
Local expression of interleukin-17a is correlated with nasal
eosinophilia and clinical severity in allergic rhinitis

Seiichiro Makihara, M.D., Mitsuhiro Okano, M.D., Tazuko Fujiwara, B.S., Yohei Noda, M.D.,
Takaya Higaki, M.D., Tomomi Miyateke, M.D., Kengo Kanai, M.D., Takenori Haruna, M.D.,
Shin Kariya, M.D., and Kazunori Nishizaki, M.D.

ABSTRACT

Interleukin (IL)-17A is a major cytokine produced by Th17 cells, which are associated with chronic inflammations. The local
expression of IL-17A in allergic rhinitis (AR) remains to be characterized. We sought to determine the role of IL-17A expression
in human inferior turbinate mucosa in the pathophysiology of AR. Inferior turbinate mucosa was sampled from medical
treatment–resistant, surgery-required patients with perennial AR (PAR, n � 21), nonallergic rhinitis with eosinophilia
syndrome (NARES, n � 7), and nonallergic hypertrophic rhinitis (HR, n � 13). IL-17A expression was determined with
immunohistochemical staining. The mean number of IL-17A� cells and eosinophils per field were counted. Total serum
immunoglobulin E (IgE) levels, blood eosinophil count, and forced expiratory volume in 1 second (FEV1)/forced vital capacity
(FVC) ratio were also examined in each patient. IL-17A was primarily expressed in infiltrating inflammatory cells. The number
of IL-17A� cells in nasal mucosa was significantly higher in the PAR group compared with HR (p � 0.002) and NARES (p �
0.021) groups. There was a significant and positive correlation between the number of IL-17A� cells and total nasal symptom
score (rho � 0.403; p � 0.011), especially sneezing score (rho � 0.471; p � 0.003). The number of IL-17A� cells was
significantly and positively correlated with the degree of eosinophil infiltration (rho � 0.623; p � 0.001), but not with total
serum IgE levels (rho � 0.284; p � 0.098), blood eosinophil counts (rho � 0.302; p � 0.056), or FEV1/FVC ratio (rho � 0.092;
p � 0.569). The present study provides evidence that IL-17A expression in the nasal mucosa is associated with the
pathophysiology of AR, including disease severity and nasal eosinophilia.

(Allergy Rhinol 5:e22–e27, 2014; doi: 10.2500/ar.2014.5.0078)

Allergic rhinitis (AR) is the inflammation of nasal
mucosa, and allergen-specific CD4� Th2 cells,

which produce interleukin (IL)-4, IL-5, IL-13, and IL-
31, are believed to play a central role in its pathogen-
esis.1,2 Other CD4� T-cell subsets, including Th1, Tr1,
and Treg cells, can regulate Th2 responses and inflam-
mation of AR.3–5 Recently, Th17 cells were character-
ized as a distinct lineage of CD4� T cells and were
found to be associated with autoimmune diseases and
involved in the protection against microbial infections
and chronic inflammation.6,7

IL-17A is a proinflammatory cytokine synthesized by
Th17 cells.6 IL-17A acts on a broad range of respiratory
cells to induce the expression of cytokines, chemo-

kines, matrix metalloproteinase proteins, and mucus
proteins.8,9 For example, we have recently reported
that IL-17A expression is associated with eosinophilic
inflammation in chronic rhinosinusitis (CRS) both in
vivo and ex vivo.10

Research on the role of IL-17A in the pathogenesis of
AR has accumulated.11–19 Ciprandi et al. showed that
serum concentrations of IL-17A are significantly ele-
vated in patients with AR compared with healthy con-
trols, and a significant positive relationship between
serum IL-17A levels and symptom severity was ob-
served.11,12 They also found that peripheral blood mono-
nuclear cells from AR patients have higher frequencies of
IL-17A producing T cells and CD161� circulating T cells
compared with those from normal subjects.13,16 Neimi-
nen et al. indicated that specific allergen-induced IL-17A
mRNA expression in peripheral blood mononuclear cells
of pediatric patients with AR was significantly and pos-
itively correlated with the symptom–medication score.14

Additionally, Xu et al. showed that IL-17A levels in
nasal lavages of patients with AR were significantly
higher compared with those of controls. They further
indicated that IL-17A enhanced CCL-20 and IL-8 ex-
pression in human nasal epithelial cells.15 More re-
cently, Baumann et al. found a significant increase of
IL-17A in the nasal lavages of patients with seasonal
AR after nasal allergen challenge.20 On the other hand,
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Groger et al. showed that elevated levels of IL-17A in
nasal secretions were found in patients with nonaller-
gic rhinitis with eosinophilia syndrome (NARES) com-
pared with healthy controls as well as AR.17 Mouse
models have shown that IL-17A contributes to the
development and regulation of AR.18,19,21 However,
local IL-17A expression in AR remains to be character-
ized.

In the present study, we sought to determine the
expression of IL-17A in human inferior turbinate mu-
cosa and compared the expression between patients
with AR and nonallergic rhinitis. Furthermore, we an-
alyzed the correlations between IL-17A expression in
nasal mucosa and various pathophysiological param-
eters. We believe that the results presented here may
provide insight into the role of IL-17A and Th17 in the
pathophysiology of AR.

MATERIALS AND METHODS

Patients
Twenty-one Japanese patients with perennial AR

(PAR), 7 patients with NARES, and 13 patients with
nonallergic hypertrophic rhinitis (HR) were enrolled in
the study. All of them presented with persistent nasal
obstruction, were resistant to medical treatment, and
underwent endoscopic nasal surgery (inferior turbinec-
tomy with or without septoplasty). PAR and NARES
were defined based on the Practical Guideline for Man-
agement of Allergic Rhinitis in Japan.22 Patients having
CRS were excluded. All of the PAR patients were sensi-
tized with Dermatophagoides farinae, as confirmed by the
presence of specific immunoglobulin E (IgE) antibodies
(range, 0.55 to �100 UA/mL; mean, 42.22 � 40.54 UA/
mL), which were detected via an ImmunoCAP kit (Ph-
adia AB, Uppsala, Sweden). Conversely, HR patients
did not show nasal eosinophilia or sensitization to
airborne allergens related to the symptoms. Three pa-
tients with PAR were asthmatic, and no patients had
aspirin sensitivity. None of the participants received

systemic steroid treatment for a period of at least 8
weeks before surgery, and none received pharmaco-
therapy for rhinitis, such as intranasal steroids, for a
period of at least 3 weeks before surgery. Patients
treated with allergen-specific immunotherapy were ex-
cluded. Before surgery, we examined the total serum
IgE levels, blood eosinophil count, and forced expira-
tory volume in 1 second/forced vital capacity ratio in
each patient. The severity of nasal symptoms was
graded according to the criteria outlined by Okuda et
al., in which three nasal symptoms (i.e., sneezing, rhi-
norrhea, and nasal congestion) were rated on a 4-point
scale from 0 to 3 (0 � no symptoms, 1 � minimal,
well-tolerated symptoms, 2 � bothersome but toler-
ated symptoms, 3 � severe and hard to tolerate symp-
toms).23 The clinical characteristics of the patients are
presented in Table 1. All patients provided informed
consent before their participation, and the study was
approved by the Human Research Committee of the
Okayama University Graduate School of Medicine and
Dentistry.

Immunohistochemistry
During surgery, the mucosa of the inferior turbinate

was sampled from all of the patients. We performed
immunohistochemical staining for IL-17A, according
to a previously described protocol.22 Briefly, 4-�m sec-
tions were collected from paraffin-embedded tissue
blocks, deparaffinized, and rehydrated. The sections
were incubated with trypsin for antigen retrieval and
primary antibody, including 1:50 diluted rabbit anti-
human IL-17A polyclonal antibody (H-132; Santa Cruz
Biotechnology, Santa Cruz, CA) or control serum (Uni-
versal Negative Control; Dako Japan, Tokyo, Japan), at
4°C overnight. A Histofine MAX-PO(R) (Nichirei Bio-
science, Tokyo, Japan) with diaminobenzidine sub-
strate was used according to the manufacturer’s in-
structions. The sections were then nuclear stained with
hematoxylin and examined under a light microscope.

Table 1 Subject characteristics

HR NARES PAR

No. of patients 13 7 21
Sex (male/female) 11/2 6/1 16/5
Age (yr) 37 (24–57) 44 (21–58) 31 (20–57)
CAP titer to Dermatophagoides farinae (UA/mL) 0 (0–0) 0 (0–0) 42.2 (0.55 to �100)
Total IgE (IU/mL) 77 (5–182) 149 (36–280) 1139 (24–9831)
Blood eosinophil (�L�1) 171 (68–610) 156 (34–305) 409 (37–1754)
FEV1/FVC ratio 82 (70–100) 82 (72–92) 86 (67–100)
Patients with asthma 0 0 3

HR � hypertrophic rhinitis; NARES � nonallergic rhinitis with eosinophilic syndrome; PAR � perennial allergic rhinitis;
IgE � immunoglobulin E; FEV1 � forced expiratory volume 1 s; FVC � forced vital capacity.
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Positive-stained cells were counted in five fields at
high power (10 � 40), where the highest cellular infil-
tration was observed. The mean number of positive
cells was then determined. Additionally, sections were
stained with hematoxylin and eosin, and the number of
eosinophils that had infiltrated into the nasal mucosa
was counted in the same manner.

Statistical Analysis
Values are presented as median values. A nonpara-

metric Mann-Whitney U test was used for comparing
data between groups. A correlation analysis was per-
formed using a nonparametric Spearman’s correlation
coefficient by rank. A value of p � 0.05 was considered
statistically significant. Statistical analyses were per-
formed using StatView software (Version 4.5; Abacus
Concepts, Berkeley, CA).

RESULTS

Local Expression of IL-17A in Nasal Mucosa
We immunohistochemically examined the expres-

sion and distribution of IL-17A in the nasal mucosa of
inferior turbinate. IL-17A protein was primarily ex-
pressed in infiltrating inflammatory cells, but not epithe-

lial cells, vascular endothelial cells, glands, or fibroblasts.
The expression levels of IL-17A were determined in every
group, with a greater expression observed in the PAR
group versus the HR and NARES groups (Fig. 1). The
number of IL-17A� cells in the nasal mucosa was sig-
nificantly higher in the PAR group compared with HR
(p � 0.002) and NARES (p � 0.021) groups. Conversely,
the number was similar between the HR and NARES
group (p � 0.843; Fig. 2).

Pathophysiological Significance of IL-17A
Expression in Nasal Mucosa

A significant and positive correlation was seen be-
tween the number of IL-17A� cells in the nasal mucosa
and total nasal symptom score, which was determined
from the sum of sneezing, rhinorrhea, and congestion
scores (� � 0.403; p � 0.011; Fig. 3 A). In detail, the
sneezing score per se was significantly and positively
correlated with the number of IL-17A� cells (� � 0.471;
p � 0.003; Fig. 3 B), whereas the rhinorrhea (� � 0.291;
p � 0.066; Fig. 3 C) and congestion (� � 0.206; p �
0.192; Fig. 3 D) were not.

The number of IL-17A� cells did not correlate with
total serum IgE levels (� � 0.284; p � 0.098; Fig. 3 E),
blood eosinophil counts (� � 0.302, p � .056, Fig. 3
F), or forced expiratory volume in 1 second/forced
vital capacity ratio (� � 0.092; p � 0.569; Fig. 3 G).
However, the degree of eosinophil infiltration into
the nasal mucosa was significantly and positively

Figure 1. Immunohistochemical staining of interleukin (IL)-17A
in nasal mucosa from a patient with (A and B) nonallergic hyper-
trophic rhinitis (HR), (C and D) nonallergic rhinitis with eosino-
philia syndrome (NARES), and (E and F) perennial allergic rhini-
tis (PAR). Sections were reacted with rabbit polyclonal antibody
against (B, D, and F) IL-17A (A, C, and E) or control after which
they were stained using a Histofine MAX-PO (Nichirei Bioscience,
Tokyo, Japan) with a diaminobenzidine substrate. Arrows indicate
IL-17� cells (scale bar � 20 �m).

Figure 2. Comparison of numbers of interleukin (IL)-17A� cells in
the nasal mucosa among patients with nonallergic hypertrophic
rhinitis (HR), nonallergic rhinitis with eosinophilia syndrome
(NARES), and perennial allergic rhinitis (PAR). The rectangle
includes the range from the 25th to the 75th percentiles, the
horizontal line indicates the median, and the vertical line indicates
the range from the 10th to 90th percentiles. The p values were
determined by the Mann-Whitney U test.
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correlated with the number of IL-17A� cells (� �
0.623; p � 0.001; Fig. 3 H).

DISCUSSION
In the present study, we characterized the expression

of IL-17A in the pathogenesis of AR. Our findings
suggest that the expression of IL-17A in the nasal mu-
cosa of the inferior turbinate is associated with not only
local eosinophilic inflammation, but also severity of
nasal symptoms.

Although we and others have previously shown the
expression of IL-17A protein in nasal polyps, this
was first studied in the English language to clarify
the expression in human inferior turbinate mu-
cosa.10,25,26 We found three Chinese articles (with Eng-
lish abstract), which reported on IL-17, although they
had different results and it was unclear whether they
assessed IL-17A or other members of the IL-17 cytokine
family.27–29 Ba et al. showed that the number of IL-17�

cells in tissues of AR patients was higher than that of
controls (p � 0.05). They also showed that the eosino-
philic cell count correlated with the number of IL-17�

cells (r � 0.446; p � 0.05).27 Interestingly, in a different
report, the same authors described that the expression
of IL-17 was only apparent in the nasal mucosa of
patients with AR.28 Liu et al. reported that there were
no significant differences between AR and nonallergic
rhinitis patients in the protein expression of IL-17 in

inferior turbinate tissues.29 Local IL-17A expression in
the sinonasal mucosa is known to have ethnic and/or
regional differences.30 A recent study by Katotomi-
chelakis et al. strengthens the importance of studies in
the Asian population because there is a difference in
cytokine profile in European populations that changes
over time.31 If IL-17 actually refers to IL-17A in these
articles, then our findings corroborate those of Ba et al.
and suggest that the local expression of IL-17A is ele-
vated in AR patients, especially in Asia.

The expression of IL-17A in the inferior turbinate
mucosa was found positively correlated with the de-
gree of local eosinophilia. We previously reported that
the number of IL-17A� cells in sinonasal tissues was
positively correlated with the degree of local eosino-
philia in CRS.10 These results suggest that the local
expression of IL-17A is associated with eosinophilic
inflammation in both AR and CRS. In this study, we
also showed that IL-17A directly induces the produc-
tion of IL-6 and granulocyte macrophage colony-stim-
ulating factor via dispersed nasal polyp cells, both of
which are known to promote eosinophilic inflamma-
tion.32,33 Although it remains unclear as to how IL-17A
drives eosinophilic inflammation in AR, nasal eosino-
philia in AR may be induced via a cytokine orchestra-
tion, in which IL-17A is involved. Bachert et al. showed
the importance of IgE levels in tissue for the treat-
ment strategy in CRS.34 An important finding of this

Figure 3. Relationship between numbers of interleukin (IL)-17A� cells in nasal mucosa and pathophysiological characterizations including
(A) total nasal symptom score (TNSS), (B) sneezing score, (C) rhinorrhea score, (D) congestion score, (E) serum total IgE levels, (F) blood
eosinophil count, (G) forced expiratory volume in 1 second/forced vital capacity (FEV1/FVC) ratio, and (H) number of eosinophils in nasal
mucosa. Nasal mucosa were sampled from patients with non-allergic hypertrophic rhinitis (HR; �), nonallergic rhinitis with eosinophilia
syndrome (‚), and perennial allergic rhinitis (PAR; F).
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study is that IL-17A� cells were significantly and
positively correlated with the degree of eosinophil
infiltration, but not with total serum IgE levels and
blood eosinophil counts. This emphasizes the need
of counting IgE levels and eosinophils in tissue
rather than blood.

The number of IL-17A� cells in the nasal mucosa was
significantly correlated with the total nasal symptom
score, suggesting that IL-17A is closely associated with
the disease severity of AR. This result was consistent
with previous reports showing that serum IL-17A lev-
els and allergen-induced IL-17A mRNA expression
correlate with symptom severity, as assessed via a vi-
sual analog scale and symptom medication score, re-
spectively.12,14 When we analyzed the individual
symptoms separately, only the sneezing score corre-
lated with the number of IL-17A� cells. The sneezing
reflex, which follows an allergen challenge, is primarily
a respiratory reflex induced by the interaction between
histamine and the H1-receptor at the sensory nerve
terminals.35 Eosinophil infiltration into the nasal mu-
cosa induces a minimal persistent inflammation and
the priming effect, both of which can amplify nasal
hyperreactivity.36 Thus, the expression of IL-17A may
induce sneezing via an indirect enhancement of eosi-
nophilic inflammation. On the other hand, the conges-
tion score did not correlate with IL-17A expression.
From an ethical view, it is hard to sample the inferior
turbinate mucosa from patients complaining of slight
congestion. One of the reasons why the congestion
score did not correlate with the IL-17A expression may
be because only subjects with medical treatment–resis-
tant, surgery-required swollen inferior turbinates were
included in the present study.

In nasal polyps, we performed double immunofluo-
rescence staining and found that CD68� cells, CD4�

cells, and EG2� cells expressed IL-17A.10 Although we
could not find such an investigation in the inferior
turbinate, both mononuclear and polynuclear cells ex-
pressed IL-17A in the immunohistochemistry, suggest-
ing that infiltrating inflammatory cells such as lympho-
cytes, plasma cells, macrophages, mast cells, and
eosinophils may produce IL-17A in AR.

In conclusion, the present study provides evidence
that local IL-17A expression is associated with the
pathophysiology of AR, including disease severity and
nasal eosinophilia. These observations may provide a
basis for future therapeutic approaches targeting IL-
17A in the management of severe eosinophilic airway
diseases, including AR, CRS with nasal polyps, and
bronchial asthma.
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