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Abstract

Background: Japanese cedar (Cryptomeria japonica) pollino-
sis is one of the most prevalent allergies in Japan. Recently,
two reports described the positive effects of sublingual im-
munotherapy (SLIT) against Japanese cedar pollinosis. How-
ever, the therapeutic biomarkers for SLIT are still unclear.
We performed this unblinded, nonrandomized, open-label
study to identify therapeutic biomarkers for SLIT against Jap-
anese cedar pollinosis. Methods: We performed an open-
label study during one pollinosis season in 2007, enrolling 19
patients from in-house volunteers suffering from Japanese
cedar pollinosis. Peripheral blood was obtained from all par-
ticipants before SLIT treatment as well as before and after
the pollen season. The plasma levels of an immunoglobulin

specific to a major allergen (Cry j 1) were determined. We
analyzed the induction of regulatory T cells (iTregs), namely
IL-10*Foxp3* cells in CD25*CD4" leukocytes, by flow cytom-
etry. The Th2-type responses were analyzed by cytokine pro-
duction from peripheral blood mononuclear cells after stim-
ulation with Cry j 1. Clinical symptoms were estimated using
a quality of life questionnaire in the middle of the pollen sea-
son. Results: The difference in numbers of iTregs between
the medium-only control cell culture and cells stimulat-
ed with Cry j 1 was significantly decreased in the non-SLIT
group but was unchanged in the SLIT group after the pollen
season. The subgroup of the SLIT group with increased
iTregs showed more attenuated Th2-type cytokine profiles,
and symptom scores in the subgroup with increased iTregs
were significantly lower than those in the subgroup with de-
creased iTregs. Conclusion: The antigen-specific iTreg level
is a potential therapeutic biomarker that correlates with clin-
ical pollinosis symptoms and may be involved in the thera-

peutic mechanisms of SLIT. Copyright © 2010 S. Karger AG, Basel
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Introduction

Japanese cedar (Cryptomeria japonica) pollinosis is
one of the most prevalent allergies in Japan; a nationwide
survey in 2008 found a prevalence of 26.5% [1]. Com-
pared with the estimate of 13.1% in 2001, this more recent
tigure implies that the number of affected patients is rap-
idly increasing [2].

Recently, two reports have described the positive clin-
ical effects of sublingual immunotherapy (SLIT) against
Japanese cedar pollinosis [3, 4]. A randomized double-
blind study reported that efficacy variable scores in an
active treatment group were significantly lower than
those in a placebo group, and the quality of life (QOL)
symptom score of the active group was almost half that
of the placebo group [3]. We also previously reported that
active treatment significantly ameliorated symptom
scores and symptom-medication scores compared with
placebo in a randomized controlled trial. Furthermore,
we reported that SLIT decreased the number of Th2
clones specific to CS712, namely recombinant protein-
conjugated T cell epitopes from Cryj 1 and Cryj 2 [4, 5].

Several reports have suggested the involvement of
Foxp3-positive regulatory T cells (Tregs) in the thera-
peutic mechanisms of immunotherapy. It was reported
that the number of Tregs, namely CD25"h* and/or
Foxp3*CD4" T cells, was significantly increased during
specific immunotherapy against bee venom [6]. It has
also been reported that Foxp3*CD25" and Foxp3*CD4*
cell levels were significantly increased in the nasal mu-
cosa of patients receiving immunotherapy treatment
with grass pollen [7]. mRNA expression of Foxp3 and IL-
10 was reported to be induced after SLIT treatment, and
the suppression of effector cell proliferation was IL-10-
dependent [8]. The central mechanisms by which Tregs
downregulate antigen-specific Th2 responses are sug-
gested to be mediated by the production of the suppressor
cytokine IL-10 in a soluble or membrane-bound form [9].
However, the therapeutic mechanisms and the relation-
ship between clinical symptoms and Treg induction re-
main unclear.

In this study, we analyzed Cry j 1-specific Th2 re-
sponses and induced Tregs (iTregs), defined as CD25*
CD4" leukocytes positive for both IL-10 and Foxp3. We
considered that antigen-specific iTregs would produce
the suppressor cytokine IL-10 with Cry j 1 activation.
These Cry j 1-specific iTregs (Cry j 1-iTregs) from the
SLIT group were maintained after pollen season, whereas
the Cry j 1-iTregs from the non-SLIT group decreased
significantly after pollen season. Furthermore, the sub-
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group of the SLIT group with increased iTregs showed a
tendency for attenuated cytokine profiles compared to
both the subgroup with decreased iTregs and the non-
SLIT group. The subgroup with increased iTregs also
showed lower clinical symptom scores than the subgroup
with decreased iTregs. We propose that the level of anti-
gen-specific iTregs is a suitable biomarker for the severity
of symptoms and the therapeutic effects of SLIT.

Materials and Methods

Study Population

Nineteen in-house volunteers between 22 and 63 years of age,
who were otherwise healthy but who had a clinical history of Jap-
anese cedar pollinosis, were enrolled in this pilot study. The diag-
nosis of Japanese cedar pollinosis was based on clinical history
and IgE specific to Japanese cedar pollen of at least class 2 status
(CAP-RAST method, Phadia, Tokyo, Japan). Patients who had a
history of any immunotherapy, had a current diagnosis of asthma
or were pregnant were excluded. The patients in the non-SLIT
group were statistically older than those in the SLIT group; how-
ever, there was no statistical difference between the groups with
regard to the period of suffering from Japanese cedar pollinosis
(3-10 years). All patients had showed moderate or severe symp-
toms in the previous pollen season [10]. Antigen-specific IgE titers
for orchard grass, Japanese cypress and house dust mites were also
evaluated by the CAP-RAST method. The protocol was approved
by the Ethics Committee of Chiba University; written informed
consent was obtained from each of the patients prior to participa-
tion in the study.

Clinical Protocols

Standardized Japanese cedar pollen extract (Torii Pharmaceu-
tical Co. Ltd., Tokyo, Japan) was used for SLIT [11]. The trial was
performed from October 2006 to June 2007. The treatment pro-
tocol consisted of graded courses of the extract in 50% glycerol,
followed by maintenance therapy [4]. The extract was graded in 3
strengths: 20, 200 and 2,000 Japanese Allergy Units (JAU)/ml.
The content of Cryj 1 in the 2,000 JAU/ml extract was 1.5-4.2 g,
as determined by enzyme-linked immunosorbent assay (ELISA)
and as reported previously [12]. Patients received increasing dos-
es with each vial, beginning with 0.2 ml from the 20 JAU/m] vial
and increasing by 0.2 ml a day for 5 days per week; the vaccine was
taken sublingually, kept for 2 min without a retention reagent and
then spit out. The procedure was then repeated with each vial un-
til the maximum dose (1.0 ml of 2,000 JAU/ml) was reached. The
maintenance dose was 1.0 ml of 2,000 JAU/ml once a week until
the end of the study. The non-SLIT group was administered nei-
ther the vaccine nor a placebo. All participants were allowed to
take symptom-reducing drugs.

Blood Samples

Peripheral blood was obtained from each patient before the
beginning of treatment, before the pollen season and after the
pollen season. Peripheral blood mononuclear cells (PBMCs) were
isolated from whole peripheral blood by Ficoll density gradient
centrifugation using Lymphocyte Separation Medium (MP Bio-
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medicals Inc., Solon, Ohio, USA). Isolated cells were counted and
tested for viability by trypan blue exclusion prior to culture. The
PBMCs were frozen at -80°C and stored in liquid nitrogen using
a cell banker (Nippon Zenyaku Kogyo Co. Ltd., Fukushima, Ja-
pan) until use.

Antigens for in vitro Stimulation and ELISA

Cry j 1 was purified from Japanese cedar pollen according to
the method of Yasueda et al. [13] with some modifications. The
concentration of purified Cry j 1 was determined by the Lowry
method using a detergent-compatible protein assay reagent (Bio-
Rad Laboratories Inc., Hercules, Calif., USA). CS712, which is a
recombinant protein with 7 conjugated regions of T cell epitopes
from Cry j 1 and Cry j 2 [4, 5], was kindly provided by Daiichi
Sankyo Co. Ltd. (Tokyo, Japan).

Antigen-Specific Immunoglobulin Titer

The Cry j 1-specific IgE titer in the plasma was measured by
the method of Yasueda et al. [14]. The Cry j 1-specific IgG4 titer
was measured by ELISA as described previously [4].

Flow Cytometric Analysis

For intracellular staining of Foxp3 and IL-10, PBMCs were
cultured with or without Cry j 1 for 3 days, followed by culture
with 10 ng/ml phorbol 12-myristate 13-acetate, 1 wM ionomycin
and 2 pM monensin for 6 h. The PBMCs were stained with phy-
coerythrin-anti-CD25 (eBioscience, San Diego, Calif., USA)
and phycoerythrin-Cy7-anti-CD4 antibody (BD Biosciences,
San Diego, Calif., USA) in PBS containing 1% FCS and 0.1% so-
dium azide for 20 min at 4°C. After surface staining, the PBMCs
were stained with FITC-anti-Foxp3 (clone PCH101, eBioscience)
and allophycocyanin-anti-IL-10 antibody (BD Biosciences) for
30 min at 4°C using a Foxp3 staining buffer set (eBioscience)
according to the manufacturer’s instructions. The numbers of
IL-10"Foxp3* cells in 10* CD25*CD4" leukocytes were calcu-
lated from the percentage of IL-10"Foxp3* cells in CD25"CD4*
leukocytes.

Clinical Symptoms

The participants were instructed to fill in a QOL question-
naire in the middle of the 2007 pollen season. Japanese cedar pol-
len scattered from the middle of January to early May in 2007. The
Japanese Allergic Rhinitis QOL Standard Questionnaire No. 1
was used for the assessment of QOL symptom scores for allergic
rhinitis [15]. The total QOL symptom score was calculated as the
sum of each score: none = 0; mild = 1; moderate = 2; severe = 3;
very severe = 4. Nasal and ocular symptoms covered by the ques-
tionnaire included runny nose, sneezing, nasal congestion, itchy
nose, itchy eyes and watery eyes [3].

Enzyme-Linked Immunospot Assay

The numbers of IL-4- and IL-5-producing cells stimulated
with Cryj 1 or CS712 were determined by enzyme-linked immu-
nospot assay. A 96-well sterile filter plate (Millipore Corp., Bill-
erica, Mass., USA) was coated with monoclonal antibody to hu-
man IL-4 or IL-5 (Mabtech AB, Nacka Strand, Sweden), following
preincubation with 35% ethanol. After washing with PBS, the
plate was preincubated with AIM-V medium at 37°C for 1 h. The
medium was discarded, then 3 X 10° PBMCs/well were cultured
with fresh medium alone, 10 p.g/ml Cryj 1,20 nM CS712 or 1 g/
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ml phytohemagglutinin as a positive control for 17 h at 37°C in
AIM-V medium containing 5% human blood plasma fractions.
The plates were then washed with PBS, incubated with biotinyl-
ated detection monoclonal antibody to human IL-4 or IL-5 for
2 h and then incubated with streptavidin-conjugated alkaline
phosphatase for 1 hat room temperature. After washing with PBS,
the plates were incubated with BCIP/NBTF'US (Mabtech AB) for
5 min at 37°C. The numbers of positive spots were automatically
calculated by the ImmunoScan™ (Cellular Technology Ltd.,
Cleveland, Ohio, USA) using the same parameter settings
throughout.

Assay of Cytokine Production from PBMCs

Isolated PBMCs were cultured at 2.5 X 10° cells/ml with or
without 5 wg/ml Cry j 1 for 3 days at 37°C in AIM-V medium
containing 5% human AB serum (Sigma-Aldrich Inc., St Louis,
Mo., USA). After centrifugation at 300 g for 10 min, the superna-
tant was divided into aliquots and stored at -20°C until cytokine
assay. The concentrations of IL-5, IL-10, IL-13 and IFN-vy cyto-
kines were measured by means of the BD™ Cytometric Beads As-
say Flex system (BD Biosciences) according to the manufacturer’s
instructions.

Data Representation

The Cry j 1-specific cytokine production and the numbers of
Cry j 1-iTregs are presented as the difference between the value
from Cryj 1-stimulated cells and that from the medium-only con-
trol cell culture. Each upregulation after pollen season was repre-
sented as the difference between the pre-pollen season and post-
pollen season values.

Statistical Analysis

Results are presented as means * SD. Two-group compari-
sons were performed using the Wilcoxon t test or Mann-Whitney
U test to determine the significance of the difference. p values
<0.05 were considered significant.

Results

Study Population and Adverse Events

Nineteen adult patients were recruited from in-house
volunteers at Chiba University and Chiba University
Hospital on the basis of a history of Japanese cedar pol-
linosis and positive specific IgE (CAP-RAST score over 2;
table 1). The 12 subjects who accepted the vaccine were
enrolled in the SLIT group, and the 7 individuals who
hesitated to take the vaccine were enrolled in the non-
SLIT group. Three patients had mild discomfort and 1
patient complained of mild itching in the mouth; how-
ever, these adverse events were not serious and did not
present a reason to discontinue SLIT.

Immunoglobulin Production
The Cry j 1-specific IgE production in the SLIT group
was not statistically significantly higher after the pollen

Fujimura et al.
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Fig. 1. Cryj 1-specific IgE (a) and IgG4 titer (b) from the SLIT and non-SLIT groups before treatment and before
(BPS) and after the pollen season (APS). Bars show the group averages. The dashed line indicates the threshold
for detection. PRU = Phadebas RAST unit. Statistical analysis was performed using the Wilcoxon t test. * p <0.05.

season compared with before the pollen season (p = 0.08);
in contrast, IgE production in the non-SLIT group was
statistically significantly increased after the pollen sea-
son compared with before the pollen season (p = 0.02;
tig. 1a). Cry j 1-specific IgG4 production was not signifi-
cantly changed after treatment in either the SLIT or non-
SLIT group (fig. 1b).

Division of the SLIT Group According to the Change

in iTregs

We analyzed a population of IL-10*Foxp3* cells in
CD25*CD4" leukocytes as a marker of iTregs after stimu-
lation with or without Cry j 1 (fig. 2a). The Cry j 1-iTreg
levels, that is, the difference between those stimulated
with Cry j 1 and the medium-only control, were signifi-
cantly increased after treatment, and the difference in
numbers of Cry j 1-iTregs before the pollen season was
comparable to those after the pollen season in the SLIT
group. However, we found that the difference in the non-
SLIT group after treatment was comparable with that be-
fore treatment and significantly decreased after the pol-
len season compared to before the pollen season (fig. 2b).
The upregulation between before and after the pollen
season in the SLIT group (5 * 42) was higher than that
in the non-SLIT group (-24 * 20), although the differ-
ence in the levels between the groups was not statistically
significant (fig. 2¢).

In all but one participant from the non-SLIT group,
the difference in the number of Cry j 1-iTregs was down-
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Table 1. The characteristics of participants at the time the study
started

SLIT Non-SLIT
Participants 12 7
Sex (M/F) 9/3 5/2
Age, years
Mean * SD 24.1%x2.0 37.5%£15.8
Range 22-30 21-63
IgE class! 3.5 4.1
Other allergy?
Orchard grass 6 4
Japanese cypress 12 7
House dust mite 3 5

! Specific IgE to Japanese cedar pollen; mean CAP allergy
class.
2 Numbers of subjects who had specific IgE of at least class 2.

regulated after pollen season; in contrast, half of the SLIT
group had higher Cry j 1-iTreg levels and the other half
had lower levels (fig. 2¢). Therefore, we divided the SLIT
group into two subgroups according to whether Cry j
1-iTreg levels increased or decreased after pollen season.
The total symptom score from the QOL questionnaire in
the SLIT group was comparable to that in the non-SLIT
group before the division into two groups. After the divi-
sion, we found that the symptom score in the subgroup

Int Arch Allergy Immunol 2010;153:378-387 381
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Fig. 2. a The numbers of IL-10*Foxp3™ cells in 10* CD257CD4*
leukocytes (iTregs) cultured with (Cry) or without (Med) Cryj 1
before treatment and before (BPS) and after the pollen season
(APS). Each symbol in the SLIT group and the non-SLIT group
represents an identical individual. Bars show the group averages.
b The difference in numbers of Cry j 1-iTregs between medium-
only control and cells stimulated with Cry j 1 was plotted for be-

with increased iTregs was significantly lower than that in
the subgroup with decreased iTregs (p = 0.03; fig. 3).

We also divided the SLIT group into severe and mild
subgroups according to their total QOL symptom scores.
We found that the upregulation of Cry j 1-iTregs between
before and after pollen season in the mild-symptom sub-
group was significantly higher than that in both the se-
vere-symptom subgroup and the non-SLIT group (fig. 4).

382 Int Arch Allergy Immunol 2010;153:378-387

fore treatment and before and after the pollen season in the SLIT
and non-SLIT groups. Bars show the group averages. Statistical
analysis was performed using the Wilcoxon t test. ¢ The upregula-
tion of Cry j 1-iTregs between before and after the pollen season
in the SLIT and non-SLIT groups. Bars show the group averages.
Statistical analysis was performed using the Mann-Whitney U
test. * p < 0.05.

Th2-Type Cytokine Profiles

We analyzed the numbers of Th2-type cytokine-pro-
ducing cells and cytokine production after stimulation
with native Cry j 1. The numbers of Cry j 1-specific Th2-
type cytokine-producing cells were analyzed by enzyme-
linked immunospot assay after stimulation with Cry j 1
or CS712 (fig. 5a and data not shown). The upregulation
of both IL-4- and IL-5-producing cells in the SLIT group

Fujimura et al.
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(IL-4: 29 * 33; IL-5: 23 * 28) tended to be attenuated
compared with that in the non-SLIT group (IL-4: 54 *
38; IL-5: 43 * 28). Furthermore, the upregulation in the
subgroup with increased iTregs (IL-4: 19 £ 22; IL-5: 10
t+ 11) was much lower than that in both the subgroup
with decreased iTregs (IL-4: 40 £ 41;IL-5: 36 * 35) and
the non-SLIT group, although the difference in the levels
between the groups was not statistically significant
(fig. 5b). The same results were obtained using CS712 for
stimulation (data not shown).

Cytokine production was analyzed in culture super-
natant after 3 days of culture with Cry j 1 (fig. 6a). The
upregulation of Th2-type cytokine production (IL-5 and
IL-13), i.e. the differences between before and after pollen
season, also tended to be attenuated in the SLIT group
(IL-5:94 * 126;11L-13: 107 % 134) compared to the non-
SLIT group (IL-5: 178 % 146; IL-13: 248 * 222). We
found that the Th2 cytokine profile in the subgroup with
increased iTregs (IL-5: 54 £ 123; IL-13: 47 * 110) also
showed a strong tendency to be attenuated compared
with that in the subgroup with decreased iTregs (IL-5: 134
+ 127; IL-13: 167 % 137) and was significantly lower

Induced Regulatory T Cell Level as a
Therapeutic Biomarker for SLIT

Fig. 4. The differences in numbers of Cry j 1-specific iTregs in 10*
CD25*CD4" leukocytes between before and after pollen season
were plotted for the mild and severe subgroups of the SLIT group
as well as for the non-SLIT group. The classification into severe
and mild subgroups was based on the mean score of the SLIT
group. Bars show the group averages. Statistical analysis was per-
formed using the Mann-Whitney U test. * p < 0.05.

than that in the non-SLIT group. The upregulation of IL-
13 in the subgroup with increased iTregs showed statisti-
cally significant suppression compared with that in the
non-SLIT group (fig. 6b). Upregulation of both IFN-y
and IL-10 production induced by Cry j 1 was almost the
same in the SLIT (IFN-v: -1.8 * 22;1L-10:0.8 = 2.2) and
non-SLIT groups (IFN-v: -1.2 * 32; IL-10: 1.2 * 2.8;
data not shown).

Discussion

We performed this pilot study to elucidate clinical bio-
markers correlated with clinical symptoms in prepara-
tion for a future double-blind, placebo-controlled study
of SLIT. Only one commercial standardized extract from
Japanese cedar pollen is available for clinical use in Japan
[11]. The cumulative dose of this major allergen after us-
ing the extract for 4 weeks is comparable to 2,500 SQ-
standardized grass allergy immunotherapy tablet (SQ-T)
in Europe [16]. In spite of the low dose, SLIT against Jap-
anese cedar pollinosis has still been found to effectively
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ameliorate the QOL symptom score, medication score
and symptom-medication score [3, 4]. Furthermore, SLIT
attenuated antigen-specific Th2 responses and induced
iTregs in some patients; this subgroup with increased
iTregs showed greater amelioration of the Th2-type cyto-
kine profile and their clinical symptoms.
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the Wilcoxon t test. * p < 0.05. b The difference in numbers of Cry
j L-specific cytokine-producing spots is shown as the difference
between values before and after the pollen season for each indi-
vidual from the SLIT, the Cry j 1-iTreg-increased (inc.), the Cry j
1-iTreg-decreased (dec.) and the non-SLIT groups. The numbers
of Cry j 1-specific spots were calculated as the difference between
the medium-only control and the culture stimulated with Cryj 1.

In this clinical trial, significant induction of Cry j
1-specific IgG4 was not observed in the SLIT group. Our
previous report showed induction of Cryj 1-specific IgG4
production with almost the same protocol; the previous
study used a piece of bread to retain extract for sublingual
administration [4]. The differences in the participants’

Fujimura et al.
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Fig. 6. a Th2-type Cry j 1-specific cytokine production before
treatment and before (BPS) and after (APS) the pollen season. The
cytokine production levels for medium-only control were 1.3 *+
2.0 (SLIT) and 3.4 * 4.5 (non-SLIT) for IL-5,and 6.1 £ 9.6 (SLIT)
and 10.6 = 11.6 (non-SLIT) for IL-13. Bars show the group aver-
ages. Statistical analysis was performed using the Wilcoxon t test.
* p <0.05. b The upregulation of cytokine production induced by

immunological backgrounds, methods of administra-
tion, period of administration and/or the amount of an-
tigen absorbed in the oral mucosa may influence IgG4
induction. Antigen-specific IgG production was reported
to be induced by high doses of extract, i.e. 25,000 SQ-T
for 18 weeks or 75,000 SQ-T for 8 weeks [16]. This report

Induced Regulatory T Cell Level as a
Therapeutic Biomarker for SLIT

Cryj 1 between before and after the pollen season from each indi-
vidual from the SLIT, the Cry j 1-iTreg increased (inc.), the Cry j
1-iTreg decreased (dec.) and the non-SLIT groups is plotted on the
y-axis. The cytokine production induced by Cry j 1 was calculated
as the difference between medium-only control and the culture
stimulated with Cry j 1. Bars show the group averages. Statistical
analysis was performed using the Mann-Whitney U test. * p<0.05.

supports the hypothesis that the amount of antigen ad-
sorbed by the oral mucosa affects the induction of anti-
gen-specific IgG4.

We previously reported that SLIT significantly de-
creases the clone size of IL-4-producing T cells specific to
epitopes from Cryj 1 and Cryj 2 [4]. Also, in the current
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trial, SLIT attenuated Cry j 1-specific cytokine produc-
tion, the numbers of IL-4- and IL-5-producing cells and
IL-5 and IL-13 production in culture supernatant (fig. 5b,
6b). The difference in downregulation was not statisti-
cally significant between the SLIT and non-SLIT groups,
but the results showing this tendency were reproducible.
No significant difference in Th2-type cytokine produc-
tion after stimulation with Cryj 1 was observed after sub-
lingual administration of extract alone (i.e. the cytokine
levels before and after pollen season in the SLIT group;
tig. 5a, 6a). SLIT may attenuate the upregulation of anti-
gen-specific Th2-type responses activated through natu-
ral exposure in pollen season. Therefore, the amount of
scattering pollen may influence the degree of ameliora-
tion of Th2 responses by SLIT.

The upregulation of Cry j 1-specific iTregs, that is, the
difference in levels of Cry j 1-iTregs between before and
after pollen season, is suggested to be a suitable biomark-
er for clinical symptoms and therapeutic effects. The av-
erage difference in numbers of Cry j 1-iTregs after pollen
season, that is, the difference in numbers of IL-10"Foxp3*
cellsin CD25*CD4" leukocytes between those stimulated
with Cry j 1 and the medium-only control, was 24.8 in
the SLIT group and 9.3 in the non-SLIT group in 10*
CD25*CD4" leukocytes after 3 days’ culture with Cryj 1
(tig. 2b). The number of antigen-specific Trl is reported
to be estimated at 0.5-10 in 10* whole peripheral
CD25*CD4" Tregs [17]. That estimate suggests the appro-
priateness of the numbers of Cry j 1-iTregs reported in
this study. The subgroup with increased iTregs showed
more attenuated Th2 cytokine profiles and a lower total
QOL symptom score than the subgroup with decreased
iTregs and the non-SLIT group (fig. 3, 5b, 6b). Several re-
ports have shown that Foxp3-positive cells and/or IL-10-
producing cells are induced by immunotherapy and that
IL-10 is crucial for downregulation of inflammatory Th2
responses [6, 8, 18, 19]. Foxp3-expressing CD4*CD25*
cells are reported to be induced in the nasal mucosa after
immunotherapy, and local induction of iTregs is suggest-
ed to be important to suppress local inflammation during
pollen season [7]. Furthermore, the basal frequencies of
Tregs defined as CD4*CD258"Foxp3* cells in the pe-
ripheral blood of patients with severe allergic reactions to
insect stings were reported to be lower than in individu-
als without a history of allergic diseases, and the Treg
population was upregulated to a level comparable to that
of nonallergic subjects after immunotherapy against bee
venom [6].

The QOL symptom score was higher in the group with
decreased Cryj 1-iTregs than in the group with increased
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Cry j 1-iTregs. IL-17-secreting Foxp3* Treg cells were re-
cently identified in humans, and IL-17 mRNA expression
was significantly correlated with poor clinical outcome
after SLIT [20-22]. A low dose of SLIT may induce IL-17-
secreting Tregs rather than IL-10-secreting Tregs for
nonresponder populations and thereby worsen clinical
symptoms.

We divided the SLIT group into two subgroups ac-
cording to whether IL-10 or Foxp3 single-positive cells
increased or decreased after pollen season. However,
groups with IL-10 or Foxp3 single-positive cells showed
no difference in Th2 cytokine profiles or symptom
scores among the increased, decreased and non-SLIT
groups (data not shown). We hypothesize that a popula-
tion of Foxp3 or IL-10 single-positive cells may include
many antigen-nonspecific Tregs and effector cells,
whereas only antigen-specific iTregs are available as a
therapeutic biomarker. These data suggest that IL-10
and Foxp3 double-positive cells rather reflect the anti-
gen-specific iTregs that could be used as therapeutic bio-
markers of SLIT.

Soluble IFN-vy and IL-10 production in culture super-
natant was not upregulated by the SLIT treatment and
did not differ between the SLIT group and the non-SLIT
group (data not shown). This suggested that SLIT did
not induce Cry j 1-specific Thl-type responses and that
the membrane-bound form of IL-10 may be more im-
portant than soluble IL-10 for downregulation of Cry j
1-specific Th2 cells. Further investigation is needed to
clarify the induction of Thl cells and IL-10-mediated
suppressive mechanisms by iTreg cells. In this trial, we
failed to detect other regulatory molecules at the protein
level, such as TGF-f from culture supernatant or cyto-
toxic T lymphocyte-associated protein-4 and glucocor-
ticoid-induced TNF receptor on the surface of CD4* T
cells (data not shown). Further investigations are needed
to analyze these regulatory molecules at the mRNA lev-
el. We are currently undertaking a transcriptome analy-
sis of CD4" cells from the SLIT and non-SLIT groups
after stimulation with Cry j 1. On the other hand, the
regulatory mechanisms of peripheral human Tregs were
suggested to occur in a cell contact-dependent but cyto-
kine-independent manner [23]. Furthermore, this re-
port suggested that the regulatory function of human
Tregs was independent of CD28, cytotoxic T lympho-
cyte-associated protein-4, TGF-$3 and IL-10 [23]. In or-
der to elucidate the therapeutic mechanisms of SLIT,
analysis of the regulatory function of iTregs is also im-
portant.

Fujimura et al.



In this paper, we investigated antigen-specific iTregs

as a therapeutic biomarker for SLIT. However, this study

was a preliminary open-label study with a small popula-
tion; therefore, a randomized, double-blind, placebo-
controlled study of a large population will be needed to
evaluate iTregs as a therapeutic biomarker for SLIT.

—

| @)

>3

>4

»s5

»6

»7

>3

References

Baba K, Nakae K: Epidemiology of nasal al-
lergy through Japan in 2008 (in Japanese).
Prog Med 2008;28:2001-2012.

Okuda M: Epidemiology of Japanese cedar
pollinosis throughout Japan. Ann Allergy
Asthma Immunol 2003;91:288-296.

Okubo K, Gotoh M, Fujieda S, Okano M, Yo-
shida H, Morikawa H, Masuyama K, Oka-
moto Y, Kobayashi M: A randomized dou-
ble-blind comparative study of sublingual
immunotherapy for cedar pollinosis. Aller-
gol Int 2008;57:265-275.

Horiguchi S, Okamoto Y, Yonekura S, Oka-
wa T, Yamamoto H, Kunii N, Sakurai D, Fu-
jimura T, Nakazawa K, Yasueda H: A ran-
domized controlled trial of sublingual
immunotherapy for Japanese cedar pollino-
sis. Int Arch Allergy Immunol 2008;146:76—-
84.

Hirahara K, Tatsuta T, Takatori T, Ohtsuki
M, Kirinaka H, Kawaguchi J, Serizawa N,
Taniguchi Y, Saito S, Sakaguchi M, Inouye S,
Shiraishi A: Preclinical evaluation of an im-
munotherapeutic peptide comprising 7 T-
cell determinants of Cry j 1 and Cry j 2, the
major Japanese cedar pollen allergens. J Al-
lergy Clin Immunol 2001;108:94-100.
Pereira-Santos MC, Baptista AP, Melo A,
Alves RR, Soares RS, Pedro E, Pereira-Bar-
bosa M, Victorino RM, Sousa AE: Expansion
of circulating Foxp3*CD25""8ht CD4* T cells
during specific venom immunotherapy. Clin
Exp Allergy 2008;38:291-297.

Radulovic S, Jacobson MR, Durham SR,
Nouri-Aria KT: Grass pollen immunothera-
py induces Foxp3-expressing CD4* CD25*
cells in the nasal mucosa. J Allergy Clin Im-
munol 2008;121:1467-1472.

Bohle B, Kinaciyan T, Gerstmayr M, Rada-
kovics A, Jahn-Schmid B, Ebner C: Sub-
lingual immunotherapy induces IL-10-pro-
ducing T regulatory cells, allergen-specific
T-cell tolerance, and immune deviation. |
Allergy Clin Immunol 2007;120:707-713.

Induced Regulatory T Cell Level as a
Therapeutic Biomarker for SLIT

>11

>12

»13

»14

»15

»16

Acknowledgments

We sincerely thank Drs. Takashi Saito and Yasuyuki Ishii
(RIKEN, Kanagawa, Japan) for their helpful comments and the
fruitful discussions. This work was supported in part by a grant
from the Ministry of Health, Labor and Welfare in Japan and in
part by the Global Centers of Excellence program entitled Global

Center for Education and Research in Immune System Regulation
and Treatment (Ministry of Education, Culture, Sports, Science
and Technology, Japan).

9 Kearley J, Barker JE, Robinson DS, Lloyd
CM: Resolution of airway inflammation and
hyperreactivity after in vivo transfer of
CD4*CD25" regulatory T cells is interleukin

»10 dependent. ] Exp Med 2005;202:1539-
1547.

10 Practical Guideline for the Management of

Allergic Rhinitis in Japan - Perennial Rhini-
tis and Pollinosis, 5th revision (in Japanese).
Tokyo, Life Science Publishing, 2005.
Okubo K, Takizawa R, Gotoh M, Okuda M:
Experience of specific immunotherapy with
standardized Japanese cedar pollen extract
(in Japanese). Arerugi 2001;50:520-527.
Yasueda H, Akiyama K, Maeda Y, Hayakawa
T, Kaneko F, Hasegawa M, Shida T: An en-
zyme-linked immunosorbent assay (ELISA)
for the quantitation of sugi pollen and Der-
matophagoides mite allergens and its ap-
plication for standardization of allergen
extracts (in Japanese). Arerugi 1991;40:
1218-1225.

Yasueda H, Yui Y, Shimizu T, Shida T: Isola-
tion and partial characterization of the ma-
jor allergen from Japanese cedar (Cryptome-
ria japonica) pollen. J Allergy Clin Immunol
1983;71:77-86.

Yasueda H, Saito A, Sakaguchi M, Ide
T, Saito S, Taniguchi Y, Akiyama K, Inouye
S: Identification and characterization of a
group 2 conifer pollen allergen from
Chamaecyparis obtusa, a homologue of Cry
j 2 from Cryptomeria japonica. Clin Exp Al-
lergy 2000;30:546-550.

Okuda M, Ohkubo K, Goto M, Okamoto H,
Konno A, Baba K, Ogino S, Enomoto M,
Imai T, So N, Ishikawa Y, Takenaka Y,
Manndai T, Crawford B: Comparative study
of two Japanese rhinoconjunctivitis quality-
of-life questionnaires. Acta Otolaryngol
2005;125:736-744.

Durham SR, Yang WH, Pedersen MR, Jo-
hansen N, Rak S: Sublingual immunothera-
py with once-daily grass allergen tablets: a
randomized controlled trial in seasonal al-
lergic rhinoconjunctivitis. ] Allergy Clin Im-
munol 2006;117:802-809.

»17

> 18

»19

»20

»21

22

»23

Akdis M, Verhagen J, Taylor A, Karamloo F,
Karagiannidis C, Crameri R, Thunberg S,
Deniz G, Valenta R, Fiebig H, Kegel C, Disch
R:Immune responses in healthy and allergic
individuals are characterized by a fine bal-
ance between allergen-specific T regulatory
1 and T helper 2 cells. ] Exp Med 2004;199:
1567-1575.

Ciprandi G, Fenoglio D, Cirillo I, Vizzaccaro
A, Ferrera A, Tosca MA, Puppo F: Induction
ofinterleukin 10 by sublingual immunother-
apy for house dust mites: a preliminary re-
port. Ann Allergy Asthma Immunol 2005;
95:38-44.

Savolainen J, Jacobsen L, Valovirta E: Sublin-
gual immunotherapy in children modulates
allergen-induced in vitro expression of cyto-
kine mRNA in PBMC. Allergy 2006;61:
1184-1190.

Voo KS, Wang YH, Santori FR, Boggiano C,
Arima K, Bover L, Hanabuchi S, Khalili J,
Marinova E, Zheng B, Littman DR, Liu YJ:
Identification of IL-17-producing FOXP3+
regulatory T cells in humans. Proc Natl Acad
Sci USA 2009;106:4793-4798.

Beriou G, Costantino CM, Ashley CW, Yang
L, Kuchroo VK, Baecher-Allan C, Hafler
DA: IL-17-producing human peripheral reg-
ulatory T cells retain suppressive function.
Blood 2009;113:4240-4249.

Nieminen K, Valovirta E, Savolainen J: Clin-
ical outcome and IL-17, IL-23, IL-27 and
FOXP3 expression in peripheral blood mo-
nonuclear cells of pollen-allergic children
during sublingual immunotherapy. Pediatr
Allergy Immunol 2009, E-pub ahead of
print.DOI:10.1111/7.1399-3038.2009.00920.x.
Jonuleit H, Schmitt E, Stassen M, Tuetten-
berg A, Knop J, Enk AH: Identification
and functional characterization of human
CD4*CD25" T cells with regulatory proper-
ties isolated from peripheral blood. J Exp
Med 2001;193:1285-1294.

Int Arch Allergy Immunol 2010;153:378-387

387


http://dx.doi.org/10.1111%2Fj.1399-3038.2009.00920.x

