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Abstract
Objective Chronic rhinosinusitis (CRS) is a complicated disease with several variants caused by different cellular and 
molecular mechanisms. The characterization of this heterogeneity supports the definition that the disease consists of many 
endotypes, such as eosinophilic and neutrophilic CRS, and so on. This study aimed to explore group 2 innate lymphoid cells 
(ILC2s) in neutrophilic CRS without nasal polyps (CRSsNP) and with nasal polyps (CRSwNP), and evaluate ILC2s across 
characteristics of the disease.
Methods Nasal biopsy samples were obtained from normal subjects or subjects with CRSsNP or CRSwNP during surgery. 
ILC2s were sorted and purified as  CD45+Lin−CD127+CD4−CD8−CRTH2+CD161+ cells through flow cytometry, and were 
compared among three groups of subjects. Then, these samples were cultured in vitro, and inflammatory factors were assessed 
in tissue cultures. After that, human recombinant (rm) interleukin (IL)-33 or IL-17 were administered into the cultures, and 
we again examined relevant inflammatory substances.
Results ILC2s were upregulated in neutrophilic CRSsNP and CRSwNP patients, and there were no statistical differences 
between them. Eosinophil cation protein (ECP), myeloperoxidase (MPO), IL-25, IL-33, IL-5, IL-13, interferon (IFN)-γ and 
IL-17 were increased in the cultures, however, only concentrations of MPO, IFN-γ and IL-17 were enhanced in CRSwNP 
tissues compared to CRSsNP ones. After administration of rmIL-33, ECP, IL-5 and IL-13 were all increased in tissues 
from CRSsNP and CRSwNP patients, however, there were no significant differences between them. Finally, we evaluated 
concentrations of several above inflammatory factors after the treatment of rmIL-17, and found that MPO and IFN-γ were 
enhanced in these two phenotypes of patients, and were elevated significantly in CRSwNP tissue cultures.
Conclusion These findings show that ILC2s might be inactivated in neutrophilic CRSsNP and CRSwNP based on this pilot 
study.
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Introduction

The prevalence of chronic rhinosinusitis (CRS) ranges from 
approximately 1–9% of the general population [1]. Studies 
show that the prevalence of CRS is to be 10.9% in Europe 
and 12.5% in USA [2]. In mainland China, the disease affects 
approximately 8% population [3]. CRS is defined as inflam-
mation of the nose and the paranasal sinuses characterized 
by two or more symptoms, one of which should be either 

nasal blockage or nasal discharge. Other symptoms may be 
facial pain/pressure, reduction or loss of smell, or both [1].

CRS is a complex disease including several disease vari-
ants with different underlying mechanisms. It is generally 
accepted that there are clinically relevant CRS phenotypes 
defined by observable characteristics, such as CRS without 
nasal polyps (CRSsNP) or with NP (CRSwNP). However, 
clinical phenotypes do not present full insight into the under-
lying cellular and molecular pathophysiologic mechanisms 
of CRS. The characterization of this heterogeneity supports 
the definition that the disease consists of many endotypes, 
such as eosinophilic and neutrophilic CRS, and other bio-
logical endotypes, which are defined by different underlying 
pathophysiologies that may be identified by corresponding 
molecular biomarkers [4].
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Group 2 innate lymphoid cells (ILC2s) have been identi-
fied as a major source of interleukin (IL)-5 and IL-13, in 
response to IL-25 and IL-33 expression [5]. ILC2s have been 
identified in Th2-type inflammatory diseases, and shown 
to mediate helminth expulsion in the intestine [6], airway 
hyperreactivity [7–9], obstruction in asthma [10] and influ-
enza infection [11]. Whilst ILC2s have now been widely 
investigated in murine models, human studies remain lim-
ited. Several researches indicated that these cell types are 
defined by expressions of biomarker CRTH2 and CD161 
[12], and the transcription factor GATA-binding protein 
3 (GATA3) [13], however, their functional significance in 
Th2-mediated disease in humans is not clearly understood. 
An elegant study indicated the elevation of ILC2s in patients 
with CRSwNP, and concluded that ILC2s may drive NP 
formation in CRS, and may be linked with high tissue and 
blood eosinophilia and have a potential role in the activation 
and survival of eosinophils during the Th2 immune response 
[14]. Unfortunately, that study only investigated eosinophilic 
CRS, and barely involved the neutrophilic endotype of CRS, 
which characterized the main endotype of Chinese patients 
[15]. In mainland China, only a minority of NP tissues are 
Th2 biased, whereas the majority express IFN-γ, Th17, or 
other neutrophil-related cytokines [16].

Therefore, we performed this current study. Here, 
we aimed to explore ILC2s in neutrophilic CRSsNP and 
CRSwNP patients. Then, we cultured tissue samples in vitro, 
and assessed inflammatory factors in cultures. After that, we 
administered human recombinant (rm) IL-33 or rmIL-17 
into the cultures, and again examined relevant inflammatory 
substances.

Methods

Study population

The normal group (normal mucosa) consisted of samples 
collected from the inferior turbinates of 8 subjects (3 men 
and 5 women), aged between 32 and 55 years (mean age 
45.45 years), undergoing nasal septoplasty-inferior turbi-
noplasty because of the clinical symptom of nasal block-
age. Ethmoid sinus mucosa removed during the course of 
endoscopic sinus surgery was collected from 11 patients (5 
men and 6 women), aged between 27 and 61 years (mean 
age 46.13 years), who had CRSsNP and were referred to 
the Department of Otorhinolaryngology-Head and Neck 
Surgery, Huashan Hospital of Fudan University, Shanghai, 
China. Polyp tissues were obtained by functional endoscopic 
sinus surgery from 11 patients (7 men and 4 women), aged 
between 33 and 64 years (mean age 46.36 years), who had 
CRSwNP and were referred to the Department of Otorhi-
nolaryngology-Head and Neck Surgery, Huashan Hospital 

of Fudan University, Shanghai, China. The diagnosis of 
CRSsNP or CRSwNP was confirmed according to European 
Position Paper on Rhinosinusitis and Nasal Polyps 2012 [1]. 
Patients were classified as CRSwNP or CRSsNP based on 
the presence of NP on pre-surgery endoscopy, and catego-
rized as eosinophilic or neutrophilic CRS in accordance with 
their histopathological parameters. All patients had not taken 
any medication for at least 1 month before operation. The 
atopic status of them was assessed according to skin reactiv-
ity to house dust mite (HDM) and other 12 common airborne 
allergens on skin prick test (SPT). The CRSsNP or CRSwNP 
patients who only had the positive result on SPT to HDM 
were included. In this study, all the normal subjects had a 
negative result, and 3 patients with CRSsNP and 4 patients 
with CRSwNP had a positive result. The reaction to the SPT 
was considered positive if the wheal area caused by HDM 
was larger than 7 mm2 (diameter > 3 mm). The exclusion 
criteria of asthma were based on history, physical exami-
nation and lung function test such as a reduction in forced 
expiratory volume in 1 s and/or peak expiratory flow dur-
ing the attacks. Other exclusion criteria included history of 
allergic fungal sinusitis, cystic fibrosis, aspirin intolerance, 
immunodeficiency, Churg-Strauss syndrome, coagulation 
disorder and pregnancy, and current use of topical steroid, 
oral steroid, antihistamines or antibiotics. This investigation 
was approved by the Ethical Committee of Huashan Hospital 
of Fudan University (no. 2018-057), and signed informed 
consent was obtained from all patients.

Sample preparation

Samples from inferior turbinates, ethmoid sinus and NP 
were obtained and cut into three portions, respectively: one 
was for confocal immunofluorescence microscopic analysis, 
one was analyzed by flow cytometry and one was cultured 
for treatments in vitro.

Immunocytochemistry and confocal microscopy

Sections were incubated overnight at room temperature 
with primary antibodies against eosinophil cation protein 
(ECP) (MyBioSource, Inc., San Diego, CA, USA) or mye-
loperoxidase (MPO) (MyBioSource, Inc., San Diego, CA, 
USA). After rinsing with phosphate-buffered saline (PBS) 
(3 × 5 min), samples were incubated 1 h at room tempera-
ture with allophycocyanin (APC) or fluorescein isothiocy-
anate (FITC)-conjugated secondary antibodies in the dark-
ness. Coverslips were then washed twice with PBS-T before 
nucleus staining with 10 mg/mL 4′, 6-Diamidino-2-phe-
nylindole dihydrochloride (DAPI) for 5 min at room tem-
perature. Finally, the coverslips were washed three times by 
PBS-T and twice by PBS before mounting with Vectashield 
(Vector Laboratories,Burlingame, CA, USA). As negative 
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controls, cell samples were incubated either with the sec-
ondary antibody alone or with the primary antibody preab-
sorbed with a specific blocking peptide (1:5 w/w). Images 
were obtained with a Leica TCS SP5 Confocal Laser Scan-
ning Microscope by the Leica confocal software (LCS) 2.61 
(LeicaMicrosystems, Wetzlar, Germany). Images were ana-
lyzed by LCS Lite (Leica) software. To enable comparison, 
all images were acquired using the same parameters of laser 
power and photomultiplier sensitivity. Images shown are 
representative of at least three separate experiments in each 
condition, and were processed with identical values for con-
trast and brightness. Numbers of infiltrating eosinophils and 
neutrophils were determined microscopically in a blinded 
manner at a high power field (HPF) of 400 × magnification. 
Neutrophilic CRS including CRSsNP and CRSwNP was 
classified as < 10 eosinophils/HPF histopathologically.

Tissue cell preparation

Tissues were minced using sterile scissors to approxi-
mately less than 2-mm pieces and digested with 200 µL 
of 200  U/mL collagenase type III (Sigma–Aldrich, St. 
Louis, MO, USA) and 200 µL of 200 µg/mL DNase type 
IV (Sigma–Aldrich, St. Louis, MO, USA) in 1.6-mL tissue 
culture medium, and then incubated at 37 °C, shaking at 
110 rpm for 1 h, with manual shaking every 20 min to dis-
sociate any tissue clumping. Digested tissues were passed 
through a 70 µm Falcon cell strainer. Red blood cells were 
lysed in Tris-buffered ammonium chloride solution (0.83% 
NH4Cl and 20 mM Tris/Cl).

Flow cytometry analysis of ILC2s

Tissue cell suspensions from normal, CRSsNP or CRSwNP 
subjects were centrifuged for 10 min at 200×g at 4 °C, 
and cells were harvested for flow cytometry analysis, as 
described elsewhere [14]. These cells were washed with 
200 µL flow cytometry medium (FCM, 1% BSA and 0.1% 
sodium azide in PBS) and incubated with 50 µL rabbit serum 
for 5 min at room temperature to block the Fcγ receptor. 
These cells then were washed three times with FCM, and 
stained with 50 µL of monoclonal antibodies against the fol-
lowing surface molecules at 4 °C for 30 min at 1 × 108 cells/
mL: Alexa Fluor (AL)-647-conjugated anti-CRTH2; AL-
700-conjugated anti-CD4; APC-Cy7-conjugated anti-CD45; 
FITC-conjugated lineage cocktail (consisting of CD3, CD14, 
CD16, CD19, CD20, CD56); FITC-conjugated anti-Epcam; 
Brilliant Violet (BV)-421-conjugated anti-CD127; Horizon-
V500-conjugated anti-CD8; phycoerythrin (PE)-conjugated 
anti-CD161; and PE-Cy7-conjugated anti-CD25. All anti-
bodies purchased from BioLegend, San Diego, CA, USA 
or MyBioSource, Inc., San Diego, CA, USA. They were 
washed again and incubated with 50 µL secondary antibody 

(biotin-conjugated rabbit anti-mouse IgG; Dako Denmark 
A/S, Glostrup, Denmark) followed by 50 µL R-phycoeryth-
rin-conjugated streptavidin (RPE-streptavidin; Dako Den-
mark A/S, Glostrup, Denmark). After staining, the cells 
were resuspended in staining buffer containing DAPI for 
the exclusion of dead cells. Controls for single color analysis 
were carried out by incubating cells with a primary antibody 
of the same isotype, but of irrelevant specificity at matched 
concentrations followed by secondary reagents, as described 
above. The samples were collected on an LSR II flow cytom-
eter equipped with FACSDIVA software (BD Biosciences, 
Mountain View, CA) and analyzed with FlowJo version 10 
(Tree Star, Inc., Ashland, OR). Set-up of the instrument was 
carried out visually, and selection of the isotype control anti-
body was in accordance with the primary antibodies’ host 
species, isotype, and conjugation format. ILC2s were iden-
tified as  CD45+Lin−CD127+CD4−CD8−CRTH2+CD161+ 
through the gating strategy.

Organ culture of tissues

Tissues from normal, CRSsNP or CRSwNP subjects were 
cultured using an air–liquid interface method [17]. Blades 
were used to cut the previously described tissues into 2- to 
3-mm3 pieces under sterile conditions. Tissue fragments 
were washed 3 times with PBS containing an antimycotic 
(5 µg/mL fungizone) and an antibiotic (300 µg/mL penicil-
lin G) and then were rinsed with 98% Dulbecco’s minimum 
essential medium (DMEM) supplemented with 10% calf 
serum and gentamicin (20 µg/mL). To determine the effects 
of rmIL-33 or rmIL-17 treatment, the above tissues were 
next saturated for 1 h in culture medium (DMEM + 10% calf 
serum + 10 µg/mL gentamicin) in the presence of 100 ng/mL 
of rmIL-33 (MyBioSource, Inc., San Diego, CA, USA) or 
100 ng/mL of rmIL-17 (MyBioSource, Inc., San Diego, CA, 
USA). Then the tissues were placed on hydrated 1 × 1-cm 
gelatin sponge with the mucosa facing upward and the sub-
mucosa downward.

Enzyme‑linked immunosorbent assay (ELISA) 
analysis

IL-5 in the cultures was measured using a 96-well micro-
plate (Corning Inc., New York, NY, USA) coated with 
1 µg/mL IL-5 antibody (MyBioSource, Inc., San Diego, 
CA, USA), and incubated overnight at 4 °C. After wash-
ing, the microplate was incubated in 3% bovine serum 
albumin (Calbiochem, La Jolla, Calif., USA) at 37 °C for 
1 h. Samples at 1:10 dilution were then added, followed by 
incubation at 37 °C for 1 h. After washing, IL-5 antibody 
that had been biotinylated using a biotinylation kit (Ameri-
can Qualex International Inc., San Clemente, Calif., USA) 
was then added at 1 µg/mL, and allowed to incubate at 
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25 °C for 1 h. After washing, 1.5 µg/mL of streptavidin 
peroxidase was added followed by incubation at 25 °C for 
1 h. After washing, tetramethylbenzidine (TMB) substrate 
[12.5 mL citric phosphate buffer, 200 µL of TMB stock 
solution (6 mg/mL in dimethyl sulfoxide), 100 µL 1% 
 H2O2] was added to produce a color reaction. The reac-
tion was terminated by the addition of 6 N  H2SO4. The 
optical density was determined at 450 nm using a micro-
plate reader (MTP-32; Corona Electric, Ibaraki, Japan). 
Concentrations of ECP, MPO, IL-25, IL-33, IL-13, IFN-γ 
and IL-17 in the cultures were evaluated using the corre-
sponding ELISA kits (all purchased from MyBioSource, 
Inc., San Diego, CA, USA).

Statistical analysis

Statistical analysis was performed using a commercially 
available statistical software, Prism 6.0 (GraphPad Soft-
ware Inc, San Diego, California). Kruskal–Wallis test 
was performed for comparisons between patient groups. 
A nonparametric Mann–Whitney test was applied as the 
initial Kruskal–Wallis test was significant. P < 0.05 was 
considered statistically significant.

Results

Patient characteristics

Thirty patients were included in the study. Patient charac-
teristics are summarized in Table 1. There was no signifi-
cant difference in age, gender, allergy, asthma and other 
status between the three study groups.

Infiltrating eosinophils and neutrophils increase 
in CRSsNP and CRSwNP

To evaluate the endotype of CRS patients in the present 
study, we performed confocal immunofluorescence micro-
scopic analysis. The results indicated that counts of eosino-
phils and neutrophils in CRSsNP and CRSwNP increased 
compared to normal mucosa (Fig. 1). In addition, there were 
no statistical differences between CRSsNP and CRSwNP 
patients (Fig. 1M). However, infiltrating neutrophils in 
CRSwNP were enhanced in comparison with CRSsNP 
(Fig. 1N). The findings show the characteristic of neutro-
philic endotype in CRSwNP patients in mainland China, as 
described by other publications [16].

ILC2s arise in CRSsNP and CRSwNP

ILC2s represent a recently discovered cell population 
which has been implicated in driving Th2 inflammation in 
CRS. However, their function in this disease has yet to be 
investigated. In the current study, we identified ILC2s as 
 CD45+Lin−CD127+CD4−CD8−CRTH2+CD161+ through 
flow cytometry analysis based on previous procedures [14]. 
We found ILC2s arised in CRSsNP and CRSwNP patients 
when compared to normal subjects (Fig. 2). However, there 
were no significant differences between tissue samples from 
CRSsNP and CRSwNP (Fig. 2d, e). The results show that 
airway epithelium may regulate innate Th2-type reactions 
in response to the stimulation of antigen through releases 
of IL-25 and IL-33 on the basis of the endotype of CRS 
[12, 17].

Th1‑type inflammation is caused in neutrophilic 
CRSsNP and CRSwNP

To evaluate cellular functions of ILC2s in neutrophilic 
CRSsNP and CRSwNP, inflammatory factors were assessed 
in the cultures using ELISA. ECP, MPO, IL-25, IL-33, IL-5, 
IL-13, IFN-γ and IL-17 were all increased in tissue cultures 
from CRS patients compared to normal mucosa (Fig. 3). 
Additionally, there were no significant differences in con-
tents of ECP, IL-25, IL-33, IL-5 and IL-13 between two 
types of CRS (Fig. 3a, c–f). However, productions of MPO, 
IFN-γ and IL-17 were elevated in CRSwNP tissue cultures 
(Fig. 3b, g, h). This result suggest that Th1-type inflam-
mation is initiated in neutrophilic CRSsNP and CRSwNP 
[18]. More importantly, the data also indicate that ILC2s 
might be in an inactive state in the neutrophilic endotype of 
CRSsNP and CRSwNP, and might promote Th2 inflamma-
tion in eosinophilic CRS including CRSsNP and CRSwNP 
phenotypes [14].

Table 1  Patient characteristics

Normal normal mucosa, CRSsNP chronic rhinosinusitis without nasal 
polyps, CRSwNP chronic rhinosinusitis with nasal polyps, SPT skin 
prick test, HDM house dust mite

Normal CRSsNP CRSwNP

Total no. of subjects 8 11 11
Age (median, range) 45.45 (32–55) 46.13 (27–61) 46.36 (33–64)
Female/male 5/3 6/5 4/7
Asthma in history 0/8 0/11 0/11
SPT positive (HDM) 0/8 3/11 4/11
Antihistamines 0/8 0/11 0/11
Antibiotics 0/8 0/11 0/11
Aspirin intolerance 0/8 0/11 0/11
Topical steroid 0/8 0/11 0/11
Oral steroid 0/8 0/11 0/11
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Fig. 1  Confocal immunofluorescence microscopic analysis of infil-
trating eosinophils and neutrophils in normal subjects (n = 8), chronic 
rhinosinusitis without nasal polyps (CRSsNP) (n = 11) and chronic 
rhinosinusitis with nasal polyps (CRSwNP) patients (n = 11). a Eosin-
ophil cation protein (ECP) in eosinophils (allophycocyanin) from nor-
mal subjects. b Myeloperoxidase (MPO) in neutrophils (fluorescein 
isothiocyanate) from normal subjects. c ECP and MPO in eosinophils 
and neutrophils (merge) from normal subjects. d ECP and MPO in 
eosinophils and neutrophils [4′, 6-Diamidino-2-phenylindole dihydro-
chloride (DAPI)] from normal subjects. e ECP in eosinophils (allo-
phycocyanin) from CRSsNP patients. f MPO in neutrophils (fluo-
rescein isothiocyanate) from CRSsNP patients. g ECP and MPO in 

eosinophils and neutrophils (merge) from CRSsNP patients. (H) 
ECP and MPO in eosinophils and neutrophils (DAPI) from CRSsNP 
patients. i ECP in eosinophils (allophycocyanin) from CRSwNP 
patients. j MPO in neutrophils (fluorescein isothiocyanate) from 
CRSwNP patients. k ECP and MPO in eosinophils and neutrophils 
(merge) from CRSwNP patients. l ECP and MPO in eosinophils and 
neutrophils (DAPI) from CRSwNP patients. m Numbers of eosino-
phils. n Numbers of neutrophils. Scale bars: 10  µm. Original mag-
nification: A, B, C, D, E, F, G, H, I, J, K, L × 400. Normal normal 
subjects. CRSsNP CRSsNP patients. CRSwNP CRSwNP patients 
**p < 0.01 vs CRSsNP
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Fig. 2  ILC2s-derived from tissue samples of normal sub-
jects (n = 8), chronic rhinosinusitis without nasal polyps 
(CRSsNP) (n = 11) and chronic rhinosinusitis with nasal pol-
yps (CRSwNP) patients (n = 11). a ILC2s were identi-
fied as  CD45+Lin−CD127+CD4−CD8−CRTH2+CD161+ 
in normal subjects. b ILC2s were identified as 

 C D 4 5 + L i n − C D 1 2 7 + C D 4 − C D 8 − C R T H 2 + C D 1 6 1 + 
in CRSsNP patients. c ILC2s were identified as 
 CD45+Lin−CD127+CD4−CD8−CRTH2+CD161+ in CRSwNP 
patients. d Numbers of ILC2s. e Percentage of ILC2s. Normal nor-
mal subjects, CRSsNP CRSsNP patients, CRSwNP CRSwNP patients 
**p < 0.01 vs CRSsNP

Fig. 3  Inflammatory mediators in tissue cultures from normal sub-
jects (n = 8), chronic rhinosinusitis without nasal polyps (CRSsNP) 
(n = 11) and chronic rhinosinusitis with nasal polyps (CRSwNP) 
patients (n = 11). a Eosinophil cation protein (ECP) in the cul-
tures. b Myeloperoxidase (MPO) in the cultures. c Interleukin (IL)-

25 in the cultures. d IL-33 in the cultures. e IL-5 in the cultures. f 
IL-3 in the cultures. g interferon (IFN)-γ in the cultures. h IL-17 in 
the cultures. Normal normal subjects, CRSsNP CRSsNP patients, 
CRSwNP CRSwNP patients **p < 0.01 vs CRSsNP; ****p < 0.0001 
vs CRSsNP
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ILC2s are activated after rmIL‑33 administration 
in vitro

Normally, ILC2s were inactivated in neutrophilic inflamma-
tion of CRS [18]. To verify whether these cell types could be 
activated in Th1-biased inflammatory condition, we exam-
ined ECP, MPO, Th2-type and Th1-type cytokines after 
rmIL-33 administration in vitro. The study illustrated that 
ECP, IL-5 and IL-13 were upregulated in response to rmIL-
33 in CRSsNP (Fig. 4f, h, i) and CRSwNP (Fig. 4k, m, n) 
cultures. However, MPO and IFN-γ were not changed statis-
tically in the two endotypes of CRS (Fig. 4g, j, l, o). Further-
more, all above inflammatory mediators were not increased 
in normal mucosa of inferior turbinates (Fig. 4a–e). Nota-
bly, there were no statistical differences between CRSsNP 
and CRSwNP groups in ECP, IL-5 and IL-13 productions 
(Fig.  4p–s). Therefore, we conclude that ILC2s can be 
activated by rmIL-33 administration in vitro, and we can 
hypothesize that nasal epithelium might regulate the type 1 

or 2-biased inflammations through releases of inflammatory 
substances based on its activation by external stimuli.

Th1‑type inflammation is exacerbated 
in neutrophilic CRSsNP and CRSwNP after rmIL‑17 
administration in vitro

Chronic sinus diseases can be differentiated by the measure-
ment of inflammatory mediators [19]. Neutrophilic inflam-
mation of CRS is characterized by overexpressions of MPO, 
IFN-γ and IL-17 [20]. To estimate relationships between 
Th1-type and Th2-type inflammation, we carried out the 
investigation to confirm the response of ILC2s to rmIL-17. 
After rmIL-17 administration in the cultures, ECP, IL-5 and 
IL-13 were not changed significantly whether in CRSsNP 
(Fig. 5f, h, i) or in CRSwNP (Fig. 5k, m, n). However MPO 
and IFN-γ were elevated greatly in the two endotypes of 
CRS (Fig. 5g, j, l, o). Furthermore, all above inflammatory 
mediators were not enhanced in normal mucosa tissues 

Fig. 4  Inflammatory mediators after human recombinant interleu-
kin (IL)-33 treatment in tissue cultures from normal subjects (n = 8), 
chronic rhinosinusitis without nasal polyps (CRSsNP) (n = 11) and 
chronic rhinosinusitis with nasal polyps (CRSwNP) patients (n = 11). 
a–e Eosinophil cation protein (ECP), myeloperoxidase (MPO), IL-5, 
IL-13 and interferon (IFN)-γ in the cultures from normal subjects, 
respectively. f–j ECP, MPO, IL-5, IL-13 and IFN-γ in the cultures 

from CRSsNP patients, respectively. k–o ECP, MPO, IL-5, IL-13 
and IFN-γ in the cultures from CRSwNP patients, respectively. p–t 
ECP, MPO, IL-5, IL-13 and IFN-γ in the cultures, respectively. Nor-
mal normal subjects, IL-33-treated IL-33-treated tissue samples, 
CRSsNP CRSsNP patients, CRSwNP CRSwNP patients **p < 0.01 vs 
CRSsNP; ****p < 0.0001 vs IL-33-treated or CRSsNP
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(Fig.  5a–e). Not surprisingly, productions of MPO and 
IFN-γ were upregulated remarkably in NP tissues after 
IL-17 treatment (Fig. 5q, t). The increase of neutrophil 
infiltrate in CRSwNP vs CRSsNP contributed to the further 
aggregation of Th1-type inflammation. The present study 
indicates that Th1-type inflammation is exacerbated in neu-
trophilic CRSsNP and CRSwNP after rmIL-17 administra-
tion in vitro.

Discussion

According to a proposal for uniform nomenclature, ILCs 
populations are classified as three subset groups on the 
basis of their phenotypical and functional characteristics 
[21]. Group 1 (ILC1s) comprises ILCs that produce IFN-γ 
[22]. Group 2 comprises ILCs that produce type-2 cytokines 
including IL-5 and IL-13 and are dependent on GATA3 and 
retinoic acid receptor related orphan receptor-α (RORα) 

for their development and function [23]. Group 3 (ILC3s) 
includes all ILC subtypes that produce IL-17 and/or IL-22 
and depend on the transcription factor RORγt for their 
development and function [24]. ILC2s are widely concerned 
about their pathogenicity in CRS recently, however, to our 
best knowledge, few reports involve functions and cellular 
activities of ILC1s and ILC3s in airway inflammation.

In current opinions, the underlying pathophysiologic 
mechanisms of CRS mainly lie in an immune dysfunction 
of the sinus mucosa, as a disordered interface between the 
host and the environment, with contributions from environ-
mental damage and antigens [25]. The eosinophilic endotype 
of CRSsNP and CRSwNP have been correlated to a skewed 
Th2 immune response through eosinophilic inflammation 
primarily mediated by IL-5 and IL-13 cytokines [26]. ILC2s 
promote Th2 inflammation, even in the absence of Th2 cells, 
which highlights a potential role within the etiological mech-
anisms of CRS [27–29]. An interesting study investigated 
the role of ILC2s in eosinophilic CRS, but did not refer to 

Fig. 5  Inflammatory mediators after human recombinant interleu-
kin (IL)-17 treatment in tissue cultures from normal subjects (n = 8), 
chronic rhinosinusitis without nasal polyps (CRSsNP) (n = 11) and 
chronic rhinosinusitis with nasal polyps (CRSwNP) patients (n = 11). 
a–e Eosinophil cation protein (ECP), myeloperoxidase (MPO), IL-5, 
IL-13 and interferon (IFN)-γ in the cultures from normal subjects, 
respectively. f–j ECP, MPO, IL-5, IL-13 and IFN-γ in the cultures 

from CRSsNP patients, respectively. k–o ECP, MPO, IL-5, IL-13 and 
IFN-γ in the cultures from CRSwNP patients, respectively. p–t ECP, 
MPO, IL-5, IL-13 and IFN-γ in the cultures, respectively. Normal 
normal subjects, IL-17-treated IL-17-treated tissue samples, CRSsNP 
CRSsNP patients, CRSwNP CRSwNP patients ****p < 0.0001 vs IL-
17-treated or CRSsNP
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the neutrophilic endotype of CRS [14]. Therefore, we con-
ducted a research to examine the function of ILC2s in the 
pathogenesis of neutrophilic CRS.

Firstly, we confirmed the endotype of CRS includ-
ing CRSsNP and CRSwNP in the study as a neutrophilic 
inflammation condition through immunofluorescence micro-
scopic analysis. Then, the data presented in this research 
showed significantly elevated ILC2 frequencies and per-
centages in patients with CRSsNP and CRSwNP compared 
with normal controls, just as described in previous stud-
ies [12]. The results affirmed the activation of nasal epi-
thelium in response to environmental damage [30]. As a 
result, the nasal epithelial cells released IL-25 and IL-33 
to activate ILC2s located in the nasal mucosa, which pro-
moted allergic inflammation in the nose and sinus mucosa. 
IL-33-responsive ILC2s are an important source of IL-13 
in CRSwNP [28], and this cytokine regulates the develop-
ment and function of ILC2s in Th2-mediated inflammatory 
conditions such as eosinophilic CRSsNP and CRSwNP [31, 
32]. The outcomes from our study demonstrated enhance-
ments of IL-25 and IL-33 in the tissue cultures. However, 
there were no significant differences in contents of IL-25 and 
IL-33 between two endotypes of CRS. As a consequence, 
productions of type-2 cytokines IL-5 and IL-13 were also 
not changed statistically in CRSwNP when compared to 
CRSsNP. These results implied that airway epithelium might 
regulate innate Th2-type reactions on the basis of the CRS 
endotypes. The underlying mechanisms are needed to be 
investigated further.

To approve whether ILC2s could be activated in Th1 
inflammatory condition, we administered rmIL-33 into 
the cultures. The study displayed that ECP, IL-5 and IL-13 
were upregulated in response to rmIL-33 in CRSsNP and 
CRSwNP. However, MPO and IFN-γ were not increased sta-
tistically. Significantly, there were no statistical differences 
between CRSsNP and CRSwNP groups. Consequently, we 
deduced that ILC2s can be activated by rmIL-33 in vitro, 
and nasal epithelium might modulate the type 1- or 2-biased 
inflammations through releases of inflammatory factors 
based on its activation by external antigens.

The data also showed that productions of MPO, IFN-γ 
and IL-17 were elevated in CRSsNP and CRSwNP tissue 
cultures compared to normal tissues, and these inflamma-
tory mediators were enhanced in CRSwNP vs CRSsNP. This 
result suggested that Th1-type inflammation was initiated 
not only in neutrophilic CRSsNP but also in neutrophilic 
CRSwNP [18], and this type inflammation was more severe 
in CRSwNP patients because of increased neutrophilia in 
NP.

IFN-γ (Th1 cytokine) and IL-17 (Th17 cytokine) were 
revealed to play a significant role in regulating inflam-
mation, modulating airway structural cells and stimulat-
ing innate immunity to mediate neutrophil recruitment in 

asthma and other airway diseases [33]. IFN-γ and IL-17 
showed a significant disruption of the epithelial barrier, 
increased paracellular permeability, which indicated that 
these two cytokines might contribute to the development 
of CRS by promoting a leaky mucosal barrier [34, 35].

IL-17A was reported to induce both eosinophilic and 
neutrophilic inflammation, however, other studies demon-
strated that IL-17A-induced inflammation did not influ-
ence the development of NP in murine model [36]. There-
fore, we further assessed the role of IL-17 in CRSsNP and 
CRSwNP. After the treatment of rmIL-33, MPO and IFN-γ 
in cultures were not enhanced statistically in the two endo-
types of CRS, which illustrated that type-2 cytokine could 
not accelerate nasal mucosa inflammation in CRS in the 
study. That is to say, epithelial cells-derived IL-33 did not 
contribute to neutrophilic type inflammation in the devel-
opment of CRS. IL-17 were shown to increase elastase 
and MPO activity associated with neutrophil recruitment 
in airways in vivo [37]. Thus we applied IL-17 into the 
tissue cultures to evaluate the role of Th17 cytokine on 
Th1 type inflammation in the present study. The results 
revealed that ECP, IL-5 and IL-13 were not modified sig-
nificantly whether in CRSsNP or CRSwNP. Nevertheless 
MPO and IFN-γ were elevated greatly in these endotypes 
of CRS. Furthermore, expressions of MPO and IFN-γ were 
upregulated prominently in NP tissues after IL-17 stimula-
tion. The increasing neutrophil infiltrate in CRSwNP vs 
CRSsNP might lead to the further aggregation of Th1-
type inflammation. Hence, this study suggested that IL-17 
could exacerbate the neutrophilic inflammation through 
boosting neutrophils activities.

Conclusion

In conclusion, ILC2s represent a significant new area of 
research for the understanding of the pathogenesis of eosino-
philic type CRS, but did not influence neutrophilic endotype 
CRSsNP and CRSwNP. It should be emphasized that this 
is a preliminary analysis in only few patients, and that the 
relevant significance is derived from an exploratory study. 
A confirmatory analysis should be further performed based 
on a larger patient population.
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