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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 (FEV;)/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 FEV/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)

llergic rhinitis (AR) is the inflammation of nasal kines, matrix metalloproteinase proteins, and mucus
mucosa, and allergen-specific CD4" Th2 cells, proteins.®>? For example, we have recently reported
which produce interleukin (IL)-4, IL-5, IL-13, and IL- that IL-17A expression is associated with eosinophilic
31, are believed to play a central role in its pathogen- inflammation in chronic rhinosinusitis (CRS) both in
esis.'? Other CD4™ T-cell subsets, including Th1, Trl, vivo and ex vivo.'°
and Treg cells, can regulate Th2 responses and inflam- Research on the role of IL-17A in the pathogenesis of
mation of AR.* Recently, Th17 cells were character- AR has accumulated."™*® Ciprandi et al. showed that
ized as a distinct lineage of CD4" T cells and were serum concentrations of IL-17A are significantly ele-
found to be associated with autoimmune diseases and vated in patients with AR compared with healthy con-
involved in the protection against microbial infections trols, and a significant positive relationship between
and chronic inflammation.®” serum IL-17A levels and symptom severity was ob-
IL-17A is a proinflammatory cytokine synthesized by served.'™'? They also found that peripheral blood mono-
Th17 cells.® IL-17A acts on a broad range of respiratory nuclear cells from AR patients have higher frequencies of
cells to induce the expression of cytokines, chemo- IL-17A producing T cells and CD1617 circulating T cells

compared with those from normal subjects.'*'® Neimi-
nen et al. indicated that specific allergen-induced IL-17A
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AR after nasal allergen challenge.™ On the other hand,
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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 (ul. ™) 171 (68-610) 156 (34-305) 409 (37-1754)
FEV,/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; FEV, = forced expiratory volume 1 s; FVC = forced vital capacity.

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."” Mouse
models have shown that IL-17A contributes to the
development and regulation of AR.'®'9?! 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.** 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, 4222 * 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
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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).*> 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.** Briefly, 4-um 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.
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PAR

\m- s L T P 2 2
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 wm).

Positive-stained cells were counted in five fields at
high power (10 X 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-
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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.

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 (p = 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 (p = 0.471;
p = 0.003; Fig. 3 B), whereas the rhinorrhea (p = 0.291;
p = 0.066; Fig. 3 C) and congestion (p = 0.206; p =
0.192; Fig. 3 D) were not.

The number of IL-17A™ cells did not correlate with
total serum IgE levels (p = 0.284; p = 0.098; Fig. 3 E),
blood eosinophil counts (p = 0.302, p = .056, Fig. 3
F), or forced expiratory volume in 1 second/forced
vital capacity ratio (p = 0.092; p = 0.569; Fig. 3 G).
However, the degree of eosinophil infiltration into
the nasal mucosa was significantly and positively
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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 (FEV,/FVC) ratio, and (H) number of eosinophils in nasal
mucosa. Nasal mucosa were sampled from patients with non-allergic hypertrophic rhinitis (HR; U), nonallergic rhinitis with eosinophilia

syndrome (A), and perennial allergic rhinitis (PAR; @).

correlated with the number of IL-17A" cells (p =
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.'%**?¢ 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.” "> 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).%” 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.?® Liu et al. reported that there were
no significant differences between AR and nonallergic
rhinitis patients in the protein expression of IL-17 in
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inferior turbinate tissues.”® Local IL-17A expression in
the sinonasal mucosa is known to have ethnic and/or
regional differences.®® 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.*" 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.' 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.*>** Although it remains unclear as to how IL-17A
drives eosinophilic inflammation in AR, nasal eosino-
philia in AR may be induced vig 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.** An important finding of this
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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.'*'* 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 Hj-receptor at the sensory nerve
terminals.** Eosinophil infiltration into the nasal mu-
cosa induces a minimal persistent inflammation and
the priming effect, both of which can amplify nasal
hyperreactivity.?® Thus, the expression of IL-17A may
induce sneezing vig 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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Background: This study aims to examine the immunological parameters, focusing IL-10 productivity, in
prophylactic sublingual immunotherapy (SLIT) in asymptomatic subjects sensitized to Japanese cedar
pollen (JCP).
Methods: This study was conducted as part of a randomized, double-blind, placebo-controlled, multiple
center trial, and was performed for two consecutive pollen seasons in 2012 and 2013. The present results
were based only on our institution. We recruited 29 participants with specific IgE against JCP of at class 2
and higher levels without history of the pollinosis symptoms at the time of JCP scattering. The SLIT group
received standardized JCP extract for five months over the pollen season. We observed and judged
development of the symptoms in the pollen season. The percentage of IL-10 producing CD4" T (Trl) cells,
B cells and monocytes were analyzed by flow cytometry. JCP specific IgE and total IgE were also
measured.
Results: The ratio of development of cedar pollinosis was significantly lower in the SLIT group compared
to the placebo group in 2013. In 2012, the percentage of circulating Tr1 cells and IL-10 producing
monocytes significantly increased in the SLIT group. In 2013, the percentage of circulating Tr1 cells and
IL-10 producing B cells increased significantly in the SLIT group. The percentage of circulating IL-10
producing monocytes significantly decreased in the placebo group.
Conclusions: Prophylactic SLIT is effective for prevention of the development of pollinosis. Induction of
IL-10 producing T cells, B cells and monocytes is an important mechanism of SLIT for prevention of
pollinosis in asymptomatic but sensitized subjects.

Copyright © 2014, Japanese Society of Allergology. Production and hosting by Elsevier B.V. All rights reserved.

Introduction

treatment which can completely cure the disease. It has been
shown that SLIT is effective and safe in the treatment of cedar

Japanese cedar pollinosis is an allergic disease specific to Japan
with a high prevalence estimated to be 26.5%, which has increased
by 10% over the past ten years.! Seasonal allergic rhinitis induced by
cedar pollen takes a chronic course in the majority of middle-aged
patients.> Remission rarely occurs, especially in the younger
generation.

Sublingual immunotherapy (SLIT) is safer than conventional
percutaneous antigen-specific immunotherapy, and is the only

* Corresponding author. Department of Otorhinolaryngology, Mie University
Graduate School of Medicine, 2-174 Edobashi, Tsu, Mie 514-8507, Japan.
E-mail address: kazuhiko@clin.medic.mie-u.ac,jp (K. Takeuchi).
4 KY and SAS equally contributed to this project.
Peer review under responsibility of Japanese Society of Allergology.

http://dx.doi.org/10.1016/j.alit.2014.07.001

pollinosis by a randomized, placebo-controlled, double-blind
study.’

About 20% of asymptomatic subjects sensitized to this pollen
develop symptoms in the pollen scattering season.* Thus, it is
important to prevent the development of pollinosis in these
asymptomatic, sensitized subjects. To determine whether SLIT can
prevent the development of pollinosis in sensitized subjects who
have no history of pollinosis, a randomized, placebo-controlled,
double blind trail was carried out over two pollinosis seasons in
2012 and 2013 in multiple facilities in Japan.

The mechanism of action of SLIT is not completely understood.
However, [L-10 is critical for the induction of specific T cell tolerance
and the increase in 1L-10 production by monocytes and T cells
during inflammatory responses or after SLIT may influence effector

1323-8930/Copyright © 2014, Japanese Society of Allergology. Production and hosting by Elsevier B.V. All rights reserved.
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cells involved in allergic responses. Increased IL-10 production
following specific immunotherapy causes anergy in peripheral T
cells, and regulates specific IgE and 1gG4 production towards
normal lgG4-related immunity.” Low IL-10 productivity by mono-
cytes and Tcells is closely related to sensitivity to multiple allergens
and resistance to allergic diseases.*” Augmentation of constitutive
IL-10 production from the immune system is a potential thera-
peutic approach for allergic disorders. Thus we hypothesized that
IL-10 may play an important role in prophylactic SLIT for asymp-
tomatic sensitized subjects.

We also examined the ratio of specific IgE against total IgE (sIgE/
tIgE), because the evidence concerning the relationship between
this ratio and the efficacy of SLIT is conflicting. Di Lorenzo et al.
reported that a high sIgE/tIgE ratio was associated with an effective
response in sublingual and subcutaneous immunotherapy in
monosensitized patients for the following allergens: grass, Parie-
taria judaica, Olea europea and house dust mite.® On the other hand,
Fujimura et al. reported that the sIgE/tIgE ratio before treatment
correlated with the symptom-medication score in the SLIT group
and that patients with low sIgE/tIgE ratios were more responsive to
SLIT in treatment for Japanese pollinosis.”

We examined the immunological parameters, including I1L-10
productivity, in prophylactic SLIT in asymptomatic subjects sensi-
tized to Japanese cedar pollen.

Methods
Study population

This study was conducted as part of a randomized, double-blind,
placebo-controlled, multiple center trial in asymptomatic subjects
sensitized to Japanese cedar pollen (JCP), and the present results
were based only on our institution. The study was performed for
two pollen seasons from December 2011 to April 2013. We
recruited 29 participants with IgE specific to JCP of at class 2 and
higher without history of symptomatic pollinosis during JCP scat-
tering. Japanese cedar pollen-specific IgE titers and total IgE in the
serum were measured by CAP-FEIA (fluorescent enzyme immu-
noassay) (Phadia, Tokyo, Japan) before the study. Participants who
were pregnant, breastfeeding or suffering from chronic rhinosi-
nusitis were excluded.

Ethics statement

This study adhered to the tenets of the Declaration of Helsinki,
and was approved by Mie University, Graduate School of Medicine
Ethical Committee (No. 2283). A written informed consent was
obtained from each subject before study.

Clinical protocols

The enrolled candidates were randomized into two groups by
age and the levels of Cry j 1-specific IgE. The SLIT group received
standardized JCP extract (Torii Pharmaceutical Co. Ltd., Tokyo,
Japan),'® and the placebo group received an inactive placebo. The
protocol consisted of treatments with graded courses of the extract
in 50% glycerol, followed by maintenance therapy.!! Briefly, the
extracts were graded in two concentrations: 200 and 2000 JAU/ml.
From early December, the subjects received increasing doses
beginning with 0.2 ml of the 200 JAU/ml vial and increasing by
0.2 ml every second day until reaching the maintenance dose of
1.0 ml of the 2000 JAU/ml for two weeks. From the third week, they
received the maintenance dose of 1.0 ml of the 2000 JAU/ml daily
until the end of April in the following year. The vaccine was taken
sublingually, kept for 2 min without a retention reagent and then
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swallowed. The subjects in the placebo group received inactive 50%
glycerol in saline.

Clinical symptoms and safety measurements

The subjects completed a pollinosis diary to record their nasal
and eye symptoms and their use of symptom-reducing drugs.
Development of the symptoms was determined on the basis of the
pollinosis diary and a nasal provocation test performed at the end
of April. The total amounts of pollen scattered from the Japanese
cedar and Japanese cypress (Chamaecyparis obtusa) in Tsu city, Mie
Prefecture, were 7031 and 16,578 grains/cm? during 2012 and 2013
pollen seasons, respectively.

Total and antigen-specific immunoglobulin titer

The levels of Cry j 1-specific IgE and total IgE in serum were
measured by CAP-FEIA (fluorescent enzyme immunoassay) (Pha-
dia, Tokyo, Japan).

Blood samples and PBMC culture

Peripheral blood was obtained from each subject before and
after treatment (December and April) each year. Peripheral blood
mononuclear cells (PBMC) were isolated from 10 ml of heparinized
venous blood by density gradient centrifugation using Ficoll 1077
(Sigma, St. Louis, MO, USA). PBMC were cultured in RPMI 1640
medium (Nikken Bio Medical Laboratory, Kyoto, Japan) containing
L-glutamine supplemented with 100 U/mL penicillin, 100 U/mL
streptomycin (Invitrogen, Carlsbad, CA, USA) and 10% Human AB
serum {Gemini Bio-Products, West Sacramento, CA, USA). Cells
were plated onto 24-well tissue culture plates at a density of
2 x 10° cells/mL/well and were incubated with 10 JAU of Cry j1
(Torii, Tokyo, Japan) for 8 h at 37 °C in an atmosphere of 5% CO,.
Endotoxin level was confirmed to be less than 0.1 ng/ug (1 EU/ug) of
the protein in Cry j1.

IL-10 staining in T cells, B cells and monocytes

After 8 h cultivation with antigens, PBMC were collected and
incubated with PE-conjugated IL-10 secretion assay kit according to
the manufacturer's instructions (Miltenyi Biotec, Auburn, CA, USA).
Cells were also co-stained with anti-CD4-FITC and CD19-PECy5
antibodies, or anti-CD14-FITC antibody (eBioscience, Sam Diego,
CA, USA). The percentage of IL-10 producing CD4" T cells, B cells
and monocytes were determined using an Accuri C6 flow cytom-
eter (Becton Dickinson, Mansfield, MA).

Statistical analysis

Two-group comparisons were performed using a Wilcoxon test
or Mann—Whitney U-test to determine the significance of differ-
ences, or using an unpaired t-test as indicated. A p value of less than
0.05 was considered statistically significant.

Results
Clinical effects

Two subjects withdrew during the course of the study. The
demographic characteristics of the 27 subjects before treatment are
shown in Table 1. Clinical data from participants in 2012 and 2013
are shown in Table 2. As shown in Table 1, mean age of placebo
group is higher compared to that of SLIT group; however, IL-10
production form T cells or monocytes is unchanged among
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younger generations (data not shown). In each year, 17 subjects
participated in the study. Seven of the participants in 2012
continued to participate in the second year. These seven subjects
did not develop symptoms in the first year.

In 2012, four of the SLIT group and one of the placebo group
developed symptoms. There was no significant difference in the
ratio of symptom development between the two groups in 2012. In
2013, seven of the placebo group but none of the SLIT group
developed symptoms. The ratio of the development of pollinosis in
the SLIT group was significantly lower than that of the placebo
group in 2013 (p = 0.0098, Fisher's exact test). To clarify the
possible factors influencing clinical effects, we compared age, sex
ratio and sIgE/tlgE ratio between 2012 and 2013. However, there
was no significant difference in these factors in the two years
(Table 2). We also compared these factors between the SLIT group
and the placebo group in each year, but statistical significance was
not detected (data not shown).

Prognostic biomarker for clinical effects

A comparison of the ratio of sIgE/tIgE in the preseason period is
shown in Fig. 1. The ratio of sIgE/tIgE in the preseason was higher in
those who developed symptoms in 2013 (B), but not in 2012 (A). In
the SLIT group, the sIgE/tIgE ratio in the preseason period was
significantly higher in those who developed symptoms (C). In the
placebo group, there was no significant difference in the ratio be-
tween the subjects developed pollinosis and those did not (D).

IL-10 production in T cells, B cells and monocytes during SLIT

In 2012, it was impossible for us to collect blood from one
subject in each group due to their personal reasons. In 2013, one
subject as the first year trial in the SLIT group and another subject as
the second year trial in the placebo group were unable to come to
the hospital for the blood collection in the postseason due to their
personal reasons. Thus, we were unable to obtain blood samples
from four subjects in total.

The percentage of IL-10-producing T cells, B cells and monocytes
in 2012 is shown in Fig. 2. The percentage of circulating Tr1 cells (IL-
107CD4" T cells/CD4™ T cells) and IL-10 producing monocytes (IL-
107CD14 Fcells/CD14 % cells) significantly increased in the SLIT group
(p = 0.0117, Tr1 and p = 0.0117, monocyte, respectively). However,
the number of IL-10 producing B cells (IL-107CD19%cells/
CD19%cells) remained unchanged. The results for the 2013 season
are shown in Fig. 3. The percentages of circulating Tr1 and IL-10
producing B cells significantly increased in the SLIT group
(p = 0.0277, Tr1 and p = 0.0277, B cell, respectively). On the other
hand, the percentage of circulating IL-10 producing monocytes
significantly decreased in the placebo group (p = 0.0077).

Table 1

Clinical data of 27 participants at the start of the study.
Group SLIT Placebo P-value
Number 13 14
Male/Female 5/8 717 NS )
Age (mean, range) 27.8 (18—47) 36.1 (19-52) p :‘0.033'7
Total IgE (mean, range) 214 (23—823) 222 (5-1310) N.S.

Specific IgE" 13.9 (0.74—84.7) 9.64 (0.88—49.3) N.S.*
(mean, range)
Class (mean, range)

Ratio of sIgE/[tIgE

(mean, range)

2.8 (2-5) 2.6 (2-4) NS
0.11 (0.0049-0.44) 0.15 (0.00061—0.63) N.S.*

t Yates 2 x 2 Chi-squared test.
 Student t-test.
§ Specific IgE to Japanese cedar pollen; ImmunoCAP raw value [UA/ml], mean.

Table 2

Clinical data of participants in 2012 and 2013.
Group 2012 2013 P-value
Number 17 17
SLIT/placebo 9/8 7/10
Male/Female 7/10 9/8 NS
Age (mean, range) 34.2 (21-52) 34.6 (18-52) N.S.*

Total IgE (mean, range) 121 (22.5-548)

Specific IgE* (mean, range) 11.7 (1.2-84.7) 10.2 (0.7-49.3) NS/

Class (mean, range) 2.8 (2-5) 2.8 (2—4) NS/

Ratio of sIgE/tIgE 0.15 (0.0061-0.49) 0.11 (0.0048-0.63) NS
(mean, range)

298 (5.0-1310) NS/

f Yates 2 x 2 Chi-squared test.
¥ Student t-test.
& Specific IgE to Japanese cedar pollen; ImmunoCAP raw value [UA/ml], mean.

The enrolled patients in 2013 were divided into two categories:
the subjects with first year trial and the second year trial. Therefor
the data of IL-10-producing T cells, B cells and monocytes in 2013
was calculated separately. As shown in Fig. 4A, nine subjects had
participated as the first year trial. Three subjects in the SLIT group
and six subjects in the placebo group are shown. IL-10 producing
monocytes were statistically decreased in placebo group at the post
season. The other hand, six subjects had participated as the second
year trial. Three subjects in the SLIT group and three subjects in the
placebo group are shown. Although the significant difference was
undetected, the actual percentage of Tr1 and IL-10 producing B cells
seems to be higher in the second-year trial compared to the first-
year trial (Fig. 4B).

Discussion

To our knowledge, this is the first report examining the per-
centage of circulating IL-10 producing T cells, B cells and monocytes
in prophylactic SLIT treatment in those who are sensitized to pollen
but do not develop pollinosis. A significant increase in the per-
centage of Tr1 in the SLIT group was observed in both years of the
study. The up-regulation of Tr1 cells may play a critical role in
specific immunotherapy and be a useful marker of successful
response in allergic rhinitis patients. It has been reported that the
levels of allergen-specific Tr1 cells, IgG4 and allergen-induced IL-10
synthesis from PBMC cultures were significantly increased after
cluster specific immunotherapy in Der p-sensitized children with
allergic rhinitis compared with baseline levels, with a significant
correlation between increased levels of Tr1 cells and improvement
in nasal symptoms.'?

Asignificant increase in the circulating IL-10 producing B cells in
the SLIT group was observed only in the 2013 season. IL-10-
producing regulatory B cells suppress immune responses, and the
lack of these cells leads to exacerbated symptoms. According to van
de Veen et al., IL-10 producing B cells suppressed antigen-specific
CD4* T-cell proliferation.® B cells specific for the major bee
venom allergen phospholipase A2 (PLA) isolated from non-allergic
beekeepers show increased expression of IL-10 and IgG4. 1gG4 is a
blocking antibody isotype with anti-inflammatory potential that is
induced in human high-dose antigen tolerance.!> Furthermore, the
frequency of IL-10" PLA specific B cells increased in allergic patients
receiving allergen-specific immunotherapy.”® [1-10-producing B
cells, also known as regulatory B cells (B regs), also play a key role in
controlling autoimmunity. Mice lacking endogenous IL-10-
producing regulatory B cells developed exacerbated disease and
presented with a decrease in regulatory T cells."

Monocyte is a major source of IL-10 in PBMC, and is a key cells
for 1L-10 mediated immunomodulation. The changes in percentage
of IL-10 producing monocytes were different between the two
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Fig. 1. Comparison of the ratio of sigE/tigE in the preseason period. The ratio of sIgE/tIgE in the preseason was higher in those who developed symptoms in 2013 (B), but not in 2012
(A). In the SLIT group, the sIgE/tIgE ratio in the preseason period was significantly higher in those who developed symptoms (C). In the placebo group, there was no significant
difference in the ratio between those who developed pollinosis and those who did not (D). When the subjects received SLIT for two years, only the data in the first year was adopted.
The graph shows the mean =+ standard deviation. The comparison was made using Mann—Whitney U-test.

years. In 2012, the percentage of IL-10 producing monocytes
significantly increased in the SLIT group. On the other hand, the
percentage of IL-10 producing monocytes significantly decreased in
the placebo group in 2013. Therefore a decrease in the percentage

of IL-10 producing monocytes was prevented with the SLIT proto-
col. Pollinosis developed in 70% of the placebo group but none of
the SLIT group in 2013. The percentage of IL-10 producing mono-
cytes was significantly higher in healthy subjects than in those
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Fig. 2. The percentage of IL-10-producing T cells, B cells and monocytes in 2012. The percentage of circulating Tr1 (IL-107CD4™" T cells/CD4* T cells) cells significantly increased in
the SLIT group. The percentage of circulating IL-10 producing monocytes (IL-10"CD14*cells/CD14 " cells) significantly increased in the SLIT group. However, the number of IL-10
producing B cells (IL-107CD19%cells/CD19%cells) remained unchanged. (n = 8 in SLIT, n = 7 in placebo) The comparison between the pre-season values and the post-season
values was performed using a Wilcoxon test. The comparison between the SLIT group and the placebo group was done using the Mann—Whitney U-test.

90



58 K.-i. Yamanaka et al. / Allergology International 64 (2015) 54—59

* p<0.05; * * p<0.01

CD4*T cells B cells Monocytes
P=0.3432 P=0.4795 =0.7237
| — | f 1 f 1
(%) P=0.0771 (%) P=0.7237 (%) P=0.7683
b R | S f 1 45 4 f 1
* P=0.0277 P=0.4413 * P=0.0277 P=0.9528 P=0.6002 ** P=0.0077
184 M f 1 a5 4 7 d — ] T [ —]
1.6 4 4 4 3.5 4
1.4 3.5 4
3 4
1.2 4 3 4
2.5 4
14 2.5 4
2
0.8 2 4
- 1.5 A
0.6 4 1.5 -
0.4 - 14 ] _
0.2 - 05 4 — g" 05 1
0 0 [}
pre post pre post pre post pre post pre post pre post
SLIT placebo SLIT placebo SLIT placebo

Fig. 3. The percentage of IL-10-producing T cells, B cells and monocytes in 2013. The percentage of circulating Tr1 (IL-10¥CD4™ T cells/CD4* T cells) cells and IL-10 producing B cells
(IL-10*CD19%cells/CD19cells) significantly increased in the SLIT group. The percentage of circulating IL-10 producing monocytes (IL-107CD4%cells/CD14%cells) significantly
decreased in the placebo group. (n = 6 in SLIT, n = 9 in placebo) The comparison between the pre-season values and the post-season values was performed using a Wilcoxon test.
The comparison between the SLIT group and the placebo group was performed using the Mann—Whitney U-test.
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Fig. 4. The percentage of IL-10-producing T cells, B cells and monocytes in 2013. (A) This figure shows 10 subjects who have participated in the first year. Three subjects in the SLIT
group and six subjects in the placebo group are shown. IL-10 producing monocytes were statistically decreased in placebo group at the post season. (B) This figure shows 7 subjects
who have participated in two consecutive years. Three subjects in the SLIT group and three subjects in the placebo group are shown. The significant difference was undetected. The
comparison between pre-season values and the post-season values was performed using a Wilcoxon test. The comparison between the SLIT group and placebo group was per-
formed using the Mann—Whitney's U-test.
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suffering Japanese cedar pollinosis.® Thus from the result in 2013, it
is assumed that decreased IL-10 production by monocytes is closely
related to becoming symptomatic. On the other hand, SLIT pre-
vented subjects from becoming symptomatic by up-regulating the
IL-10 productivity. Monocytes recognize antigens via Toll like re-
ceptors, digest antigen with intrinsic enzyme, and some pop-
ulations such as CD14"CD16" monocytes present antigens
comblisned with expression of MHC class Il like antigen presenting
cells.

The reason for the difference in the clinical efficacy of SLIT and
the percentage of IL-10 producing cells between the two years is
unclear. In 2012, nearly half of subjects received SLIT treatment
developed the symptoms, although IL-10 producing T cells signifi-
cantly increased in the SLIT group. Among patients with symp-
tomatic pollinosis treated by SLIT, some patients do not show the
efficacy, although Tr1 ratio is increased. In the same way, in 2012
we speculate increased level of Tr1 induced by SLIT was not enough
to suppress nasal allergy symptoms. The difference in the exposed
pollen amounts might have some effects to the results. Exposure to
larger amounts of pollen in 2013 might have helped switching and
expansion of IL-10 producing cells. It is known that high dose bee
venom exposure in beekeepers by natural bee stings represents a
model to understand mechanisms of T cell tolerance to allergens in
healthy individuals.!'® Rapid switch and expansion of IL-10-
producing Tr1 cells and the use of multiple suppressive factors
represent essential mechanisms in immune tolerance to a high
dose of allergens in non-allergic individuals.'®

The subjects who developed pollinosis in 2012 did not partici-
pate in the study the next year. Thus, the study in 2013 comprised
new subjects (n = 10) and those who did not develop pollinosis in
2012 (n = 7). This might have influenced the clinical efficacy of SLIT
and the percentage of the IL-10 producing cells.

Those who developed pollinosis in the SLIT group had a signif-
icantly higher sIgE/tIgE ratio which supports the results reported by
Fujimuara et al.” We speculate that effector cells with a low specific
IgE level are less likely to be activated by antigen crosslinking or are
more susceptible to downregulation by IL-10 producing cells than
those with a high specific IgE level. The symptoms of patients with
a low sIgE/tIgE ratio may be more easily attenuated by suboptimal
potentiation of IL-10 producing cells by SLIT.? A high sIgE/tIgE ratio
before the season may be predictive of development of pollinosis.
Uekusa et al.* examined 33 adults who were sensitized to JCP but
who had not developed symptoms and found that the sIgE/tIgE was
significantly higher before the season in the subjects who devel-
oped pollinosis.

A limitation of the present study is the small number of samples.
Further study is necessary to perform the analysis using a larger
number of subjects.

Prophylactic SLIT is effective in preventing development of
pollinosis. IL-10 producing T cells, B cells and monocytes play
important roles in the mechanism of SLIT for the prevention of
pollinosis in asymptomatic and sensitized subjects.
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Measurement of Japanese Cedar
Pollen-Specific IgE in Nasal Secretions

Hiroshi Sakaidal, Sawako Masuda? and Kazuhiko Takeuchi?

ABSTRACT

Background: Japanese cedar pollen (JCP) is the most common allergen for seasonal allergic rhinitis in Ja-
pan. Little is known about local production of immunoglobulin (Ig)E in people with or without Japanese cedar
pollinosis. The aims of this study were to measure levels of JCP-specific IgE in nasal secretions and determine
correlations with levels in serum.

Methods: Forty-six subjects were enrolled in this study, comprising 24 symptomatic subjects, 9 asymptomatic
subjects sensitized to JCP, and 13 subjects not sensitized to JCP. Nasal secretions were obtained during a pe-
riod of Japanese cedar dispersal, and levels of JCP-specific IgE were measured with CAP-fluorescent enzyme
immunoassay. Serum JCP-specific IgE and total IgE were also measured using the same method.

Results: Among the 46 subjects enrolled, JCP-specific IgE in nasal secretions was measureable in 43 sub-
jects. Irrespective of symptom development, sensitized subjects showed higher levels of JCP-specific IgE in
nasal secretions than non-sensitized subjects. A significant moderate correlation was observed between JCP-
specific IgE levels in nasal secretions and serum in all 43 subjects. With stratification by subject group, only
symptomatic subjects showed a substantial correlation between JCP-specific IgE levels in nasal secretions and
serum.

Conclusions: Our results imply a certain association between JCP-specific IgE in nasal secretions and sensi-
tization of Japanese cedar pollinosis. Therefore, levels of allergen-specific IgE in nasal secretions can be used
as an alternative diagnostic marker for allergic rhinitis patients.

KEY WORDS
allergen-specific IgE, allergic rhinitis, diagnostic marker, Japanese cedar pollinosis, nasal secretion

than IgE in the serum in allergic inflammation.

INTRODUCTION The origin of allergen-specific IgE in nasal secre-
Allergic rhinitis (AR) is an immunoglobulin (Ig)E- tions has been addressed by many studies. In pa-
mediated inflammatory disease of the nasal mucosa tients with AR, allergen-specific IgE is detected in na-
resulting from exposure to an inhalant allergen. IgE sal mucosa® in addition to nasal secretions.2 More-
plays an important role in the development of AR. over, somatic hypermutation and class switching to
One of the ways to determine the presence of sensiti- IgE have been observed in the nasal mucosa in pa-
zation to allergens is to measure allergen-specific IgE tients with AR,10 suggesting that locally detected IgE
levels in serum, and this approach is used widely in is produced in nasal mucosa rather than a mere tran-
daily practice. Many studies have detected IgE not sudate from serum. Until recently, the major sources
only in serum, but also in nasal secretions in patients and sites of allergen-specific IgE production have not
with AR,12 showing local production of IgE in the na- been fully identified. However, a recent study showed
sal mucosa. Recent research has shown local produc- that the majority of allergen-specific IgE in peripheral
tion of IgE in patients who are negative for serum blood is not derived from IgE-secreting cells in the
IgE, leading to the concept of local AR.3® Local IgE blood, suggesting local IgE production in tissues as a
production is thought to play a more important role major source of allergen-specific IgE.1! Given such
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findings, allergen-specific IgE in both nasal secre-
tions and serum may be derived from common sites
of production.

Allergens vary from one region to another. In Ja-
pan, Japanese cedar pollen (JCP) from Cryptomeria
japonica represents the most common allergen for
seasonal AR, affecting more than 30% of the popula-
tion as Japanese cellar pollinosis, and the morbidity
rate has been rising.12 Despite many clinical and ba-
sic investigations into Japanese cellar pollinosis, little
is known about local production of IgE in individuals
with or without Japanese cedar pollinosis. No stan-
dardized method for quantitative measurement of IgE
in nasal secretions is clinically available. Further-
more, the correlation between concentrations of IgE
in serum and in nasal secretions has not been eluci-
dated. The aims of this study were both to measure
JCP-specific IgE in nasal secretions using a clinically
available method and to evaluate correlations with its
serum counterpart in subjects with or without Japa-
nese cedar pollinosis.

METHODS

STUDY SUBJECTS

A total of 46 subjects (age range, 1-78 years) with or
without Japanese cedar pollinosis were recruited in
the present study. These included healthy subjects as
well as patients who were under treatment for various
diseases in the outpatient clinic of our department.
Patients with chronic rhinosinusitis were excluded
from this study.

STUDY DESIGN

The study was performed from January to March
2012, during a period of JCP dispersal in Japan.
Symptoms associated with allergic rhinitis and levels
of JCP-specific IgE in both serum and nasal secre-
tions were evaluated. Medication was not restricted
for subjects in this study. During the study period,
subjects took medications as usual for their underly-
ing medical conditions, including Japanese cedar pol-
linosis.

Subjects were classified into the following 3 groups
according to sensitization to JCP and presence of
symptoms of Japanese cedar pollinosis: Group 1,
which included symptomatic subjects who were sen-
sitized to JCP; Group 2, which included asymptomatic
subjects who were sensitized to JCP; and Group 3,
which included asymptomatic subjects who were not
sensitized to JCP. The presence of Japanese cedar
pollinosis was defined as development of typical
symptoms affecting the nose and eyes during JCP
dispersal and eosinophilia in nasal secretions. Sensiti-
zation was defined as serum JCP-specific IgE levels
20.70 kKUA/mL (gE ImmunoCAP class >2).

This study was approved by the ethics committee
of Mie University. Written informed consent was ob-
tained from all subjects and parents or guardians of
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subjects under 20 years old.

PREPARATION OF NASAL SECRETIONS FOR
SPECIFIC IgE MEASUREMENT

Nasal secretions were obtained using an ATOMS
tap® (Lumenis, Tokyo, Japan). The ATOMS tap® is a
device originally designed for collecting middle ear
effusion for the diagnosis of otitis media. The instru-
ment is equipped with a suction tip about 2 mm in di-
ameter and 60 mm in length, and a bottle into which
the aspirated sample is collected. The tip was in-
serted into the nasal cavity of subjects to aspirate na-
sal secretions. The obtained nasal secretions were
frozen at -20°C until analysis. After thawing, the nasal
secretions were diluted with 0.05 M phosphate saline
buffer. Samples were centrifuged for 5 min, and su-
pernatants were collected for measurement of IgE.

MEASUREMENT OF TOTAL AND SPECIFIC IgE
TITERS OF SERUM AND NASAL SECRETIONS
Levels of JCP-specific IgE in nasal secretions and se-
rum were measured with CAP-fluorescent enzyme
immunoassay (FEIA) (Phadia, part of Thermo Fisher
Scientific, Tokyo, Japan) in the same manner used in
daily practice. Total IgE in serum was also measured
this way.

SPIKE AND RECOVERY TESTS

Nasal secretion contains many substances including
IgA and mucin, which may interfere with the assay.
To validate and assess the accuracy of the assay,
spike and recovery tests were performed as follows.
Among the set of the samples of nasal secretions pre-
served, 4 samples whose concentrations of JCP-
specific IgE had been determined below 0.1 U/mL
were selected and thawed. The concentrations of IgE
of the samples were measured and found to be identi-
cal to those measured before preservation. A human
serum containing high concentration of IgE was used
as a spiking solution. The spiking solution was added
to each sample at 1 : 10 dilution. The spiking solution
was also added to the standard diluent (0.05 M phos-
phate saline) at the same dilution. The standard di-
lute has been proven not to interfere with the assay.
The concentrations of IgE in each spiked sample and
the spiked standard diluent were determined. The re-
covery rate was calculated as the ratio of the value of
each spiked sample to that of the spiked standard di-
lute.

LINEARITY OF DILUTION TESTS

Among the set of the samples of nasal secretions, a
sample with high concentration of JCP specific IgE
was selected. The sample was serially diluted with
the standard dilute to make dilution 1:2,1:4,1: 8,
and 1 : 16. The concentrations of IgE in each diluted
sample were measured. The recovery rate was calcu-
lated as the ratio of measured values at each dilution

Allergology International Vol 63, No3, 2014 www.jsaweb.jp/
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Table 1 Epidemiological and laboratory data of study subjects
Group Group 1 Group 2 Group 3

Subjects enrolled (n) 24 9 13
Subjects analyzed (n) 23 8 12
Age 49+ 16 34 + 11 48 + 22
Sex, n (%)

Male 13 (57%) 3 (38%) 5 (42%)

Female 10 (43%) 5 (62%) 7 (58%)
IgE

Positive detection rate 78%7 63% 17%

JCP in nasal secretions (kUA/mL) 4.9+9.9°7 0.50 = 0.51 0.20 + 0.49

JCP in serum (kUA/mL) 25 + 287 9.1 +9.0% 0.3+£1.3x 107

Total IgE in serum (kU/mL) 247 + 392 119 + 93 79.0+90.4

Data are expressed as mean + standard deviation.

JCP, Japanese cedar pollen; JCP in nasal secretions, IgE specific to JCP in nasal secretion; JCP in serum, IgE specific to JCP in serum.
* Significant difference between Groups 1 and 3. *Significant difference between Groups 2 and 3.

to the expected values deduced based on the given
respective dilution. A linear regression analysis was
carried out to determine the extent of the relationship
between the measured values and the expected val-
ues.

STATISTICAL ANALYSIS

Spearman’s rank correlation coefficient was used to
evaluate correlation between two sets of variables.
Data among the 3 groups were compared using the
Kruskal-Wallis test. If a significant difference was
found, post-hoc comparisons were carried out by the
Mann-Whitney U test with Bonferroni’s correction.
The chi-square test was used to examine differences
with categorical variables. Values of P < 0.05 were
considered significant. All statistical analyses were
carried out using JMP version 5.1.1 software (SAS In-
stitute, Cary, NC, USA).

RESULTS

SUBJECTS

The 46 subjects comprised 22 males and 24 females,
with 24 subjects in Group 1, 9 in Group 2, and 13 in
Group 3.

SUBJECT CHARACTERISTICS AND LABORA-
TORY DATA

Table 1 shows the details of subject characteristics
and all data concerning IgE. Of the 46 samples of na-
sal secretions obtained from 46 subjects, levels of
JCP-specific IgE were successfully measured in 43.
Measurement was technically impossible in remain-
ing 3 samples due to excessively high viscosity, and
these 3 subjects were subsequently eliminated from
the analysis. As a result, Groups 1, 2, and 3 included
23, 8, and 12 subjects, respectively. No complications
were seen in any subjects during the collection of na-

Allergology International Vol 63, No3, 2014 www jsaweb.jp/

95

sal secretions. Of the 43 samples successfully meas-
ured, JCP-specific IgE was detected in 58%. Detection
rates in each group were 78%, 63%, and 17% for
Groups 1, 2, and 3, respectively.

Levels of JCP-specific IgE in nasal secretions were
then compared among the 3 groups (Fig. 1). Group 1
showed significantly higher levels of JCP-specific IgE
in nasal secretions than Group 3; however, no signifi-
cant difference was observed between Groups 1 and
2. Additionally, no significant difference was observed
between Groups 2 and 3. Levels of JCP-specific IgE in
serum were also compared among the 3 groups.
Groups 1 and 2 each showed significantly higher se-
rum levels of JCP-specific IgE than Group 3, but no
significant difference was observed between Groups
1 and 2. Additionally, no significant difference was ob-
served in total IgE among the 3 groups (Table 1).

CORRELATIONS BETWEEN JCP-SPECIFIC IgE
IN NASAL SECRETIONS AND JCP-SPECIFIC
AND TOTAL IgE IN SERUM

A significant moderate association was observed be-
tween JCP-specific IgE in nasal secretions and JCP-
specific IgE in serum overall for the 43 subjects (r =
0.79, P < 0.001) (Fig. 2A). When all data were strati-
fied by subject group and analyzed separately, a sig-
nificant positive correlation was observed only for
Group 1 (r = 0.78, P < 0.001) (Fig. 2B). No significant
correlations were seen for Groups 2 and 3 (Fig. 2C,
D). A similar significant moderate association was ob-
served between JCP-specific IgE in nasal secretions
and total IgE in serum in all 43 subjects ( = 0.65, P <
0.001).

SPIKE AND RECOVERY TESTS
The recovery rates of each sample were 102%, 105%,
108%, and 109%.

469



Sakaida H et al.

100 5 !
- 3
S 3
< - O
2 -
=
@ iy O
2 10
o -
5 E O
@ ] Q
2 )
= 4
@ -
o =
£ Q O X VAN
5 13 o) Y N
L .
£ . Qo v A
2 -
@
a -
Q

0.1 T T

Group 1 Group 2 Group 3

Fig. 1 Comparison of JCP-specific IgE levels in nasal secretions among the 3

groups. Individual data are shown. Since the majority of values from the 3 groups
were clumped at the bottom of the graph when data were shown on a linear scale,
data are shown on a logarithmic scale to make the graph more understandable.
Each dot is shown if its value is greater than zero, because zero cannot be shown
on the log scale. Horizontal bars represent means for each group. *P < 0.005.

LINEARITY OF DILUTION TESTS

The recovery rates of each sample at dilution of 1 : 2,
1:4,1:8,and 1: 16 were 106%, 106%, 110%, and 119%
respectively. Adjusted coefficient of determination
was 0.999 and the equation obtained was: y = 0.159 +
1.04x, where y was the measured values and x was
expected values. Coefficient correlation was 0.999
and P-value was below 0.001.

DISCUSSION

This study was intended to measure allergen-specific
IgE in nasal secretions in patients with allergic rhini-
tis caused by JCP. It had two major findings. First,
JCP-specific IgE was detected in most symptomatic
subjects and in more than half of asymptomatic but
sensitized subjects, and levels of JCP-specific IgE
both in nasal secretions and in serum correlated sig-
nificantly in symptomatic subjects. Second, nasal se-
cretions were able to be obtained easily and safely us-
ing a simple suctioning and collection device.
JCP-specific IgE was detected in most Group 1
(symptomatic) subjects. Previous studies have de-
tected allergen-specific IgE in nasal secretions in pa-
tients with AR induced by several aeroaller-
gens. 121314 The high detection rate of JCP-specific
IgE in nasal secretions from symptomatic patients in
our study was consistent with those results. In addi-
tion, our study showed that 63% of Group 2, which
represented asymptomatic but sensitized subjects,
had JCP-specific IgE in nasal secretions. To the best
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of our knowledge, analysis of allergen-specific IgE in
nasal secretions from asymptomatic sensitized sub-
jects has not been reported previously. Furthermore,
although levels were quite low, a small portion of
Group 3, representing asymptomatic and non-
sensitized subjects, also showed positive IgE in nasal
secretions. A possible explanation for this observa-
tion in Group 3 is that JCP-specific IgE may have
been present in serum at levels below the threshold
of detection. Another possibility is production of JCP-
specific IgE only in the nasal mucosa. However, no
definite explanation for this observation can be
drawn.

A significant moderate correlation between the
level of allergen-specific IgE in nasal secretions and
that in serum was observed for the overall subject
population in our study. With stratification by subject
group, only Group 1 showed a significant correlation,
representing a novel finding in this field. The overall
correlation might be attributable to the high correla-
tion in Group 1, particularly since Group 1 included
53% of all subjects. Generally, quantitative specific
IgE levels in serum have been shown to be useful in
predicting the probability of AR, and specific IgE se-
rum concentration is associated with symptom sever-
ity in children with seasonal AR.15 Our data imply the
possible utility of measuring allergen-specific IgE in
nasal secretion as an alternative diagnostic biomarker
of allergen-specific IgE in serum. On the other hand,
although JCP-specific IgE was detected from nasal se-

Allergology International Vol 63, No3, 2014 www jsaweb.jp/
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cretions in 63% of subjects in Group 2, no significant
correlation was seen between the level of JCP-specific
IgE in nasal secretions and that in serum. It is possi-
ble to make a speculative hypothesis as follows on the
basis of those observations: JCP-specific IgE is se-
creted into nasal secretions at a certain concentration
if a patient is sensitized to JCP. After developing
symptoms of AR, much more JCP-specific IgE is re-
leased into nasal secretions, reaching a level corre-
sponding to the level in serum. Since our study was
conducted on a practical clinical basis, detailed cellu-
lar and molecular mechanisms are beyond the reach
of this study.

Second, nasal secretions were obtained easily and
safely using a simple suctioning and collection de-
vice, the ATOMS tap®. Unlike measurement of
allergen-specific IgE in serum, standard methods for
collecting nasal secretions and measuring levels of
allergen-specific IgE in nasal secretions have yet to
be established. Several methods have been employed
in the literature to detect IgE in nasal secretions. For
instances, some authors have collected nasal secre-
tions by nasal lavage,” while others have employed a
device using the allergen-coupled cellulose derivative
for measurement of IgE.1314 We used the ATOMS
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tap® in the present study to obtain nasal secretions.
The ATOMS tap® is a device originally designed for
collecting middle ear effusion for the diagnosis of oti-
tis media and has received formal approval for use as
a medical device in Japan. By simply connecting the
unit to a conventional suction device, it is instantly
ready for use. The tip is thin enough to be inserted
into a congested nasal cavity or the narrow nasal cav-
ity of a child. No prior steps are needed before col-
lecting nasal secretions. The device enables rapid and
convenient collection of nasal secretions and is appli-
cable even for children.

We were able to obtain measurements for almost
all samples, with the exception of 3 exceptionally vis-
cous samples. The methodology used in this study is
applicable to daily clinical practice. Another advan-
tage of our method is the ability to measure allergen-
specific IgE among the wide IgE repertoire offered
by clinical laboratories. The CAP- immunoassay is
the test designed and validated to measure allergen-
specific IgE in the serum. Unlike the serum, nasal se-
cretion contains many substances including IgA and
mucin. These substances may interfere with the as-
say and may affect the results. Spike and recovery
tests demonstrated that the assay was not affected
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the matrices of nasal secretions. Linearity of dilution
tests proved the linearity of the assay. We believe that
these two tests validated the accuracy of the assay in
our study. Currently, possible clinical implications of
measuring local IgE in nasal secretions include the
measurement of specific IgEs from children, from
whom collection of a blood sample can be difficult.
Moreover, our methodology may contribute to fur-
ther investigation of local IgE by providing a useful
tool to obtain nasal secretions. However, the repro-
ducibility and repeatability of our measurement
method have not been confirmed, and additional fun-
damental studies are needed to validate the present
approach.

The significance of local IgE in AR has yet to be in-
vestigated. Practical Guideline for the Management
of Allergic Rhinitis in Japanl6 do not mention local
IgE, and it is not currently used as an examination for
AR.17.18 Moreover, the Allergic Rhinitis and its Impact
of Asthma (ARIA) criteria issued in 2008 refers to
nasal-specific IgE and states that, based on current
data, the concept of local allergic reaction in the nose
without systemic IgE release is not fully supported
and the measurement of IgE in nasal secretions can-
not be routinely proposed. However, a growing num-
ber of articles have addressed local IgE in AR. A diag-
nostic flow-chart to detect forms of allergy different
from the common IgE-mediated hypersensitivity, and
incorporating local IgE, has been proposed.19

Some limitations must be considered when inter-
preting the present results. Measurement of allergen-
specific IgE in nasal secretions and serum was car-
ried out only once during the study period. In sea-
sonal AR, levels of allergen-specific IgE in serum de-
pend on the amount of allergen to which the patient
has been exposed.20.21 Qur result might depict only
part of the phenomenon, not the entire situation. Ide-
ally, repeated measurement of allergen-specific IgE in
both serum and nasal secretions over the year seems
necessary to accurately evaluate the association be-
tween levels in these different compartments. Since
the number of enrolled subjects was too small to
reach a definitive conclusion, larger-scale studies are
needed to confirm our result.

In conclusion, we measured JCP-specific IgE in the
nasal secretions of subjects with and without Japa-
nese cedar pollinosis using a novel methodology. A
significantly high correlation was observed between
levels of IgE in nasal secretions and in serum in
symptomatic subjects. Although the current under-
standing of local IgE is insufficient and much remains
to be studied, our data might offer some contribu-
tions and clinical implications regarding local IgE in
AR.
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