biased patterns,25 the genes relating to the patho-
genesis of different subtypes of CRSwNP are largely unknown.

Tissue remodeling is a typical response to chronic inflam-
mation and provokes alterations in the structural organization 
of tissues, and EMT is a crucial mechanism involved in tis-
sue remodeling.26 EMT is a process in which epithelial cells 
lose polarity, junctional proteins are downregulated, the cy-
toskeleton becomes reorganized, and mesenchymal cell phe-
notypes are obtained.6 Accumulating evidence has confirmed 
that ongoing EMT leads to loss of epithelial barrier function, 
which would also contribute to disease progression, especial-
ly in CRSwNP.27 EMT is induced in the sinonasal epithelial 
cells by various allergens, pathogens, and pollutants. Besides, 
loss of the epithelial adhesion molecule, E-cadherin, is a typi-
cal finding during EMT; this phenomenon has been observed 
in CRSwNP tissues.28 Upon injury, epithelial cells undergo-
ing EMT usually downregulate junctional proteins (such as 
E-cadherin) whilst modulating their cytoskeletal organization 
and acquiring mesenchymal features such as N-cadherin and 
vimentin, which results in morphological changes.8,29 In agree-
ment with previous reports, our study shows that E-cadherin 
expression was downregulated, but N-cadherin and vimentin, 
expression was upregulated in nasal polyps from patients with 
Eos-CRSwNP and non-Eos CRSwNP and inferior turbinate 
from controls. 

MiRNAs are a class s of small noncoding RNAs that neg-
atively regulate gene expression by inducing translational in-
hibition or transcript degradation.30 The recent insights into 
the roles of miRs have shown that noncoding miR can regu-
late the EMT process in airway epithelial cells.11 The miR-200 
family miRNAs significantly increased E-cadherin expression 
and altered cell morphology to an epithelial phenotype.31

Conclusion
In summary, our findings suggest the EMT transition 

occurs in both non-Eos CRSwNP and Eos CRSwNP. We 
have also revealed that the expression levels of miR-182 and 
TGF-β1 were increased in both Eos CRSwNP and non-Eos 
CRSwNP, indicating that miR-182 and TGF-β1 may play a 
significant role in the formation of EMT. Furthermore, we 
also found miR-182 causes mucosal EMT in hNEPCs in re-
sponse to TGF-β1, which can be reversed by adding miR-182 
inhibitor. Therefore, TGF-β1–mediated miR-182 production 
may be critical in tissue remodeling of patients with CRSwNP.  
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