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Figure 4 Biomarkers for positive therapeutic effects following SLIT. (A) SMSs in the 2008 peak pollen season for patients with low

(low; N=28) and high (high; N=23) slgE/tigE ratios in the SLIT group (Act.), and for those with low (N=25) and high (N=12) slgE/tigE
ratios in the placebo group (Plc.). *P<0.05. (B) Correlation between SMSs in the 2008 peak pollen season and slgE/tlgE ratios before
treatment in the SLIT {(Act.; N=51) and placebo (Plc.; N=37) groups. Statistical data were obtained with Spearman correlation
analysis. (C) QOL-symptom and total QOL scores from the QOL questionnaire plotted for a subgroup with increased Cry j 1-iTreg in the
SLIT group (Inc.; N=24), a subgroup with decreased Cry j 1-iTreg in the SLIT group (Dec.; N=27), and the placebo group (Plc.; N=37) in
the middle of the 2008 pollen season. Each diamond shows the value for an individual. *P<0.05, **P<0.01.

group (Fig. 3B). The SMS in all patients in the study correlated
with the seasonal increases in IL4 (R=0.35, P<0.01), IL5
(R=0.35, P<0.01), and IL13 (R=0.36, P<0.01). The discrep-
ancy in our current results and the results of previous studies
with regard to downregulation of cytokine production from
PBMCs may depend on the extent of the therapeutic effects
achieved in each clinical trial.

Cry j 1-specific IgE production was not changed by
treatment, even in the mild subgroup, as also found in our
preliminary study [6]. We speculate that more time is
required for changing antibody production following the
changes of antigen-specific T cell profiles, because the
alteration of T cell profiles strongly influences subsequent
class switch recombination of B cells and antibody produc-
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tion. Another possibility is that the dose for SLIT used in this
study was not high enough to alter the antibody profiles.
The sigE/tlgE ratio has been found to be significantly higher
in responders than in non-responders following 4-year immu-
notherapy [19]. Inour trial, this ratio did not differ significantly
between responders and non-responders (P=N.S.; Mann-
Whitney U-test). However, subjects with a low sIgE/tIgE ratio
before treatment were more likely to be responders to 2-year
SLIT, and the ratio correlated with the SMS only in patients
treated with SLIT (Fig. 4A, B). This suggests that SLIT was more
effective in patients with a low sigE/tIgE ratio than in those
with a high slgE/tIgE ratio. The range of total IgE levels for the
participants were relatively wide (6.8-20901{U/ml in all
patients); however, the change of the total IgE for each
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Figure 5 Carry-over effects following 2-year treatment with
SLIT. SMSs in the 2009 peak pollen season were plotted for the
SLIT (Act.; N=36) and placebo (Plc.; N=27) groups. Each
diamond shows the value for an individual. Two-group compar-
isons were performed using an unpaired t-test.

individuals after 2-year treatment was not significantly
different compared to before treatment (1.5x1.0 times
higher, P=N.S.; paired t-test). Therefore, the wide range of
total IgE levels was due to the variability on the allergic status
for individuals, but not on method for measurement. The
serum IgE level may affect the surface IgE level on effector
cells such as mast cells and basophils, and Tregs can down-
regulate activation of mast cells and eosinophils [20,21]. 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 Tregs than those with a high
specific IgE level. It is also possible that the symptoms of
patients with a low sIgE/tIgE ratio may be more readily
attenuated by suboptimal potentiation of iTreg induced by
SLIT.

We previously reported that an increased count of Cry j
1-iTregs was a candidate biomarker that could be used to
distinguish between responders and non-responders to SLIT, as
evaluated by the QOL-symptom score. In this report, the
subgroup with increased Cry j 1-iTregs showed significant
amelioration of the QOL-symptom and total QOL scores
compared to the placebo group, while the subgroup with
decreased Cry j 1-iTregs did not show this response (Fig. 4C).
However, there was no significant difference in Cry j 1-specific
cytokine production from PBMCs among patients with increased
iTregs and decreased iTregs, and those in the placebo group
(data not shown). Foxp3-expressing CD25"CD3* cells and 1L10-
expressing CD3* cells, which are induced in the nasal mucosa
after subcutaneous immunotherapy, have been linked to the
clinical efficacy and suppression of seasonal inflammation
[22]. Immunotherapy using an Amb a 1-immunostimulatory
oligodeoxynucleotide conjugate also induced CD4*CD25" T cells
and 1L10-producing cells in the nasal mucosa after the pollen
season [23]. These data suggest that iTregs may downregulate
effector cells at local sites of inflammation to suppress clinical
symptoms. Induction of iTregs in the nasal mucosa and
functional analysis of these cells may be necessary to determine
the regulatory mechanisms affected by SLIT. Mucosal biopsy in
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the peak pollen season is useful for evaluation of local induction
of iTregs and downregulation of effector cells. However, nasal
biopsy in the pollen season significantly influences the daily SMS
in the peak pollen season. Mucosal biopsy outside the pollen
season after exposure using an artificial pollen chamber may be
a powerful tool for evaluation of local regulatory mechanisms
induced by SLIT [24]. Upregulation of iTregs in nasal mucosa
may be difficult to determine since the evaluation may be
painful for patients. However, upregulation of iTregs in
peripheral blood is simple to analyze and may be a useful
biomarker because an increase of peripheral Cry j 1-iTregs is
correlated with QOL and QOL-symptom scores in the pollen
season, as discussed here and elsewhere [6].

Cry j 1-specific 1gG4 production was not induced by SLIT in
this study to the same extent as that in our previous study
[6]. Aclinical trial showing that daily 2500 SQ-T (14 ug Phlp 5
per 4 weeks) tablets failed to induce IgG production supports
our current resutts [13]. A change in the immunoglobulin
profile may require a higher allergen dose or longer duration
of exposure. However, our study suggests that detectable
quantitative changes in lgG4 are not essential for the
amelioration of clinical symptoms.

In summary, we suggest that the slgE/tlgE ratio and
upregulation of iTregs may be considered as prognostic and
response monitoring biomarkers, respectively, for SLIT.
However, further investigation of induction of iTregs at
local inflammatory sites and downregulation of inflammato-
ry cells is needed. Furthermore, validation studies with
larger sample size would be required before either biomar-
kers should be applied widely in the clinical management of
pollinosis patients. Development of a more effective vaccine
and better protocols may reveal more significant differences
in the Cry j 1-specific cytokine profiles and iTreg induction,
and these results may increase our understanding of the roles
of iTregs or Tr1 in the therapeutic mechanisms underlying
the efficacy of SLIT.
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3 years of life, but not thereafter. The observed sex differences
were larger for asthmatic wheeze than for total wheeze, suggest-
ing that sex differences are stronger for asthma than for transient
symptoms.

Young boys are thought to have smaller airway diameters in
proportion to their total lung volume than girls, predisposing them
to airway obstruction and wheeze."® Our results suggest that sex
differences in asthma may partly be explained by the higher
prevalence of atopy in boys and cannot be explained by a stronger
effect of perinatal risk factors in boys.
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Characterization of pollen antigen-induced
[L-31 production by PBNCs in patients with
allergic rhinitis

To the Editor:

Japanese cedar/cypress pollinosis (JCCP) is the major pheno-
type of allergic rhinitis in Japan and has a prevalence of 29.8%,
with a substantial impairment of quality of life (QOL).! JCCP is
mainly caused by exposure to Japanese cedar (Cryptomeria
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Jjaponica) pollen and Japanese cypress (Chamaecyparis obtusa)
pollen. The cypress pollen disperses after the cedar pollen in
spring. Because cedar and cypress pollen contain several cross-
reactive components, pollinosis-related symptoms can last for
as long as 4 months, from February to May. On the other hand,
species-specific components and epitopes for IgE, T cells, or
both have been identified.”

IL-31 is a novel cytokine produced by CD4™ T cells, particu-
larly Ty2 cells and skin-homing CD45RO™ cutaneous lympho-
cyte—associated antigen—positive cells.>* Thus the role of IL-31
in patients with pruritic skin diseases, including atopic dermatitis,
has been examined.>® On the other hand, the role of IL-31 in the
pathogenesis of respiratory allergic diseases remains unclear.””
IL.-31 enhances epidermal growth factor, vascular endothelial
growth factor, and CCL2 production by human bronchial epithe-
lial BEAS-2B cells.® However, a murine model of Ty2-biased
pulmonary inflammation suggests that IL-31 is a negative regula-
tor in this type of inflammation.”

In the present study we investigated the production of IL-31 in
pollen antigen—-stimulated PBMCs from subjects with and with-
out JCCP. Details on the methods are available in the Methods
section and Fig E7 of this article’s Online Repository at www.
jacionline.org.

PBMC:s from the healthy control group did not produce IL-31
in response to pollen antigens. On the other hand, the JCCP group
included both positive and negative responders. The detection
limit of the ELISA (7.8 pg/mL) was used as a cutoff for
discriminating IL-31" from IL-31" JCCP. Of PBMCs from pa-
tents with JCCP not treated with specific immunotherapy
(SIT), 62.1% (P = .002 compared with control subjects, Fisher
exact probability test), 63.0% (P = .002), and 34.6% (P =.060)
produced IL-31 in response to Cry j 1, cedar crude antigen, and
cypress crude antigen, respectively. This might be the first report
of the induction of IL-31 protein production by means of allergen
stimulation in human subjects. Among the SIT-treated patients
with JCCP, only 25.0% (P = .011 compared with patients not trea-
ted with SIT), 21.1% (P = .005), and 16.7% (P = .166) of PBMCs
produced IL-31 in response to Cry j I. cedar crude antigen, and
cypress crude antigen, respectively. Overall, the median amounts
of IL-31 produced in response to Cry j 1 and cedar crude antigen,
but not cypress crude antigen, were significantly higher in patients
with JCCP not treated with SIT compared with those seen in
healthy control subjects and SlT-treated patients with JCCP
(Fig 1). Increased expression levels of I1-31 protein, mRNA, or
both in sera, PBMCs, and inflamed tissues in other allergic dis-
eases have been reported for both human subjects and mice. "6
The present results are consistent with the previous reports and
suggest that the increased expression of IL-31 might be a common
feature in patients with atopic allergic diseases.

The amounts of Cry j I-induced, cedar crude antigen-induced,
and cypress crude antigen—induced IL-31 production were sig-
nificantly and positively correlated with the production of IL-5
and IL-13, but not IFN-v, in response to the respective antigens in
patients with JCCP without SIT treatment (see Fig El in this ar-
ticle’s Online Repository at www.jacionline.org). In addition,
PBMCs from patients who produced IL-31 in response to Cry
j 1, cedar crude antigen, and cypress crude antigen produced sig-
nificantly higher amounts of IL-5 and IL-13 by means of stimula-
tion with the respective antigens compared with PBMCs from
patients who did not produce IL-31 (see Fig E2, A, B, D, E, G,
and H, in this article’s Online Repository at www.jacionline.
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org). The levels of IFN~-y production were not different between
IL-31 producers and nonproducers, except for cedar crude antigen
stimulation (see Fig E2, C, F, and 7). These results suggest that
antigen-induced IL-31 production is selectively associated with
Ty2 responses in PBMCs.

Symptom scores in the peak season of cedar pollen dispersion
were similar between IL-31 producers and nonproducers in
response to Cry j 1, cedar crude antigen, and cypress crude
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antigen (see Fig E3, A-C, in this article’s Online Repository at
www.jacionline.org). QOL. scores in the peak season of cedar pol-
len dispersion were also similar between IL-31 producers and
nonproducers in response to cedar crude antigen and cypress
crude antigen (see Fig E3, E and F). A trend in the exacerbation
of QOL was seen in Cry j 1-induced IL-31 producers compared
with nonproducers; however, this trend did not reach statistical
difference (P = .087; see Fig E3, D). ’
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Symptom scores in the peak season of cypress pollen disper-
sion were also similar between IL-31 producers and nonproducers
in response to Cry j 1, cedar crude antigen, and cypress crude
antigen (Fig 2, A-C). However, QOL scores, in which a high score
means a low QOL, in the peak season of cypress pollen dispersion
were significantly higher in IL-31 producers in response to Cry j 1
and cypress crude antigen, but not cedar crude antigen. compared
with those seen in the respective nonproducers (Fig 2, D-F).
Together with the finding that PBMCs that produced IL-31 in re-
sponse to pollen antigens produced higher amounts of IL-5 and
TL-13 in response to the respective antigens, these results suggest
that the induction of IL-31 production might lead to a deteriora-
tion of JCCP.

The amount of IL-31 production in response to pollen antigens
did not correlate with symptom or QOL scores in the peak season
of cedar pollen dispersion (see Fig E4 in this article’s Online
Repository at www.jacionline.org). However, the amounts, espe-
cially in response to Cry j 1 (p = 0.641, P <.001) and cypress
crude antigen (p = 0.658, P = .002), significantly and positively
correlated with QOL scores in the peak season of cypress pollen
dispersion (see Fig ES, D-F, in this article’s Online Repository at
www.jacionline.org). In addition, there was a trend for a positive
correlation between cypress crude antigen—induced IL-31
production and symptom scores in the season (p = 0.451,
P = .070; see Fig E5, C). In contrast, the amounts of IL-5 or
IL-13 production after stimulation with pollen antigens did not
correlate with the QOL. scores (see Fig E6 in this article’s Online
Repository at www jacionline.org). This result suggests that the
induction of pollen antigen—induced IL-31 production by PBMCs
is associated with the severity of allergic rhinitis. Detailed discus-
sion is available in this article’s Discussion section and Figs ES
and E9 in this article’s Online Repository at www.jacionline.org.

The present study provides evidence that, unlike other Tg2-
type cytokines, including I1.-5 and IL-13, IL-31 displays a unique
and independent role in the pathophysiology of allergic rhinitis.
The amount of pollen antigen—induced IL-31 production by
PBMCs is selectively associated with the severity of QOL in pa-
tients with JCCP. These observations might provide a basis for fu-
ture therapeutic approaches targeting IL-31 in the management
and alleviation of allergic rhinitis.
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Sequence variation in the /L4 gene and resis-
tance to Trypanosoma cruzi infection in
Bolivians

To the Editor:

Chagas disease, caused by the parasite Trypanosoma cruzi, af-
fects 10 to 12 million people each year in Latin America, with Bo-
livia having the highest prevalence of infection (see “Outlook:
Chagas disease™’ and references therein). In the chronic phase,
Chagas infection may present as an indeterminate form in which
60% of infected individuals remain asymptomatic despite having
positive serologic reactions for T cruzi. In the remaining 40% of
patients with Chagas disease, tissue inflammation leads to organ
damage, affecting the cardiac, digestive, or nervous systems up to
25 years after initial infection. Several studies identified genetic
markers for disease establishment and progression in Venezue-
lans, Brazilians, Peruvians, Colombians, and Mexicans,” but no
genetic studies have been conducted previously in Bolivians.

Cytokines produced in response to T cruzi infection appear to
modulate disease progression by enhancing or inhibiting parasite
replication in a variety of cell types. In parficular, the T2 cytokine
[L-4 maintains inflammation and parasite persistence in Chagas dis-
ease,” whereas Tyl cytokines maintain control of parasitism4 but
can also contribute to the development of chronic myocarditis.”

To determine whether genetic variation at the IL4 gene is asso-
ciated with T cruzi infection in Bolivians, we performed a rese-
quencing study of an approximately 12-kb region around the
IL4 locus, including 470 base pairs (bp) of coding (exon) se-
quence, 368 bp of 5’ untranslated region, 82 bp of 3" untranslated
region, and 11,453 bp of intronic sequence. The study included
110 individuals from the Department of Cochabamba, Bolivia,
with infection status serologically confirmed by 2 different diag-
nostic tests (HAI Chagas Polychaco; Laboratorio Lemos, S.R.L.,
Buenos Aires, Argentina, and IFI Biocientifica S.A., Buenos
Aires, Argentina). Each subject was classified according to the se-
rologic results as a case (positive serology) or a control (negative
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Upregulation of IL17RB during Natural
Allergen Exposure in Patients with
Seasonal Allergic Rhinitis

Yuri Matsumoto!, Emiko Noguchil, Yoshimasa Imoto!2, Kentaro Nanatsue!, Kaoru Takeshital,
Masanao Shibasaki?, Tadao Arinami! and Shigeharu Fujieda?

ABSTRACT

Background: Seasonal allergic rhinitis (SAR) to Japanese cedar (Cryptomeria japonica; JC) is an IgE-
mediated type | allergy affecting the nasal mucosa. However, the molecular mechanisms that underlie SAR are
only partially understood. The aim of the study was to identify novel genes related to SAR during natural expo-
sure to pollens, by using microarray analysis.

Methods: Subjects were 32 SAR patients and 25 controls. Total RNA was extracted from CD4* T cells iso-
lated from peripheral blood mononuclear cells and subjected to microarray analysis with lllumina Human Ref8
BeadChip arrays. The Mann-Whitney test was performed to identify genes whose expression was altered dur-
ing allergen exposure. Quantitative real-time reverse transcription-polymerase chain reaction (RT-PCR) was
performed on samples collected from SAR patients and controls to verify the microarray results.

Results: Microarray analysis showed that the expression of 3 genes was significantly altered during allergen
exposure. Among these 3 genes, the expression of interleukin 17 receptor beta (IL17RB) was confirmed to be
upregulated in SAR patients compared to that of the /L77RB gene in healthy, non-allergic controls. The aver-
age fold change of IL77RB expression in the real-time RT-PCR experiment was 3.9 (P = 0.003).
Conclusions: The present study identified upregulation of /L17RB during natural allergen exposure in pa-
tients with SAR, which may further elucidate the molecular mechanisms underlying SAR.

KEY WORDS
allergen exposure, microarray, nasal mucosa, quantitative real-time RT-PCR, seasonal allergic rhinitis

the most common allergen in allergic rhinitis was

INTRODUCTION Japanese cedar pollen (89.6%, 610 of 681 subjects with
Allergic diseases such as asthma and allergic rhinitis SAR) .3 SAR therefore contributes to the undermining
are major causes of morbidity in developed countries, of quality of life and decline in labor productivity.4
and their incidence is increasing. Seasonal allergic SAR is a chronic, inflammatory disease of the nasal
rhinitis (SAR) to Japanese cedar (Cryptomeria japon- mucosa caused by the infiltration of lymphocytes,
ica) is an IgE-mediated type I allergy affecting the na- mast cells, and eosinophils into the nasal mucosa. T-
sal mucosa. It is one of the most common allergic dis- helper type 2 (Th-2) cytokines play a crucial role in
eases in Japan, affecting 19.4% of the Japanese popula- orchestrating inflammatory responses. However, the
tion,! and thus is a major public health issue. Accord- molecular mechanisms that underlie SAR develop-
ing to a national survey, the prevalence of rhinitis in ment are only partially understood. To understand
Japan was 0.16 in 1992 and 0.21 in 2002.2 We recently the molecular basis of SAR, it would be helpful to ex-
reported the prevalence of allergic rhinitis in an adult amine the expression of genes in subjects with SAR
population of the Fukui area of Japan was 44.2% (681 during allergen exposure. Microarray techniques per-
of 1,540 subjects aged between 20 and 49 years), and mit simultaneous analysis of the expression of many
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Table 1 Characteristics of the study population

SAR (n = 32) Control {n = 25) P value
Age (year + SD) 36.8+8.8 (25-50) 32.8+7.1 (18-47) 0.052
No. of Male/Female 16/16 12/13 0.334
Whole blood
Neutrophif (%) 55.2 (range 39.5 to 76.0) 53.7 (range 36.3 to 76.0) 0.596
Lymphocytes (%) 33.7 (range 12 to 48.5) 37.4 (range 16.0 to 57.0) 0.154
Monotytes (%) 5.4 (range 3.3 to 8.0) 5.5 (range 3.6 t0 7.3) 0.71
Eosinophils (%) 5.2 (range 0 to 18.0) 2.8 {range 0.31t0 7.3) 0.008
Basophils (%) 0.6 (range 0 to 1.5) 0.6 (range 0 to 1.8) 0.92
Total serum IgE (1U/mL) 50.1 (range 7 to 880) 28.4 {range 5 to 160) 0.049
JC-specific IgE (Ua/mL) 8.08 (range 0.79 to 86.1) 0.11 (range <0.34 to 0.56) <0.00001

genes. Therefore, large-scale gene expression analy-
sis by microarray may clarify which novel molecules
are related to SAR.

Two types of tissues have been used for human mi-
croarray studies of allergic rhinitis. One is tissue
from the nose, such as nasal polyps and nasal mu-
cosa. Zhang et al.5 performed microarray studies with
nasal mucosa obtained from subjects with and with-
out allergic rhinitis and found that several chemokine
genes such as CC chemokine receptor (CCR) 2,
CCR3, CCR5, CCRS, and CX3 chemokine receptor 1
were highly expressed in the nasal mucosa of sub-
jects with allergic rhinitis compared to the expression
of these genes in the mucosa of subjects without al-
lergic rhinitis.

The other type of tissue is peripheral blood ob-
tained from patients and controls. Larsson et al.b ex-
amined the transcriptional profiles of dendritic cells
(DCs) after stimulation with grass pollen allergens
and co-culture with autologous CD4+ memory T cells.
This study found a distinct T-cell-induced DC profile
in atopic individuals, suggesting that T cells have a
key instructive role in educating DCs in Th2-type re-
sponses. Benson et @l.7 performed microarray analy-
sis using allergen-challenged CD4+ T cells from pa-
tients with SAR and compared the expression level of
CD4+ T cells challenged with diluents only. This
study found that tumor necrosis factor receptor su-
perfamily member 4 (INFRSF4), which is related to
apoptosis, is significantly upregulated in allergen-
challenged CD4+ T cells. Allergic diseases are
thought to be involved in the dysregulation of T cells,
including CD4+ lymphocytes. Therefore, examining
changes in gene expression levels in CD4* T cells
from SAR patients and healthy, non-allergic controls
may improve our understanding of the molecular
mechanism underlying SAR.

In the present study, we performed microarray
analysis to identify changes in gene expression that
reflect the status of SAR during natural allergen expo-
sure and found that interleukin 17 receptor B

(IL17RB) is upregulated during natural allergen ex- -

posure in SAR patients.
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METHODS

SUBJECTS

Between 2003 and 2007, 1575 hospital workers and
university students were invited to participate in an
epidemiological survey of allergic rhinitis. All partici-
pants were of Japanese origin and were residents of
Fukui Prefecture, Japan. The characteristics of the
study population have been described in detail previ-
ously.3 Total and specific IgE (produced in response
to Japanese cedar, Dermatophagoides, Dactylis glom-
erata, Ambrosia artemisiifolia, Candida albicans, and
Aspergillus) were measured using the CAP-RAST
method (Pharmacia Diagnostics AB, Uppsala, Swe-
den).

We invited 56 of the 1575 survey subjects to partici-
pate in a gene expression analysis study and col-
lected a 150-ml blood sample from each subject be-
tween February and April 2009, the time during
which subjects were naturally exposed to Japanese
cedar pollens. We also collected blood samples from
the same individuals between November and Decem-
ber 2008, when they were not exposed to Japanese
cedar pollens. Cases of SAR due to Japanese cedar
polinosis (SAR group) were diagnosed on the basis of
a positive history of rhinitis between February and
April and high levels of Japanese cedar-specific IgE
antibodies in the serum (RAST score = class 2). We
included only those SAR patients who were sensitized
to Japanese cedar (i.e., no detectable allergen-specific
IgE against dust mites, D. glomerata, A. artemisiifo-
lia, C. albicans or Aspergillus; RAST score =< class 1).
Subjects without allergies (control group) had to sat-
isfy the following criteria: (1) no symptoms or history
of allergic diseases, (2) no detectable, specific IgE an-
tibodies against 6 common inhalant allergens (RAST
score < class 1), and (3) total serum IgE levels be-
low the general population mean. The characteristics
of subjects are listed in Table 1 and Table 2. The sam-
ple from one SAR patient (No. 19) was used only for
realtime RT-PCR analysis because cRNA amplifica-

-tion for microarray experiment was not successful.

All participants provided written informed consent
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Table 2 Treatment of SAR patients during natural pollen exposure

Sample No. Age Sex Treatment
2 45 Female Pranlukast
Bepotastine besilate
3 41 Female Epinastine hydrochloride
4 47 Female Epinastine hydrochloride
11 27 Female Olopatadine hydrochioride
12 30 Male No treatment
14 25 Female No treatment
15 28 Female Fexofenadine hydrochloride
19 30 Male Epinastine hydrochloride
23 30 Female No treatment
24 47 Male No treatment
25 27 Male No treatment
30 50 Male Olopatadine hydrochloride
32 49 Female Epinastine hydrochloride
34 31 Male No treatment
36 27 Male No treatment
39 43 Male Cetirizine hydrochloride
40 49 Male No treatment
41 44 Female No treatment
45 45 Male Fexofenadine hydrochloride
53 45 Female Epinastine hydrochloride
55 26 Female Epinastine hydrochloride
56 28 Female Epinastine hydrochloride
57 44 Male Cetirizine hydrochloride
58 37 Male Bepotastine besilate
59 25 Female No treatment
60 25 Female No treatment
65 44 Male Epinastine hydrochloride
68 32 Male Olopatadine hydrochloride
69 45 Female Cetirizine hydrochloride
73 42 Female No treatment
75 38 Male Cetirizine hydrochloride
81 30 Male Bepotastine besilate

Olopatadine hydrochloride

to participate in the study. The study was approved
by the ethical committees of the University of
Tsukuba and the University of Fukui, Japan.

RNA EXTRACTION
Peripheral blood (150 ml) was taken from each sub-
ject. Peripheral blood mononuclear cells (PBMCs)
were purified with Ficoll-Paque™ gradient (GE
Healthcare, Piscataway, NJ, USA). CD4+ T cells were
isolated from PBMCs with a human CD4 Isolation kit
(Miltenyi Biotec GmbH, Bergisch Gladbach, Ger-
many) according to the manufacturer’s instructions.
RNA was extracted from PBMCs with an RNeasy
Mini Kit (Qiagen K.K., Tokyo, Japan) according to
the manufacturer’s instructions.

We used the lllumina BeadArray with single-color
array (Illumina, San Diego, CA, USA) as a microarray

Allergology International Vol 80, No1, 2011 www.jsaweb.jp/
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platformm. For the Ilumina BeadArray assay, cRNA
was synthesized with an [llumina® RNA Amplifica-
tion Kit (Ambion, Austin, TX, USA) according to the
manufacturer’s instructions. In brief, 500 ng of total
RNA from CD4+ T cells were reverse transcribed to
synthesize first- and second-strand cDNA, purified
with spin columns, and then in vifro transcribed to
synthesize biotin-labeled cRNA. A total of 750 ng
biotin-labeled cRNA was hybridized to each Illumina
Human Ref8 BeadChip array (llumina) at 55C for 18
h. The hybridized BeadChip was washed and labeled
with streptavidin-Cy3 (GE Healthcare) and then
scanned with the Ilumina BeadStation 500 System
(Illumina). The scanned image was imported into
BeadStudio software (Illumina) for analysis. Twenty-
two thousand ~transScriptS répresenting 8 “whole-
genome samples can be analyzed on a single Bead-
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Table 3 Genes related to SAR identified by microarray

Microarray Real-time PCR
Gene Name Description Fold Fold Accession t
change g-value change P-value
ARID4B AT rich interactive domain 4B -1.6 ' 0.049 1.1 0.204 NM_016374.5
SERPINE2 serpin peptidase inhibitor, member 2 -1.5 0.049 1 0.104 NM_006216.2
ILT7RB interleukin-17 receptor B 1.6 0.049 3.9 0.003 NM_018725.3

t GenBank accession numbers.

Chip. We included at least 1 technical replicate (i.e.,
the same cRNA sample) for each BeadChip. The cor-
relation coefficients for identical RNAs were 0.995 to
0.996 (r?) in the present study.

QUANTITATIVE REAL-TIME BREVERSE TRAN-
SCRIPTION-POLYMERASE CHAIN REACTION
(RT-PCR)

CD4+ T cells from the subjects in each group were
purified by Ficoll-Paque™ gradient (GE Healthcare)
and human CD4 T cell Isolation kit (Miltenyi Biotec
GmbH, Bergisch Gladbach, Germany). The purity of
the isolated CD4 was over 98% in the present study.
Total RNA was extracted from PBMCs with an
RNeasy Kit (Qiagen). Quantitative real-time RT-PCR
was performed with TagMan Universal Master Mix
and an Assay-on-Demand Gene Expression Kit (Ap-
plied Biosystems, Foster City, CA, USA) according to
the manufacturer's instructions. The endogenous
control GAPDH was used to normalize the sample
with the AACT method for relative quantification with
SDS software 2.2.0 (Applied Biosystems).

STATISTICAL METHODS
For the microarray analysis, background-corrected
values for each probe on the BeadChip array were ex-
tracted using BeadStudio version 2.0 (Ilumina). The
detection limit corresponding to a 0.01 detection -
value was determined by using a normal model of in-
tensities of 20 negative control probes that had no
corresponding target in the sample.8 The extracted
values were exported to the software GeneSpring ver-
sion 10 (Silicon Genetics, Redwood, CA, USA), and
per chip and per gene normalizations were per-
formed. The statistical significance of the microarray
data was calculated using the Mann-Whitney test, and
multiple tests were corrected by the Benjamini and
Hochberg false discovery rate.®

Statistical significance of real-time RT-PCR was cal-
culated by using the Wilcoxon signed rank-sum test
(paired samples) and the Mann-Whitney U test (2 in-
dependent samples). In the paired samples, each
sample from SAR patients and controls exposed to
pollens was normalized to the sample from the same
individual not exposed to pollens (sample-specific
normalization). The correlation between normalized

90

51

values of the microarray and those of the quantitative
PCR experiments were performed with Spearman’s
rho test. Significance was defined as P < 0.05.

RESULTS

We first selected transcripts that were expressed by
at least half (i.e., 28 samples) of the 56 samples on the
Human Ref8 BeadChip arrays with detection P val-
ues < 0.01. Among the 10,477 expressed transcripts,
those satisfying all the following criteria were se-
lected as up- or downregulated transcripts in the mi-
croarray analysis: (1) more than 1.5-fold increase/de-
crease on average and (2) transcripts showing statis-
tically significant differences between the SAR and
control groups (g < 0.05).

A total of 4 transcripts were upregulated, and 15
transcripts were downregulated at the 1.5-fold level
(19 transcripts total). The change in the expression of
3 (1/2 = up-/downregulated) transcripts was statisti-
cally significant (¢ < 0.05); 1 was up-regulated, and 2
were down-regulated. Genes that were up- and down-
regulated in CD4* T cells between the SAR and con-
trol groups are listed in Table 3.

We then performed quantitative real-time RT-PCR
to verify the results of the microarray analyses. Sig-
nificant correlations between the microarray results
and the results of the quantitative real-time RT-PCR
were observed for IL1I7RB (Spearman’s rho = 0.815,
P < 0.0001) and SERPINEZ2 (Spearman’s rho = 0.877,
P < 0.0001). However, no correlation was observed
for ARID4B (Spearman’s rho = -0.063, P = 0.58). The
average fold change for ILI7RB in the real-time RT-
PCR experiment was 3.9 (P = 0.003, Table 3). Al-
though good correlation was observed between the
microarray results and the results of the quantitative
real-time RT-PCR for SERPINEZ2, the average fold
change for SERPINEZ in the realtime PCR experi-
ment was 1.0 (P = 0.10, Table 3), because of the exis-
tence of outliers.

In the quantitative realtime RT-PCR results of
paired (exposed versus non-exposed) samples,
IL17RB expression was elevated during natural pol-
len exposure in SAR patients but not in the controls
(Fig. 1). ILI7RB expression in SAR patients did not
differ from that in controls when they were not ex-
posed to cedar pollens (P =0.93).

Allergology International Vol 60, Not, 2011 www.jsaweb.jp/



IL17RB Upregulation in Allergic Rhinitis
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Fig. 1 Quantitative real-time RT-PCR validation of microarray data. Each sample from SAR
patients and control individuals exposed to pollens was normalized to the sample from the same
individual not exposed to pollens (sample-specific normalization). P values were calculated with

Wilcoxon signed rank-sum test.

DISCUSSION

In the present study, we performed microarray analy-
ses to identify genes related to SAR and identified 3
up- or downregulated genes related to SAR. Among
these 3 genes, ILI17RB was confirmed to be upregu-
lated in real-time quantitative PCR analysis.

In our study, the number of genes that were signifi-
cantly altered was small compared with those in
other microarray studies, which used CD4* cells
stimulated with allergens. One possibility for this dif-
ference is that gene expression change during natu-
ral allergen exposure in vivo is more subtle. Hansel ef
al. 10 performed microarray analyses using CD4* T
cells from 84 subjects and did not find a dominant
allergy-associated profile in CD4+ T cells between al-
lergic and non-allergic subjects. Because distinct
CD4+ T-cell-induced DC profiles were reported in
atopic individuals,® changes in CD4* T cell profiles
are likely to influence subsequent allergic responses,
leading to the development of SAR.

Microarray experiments are now widely used to si-
multaneously analyze the expression of tens of thou-
sands of genes. Quantitative real-time PCR is a com-
monly used method for validating microarray experi-
ments. However, microarray and quantitative real-
time PCR results sometimes disagree. In general, it
has been reported that correlations increase with in-
creasing degrees of change.ll Dallas and colleagues
reported poorer correlations between microarray ex-
pression scores for genes that exhibited fold-change
differences of <1.5 compared with fold-change differ-
ences of >1.5.12 We observed poor correlation for

ARID4B. The poor correlations may be due, in part,

to the existence of alternative, cross-hybridizing tran-
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scripts differentially recognized by the oligonucleo-
tide probe sets and gqRT-PCR probes, because several
splice variants exist in ARID4B.

IL-17RB is the receptor for IL-17B and IL-17E (also
known as I1-25).13.14 J1-25 has been shown to induce
Th-2 responses, and recent studies revealed that IL-
17RB was highly expressed on a subset of naive and
activated CD4+ invariant natural killer (NK) T cells,
but not on activated T cells and that IL-17RB+* invari-
ant NKT cells produced large amounts of Th-2 cytoki-
nes that were substantially increased by I1-25 stimu-
lation.!516 It has also been reported that ILI7RB
knockout mice did not exhibit histological signs of
lung inflammation, while marked infiltration of in-
flammatory cells were observed in wild-type mice.1?
Recently, Wang et al. performed microarray experi-
ments using PBMCs stimulated with allergens or di-
luents in vitro, and reported that ILI1I7RB was the
most significantly upregulated gene on allergen
stimulation in SAR patients when compared with that
in controls. They also observed a significant increase
in IL17RB gene expression from microarray data of
allergen-challenged CD4 cells from SAR patients as
compared to diluent-challenged cells. This is in
agreement with our findings, which reveal upregula-
tion of IL17RB in SAR patients naturally exposed to
pollens, although the degree of changes in gene ex-
pression that we observed was lower than that in the
study by Wang et al. Therefore, it is speculated that
the differential gene expression pattern of IL17RB in
SAR patients during allergen exposure may be re-
lated to the development of SAR.

In conclusion, the present study identified up-
regulation of IL17RB during natural allergen expo-
sure in patients with SAR. Because the blockade of
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I1-17RB has been reported to prevent IL-25induced
lung inflammation and Th-2 type cytokine secretion,1?
antagonists for IL-17RB could be a novel therapeutic
target for allergic diseases.
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Okano Mitsuhiro
LA L

BUAZAEREEEFLEVRNTRAEE - ERBAHEERR

g7 b)b—i@%ﬁ/f RS UTIE, BFREEAESVUINF-ESXOBRESIUEREICEDOTER

BEED 1 DELTRBIIIONTVD. PUILF-M8KE IR UIF-REBTHD, RANICORERILT
SEMNCEEREREFCEVESCEBON®D. FIWEHEESORATUVIILTVIZELT, 75t
FRNBZESHRAR TP UIILF—HBROERP LT QOL [CWT D SCIT OBMEARINTSD, HICM
ASEH S TEHED ICDVWTEXPENICE >TZOBMENRIASNIC. R TRERAIRLIREDS
WRCESREBSZHET DD, HICHEE T MBRVHRN Th2 BiICNY SBEFRIERTCHD.

i L & IZ

FUNE L RERER, 100 EOEREE
T2, TULF—ERBAOBRRD A EER
DS TEBREETHS Y, BICLEROREK
BERAELBIER, HPHEICZ LI ERENE
RAEHIT TV H, WHO RESPET LA —
SEHA4 K54 2k Eic L D RN OERN L
MREDTR AR, A IERREOR ES, B
S L R MDERAND LD Ik ofd Y, S
Bic, BEUEETRENT ULF—REBOH
SREEIE (natural course) »EfiT5{EALHEL
pERD, BT VAF—BEHA K4 2TET
VLA BRI 2 BREED 1 DL LT

R FmEn 7 LILF B3 A SR QOL

BN TWEY, XFTE, Tri¥—ita
R B BT &R IA (subcutaneous immu-
notherapy ; SCIT) OEBLURBLUTER, &
LIERBFOT v 77— MID0T, BROHK
FIBRAZZAERT 5o

I. SCIT M=

1. R

BT ULE—BESA K54V THRALATL
k50, FRRKC6RNETREN I BELE
BALLT, SEEATOA FEDHERLY R
BRI S NTORVEBEMEETHEY, AT
LEMATERTHY, FHOLREELY, Bz,
BYRETOAY b O— RS b0 (R

SCIT (subcutaneous immunotherapy ; BT fE# k)
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ELVT, BYETRELSNBEALF 21
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AMLFABIVERIFA (FARILFLZ,
TNTFNFVT, HUPK, 75 FAEY T A,
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é%ﬁﬁéhfu&w?%%%%&Emléx,
HEOEEREIFAOFERYLELEER, A
TVILF S - FETRSICHART % RE
L, REDFEHEERBTHRERY A X —HHOL
FAEAFTE 2,

3. WAFEE ;
SCIT 2 £MT 22 hiz> T, RPN
ENHIRFL D BB ThE BEIMICZ LS
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BELDBILREEBAT S, WIlERRE,
JER 10 558 L2 i8R 203 2 A RIS
BIE (E59 15 DB O 20 mm M EE 2 28
AEFBE) 2881035, Ba 3, WAEEFT
FRIED 1/10 & 0, ZOMEHEE L 0 ®EARE
ZBRIAL TV 3,

JFETH S0%ERIETEIC 1 ~2 B OEHH
BRINTVZ, Ly LAEBTEERBICET 2
FTEFHZELBRELYPTVERSH 2, B4
&, ST 15 DBOMBEH 60 mm B2 A8
BT, »OESEE B EE2¥Ey:
%5 2,000 JAU/mL) Tz 34 100% 88 B %
FoTd (F1), WHO BEETR, EIRGE
FHT2FRE LTEBREATOA ME, B
BESHET I 740, H30EHERALZI VU
CEAMBEEFRL TV E?, 85 TR IGE
(immunoglobulin E) $2 & 2 BIALE OF 31
LEESITVEY, R REHYFICH L XL
LVEFNRIETHE, ibAXIVEICL S
L R R DB S TEHEEMLECTE 2 -
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- RHELURKATFHBAOBEETEIE, &5
IR O RTS8 8 % KBS R I
P22 enBYTHS,

4. WEBEE

FE IS HEBORSEH 60 mm EEE D L ST
HAUTHI R (L, B E LTV 5, S5
WD SR TR T H 2 b3, BIFL SR
BRLIHEDS R 3~ 5 EMOBERPEL T
VBT, B0 LS, ERICEELEET
REEERTLABRLZTOYESBETZ7, W
B THICERSESET 2 0B, SEmEmE0n
FHMEEET A LA RIHSLH S, o
T, BB~ BECHGEET L ICBE 2
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IgE (immunoglobulin E)
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B 2 FTEH T REBUCABER YY1 — U GREE)

1
1 R
2 JAU/mLX0.05mL 200 JAU/mL X0.05mL 2,000 JAU/mLX0.3mL
Codw +iw 2w
2 JAU/mLX0.1mL 200 JAU/mLX0.1mL 2,000 JAU/mLX0.3mL
Viw } 1w 13w
2 JAU/mLX 0.2mbL 200 JAU/mLX0.2mL - 2,000 JAU/mLX0.3mL
¥ dw Viw } 4w
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N : B J
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Licky, BEZTOLIAEREULOL SR 188  9:00 HO 100,0008x0.1 mt
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\\ b4 N f- N . y . N ’
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DRIBERFF v 75, BEBEERELLD : 15:00 HD 1,000 £ xX0.1 mL
LHibE, BEICLoTRAKT COES TR 2B8 9:00 HD  1.000 8 x0.3mL
- b s e e = : =1 .
DT T B LBRIET 5 bOH 5, BRI FH . 100 HD 100 & X0.7 ml.
L o o 13:00 HD 100 18 0.2 mL
FEERTHE. 388 9:00 HO 100 8 X0.4 mL

6. BIKEEZDHIG ~ 11:00 HD 10 8 X0.05 mL
BRI EBERE»H 2, BiRbE LT 488 9:00 HD 10 8 X0.05 mL
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9.0%
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RJST 10.5%, £ERIGT 4.8%, £7-EHEH
T 03TNDHEETEERIGER LI L ORE
BH BT, BICEELL TRV IFAEZENS
BEE, D/%kié7vw7/a% RICERAE
LS 2o, BELREYOy PEBRRICEER
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EOWRE (BREFE, FEEh, AWAL) &
FVEBRRGERDEENHY, EHFOMN
BROBENBEETH S, LD 2009 FiokTd 3
WET, 98 HloHEEICE 1,419 B0 SCIT »*

JLJ\

fE1T & Auehs, BFEIRIGE 55 @ (BE~—A
T 12.2%, EH~N—AT 3.9%), £HFEIRIGE

1E (B#F~—2T1.02%, E5~—27TO0.07
%) T o7 (]"3), BEOBRPALAZ I VE
WX AETLVE, ESBOERRICOBE LR,
B L UESROME BELERBYCTOL
kD, EEERIGEBETE S EEDNS,

24 (798)

BUAZERE2RERICHIDEIRMBDEESRE (2009 F)

144 28

2820

36 94@ 984
ISER 7748p 9208p
398 1,088 1,4198
2@ 5@ 558
08 0® 1@
66.7%  4.2%  12.2%
51%  1.4%  3.9%
0% 0%  1.02%
0% 0% = 0.07%
(ESER)

. SOT@%UJW%\wﬁﬁ

X= EE, 33, THEEOBAT VLT Y
CELT, IhITEZL{ 07T RAMETER
BB TT VX —HERIIXT 5 SCIT OER
HHSRANT B O™, Fl L EREELLEDRK
ABHRBHCIV Yave X2 F ARV
SCIT # 1 EHfF-7/-E 25, HEERIERDOI
EL LY, FREAEEOER LY, 3HIC
A =X B KRB O & CRAd vl NP N R g
%2,

FEIE T VOLF— K (B RE) ~ DRI R X
VEETHB., BN, 4 FRTEHBLUFIRHE
o & B ENIN T L eF —HER ST 5 SCIT
OFAE W L5 FOZEERAER
2,871) % ARMHLIER, 77w REkEL
HEn (p < 0.00001) FEKB L UEYWAITT D
BEhiA STV (RL), FREERT v
YOS REFN—AT0.13% (F5¢
12 0.01%) T, HEMEBDE» 7%
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1. BERICBIDET P UILT VU RERE

x4 AVBIFICLDEHT LILF-HERR (EHE) OERIDTICHT S SCIT DR

Study or subgroup Treatment "Control Std. Mean Difference Weight  Std. Mean Difference
N Mean(sD) N Mean(SD) IV, Random, 95% Cl IV, Random, 95%6 Cl
Balda 1998 49 656(10.43) 56  9.07(8.19) - 9.3%  —027(—0.65,0.12)
Bodtger 2002 16 22(1) 17 3.3(1.4) “"— 57% ~—0.88[~1.60, —0.16]
Bousquet 1990 20 . 63.6(325) 18 1086(332)  —=— 5.8% —1.34[~2.05, —0.63]
Brewczynski 1999 10 59.5(328) 8 1224(85.13)  —— 38%  —0.98[—197,0.02]
Corrigan 2005 77 1.665(114.93) 77 218(135.39) * 10.1% “O‘{H {-0.73, —0.09]
Drachenberg 2001 74  075(0.44) 50  0.95(0.41) - 96% —0.46[—0.83, —0.10]
Ferter 2005 22 0.44(032) 20  0.8(0.54) - 6.5% —0.81[—1.44, —0.17]
. Frew 2006 187 3.31(242) 89  459(2.93) - 10.8% —0.49[—0.75, —0.24]
Jutel 2005 20 393(328) 28  5.82(3.44) - 76% —0.55[—1.08, —0.02]
Meriney 1986 10 351(297) 10 8.43(4.24) —*—— 3.9% —1.29[—227, —0.30]
Ortolani 1984 8 201057 7  5.86(1.63)—— 1.8% —3.06(—4.69, —1.43]
Ortolani 1994 18 . 0.61 (‘0:.1 2) 17 - 2,3(0‘98) —+ 45% —240[—-3.29, —1.51]1"
Vamey 1991 19 1,531(1,875) 16  2,230(856) - 61%  —0.46[—1.13,0.22)
Walker 2001 17 —1,212(2832) 13 —115(1,159) - 56%  —0.50(—124,0.23]
~ Zenner 1997 41 8224(64.38) 40-115.98(83.67) - 8.6% —0.45[—0.89, —0.01]
Total(95% Cl) 597 466 * 100.0% —0.73[—0.97, —0.50]

Heterogeneity. Tau?=0.12: Chi®=38:05, df= 14(P=0.00051) :[>=63%

" Test for overall effect Z=6.10(P<0.00001)
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SCIT FifF B 0 2 X108 T 0 BIRRER .,
MEEREEBERI RV LOD, VAF a1 —FE
BEL T 5 L EBCERL TR (B2). &5
i~ SCIT MfF Bl ORI LB BB 2 LE L L

-4 =2 0 2 4

Favours treatment

Favours control

(@R 13 &)

Dol bdh, ARBIROBREBRICATIE
WECBOTH SCIT AEMERBZERTE 3
CENVHFTE S,
FHARTIE ) FOEANZLLIATNE T
Ehh, AFFEHREBEOL /) FIEHEVHEL
FeoTg W, AFZFARHAWASCITE, &
JEREWEBEOZ Y- XTI/ FIHE
RS HET S (M1)9, JOBEED 1O
LT, REMERMEEOL FT VLS Y
Cha o 1 %9 2 1L (interleukin)-5 EA X HE

JRQLQ (A7 ¥ — B 58 QOL HER)
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- p=0.019 — p—— p=0.024 — © b p=0:264 ——f
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10 '
204 ¢
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by Mann-Whitney's U-test

B2 EREEIEET SCIT D AFTEHEADNE (2009 )
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II.
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——— p<0.001 ———] —— p=0.195 —]
1,500 4 750 4
1,000 - 500 -
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o B 0 = e -
L HY L Hy
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R S T - Mean=® SE
) S'CW SciT by Student's t-test

B3 AFERE SCIT OBRICLDNRTRNG IL-5 EXSBDHR
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FUNF R BT 2 BIE2 £ SCIT
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by Mann-Whitney U test
“ ns:p>0.05
*: p<0.05
**: p<0.01
- = : p<0.005
*er o p<{0.001
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BRG, TREEREEBCIET S L oW

#28 (802) FPLLE— - %E Vol.18, No.6, 2011




