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Excessive periostin expression and Th2 response in patients with 
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Background: Periostin has been shown to be upregulated in chronic rhinosinusitis with nasal polyps 
(CRSwNP), especially in the CRSwNP patients with asthma. However, the underlying mechanism that how 
periostin contributes to the polyp genesis remains unclear.
Methods: In this study, we collected 63 CRSwNP patients’ nasal polyps (NPs) and 25 control subjects’ 
uncinated tissues. The expressions of periostin, thymic stromal lymphopoietin (TSLP), and other 
proinflammatory cytokines were examined using IHC staining, qRT-PCR, Western blot (WB), ELISA 
and FACS. The eosinophil infiltration, phenotype profiles and clinical characteristics of 2 NP subtypes 
(eosinophilic and non-eosinophilic) were evaluated. We examined the effects and mechanisms of periostin on 
human nasal epithelial cells cultured at air-liquid interface (ALI). 
Results: The expressions of periostin in NPs with asthma were higher than without asthma and the control 
nasal mucosa and positively associated with the TSLP (P<0.05). And the periostin levels was positively 
associated with the basement membrane thickness, goblet cell hyperplasia and tissue eosinophilia polyp 
tissues, as well as the clinical parameters (computed tomography scores, polyp size, and polyp recurrence after 
endoscopic surgery). In vitro experiments show that type 2 T-helper (Th2) cytokines interleukin-4 (IL-4),  
IL-13 and TGF-β1 stimulates epithelial cells derived from polyp tissues to produce periostin through ERK 
and STAT6 signal pathways (P<0.05). Autocrine or recombinant periostin activates epithelial cells to produce 
TSLP via NF-κB signal pathways (P<0.05). The supernatant of periostin-treated epithelial cells activates 
dendritic cells (DCs), which subsequently induce naïve T cells to differentiate into Th2 cells and express 
IL-4 and IL-13.
Conclusions: Our findings indicate periostin may play an important role in the polyp genesis, which can 
be considered as a therapeutic target for the management of CRSwNP.
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Introduction

Chronic rhinosinusitis with nasal polyps (CRSwNP) is the 
nasal mucosa and paranasal sinuses inflammation at least 
12 weeks duration, with visible nasal polyps (NPs) (1).  
NPs has been characterized in histologic studies by 
enhanced type 2 T-helper (Th2) response and eosinophilic 
inflammation (2-5). Although airway epithelial cells 
secrete Th2 pro-inflammatory cytokines such as thymic 
stromal lymphopoietin (TSLP), IL-25, and IL-33 playing 
a pivotal role in the pathogenesis of CRSwNP (6,7), the 
signaling mechanisms responsible for cytokines production 
of epithelial cells of NPs and relevant effects between 
epithelial cells activation and immune cells are not fully 
understood. 

Periostin is a matricellular protein belonging fasciclin 
family, which are involved not only in tissue developing and 
remodeling but also in the Th2-biased inflammation and 
eosinophilic infiltration of airway and skin allergic diseases, 
such as asthma (8,9). Recent studies have shown, periostin 
in NPs is mainly produced by epithelial cells and regulated 
by several mediators including Th2 cytokines IL-4, IL-
13 (10,11). Periostin is able to stimulate epithelial cells 
to secret TSLP, which may important in activating Th2 
responses (12,13). However, the underlying mechanism 
that how periostin contributes to the polyp genesis remains 
unclear. To address this issue, we investigated the expression 
of periostin in polyp tissues, and evaluated its association 
with asthma and the clinical severity of CRSwNP patients, 
and examined the possible molecular mechanisms. 

Methods

Patients and tissue samples

Sixty-three CRSwNP patients and 25 control subjects were 
randomly recruited from the First Affiliated Hospital of 
Sun Yat-sen University in Guangzhou. The diagnosis of 
CRSwNP and computed tomography (CT) scan of the 
paranasal cavities were made according to the international 
consensus (EPOS 2012) (1). The atopic status of all patients 
was evaluated by skin prick tests. The pneumologist 
diagnosed asthma by airway responsiveness and disease 
history. The 14 CRSwNP patients with asthma contain 2 
patients are intermittent (%FEV1 of predicted ≥80%, FEV1 
variability <20%), 4 patients are Mild persistent (%FEV1 of 
predicted ≥80%, FEV1 variability 20–30%), 4 patients are 
Moderate persistent (%FEV1 of predicted 60–80%, FEV1 
variability >30%), 4 patients are Severe persistent (%FEV1 

of predicted <60%, FEV1 variability >30%). Nine patients 
are eosinophilic asthma phenotype (blood eosinophil 
counts of greater than 300/μL, sputum eosinophil counts of 
greater than 2%), 5 patients are non-eosinophilic asthma. 
During endoscopic surgery, the following nasal tissues 
were sampled: polyp tissues from patients with CRSwNP 
and the uncinated process tissues of control patients with 
septoplasty due to anatomical variations. The demographic 
data of all subjects enrolled in this study are listed in Table 1.

NP size was divided into 1, 2 and 3 grades: (I) polyp size 
was limited in the middle meatus; (II) polyps size was the 
range from the middle meatus to the inferior turbinate; 
(III) polyps size congested the inferior meatus. Newborn 
NPs after surgical resection 12 weeks, were regarded as the 
recurrence. CRSwNP patients divided into eosinophilic 
and non-eosinophilic subsets according to eosinophilic 
cells counted in hematoxylin and eosin (HE) staining. 
The cutoff value for the eosinophilic phenotype was set 
at 7 eosinophilic cells/HPF (400×), which is equivalent to 

Table 1 Demographics of subjects

Demographics Control subjects
Patients with 

CRSwNP

No. 25 63

Tissue sampled UT NP

Age, mean (SD) (years) 34.79 (10.68) 35.03 (10.97)

Atopy, no. (%) 4 (16.00) 13 (20.63)*

Asthma, no. (%) 0 14 (22.22)

Aspirin sensitivity, no. (%) 0 4 (6.35)

Sex (male/female) 14/11 33/30

CT scores, mean (SD) NA 15.79 (10.03)

Total IgE, mean (SD) (IU/mL) 12.52 (4.79) 91.58 (50.67)*

Blood eosinophils, mean (SD) 
(109/L)

0.02 (0.05) 0.35 (0.39)*

Methodologies used

Tissue ELISA 25 63

Tissue IHC 25 34

Tissue mRNA 25 63

Tissue WB 7 9

*, P<0.05, compared with control subjects. CRSwNP, chronic 
rhinosinusitis with nasal polyps; UT, uncinate tissues; NP, nasal 
polys; SD, standard deviation; IHC, immunohistochemistry; WB, 
Western blot. 
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the mean value in the healthy control subjects (2.21) plus 
2 times the standard deviation (SD) (2.37×2=4.74; cutoff 
value, 2.21+4.74=6.95).

Nasal tissues were used for RNA, protein extraction, the 
histologic assessment and isolated human nasal epithelial 
cells (HNECs). HNECs were cultured to assess the effect of 
inflammatory cytokines on periostin and TSLP expression 
in vitro.

Histologic staining

HE, Alcian new blue and periodic acid-Schiff (AB-PAS), 
and Masson trichrome staining were performed according 
to the manufacturer’s instructions. Immunohistochemically 
staining for periostin, TSLP was performed as previously 
described (14,15). Rabbit anti-periostin antibody, Abcam, 
ab14041, 1:500; Rabbit anti-periostin antibody, Abcam, 
ab79946, 0.1 µg/mL; rabbit anti-TSLP antibody, 1:100, 
Abcam, ab47943 were using as the primary antibodies 
according to the manufacturer’s instructions. Each section 
was incubated with secondary antibody and then with 
horseradish peroxidase-labeled streptavidin complex 
(DAKO). Distribution of peroxidase was revealed by 
incubating the sections in a solution containing 3% 
3,3-diaminobenzidine tetrahydrochloride before being 
counterstained with hematoxylin and coverslipped. Negative 
control studies were performed using normal IgG to replace 
the primary antibody in appropriate concentration.

The histological analyses were performed in double-
blind manner. The immunoreactivity of five randomly 
selected epithelial or subepithelial areas (400×) on each 
section of the subjects were quantitatively scored using 
Image-Pro Plus 6.0 software and the average optical density 
(AOD) value was calculated.

qPCR

Periostin, TSLP, IL-4, IL-13, IFNγ and IL-17a mRNA 
expression levels were evaluated by using quantitative real-
time PCR (qRT-PCR) analysis, as previously described. 
Total RNA was extracted with TRizol reagent (Invitrogen) 
according to the manufacturer’s instructions. The total 
RNA was then used to synthesize the first-strand cDNA 
using the 5X Prime Script Kit (Takara). Quantitative PCR 
was performed on the ABI7500 system (Invitrogen). For the 
relative quantification of mRNA expression, the expression 
of β-actin served as an internal control. Perfecta SYBR 
Green (Invitrogen) was used as a DNA intercalator dye to 

monitor amplified DNA quantification. mRNA expression 
level was calculated based on a standard curve. 

The following primers were used: periostin forward: 
ACTTCCACGAGGTGTCCTAG; periostin reverse: 
CCTCCCATAATAGACTCAGAACA; TSLP forward: 
ACCGAGTTCAACAACACCGT; TSLP reverse : 
T C C G A ATA G C C T G G G C A C ;  I L - 4  f o r w a r d : 
GCAGTTCTACAGCCACCATG;  IL-4  rever se : 
ATGATCGTCTTTAGCCTTTCCA; IL-13 forward: 
AGCATGGTATGGAGCATCAAC; IL-13 reverse: 
CAGCATCCTCTGGGTCTTCT; TGF-β1 forward: 
TGAACCGGCCTTTCCTGCTTCTCATG; TGF-β1 
reverse: GCGGAAGTCAATGTACAGCTGCCGC; 
IFNγ forward: TGGAGACCATCAAGGAAGACAT; 
IFNγ reverse: GCGACAGTTCAGCCATCAC; IL-17a 
forward: TCAACGCTGATGGGAACG; IL-17a reverse: 
TCTTGCTGGATGGGGACA.

Western blot analysis

Protein levels of periostin was evaluated by means of 
Western blot analysis as previously described. The protein 
extracts from nasal tissues underwent sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) and were transferred to a polyvinylidene fluoride 
membrane. The membranes were blocked and incubated 
with periostin primary antibody (Abcam, ab14041, 1:1,000), 
then incubated with the anti-Rabbit IgG HRP secondary 
antibody and detected using ECL detection reagent 
(Millipore). Western blot images were scanned and analysed 
using GeneTools from Syngene software (SYNGENE).

ELISA

Polyp tissues were homogenized with 2 times their weight 
of PBS (mL/mg), and the final concentration was calculated 
from the weight of the tissue. The levels of periostin, TSLP, 
IL-4, IL-13 and TGF-β1 in the homogenized supernatants 
of polyp tissues were measured by ELISA using a series 
of commercially available ELISA kits: periostin, R&D 
Systems, DY3548B; TSLP, Abcam, ab192149; IL-4, R&D 
Systems, DY205; IL-13, R&D Systems, DY213; TGF-β1, 
R&D Systems, DB100B; according to the manufacturer’s 
instructions. 

In vitro cell culture and stimulation

Polyp tissues were collected from 4 randomly selected 
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patients with CRSwNP, and HNECs were isolated, as 
we previously described (16). The NP tissue was cut into 
small pieces (3–5 mm), incubated with Dispase 2 (Sigma, 
#D4693-1G) overnight and EDTA-Trypsin (0.5%, GIBCO, 
Cat# 25300-054) at 37 ℃ with 5% CO2, 15 minutes, 
neutralized with DMEM (10% FBS). The tissue pieces 
thoroughly dispersed into a single cell suspension, cultured 
in the 6-well plate (1×105 cells), with DMEM (10% FBS), 
at 37 ℃ with 5% CO2, overnight. Drew the suspended 
cells, used for the non-HNECs. The adherent cells were 
HNECs. The HNECs were culture at air-liquid interface 
(ALI) using BEGMTM Bronchial Epithelial Cell Growth 
Medium (LONZA, USA) in the polyester membrane 
Transwell-clear inserts (Corning, Lowell, MA, USA), at 
37 ℃ with 5% CO2. After HNECs achieving 70–80% 
confluence, 1 μg/mL periostin (R&D Systems, 3548-F2-
050), 1 μg/mL TSLP (Abcam, ab201363), 100 ng/mL IL-4 
(Peprotech, 200-0), 100 ng/mL IL-13 (Peprotech, 200-13) 
or 20 ng/mL TGF-β1 (Peprotech, 100-21) were adding to 
bottom chamber medium alone or with 20 μM PD98059 
(the ERK pathway inhibitor, Sigma-Aldrich, P215), 100 μM 
Leflunomide (the STAT6 pathway inhibitor, Sigma-Aldrich, 
L5025), 1 μg/mL the S-PN1 (the periostin inhibitor, Sirius-
biotech, clone OC-20) and 20 μM BAY 11-7082 (NF-κB 
signaling inhibitor, Sigma-Aldrich, B5556) or 1 μg/mL 
Neutralizing Abs against TSLP (R&D Systems, AF1398). 
In same experiments, the supernatant of treated HNECs 
was collected after 24 hours.

Isolation of monocytes and culture of DCs

Peripheral blood mononuclear cells (PBMCs) were isolated 
from buffy coats of blood from healthy donors by Ficoll 
density gradient centrifugation, as previously described (17).  
Monocytes were selected from PBMCs by anti-CD14 
magnetic beads in a MACS column purification system 
(Miltenyi Biotech). To generate normal or activated DCs, 
the purified monocytes were cultured for 6–7 days in 
complete RPMI medium supplemented with 40 ng/mL 
GM-CSF and IL-4, alone or with the presence of HNECs 
supernatants as describing before. Half of the culture 
medium was replaced on day 3 and 5. 

Mixed lymphocyte reaction 

Autologous blood CD45RA+CCR7+ naïve T cells (2×105 
cells/well in 96-well plates; Pan T cell kit; Miltenyi Biotech) 
were co-culture by incubation with HNECs-activated DCs 

(2×104 cells/well) in the presence of 10 U/mL IL-2 and  
10 ng/mL IL-7. Cells were harvested after 5 days, 
intracellular cytokines were respectively determined by FACS 
or quantitative RT-PCR analysis. FACS and quantitative RT-
PCR analysis was performed after re-stimulation of the cells 
with anti-CD3 Ab and anti-CD28 Ab for 24 hours. 

Flow cytometric staining and analysis

For flow cytometry, living T cells were suspended in 400 μL 
PBS with 1% bovine serum albumin for blocking unspecific 
staining. They were stained with the following anti-human 
monoclonal antibodies: anti-CD4-Pacific Blue, anti-IL-
4-APC, anti-IFNγ-PE-Cy5, and anti-IL-17A-PE-Cy7 
(all antibodies and isotype controls were eBioscience) for 
intracellular staining. T cells were first stained for surface 
antigens. Following fixation and permeabilization with 
permeabilization/fixation buffer (BD Biosciences), these 
cells were stained with conjugated mAbs for cytokines 
according to the protocol of the permeabilization/
fixation kit. Samples were analyzed using a flow cytometer 
(Aira2, BD). Fluorescence was determined for all cells 
in each sample after debris, dead cells, and aggregates 
were excluded by forward angle and side scatter gating. 
Data compensation and analysis was performed using the 
accompanying software (FACSDiva, BD).

Statistical analysis

Data were expressed as the medians and analyzed using 
the nonparametric Mann Whitney U test for unpaired 
comparisons and Spearman analysis except for additional 
note. In vitro assays, the data were expressed as the standard 
errors of the mean (SEM) of three independent experiments, 
one-way analysis of variance (ANOVA) and paired or 
unpaired Student’s t-test were used for the statistical analysis. 
A P value less than 0.05 was considered as statistically 
significant.

Results

Periostin immunoreactivity is associated with pathologic 
features and clinical parameters of CRSwNP

  
This study includes 63 CRSwNP patients and 25 control 
subjects, the all demographic data are listed in Table 1. We 
firstly analyzed the histologic profile of polyp tissues in 
patients with periostin, HE and AB-PAS. Consequently, 



6589

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(12):6585-6597jtd.amegroups.com

Journal of Thoracic Disease, Vol 10, No 12 December 2018

we found that the protein immunoreactivity of periostin 
was associated with the basement membrane thickness (the 
indicator of subepithelial fibrosis), goblet cell hyperplasia 
(Figure 1A,B,C). Next, we evaluated the relationship of 
periostin expressions and disease severity, and found that 
periostin levels were significantly associated with asthma 
comorbidity, CT scores, polyp size, and polyp recurrence 
after endoscopic surgery (Figure 1D,E,F,G).

Elevated expression levels of periostin and TSLP in polyp 
tissues

In the following study, our results showed that the levels 
of periostin and TSLP were significantly elevated in 
NPs compared with normal controls (P<0.001, Figure 
2A,B,C,D). Also, the expressions of periostin and TSLP in 
immunoreactivity were also significantly increased in polyp 

Figure 1 Periostin is associated with phenotype profiles and clinical severity of CRSwNP. (A) Representative graphs of NPs tissues staining 
with anti-periostin Ab, HE and AB-PAS (magnification, 100×); (B,C) the correlation of periostin concentrations and basement membrane 
thickness (r=0.5988) (B) and goblet cell hyperplasia (r=0.5457) (C) in NPs tissues; (D,E,F,G) the periostin concentrations in NPs tissues was 
significantly associated with asthma comorbidity (D), CT score (r=0.4169) (E). The periostin concentrations in different polyp sizes (F), and 
patients with initially diagnosed (primary) and recurrence (recurrence) nasal polyps (G). **, P<0.01, ***, P<0.001; as determined by Spearman 
correlation test or Mann Whitney U test. CRSwNP, chronic rhinosinusitis with nasal polyps; NP, nasal polyp; HE, hematoxylin and eosin; 
AB-PAS, Ally new blue and periodic acid-Schiff; CT, computed tomography; Ab, antibody.
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tissues compared with control subjects (P<0.001, Figure 
2E,F,G,H). Immunostaining showed that the expressions of 
periostin  were wide distribution in polyp tissues, whereas 
the expressions of TSLP were mainly localized in the 
inflammatory cells and the epithelial regions. To clarity the 
source of periostin, we divided the single-cell suspension 
of NPs into HNECs and non-HNECs, then found the 
HNECs have higher mRNA and protein levels of periostin 
than non-HNECs (P<0.001, Figure 3). Moreover, our study 
demonstrated that tissues periostin mRNA and protein 
concentrations levels were significantly correlated with 
TSLP expression in patients with CRSwNP (r=0.5985, 

P<0.001, Figure 4A, r=0.7241, P<0.001, Figure 4B).
When we divided the CRSwNP into eosinophilic and 

noneosinophilic subsets according the tissue eosinophilia of 
polyp tissues. We observed significantly enhanced periostin 
and TSLP immunostaining in the eosinophilic compared 
with the noneosinophilic subset, even the two subsets 
had a similar tissue histopathology such as the goblet cell 
hyperplasia and collagen deposition (Figure 5A). The 
mRNA level and tissues protein concentrations of periostin 
and TSLP also were significantly higher in the eosinophilic 
polyp tissues (P<0.001, Figure 5B,C,D,E,F). However, the 
periostin mRNA and protein concentrations levels were also 

Figure 2 The expressions of periostin and TSLP in NPs were elevated than in the normal control. (A,B) The mRNA level of periostin (A) 
and TSLP (B) in the NPs tissues and the normal control; (C,D) the densitometric analysis (C), and the representative western blot results (D) 
of periostin protein in NPs tissues; (E,F) representative periostin (E) and TSLP (F) staining (200× and 400× magnification), and quantitative 
analysis of periostin (G) and TSLP (H) staining intensity in NPs tissues and control subjects. ***, P<0.001; as determined by Mann Whitney 
U test. TSLP, thymic stromal lymphopoietin; NP, nasal polyp.
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Figure 4 The expression of periostin in NPs were positively correlated with the TSLP. (A) The correlation of periostin and TSLP mRNA 
levels in total (r=0.5985), eosinophilic (r=0.4380) and noneosinophilic (r=0.4407) subsets NPs tissues; (B) The correlation of periostin and 
TSLP protein levels in total (r=0.7241), eosinophilic (r=0.4095) and noneosinophilic (r=0.4925) subsets NPs tissues. **, P<0.01, ***, P<0.001; 
as determined by Spearman analysis. TSLP, thymic stromal lymphopoietin; NP, nasal polyp; NP, nasal polyp.

Figure 3 The expression of periostin is elevated in HNECs than non-HNECs. (A) The mRNA level of periostin in HNECs and non-
HNECs; (B) the protein level of periostin in HNECs and non-HNECs. ***, P<0.001; as determined by Mann Whitney U test. HNEC, 
human nasal epithelial cell.
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P<0.001, Figure 4B). These findings indicate that the 
periostin and TSLP is positive associated with eosinophilic 
inflammation in polyp tissues.
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periostin mRNA and protein levels were significantly 
increased after stimulating with IL-4, IL-13, TGF-β1, in 
HNECs cultured in ALI. However, this upregulation was 
significantly inhibited by PD98059 (the ERK pathway 
inhibitor) and Leflunomide (the STAT6 pathway inhibitor) 
(P<0.05). In vivo experiments also demonstrated a positive 
correlation between periostin and IL-4, IL-13, TGF-β1 
expression in polyp tissues (Figure 6E,F,G). These findings 
suggest that inflammatory cytokines IL-4, IL-13, TGF-β1 
induced periostin production in HNECs and this was 
mediated by the extracellular-signal-regulated kinase (ERK) 
and the signal transducer and activator of transcription 
factor 6 (STAT6) pathways.

HNECs were stimulated with recombinant periostin 
alone or with the S-PN1 (the periostin inhibitor) in vitro, 
to observe the periostin’s effect on TSLP. We found that 
recombinant periostin significantly increased the TSLP 
expression, whereas inhibited periostin could reduce TSLP 
production, and NF-κB signaling inhibitor BAY 11-7082 

treatment also had an inhibitory effect (P<0.01, Figure 6C,D). 
These results indicated that inflammatory cytokines 
stimulated HNECs production periostin, and autocrine 
periostin directly induced TSLP production via NF-κB 
activation in HNECs.

Nasal epithelial cell-derived periostin enhances Th2 
inflammation through TSLP-DCs axis

Since several studies show that TSLP can activates or 
differentiates DCs to induce Th2-skewing (13), we tested 
whether HNECs from polyp tissues induced Th2 cells via 
the activation of DCs. Consequently, we found healthy 
control-derived DCs stimulated by periostin-treated 
HNECs supernatant, induced homologous CD4+ T cells 
to augment expression of IL-13 and IL-4, but not IFN-γ 
and IL-17A in cell proportion and mRNA level, compared 
with untreated HNECs supernatant (P<0.05, Figure 7). 
Th2-skewing by periostin-treated HNECs supernatant 

Figure 5 The periostin and TSLP levels were significantly higher in eosinophilic than noneosinophilic polyp tissues. (A) Representative 
HE, IHC staining with periostin and TSLP, AB-PAS and Masson staining (200× magnification); (B,C,D,E,F) the representative western 
blot results of periostin protein (B), the mRNA expression of periostin (C) and TSLP (E), ELISA analysis of periostin (D) and TSLP (F) 
in eosinophilic and noneosinophilic polyp tissues. ***, P<0.001 as determined by Mann Whitney U test. HE, hematoxylin and eosin; IHC, 
immunohistochemistry; AB-PAS, Alcian new blue and periodic acid-Schiff; TSLP, thymic stromal lymphopoietin; NP, nasal polyp; EOS, 
eosinophils. 
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Figure 6 The regulation and underlying molecular mechanism of periostin and TSLP expression in vitro. Human nasal epithelial cells 
(HNECs) from NPs tissues, were cultured in ALI. (A,B) The mRNA level of periostin (A), and the ELISA analysis of periostin (B), which 
added of IL-4, IL-13, TGF-β1 alone or with Leflunomide and PD98059 in the culture medium. (C,D) The mRNA level of TSLP (C), and 
the ELISA analysis of TSLP (D), which added of recombinant periostin alone or with S-PN1 or BAY 11-7082 in the culture medium. The 
periostin concentrations in NPs tissues was significantly associated with IL-4 (E), IL-13 (F), and TGF-β1 (G) concentrations. **, P<0.01, 
***, P<0.001; as determined by Spearman analysis or Student’s t-test and Spearman analysis Figures are representative of three different 
experiments. TSLP, thymic stromal lymphopoietin; NP, nasal polyp; ALI, air-liquid interface.
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Figure 7 Periostin-treated HNECs supernatant enhances Th2 inflammation through TSLP activated DCs. HNECs were treated with 
recombinant periostin alone or with S-PN1, BAY 11-7082 or Ab anti-TSLP. DCs derived from CD14+ monocyte cells in PBMC of normal 
control, then cultured in complete RPMI medium alone or with the presence of HNECs supernatants as describing before. Autologous 
naïve T cells were co-culture with HNECs-activated DCs 5 days. (A) Representative FACS graphs of intracellular cytokines IL-4, IFNγ in 
the CD4+ T cells; (B) the frequencies analysis of IL-4, IFNγ, and IL-17A FACS; (C) the mRNA expression of IL-4, IL-13, IFNγ, and IL-
17A in the CD4+ T cells. *, P<0.05, **, P<0.01; as determined by Student’s t-test. Figures are representative of three different experiments.
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was partially inhibited by supplement of neutralizing Abs 
against TSLP, or the S-PN1 (the periostin inhibitor) 
and BAY 11-7082 (NF-κB signaling inhibitor) (Figure 7), 
indicating periostin-stimulated TSLP was involved in this 
event. These results demonstrated that the nasal epithelial 
cell-derived periostin enhances Th2 inflammation through 
TSLP-DCs axis.

Discussion

Periostin is a 90 KDa secreted extracellular matrix (ECM) 
protein belonging to the fasciclin family (18,19). Though 
interacting with other ECM proteins, periostin plays a 
wide variety of roles in tissue development and remodeling, 
and epithelial-mesenchymal transition in cancer and valvar 
heart disease (9,20,21). In the previous study, periostin from 
fibroblast or bronchial epithelial cells, has been proposed 
to influence epidermal thickness and goblet cells mucus 
secretion in allergic inflammation (12,22). Be consistent 
with the previous studies, we found that the expression 
of periostin was associated with the basement membrane 
thickness (the indicator of subepithelial fibrosis) and goblet 
cell hyperplasia in NPs tissues, suggesting that elevated 
periostin level may contribute to the characteristic tissues 
remodeling in NPs. Furthermore, our results also show 
that the increased expression of periostin is associated with 
a higher polyp size, asthma comorbidity, CT scores, and 
polyp recurrence after endoscopic surgery. In the polyp 
tissue, we found the expression of periostin was associated 
with eosinophilic infiltration (Figure 5), which was 
considered as the biomarker in predicting the recurrence 
of NPs (23). These findings indicate periostin may play a 
critical role in pathogenesis of CRSwNP patients.

Periostin is a recently characterized as a biomarker 
of Th2-skewing and eosinophilic inflammation disease 
such as CRSwNP, asthma, and atopic dermatitis (24-26).  
Previous studies show that fibroblasts and bronchial 
epithelial cells are the major secreting cells of periostin 
(11-13). In this study, we found that periostin was highly 
expressed in CRSwNP compared with normal nasal mucosa 
. However, Bachert et al. reported the in-situ hybridization 
showed periostin transcripts to be mainly expressed in the 
epithelium of NP tissue. We also found that HNECs had 
higher mRNA and protein levels of periostin than other 
cells in the NPs tissue (P<0.001, Figure 3). Which suggests 
that epithelial cells are mainly sources of periostin deposited 
into the NPs tissue matrix accordance with another study 
(27,28). Furthermore, we confirm that the concentration 

of periostin is connected with TSLP in NPs, which has 
been implicated in promoting Th2 responses in airway 
inflammation. TSLP is mainly localized in the inflammatory 
cells and the epithelial regions (29), combining with in vitro 
experiments showed that there is a periostin-TSLP-Th2 
shewing signal pathway between in HNESs and immunes 
cells.

It is well known that CRSwNP is a complex disease 
containing distinct histopathologic endotypes (eosinophilic 
vs. noneosinophilic) (2-4). Eosinophilic CRSwNP subsets 
are characterized by dominant Th2 inflammation (14,30,31). 
Here, we consistently found that periostin and TSLP 
immunoreactivity, as well as mRNA and protein levels, 
were significantly higher in eosinophilic CRSwNP than 
in noneosinophilic CRSwNP. The regulation of periostin 
has been widely examined and several mediators, including 
Th2 cytokines IL-4, IL-13; TGF-β1, TGF-β3; fibroblast 
growth factor; angiotensin II; vascular endothelial growth 
factor, have been reported to induce periostin production 
(32-34). However, there are few studies addressing the 
molecular mechanism in regulating periostin production in 
nasal epithelial cells. In this study, we demonstrated for the 
first time that the expression of IL-4, IL-13, and TGF-β1 
are positive associated with periostin concentration in polyp 
tissue. Furthermore, we demonstrated that IL-4, IL-13, and 
TGF-β1 can stimulate HNECs secreting periostin thought 
ERK, STAT6 signaling pathway, and nasal epithelial cell-
derived periostin can promote the expression of TSLP by 
activating NF-κB signaling pathway. Several studies showed 
the activated epithelial cells can promote Th2 inflammation 
though secreted cytokines including TSLP, IL-25 and 
IL-33 (35). In this study, we found nasal epithelial cell-
derived periostin is able to stimulate TSLP production, 
and subsequently govern DCs to induce Th2 response by 
increasing expression of IL-4, IL-13 mRNA levels and IL-4 
positive cells ratio. Our findings show autocrined periostin 
by nasal epithelial cells may promotes Th2 inflammation in 
CRSwNP through TSLP-DCs axis.

In conclusion, our findings show increased periostin 
expression in polyp tissue is associated with Th2 response, 
disease endotypes (eosinophilic vs. non-eosinophilic) and 
severity of CRSwNP patients, such as accompanying 
asthma. It suggests that periostin can be used as a predictor 
of eosinophilic NPs. We provided the novelty evidence 
that suggest that periostin can be induced by several 
proinflammatory cytokines in nasal epithelial cells thought 
ERK, STAT6 signaling pathway and autocrined periostin 
by nasal epithelial cells is subsequently able to promote 
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Th2 inflammation via TSLP-DCs axis in vitro. Taken 
together, these findings may expand our understanding 
on the importance of periostin in the pathophysiology 
of CRSwNP, which may contribute to developing novel 
therapeutic strategy for the management of CRSwNP.
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