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INTRODUCTION

Rhinitis is a common upper airway disease in which the 
pathogenesis reflects a complex interaction of genetic and en-
vironmental factors. In recent years, the classic paradigm of 
Th1/Th2 immunity has evolved to include a novel Th-cell sub-
set expressing interleukin (IL)-17. These Th17 cells are involved 
in several immune-mediated diseases, including inflammatory 
bowel disease, asthma, and rhinitis.1 

Increased IL-17 expression has been reported in many aller-
gic diseases, including allergic rhinitis (AR). The IL-17A level 
and the Th17 cell number in the peripheral blood are increased 
in patients with AR and the serum IL-17 level correlates with 
symptom severity.2,3 In addition, IL-17A has been suggested to 
contribute to the development of allergic diseases by enhanc-
ing neutrophil recruitment to sites of airway inflammation.4 

As human experimentation is ethically difficult, many animal 
models have been developed to provide insights into disease 
pathogenesis and drug development. A well-established mu-

rine model featuring nasal delivery of ovalbumin (OVA)/alum 
is commonly used to study Th2 inflammation of both the upper 
and lower airways. However, no model of Th17-mediated in-
flammatory rhinitis is yet available, although an established 
asthma model uses polyinosinic-polycytidylic acid (abbreviat-
ed as Poly(I:C)) to trigger lower airway disease.5-7 

Here, we hypothesized that allergen sensitization with 
Poly(I:C) would induce an IL-17-dominant immune response 
in the upper airway. We developed an IL-17- and neutrophil-
dominant model of mouse rhinitis and characterized its immu-
nological features. 
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Interleukin (IL)-17 plays an important role in rhinitis and the level thereof correlates with the severity of disease. However, no mouse model for IL-
17-dominant rhinitis has yet been developed. Our objective was to establish a mouse model of IL-17-dominant rhinitis via intranasal application of 
polyinosinic-polycytidylic acid (abbreviated as Poly(I:C)). Mice were divided into 6 groups (n=8 for each group); 1) 1 negative control group, 2) 1 posi-
tive control group (OVA/alum model), 3) 2 Poly(I:C) groups (10 or 100 µg), and 4) 2 OVA/Poly(I:C) groups (10 or 100 µg). The positive control group was 
treated with the conventional OVA/alum protocol. In the Poly(I:C) and OVA/Poly(I:C) groups, phosphate-buffered saline or an OVA solution plus 
Poly(I:C) were administered. The OVA/Poly(I:C) groups exhibited significantly greater neutrophil infiltration and increased IL-17/interferon γ expres-
sion compared with the other groups. However, the levels of total immunoglobulin E (IgE), OVA-specific IgE, eosinophil infiltration, IL-4, IL-5, IL-6, and 
IL-10 were significantly lower in the OVA/Poly(I:C) groups than in mice subjected to conventional Th2-dominant OVA/alum treatment (the positive 
control group). IL-17 and neutrophil measurement, chemokine (C-X-C motif) ligand 1 immunohistochemistry, and confocal microscopy revealed in-
creased numbers of IL-17-secreting cells in the nasal mucosa of the OVA/Poly(I:C) groups, which included natural killer cells, CD4 T cells, and neu-
trophils. In conclusion, we developed a mouse model of IL-17-dominant rhinitis using OVA together with Poly(I:C). This model will be useful in re-
search on neutrophil- or IL-17-dominant rhinitis.
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MATERIALS AND METHODS

Experimental protocol
Forty-eight female BALB/c mice (4 weeks of age 18-20 g; Nara 

BioTech, Seoul, Korea) were divided into 6 groups (n=8 for each 
group); 1) 1 negative control group, 2) 1 positive control group 
(OVA/alum model), 3) 2 Poly(I:C) groups (10 or 100 µg), and 4) 
2 OVA/Poly(I:C) groups (10 or 100 µg) (Fig. 1A). The positive 
control group was injected with OVA and alum mixtures intra-
peritoneally on day 1, 7, and 14 for sensitization. The negative 
control group was injected with phosphate-buffered saline 
(PBS) instead of OVA and alum. In the Poly(I:C) or OVA/Poly(I:C) 
groups, PBS or OVA/Poly(I:C) mixtures were administered via 
the intranasal route on days 1, 2, 3, 7, and 14 and PBS or OVA 
were administered intranasally on days 14 to 21 for challenge. 
Mice were sacrificed via cervical dislocation on day 21. The com-
mittee on the use and care of animal approved all animal exper-
iments and we followed strict governmental and international 
guidelines on animal experimentation (DKU-2014-039).

Symptom score and tissue preparation
After the final OVA challenge on day 21, a blinded observer re-

corded the frequencies of sneezing and nasal rubbing for 15 
minutes. The mice were sacrificed 24 hours after the last OVA 
challenge and tissue samples were collected (nasal mucosa 
sampling n=4; histologic samples n=4 for each group). The de-
tailed procedure was described in our previous report.8

Serum total immunoglobulin E (IgE) and OVA-specific IgE, 
immunoglobulin G (IgG)1, and IgG2a

The serum levels of total and OVA-specific IgE were measured 
by solid-phase enzyme-linked immunosorbent assay (ELISA). 
The detailed procedure was described in our previous report.8

Assessment of eosinophil infiltration
The nasal septum histology was evaluated using standard Sir-

ius red staining. The detailed procedure was described in our 
previous report.8

Measurement of cytokines (IL-4, IL-5, IL-6, IL-10, and 
interferon [IFN]-γ)

Cytokines were measured using ELISA. The detailed proce-
dure was described in our previous report.8

Quantitative real-time polymerase chain reaction (qRT-PCR) 
analysis of the systemic cytokine profiles

Corresponding primers and probes for the cytokines are list-
ed in Table and the detailed procedure was described in our 
previous report.8

Immunohistochemistry (IHC)
Nasal mucosa sections were immunostained with natural kill-

er (NK) cell marker (NKp46, 1:200; Biorbyt, Cambridge, UK), 
neutrophil marker (NIMP-R14, 1:100; Abcam, Cambridge, MA, 
USA), IL-17 (1:100; LSbio, Seattle, WA, USA), chemokine ligand 
1 (CXCL1, GRO alpha, 1:1,000; Abcam), CD4 (1:200; Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) using the avidin-biotinyl-
ated-horseradish peroxidase (HRP) complex kits (Vector Labo-
ratories, Burlingame, CA, USA). The detailed procedure was 
described in our previous report.8

Confocal microscopy
Dual immunofluorescent staining was performed to identify 

IL-17 expressing cells using IL-17, NKp46, NIMP-R14, CD4, and 
major basic protein (MBP) for eosinophil antibody. The follow-
ing primary antibodies were used: IL-17 (1:100; LSbio and 
1:100; Abcam), NKp46 (1:200; Biorbyt), neutrophil (1:100; Ab-
cam), CD4 (1:100; Santa Cruz Biotechnology), MBP (1:100; Ab-
cam), Alexa Fluor 488 (1:200; Life Technologies, Carlsbad, CA, 
USA), biotinylated anti rat (1:100; Vector Laboratories), and 
streptavidin-Cy3 (1:100; Sigma-Aldrich, St. Louis, MO, USA).

Statistical analysis
All statistical analyses were performed using GraphPad Prism 

4 software (GraphPad Software, San Diego, CA, USA). Results 
are expressed as the mean±standard error of mean (SEM). A 
Mann-Whitney U test was used to compare results between 
groups. A P value of <0.05 was considered statistically signifi-
cant.

RESULTS

Symptom score
The rubbing and sneezing symptom scores were significantly 

higher in the positive control group than in the negative control 
group. The Poly(I:C)-alone and OVA/Poly(I:C) (10 μg) groups 
had lower symptom scores than the positive control group. 
However, the OVA/Poly(I:C) (100 μg) group had symptom 
scores similar to those of the positive control group (P>0.05; 
Fig. 1B).

Table. List of gene-specific TaqMan probes for qRT-PCR

Gene TaqMan primer assay ID Amplicon length

IL-4 Mm00445258_g1 63
IL-5 Mm01290072_g1 133
IL-6 Mm00446190_m1 78
IL-10 Mm00439616_m1 85
IFN-γ Mm99999071_m1 63
IL-17A Mm00439618_m1 80
GAPDH Mm03302249_g1 70

qRT-PCR, quantitative real-time polymerase chain reaction; IL, interleukin; IFN, 
interferon; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Fig. 1. (A) Protocol for the induction of AR with OVA and Poly(I:C) in mice. The mice were divided into 6 groups: 1) 1 negative control group, 2) 1 positive control group 
(OVA/alum model), 3) 2 Poly(I:C) groups (10 or 100 µg), and 4) 2 OVA/Poly(I:C) groups (10 or 100 µg). The positive control group was injected with OVA and alum mix-
tures intraperitoneally (i.p.) on days 0, 7, and 14 for sensitization. In Poly(I:C) or OVA/Poly(I:C) groups, PBS/Poly(I:C) or OVA/Poly(I:C) mixtures were treated intranasal-
ly (i.n.) on days 0, 1, 2, 7, and 14. For challenge, PBS or OVA were administered intranasally on days 14 to 21. (B) Symptom score of nasal rubbing and sneezing for 15 
minutes. (C) The total and OVA-specific immunoglobulin (IgE, IgG1, and IgG2a) levels in the serum. AR, allergic rhinitis; OVA, ovalbumin; Poly(I:C), polyinosinic-poly-
cytidylic acid; PBS, phosphate-buffered saline; Ig, immunoglobulin. *P<0.05; **P<0.01; ***P<0.001.
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Immunoglobulin levels 
We assessed the effects of Poly(I:C) treatment on humoral im-

munity (Fig. 1C). The positive control group had higher serum 
total IgE, OVA-specific IgE, IgG1, and IgG2a levels than the neg-
ative control group. The total and OVA-specific IgE levels were 
significantly lower in the Poly(I:C) and OVA/Poly(I:C) groups 
than in the positive control group (P<0.001 for both compari-
sons). However, the OVA/Poly(I:C) (100 μg) group had an OVA-
specific IgG1 level similar to that of the positive control group 
and an elevated OVA-specific IgG2a level (P=0.04 for both). To-
gether, the data showed that neither Poly(I:C) nor OVA/
Poly(I:C) had a notable effect on the levels of total or OVA-spe-
cific IgE.

Eosinophils, neutrophils, and IL-17A-expressing cells in the 
nasal mucosa

The eosinophil count was significantly higher in the positive 
control group than in the negative control group. The eosino-
phil counts were significantly lower in the Poly(I:C) and OVA/
Poly(I:C) groups than in the positive control group (Fig. 2A). 
However, the neutrophil counts in the OVA/Poly(I:C) groups 
increased significantly, in a dose-dependent manner (Fig. 2B). 
As IL-17A is known to induce neutrophil infiltration, we count-
ed the numbers of IL-17A-producing cells. Such cells increased 
significantly in number in the OVA/Poly(I:C) (100 μg) group 

(Fig. 2C), showing that OVA/Poly(I:C) induced neutrophil infil-
tration and IL-17A production in the nasal mucosa.

Nasal expression of mRNAs encoding cytokines in Poly(I:C)-
treated mice

The levels of mRNAs encoding IL-4 and IL-6 in the nasal mu-
cosa were significantly lower in the OVA/Poly(I:C) groups com-
pared with the positive control group (Fig. 3A). The levels of 
mRNA encoding IL-5 were similar in the OVA/Poly(I:C) (100 
μg) and the positive control groups. The levels of mRNA encod-
ing IL-10 did not differ significantly among the groups. Notably, 
the levels of mRNA encoding IL-17 was significantly increased 
in the OVA/Poly(I:C) (100 μg) group, consistent with the immu-
nohistochemical findings (Figs. 2C and 3A). The levels of 
mRNA encoding interferon (IFN)-γ were somewhat increased 
in the OVA/Poly(I:C) groups compared with the other groups, 
but statistical significance was not attained (P>0.05 for all). 

The systemic cytokine profile in Poly(I:C)-treated mice
The systemic cytokine profiles derived from spleen culture 

were similar to those of the nasal mucosa (Fig. 3B). The levels of 
IL-4, IL-5, IL-6, and IL-10 were significantly increased in the 
OVA/Poly(I:C) groups, but remained lower than those of the 
positive control group. The OVA/Poly(I:C) groups exhibited sig-
nificant increases in IL-7 and IFN-γ levels compared with the 

Fig. 2. Histological staining for inflammatory and IL-17A-producing cells in the nasal mucosa. (A) Eosinophil counts in the nasal mucosa (×400 magnification, Sirius 
red staining).� (Continued to the next page)
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Fig. 2. Continued. (B) Neutrophil counts in the nasal mucosa (×400 magnification, IHC with NIMP-R14 antibody), and (C) IL-17A producing cell counts in nasal tis-
sues (×400, IHC with IL-17A antibody). IL, interleukin; IHC, immunohistochemistry. *P<0.05; **P<0.01.
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Fig. 3. (A) Local cytokine production in the nasal mucosa, mRNA expression (IL-4, IL-5, IL-6, IL-10, IL-17, and IFN-γ). (B) Systemic cytokine production from spleen cell 
culture. IL, interleukin; IFN, interferon. *P<0.05; **P<0.01; ***P<0.001.
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Fig. 4. IHC of (A) NKp46 and (B) CXCL1 (both ×400 magnification). IHC, immunohistochemistry; CXCL1, chemokine ligand 1. *P<0.05; **P<0.01; ***P<0.001.
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positive control. Although the differences between the nasal 
mucosal and splenocytic expression levels were small, the 
OVA/Poly(I:C) groups synthesized less Th2 cytokines and more 
Th1 and Th17 cytokines compared with the group challenged 
with OVA only.

Chemokine (C-X-C motif) ligand 1 (CXCL1) and NKp46 
expression levels in Poly(I:C)-treated mice 

IL-17 is produced principally by natural killer (NK) cells6 and 
CXCL1 is an important neutrophil chemoattractant.9 We thus 
evaluated NK cell infiltration and CXCL1 expression immuno-
histochemically. The positive control expressed little of the NK 
cell marker NKp46, whereas the OVA/Poly(I:C) (100 μg) group 
exhibited markedly higher expression (Fig. 4A), suggesting that 
NK cells might be associated with OVA/Poly(I:C)-induced in-
flammation, being the source of IL-17. We next showed that the 

OVA/Poly(I:C) high-dose group expressed a high level of the 
neutrophil chemoattractant CXCL1 (Fig. 4B).

Identification of IL-17-producing cells in the mucosal tissue of 
Poly(I:C)-treated mice

We used double immunofluorescence staining with antibod-
ies against NKp46 (Fig. 5A), CD4 (Fig. 5B), NIMP-R14 (Fig. 5C), 
and the major basic protein (MBP) of eosinophils (Fig. 5D). 
Confocal microscopy showed that NK cells, neutrophils, and 
CD4+ cells colocalized with IL-17. However, few MBP-express-
ing cells colocalized with IL-17. Thus, IL-17 may be produced 
by NK cells, CD4+ T cells, and/or neutrophils.

DISCUSSION

We developed a neutrophil-dominant murine model of AR 

Fig. 5. Immunofluorescent double staining with (A) IL-17 (red)/NKp46 (green), (B) IL-17 (green)/CD4 (red), (C) IL-17 (green)/NIMP-R14 (red), and (D) IL-17 (red)/MBP 
(green) in the nasal mucosa. Blue indicates DAPI nuclear counterstaining. Orange colored portion in merged image means double positive cells. IL, interleukin; MBP, 
major basic protein; DAPI, 4’,6-diamidino-2-phenylindole.

A

C

B

D

IL-17

IL-17

IL-17

IL-17

IL-17 and NKp46 double stain (IF)

IL-17 and NIMP-R14 double stain (IF)

IL-17 and CD4 double stain (IF)

IL-17 and MBP double stain (IF)

NKp46

NIMP-R14 

CD4

MBP

DAPI

DAPI

DAPI

DAPI

Merged

Merged

Merged

Merged



Bae et al.

Allergy Asthma Immunol Res. 2017 November;9(6):540-549.  https://doi.org/10.4168/aair.2017.9.6.540

Volume 9, Number 6, November 2017

548    http://e-aair.org

via nasal instillation of Poly(I:C)-OVA, associated with in-
creased IL-17 expression. Compared with the conventional 
OVA/alum model, our new model exhibits less of a Th2 pheno-
type (eosinophil infiltration and expression of Th2 cytokines, 
including IL-4 and IL-5) and a greater Th17-associated inflam-
matory response.

To date, most murine AR models have been Th2-driven eo-
sinophil-dominant in nature;10-12 few studies have described 
Th1- or Th17-dominant models. The OVA/alum combination 
is the most commonly used allergen/adjuvant pair driving the 
development of Th2-predominant AR in animals. However, AR 
is a disease spectrum; the etiologies vary. Both Th1 and Th17 
responses may play important roles.13,14 In addition, the etiolo-
gy of non-allergic rhinitis remains unclear. Our new Th17-driv-
en neutrophil-dominant model will aid in exploration of the 
mechanisms of rhinitis.

Poly(I:C) is a synthetic analog of double-stranded RNA, thus 
mimicking the replication intermediates present in cells infect-
ed with RNA viruses.15 Generally, Poly(I:C) induces significant 
increases in mucosal neutrophil levels in animal models of 
asthma,16,17 hepatitis,18 and cholangitis.19 However, to the best of 
our knowledge, our rhinitis model is the first to use Poly(I:C). 
OVA/Poly(I:C) administration increased IL-17 production, con-
sistent with other studies.20-23 IL-17 plays an important role in 
chronic inflammatory diseases, including upper airway condi-
tions,20 triggering neutrophilic inflammation by inducing the 
production of neutrophil chemoattractants including CXCL8, 
CXCL1, and CXCL6.21-23 We found that the level of CXCL1 was 
elevated in the OVA/Poly(I:C) groups; CXCL1 may recruit neu-
trophils to the nasal airway.

OVA/Poly(I:C) also elevated the level of the Th1 cytokine 
IFN-γ, which is also thought to contribute to neutrophil infiltra-
tion of the nasal mucosa. In an asthma model, neutrophil infil-
tration induced by Poly(I:C) required both IFN-γ and IL-17, 
showing that IFN-γ contributed to such infiltration.24 

Airway neutrophil numbers are associated with disease sever-
ity and treatment resistance of chronic inflammatory respirato-
ry diseases including asthma.25-27 In asthmatics, IL-17 increases 
disease severity by triggering neutrophilic tissue inflammation, 
mucus production, and angiogenesis. However, any role of IL-
17 in AR remains poorly understood; any association between 
IL-17 and AR severity requires further research. Some authors 
claim that the serum IL-17 level is associated with the clinical 
severity of AR.2 Our new model can thus be used to study the 
pathogenesis of rhinitis.

We used confocal microscopy to show that NK cells, neutro-
phils, and CD4+ T cells produced IL-17, consistent with previ-
ous reports. Several immune cells have been shown to produce 
IL-17; these include Th2 cells,28 macrophages,29 mast cells,30 
neutrophils,31 and NK cells.32  

In summary, we used Poly(I:C) to establish an IL-17-domi-
nant murine rhinitis model which will be useful for further 

study of rhinitis. The neutrophil infiltration observed was de-
pendent on IL-17; inhibition of IL-17 production may aid in rhi-
nitis treatment. 
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