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Schematic procedure of the steps involved in the identification and

development of an individualized vaccine using only sensitized antigens for
immunotherapy. To identify component allergens which have the capacity
to react with serum IgE from allergic patients, it is important to establish indi-
vidualized vaccines to avoid secondary sensitization. Allergens with which
an individual patient reacted can be elucidated by a component-based diag-
nosis, and an individualized vaccine can be established using a mixture of
the purified native or the standardized recombinant allergens to which the

patient is sensitized.

ROUTE OF VACCINE ADMINISTRATION
FOR IMMUNOTHERAPY AND ITS SAFETY

Immunotherapy vaccines against allergies were origi-
nally injected subcutaneously without an adjuvant.12
However, subcutaneous injection of allergens often
induces severe adverse reactions like local allergic re-
actions, urticaria, asthma, and frequent anaphylaxis.
To increase the safety and therapeutic efficacy of im-
munotherapy vaccines, aqueous allergen extracts ab-
sorbed into adjuvants such as aluminum hydroxide
have been used in SCIT.25 Pretreatment with antihis-
tamine or anti-IgE antibody has been used to prevent
the adverse events that can be induced after subcuta-
neous vaccine injection, and the pretreatments also
enhance the therapeutic efficacy of SCIT.26.27

In this decade, SLIT has been developed as a safer
method for immunotherapy and has been used with
increasing frequency, especially in Europe and the
US. SLIT is noted to be a very safe method without fe-
tal adverse reactions. In most cases, adverse reac-
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tions to SLIT have been mild local reactions such as
oral pruritus, edema of the mouth, throat irritation,
and sneezing.28 However, a few cases of anaphylaxis
have been reported after SLIT using a crude or stan-
dardized vaccine.?833 These reports suggest that
SLIT is not always safe for patients, especially those
with severe asthma or who have experienced severe
adverse reactions to SCIT. It has been recommended
that the first dose of the vaccine is to be administered
in a doctor’s office under observation.32

The administration regimens for SLIT, including
dosing, the build-up phase, duration of the treatment,
and frequency of the maintenance dose, differ greatly
among the clinical trials.34 The sublingual and supra-
lingual administration methods of oral drops were
evaluated by a double-blind, placebo-controlled study
using mixed standardized exiract in patients allergic
to grass pollen. In this report, sublingual administra-
tion significantly reduced the nasal, ocular, and bron-
chial symptoms, as well as the intake of symptom-
reducing drugs compared to the placebo. Supralin-
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Table 1 Comparison between SLIT and SCIT

SLIT

SCIT

Administration Sublingual spitting

or

sublingual swallowing

Pre-treatment None
Build-up phase
Vaccination

Adverse event

Once daily or a few times weekly

verse reactions

A few weeks, one day for rush protocol, or no up-dosing phase

Local mild reaction in most cases, a few reports of fetal ad-

Subcutaneous injection
with or without
adjuvant

Medication or anti-igE
A tew weeks or a few days for rush protocol
A few times weekly or monthly
Sometimes induces fetal adverse reactions

gual treatment also attenuated the symptoms and
symptom-reducing drugs intake; however, only the
nasal symptom score showed a significant reduction
compared to the placebo-control group.35 Thus, hold-
ing the vaccine under the tongue may be an impor-
tant way to achieve better therapeutic effects with
SLIT.

Vaccines for SLIT can also be delivered by two
methods: sublingual spitting, in which the vaccine is
spat out after being held under the tongue, and sub-
lingual swallowing, in which the vaccine is swallowed
after being kept under the tongue. In studies using
radiolabeled allergens, most of the allergens re-
mained in the mouth after the vaccine was spat out.
However, plasma radioactivity began to increase only
after swallowing.36-38 The author concluded that con-
tact between the allergens and the oral mucosa is a
crucial step in the mechanisms of SLIT, and sug-
gested that the more appropriate and advantageous
way to administer the allergen sublingually is via the
sublingual swallowing procedure.38

It has been recommended that the administration
of SLIT vaccine be started at least 8 weeks before pol-
len season for better therapeutic effects.3? However,
an ultra-rush scheme of SLIT treatment for children
allergic to grass pollen was reported to significantly
improve the symptoms and the medication score
compared to the placebo group. In this 2-year ran-
domized, double-blind, placebo-control trial, the
authors administered standardized extract of five
grass pollen (Dactylis glomerata, Anthoxanthum odo-
ratum, Lolium perenne, Poa prantensis, and Phleum
pretense) beginning 2 weeks before the pollen season
started with one day for ultra-rush induction, and fol-
lowed by daily treatment (120 IR, 10 ug major aller-
gen) for 6 months. It has been reported that SLIT sig-
nificantly improved the asthma symptom score and
reduced the nasal symptom score and the use of res-
cue medication score compared to the placebo
group.40 The starting point and duration of treatment
varied among the clinical trials, and the best proce-
dure for administration remains unclear.4! (Table 1)

As a novel route to enhance the therapeutic effi-
cacy of the vaccine, direct intralymphatic injection
was proposed for the administration of peptide vac-
cine against viral infection and tumor in the mouse.
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This paper reported that the direct administration of
peptide vaccine into a lymph node induced enhanced
immunogenicity compared to subcutaneous and in-
tradermal vaccination.*? This novel technique was re-
cently applied to patients with hay fever in an open-
label, randomized control trial.43 The authors injected
1,000 SQ-U of aluminum hydroxide-adsorbed grass
pollen extract into a superficial inguinal lymph node
under ultrasonic guidance. Three intralymphatic in-
jections over 2 months resulted in long-lasting toler-
ance with the amelioration of hay favor symptoms, re-
duced skin prick test reactivity, and decreased serum
allergen-specific IgE comparable with conventional
SCIT. Furthermore, the author reported that there
were fewer adverse events than in SCIT, even with-
out premedication with antihistamines, and the injec-
tion was less painful than venous puncture.®3 Further
clinical trials with a larger population are needed to
evaluate the safety, therapeutic efficacy, and duration
of tolerance of this treatment.

BIOMARKERS FOR SLIT

The therapeutic effects obtained by antigen-specific
immunotherapy are commonly judged on the basis of
clinical symptoms according to quality-oflife (QOL)
score, symptom diary, and symptom-reducing drugs
intake. The biomarkers correlated with the therapeu-
tic effects are still controversial, especially for SLIT.
Antigen-specific IgG4 is considered to be a
biomarker for antigen-specific immunotherapy; how-
ever, the correlation between the induction of IgG4
production and clinical symptoms is controversial.#
In a report about the use of SLIT against timothy pol-
linosis, antigen-specific 1gG4 was significantly up-
regulated in the SLIT group compared to the placebo
group, and the authors concluded that the up-
regulation of IgG4 was correlated with the improve-
ment of symptoms compared with the previous year.
However, the clinical score and medication score
were not significantly different between the SLIT
group and the placebo group.5 A recent study of
dairy administration of grass allergen tablets showed
dose-dependent efficacy of the SLIT and the induc-
tion of blocking IgG. This report showed that the ad-
ministration of 75,000 SQ-T (15 ug Phl p 5) dose sig-
nificantly reduced the symptom and medication
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scores, and up-regulated specific IgG; however, a
2,500 SQ-T (0.5 ug Phl p 5) dose did not result in
amelioration of the symptom and medication scores
nor in the induction of IgG.46 We previously reported
that specific [gG4 was significantly increased in pol-
len season concomitant with improvement of the
symptom medication score in the SLIT group com-
pared to the placebo group.4?7 The disagreement in re-
sults related to the induction of blocking IgG or IgG4
and the improvement of clinical symptoms may de-
pend on the dose and/or the method of administra-
tion of the SLIT vaccine.

Other serological parameters have been recently
reported to be useful as therapeutic biomarkers for
SLIT. A 3-month course of pre-seasonal treatment of
patients with grass pollen allergic rhinitis induced a
reduction of the serum level of soluble human leuko-
cyte antigen (sHLA)-G. The authors reported a sig-
nificant relationship among the decrease of the sHLA-
G serum level, the increase of interferon (FN)-p
producing cells, and the decrease of sHLA-A, -B, and
-C after SLIT.48 Furthermore, the changes of serum
sHLA levels were significantly correlated with the
clinical symptom score measured using a visual ana-
logue scale (VAS) after SLIT.4° In this preliminary
open-labeled study, the authors suggested that sHLA
molecules might be considered as possible biomark-
ers of the response to SLIT.

Recently, two reports investigated the change of se-
rum reptin levels after SLIT. Leptin is primarily pro-
duced by adipocytes and has been reported to protect
T lymphocytes from apoptosis, regulate T cell activa-
tion, and up-regulate adhesion molecules in endothe-
lial cells.>0 Furthermore, leptin was reported to modu-
late the hyporesponsiveness and proliferation of hu-
man naturally occurring Foxp3+CD25*CD4* regula-
tory T (nTreg) cells.5! After a 3-month course of SLIT
against pollinosis, serum leptin levels were reported
to significantly correlate with symptom severity as as-
sessed by VAS of nasal symptoms in women, the
number of peripheral eosinophils in men, the aller-
gen threshold dose for allergen-specific nasal chal-
lenge in both men and women, and the medication
score in women. This 3-month course of SLIT
showed a tendency to increase serum leptin levels
compared to the levels before the SLIT, albeit the in-
crease was not significant.52 After a 2-year course of
SLIT, the serum leptin level was significantly in-
creased in men.,53 The relationship between the up-
regulation of leptin by SLIT and clinical symptoms re-
mains unclear; however, the difference of the clinical
therapeutic efficacy may depend on gender and the
presence or absence of obesity.

The reduction of antigen-specific Th2 responses is
considered to be an important biomarker for antigen-
specific immunotherapy. The increase in the size of
the specific Th2 clone, which produces 114 after be-
ing stimulated with Cry j 1 (a major allergen of the
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Japanese cedar pollen), after pollen season was re-
ported to be significantly reduced in the SLIT group
compared with the placebo group in a double-blind,
placebo-controlled study of Japanese cedar pollinosis.
The increase of specific IL5-producing cells after pol-
len season was also reduced in the SLIT group, but
the reduction was not statistically significant.4? It has
also been reported that after a 2-year course of SCIT
against Japanese cedar pollinosis, B and T lympho-
cyte attenuator (BTLA) expression on CD4* T cells
was down-regulated in untreated patients after Cryj 1
stimulation and up-regulated in SCIT-treated patients.
Furthermore, the change of BTLA expression was
negatively correlated with IL5 production. The
authors concluded that BTLA-mediated coinhibition
of IL5 production may contribute to the regulation of
allergen-specific T cell responses by antigen-specific
immunotherapy.54

The therapeutic biomarkers of SLIT in children
also remain unclear. In a study of the administration
of the SLIT treatment to children with seasonal aller-
gic rhinoconjunctivitis to grass pollen, the authors re-
ported that a 2-year course of SLIT using a standard-
ized 5-grass mixture (1.5 ug/week) did not alter the
systemic immunologic reaction of IL4, IL5, and IFN-y
cytokine production, nor the proliferation of PBMC
after stimulation with allergens in the SLIT group
compared to the placebo group, although a positive
effect on rescue medication use was achieved by
SLIT treatment.55 However, another study reported
the up-regulation of mRNA expression in PBMC dur-
ing SLIT in children using SQ-standardized tree pol-
len extracts. The authors reported that after the
stimulation of PBMC with allergen in wvitro, the
mRNA expression of signaling lymphocytic activation
molecule (SLAM) was significantly increased from
baseline after 1 year in the SLIT group receiving a
high-dose (weekly dose of 200,000 SQ-U) treatment.
This up-regulation was reported to be correlated with
IL10 and transforming growth factor- (TGF-B)
mRNA expression. The IL18 mRNA expression was
also increased in the high-dose group over a l-year
treatment compared to the placebo group and was re-
ported to be inversely correlated with the late-phase
skin reaction after the second study year. The
authors reported that this up-regulation of SLAM and
IL18 mRNA expression suggested the down-
regulation of Th2-type inflammatory responses by in-
creased Thl-type responses.58 Another study of SLIT
in children using SQ-standardized tree pollen extract
(weekly dose of 200,000 SQ-T, 30 ug major allergen
containing Bet v 1, Aln g 1, and Cor a 1) reported that
specific allergen-induced Foxp3 mRNA expression af-
ter a 2-year course of SLIT treatment was signifi-
cantly increased in PBMCs compared to the placebo
group and compared to the level before treatment.
Changes in allergen-induced Foxp3 expression that
significantly correlated with 11.L10 mRNA expression
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were reported in the whole study group, including
the low-dose (weekly dose of 24,000 SQ-T) group and
the placebo group, after 1- and 2-year courses of treat-
ment, and correlated with TGF-1 mRNA after 1 year
of treatment. Furthermore, IL17A mRNA expression
was significantly correlated with symptom-medication
score (SMS) in the whole study group and especially
in the high-dose treated group. The authors con-
cluded that IL17 expression may be associated with a
poor therapeutic outcome of SLIT.57

MECHANISMS OF ANTIGEN-SPECIFIC IM-
MUNOTHERAPY

Numerous data showing that antigen-specific Th2-
type responses are down-regulated and, in contrast,
Thi-type and/or regulatory T cell (Treg) responses
are up-regulated by immunotherapy have been accu-
mulated. The imbalance of the population among the
antigen-specific Thl, dominant Th2, and Treg is con-
sidered to induce sensitization and subsequent aller-
gic inflammation in response to invading allergens,
and immunotherapy may correct the imbalance of
these cells. Actually, the high frequency of IL4-
secreting Th2 cells was reported in allergic individu-
als, as was, in contrast, the dominance of IL10-
secreting Trl cells in healthy subjects.58 These
authors suggested that the balance between allergen-
specific Trl cells and Th2 cells causes the develop-
ment of the allergy.

IL10-producing regulatory cells are considered to
play a crucial role in clinical therapeutic mechanisms
in immunotherapy. In a study of SCIT using house
dust mite (HDM) extract in patients allergic toc HDM,
SCIT induced the suppression of PBMC proliferation
and the suppression of IFN-y, IL5, and IL13 produc-
tion in PBMC stimulated with Der p 1 (a major aller-
gen of HDM) at 70 days after treatment compared to
the levels before treatment. In contrast to the sup-
pression of Thl and Th2 cytokines, the production of
both IL10 and TGF-B was significantly increased. The
report also showed that the suppression of prolifera-
tion was dependent on IL10 and TGF-B and that the
source of IL10 is CD25+CD4+ T cells.59 It has also
been reported that IL10 production was induced by
SLIT against HDM. The authors also reported the
suppression of the proliferation of PBMC stimulated
with extract of mite (Dermatophagoids farinae) and
the increase of IL10 production compared to non-
treated subjects.®0 The IL10 production after 3 years
of SLIT treatment was significantly correlated
with the improvement of clinical symptoms as as-
sessed by forced expiratory flow between 25% and
75% (FEF25.75).6L

In a report about the use of SLIT to treat birch pol-
linosis, the authors investigated the antigen-specific
proliferation and mRNA levels of cytokines and
Foxp3. They reported that 4 weeks of SLIT induced a
reduction in Bet v 1-specific proliferation and induced
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mRNA expression of IL10 and Foxp3 in CD3+ cells
compared to the levels before SLIT. These up-
regulations of IL10 and Foxp3 mRNA expression
were not seen after 52 weeks after SLIT; however,
IFN-y mRNA expression was significantly induced at
52 weeks after SLIT. The reduced Bet v 1-specific
proliferation was significant after both 4 and 52
weeks, and this down-regulation was dependent on
IL10 at 4 weeks. It has also been reported that nei-
ther TGF-B levels nor cell-cell contact-mediated sup-
pression of CD25*CD4+ cells were changed during
the course of SLIT.62 Another report shows the sig-
nificant reduction of IL5 mRNA expression and in-
creased IL10 expression compared to the placebo
group after 1 and 2 years of SLIT at a weekly dose of
200,000 SQ-U (30 ug major allergen) in children with
tree pollinosis. It has been reported that TGF-B ex-
pression remained low after 1 and 2 years of SLIT;
however, TGF-§ expression was inversely correlated
with IL5 and positively correlated with IL10 expres-
sion after 1 year of SLIT.63

In addition to IL10-secreting Tr1 cells, Foxp3+ Treg
cells are also considered to play a crucial role in the
therapeutic effects achieved by immunotherapy (Fig.
2). It has been reported that 2 years of SCIT against
hay fever significantly induced an increase in the
number of Foxp3+CD25+ and Foxp3+CD4+ cells in the
nasal mucosa compared to the number before SCIT
and the number in untreated patients out of season.
Twenty per cent of CD3+*CD25+* cells were reported to
also be Foxp3-positive, and 18% of CD3+IL10-
expressing cells were Foxp3-positive in the nasal mu-
cosa after immunotherapy. This report suggested
that the increase of Foxp3+CD25+*CD3* cells in the na-
sal mucosa was associated with the clinical efficacy
and suppression of seasonal allergic inflammation.
This report also suggested the involvement of differ-
ent types of regulatory T cells, namely IL10-secreting
Trl cells and adaptive or induced Foxp3-positive
Treg, in the therapeutic mechanisms of immunother-
apy.® The involvement of Treg cells in immunother-
apy was also reported in SCIT against hymenoptera
venom allergy. In this report, the authors showed
that the numbers of peripheral Treg cells defined as
Foxp3+CD25brightCD4+ T cells were significantly in-
creased by venom immunotherapy, and the increase
of circulating Treg cells was significantly correlated
with the venom specific IgG4/IgE ratio.65

Antigen-specific Trl and Treg cells are considered
to be involved not only in the suppression of Th2 cells
but also, directly or indirectly, in the suppression of
peripheral allergic inflammation2¢ (Fig. 3). It has
been reported that CD25+*CD4+ Treg cells, more than
90% of which are Foxp3+, directly inhibijted the FceR1-
dependent mast cell degranulation after crosslinking
of IgE, and this inhibition was dependent on cell-cell
contact involving OX40-OX40L interactions between
Treg and mast cells in the mouse.66 Furthermore, al-
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Fig. 2 T cells in antigen-specific immunotherapy. Antigen-specific immunotherapy induces regulatory T
cells and Th1 cells via antigen-presentation by mucosal dendritic cells (DC). Th17 celis may be induced in
a non-responder population by immunotherapy. The induced Th1 celis and/or regulatory T cells down-
regulate the activation of Th2 cells and subsequently the activation of inflammatory cells such as eosino-
phils and mast cells. The regulatory T cells also activate B cells to produce blocking 1gG or IgG4, and the
blocking antibody inhibits binding between allergen and surface IgE on inflammatory cells to prevent the

secretion of inflammatory chemical mediators.

lergic human eosinophils in peripheral blood and
chronically inflamed nasal tissues were reported to
express CD40, and the cross-linking of CD40 and
CD40L enhanced the survival of eosinophils and in-
duced the release of granulocyte/macrophage
colony-stimulating factor (GM-CSF). In this report,
IL10 down-regulated the constitutive expression of
CD40 mRNA expression in eosinophils.67 The induc-
tion of IL10-producing Trl or Treg cells in the nasal
mucosa may play an important role in the reduction
of nasal symptoms via cross-talk down-regulation of
mast cells and eosinophils.

In a reports on the rush protocol of SCIT against
Japanese cedar pollinosis using standardized pollen
extract, the percentage of CD203chigh cells in CD3-
CRTH2+ basophils after allergen stimulation was re-
ported to be down-regulated after rush immunother-
apy without a decrease of the serum specific IgE titer.
Furthermore, the percentage of CD203chigh on baso-
phils after in vitro stimulation was reported to be sig-
nificantly correlated with symptom score.88 The
mechanisms which attenuate the sensitivity of periph-
eral basophils without a change in serum specific IgE
remain unclear; however, this attenuation may be par-
tially due to the up-regulation of inhibitory blocking
antibody on the surface of basophils.

Allergology International Vol 59, No1, 2010 www.jsaweb.jp/

86

ANTIGEN-SPECIFIC IMMUNOTHERAPY
AGAINST JAPANESE CEDAR POLLINOSIS

In Japan, Japanese cedar pollinosis is one of the most
prevalent types of seasonal allergic rhinitis, with a
prevalence estimated to be 26.5%.2 Two clinical trials
described the therapeutic effects of SLIT against
Japanese cedar pollinosis.47.89 In both trials, standard-
ized Japanese cedar pollen extract was used at a
monthly cumulative dose of 8,000 JAU, which con-
tains approximately 10 ug of Cry j 1. This dosage is
less than that reported in Europe, where a dose of
75,000 SQ-T (15 pg of a major grass allergen Phl p 5)
was administered once daily for 18 weeks.46 Unless
the monthly cumulative dose is approximately 1/40th
of the amount required to be considered a major al-
lergen (10/450 ug as a major allergen) in Japan, SLIT
with an active treatment group against Japanese ce-
dar pollinosis is still effective for improving quality of
life and significantly ameliorates patients’ SMS and
symptom score during the pollen season. The up-
regulation of the IL4-producing clone size specific to
epitopes from Cry j 1 and Cry j 270 was reported to be
significantly attenuated, and Cry j 1-specific IgG4 pro-
duction was also significantly induced by active
SLIT.47 Furthermore, IL10-producing Trl cells were
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Basophil
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Fig. 3 Proposed roles of regulatory T cells on inflammatory cells in
allergen-specific immunotherapy. Regulatory T cells, namely IL.10-secreting
Tr1 cells or adaptive/induced Treg celis, down-regulate inflammatory cells,
directly or indirectly. Regulatory T cells down-regulate the activation of Th2
cells and subsequently Th2-type cytokine secretion. Regulatory T cells sup-
press the activation of inflammatory cells directly via their surface mole-
cules and by secreting cytokines, and indirectly via the down-regulation of
cytokine production in Th2 cells and by the activation of B cells to produce

blocking 1gG.

reported to be significantly increased in patients
treated with SLIT compared with the levels in un-
treated patients and healthy subjects, and the prolif-
eration of CD4+ leukocytes stimulated with Cry j 1
and Cry j 2 was significantly suppressed by SLIT
treatment in an IL10-dependent manner.”! Supple-
mentation with recombinant or native Cry j-allergens
and/or updosing of the extract by bio-engineering
may lead to more effective SLIT for treating pollino-
sis.

Another approach to safer immunotherapy is the
use of oral immunotherapy using transgenic rice
seed accumulating Cry j 1.72 The generated trans-
genic rice plants expressed recombinant, structurally
disrupted Cry j 1 peptides but spanned the entire Cry
j 1 region as fusion proteins with the major rice stor-
age protein glutenin. These fusion proteins aggre-
gated with cysteine-rich prolamin and were deposited
in endoplasmic reticulum-derived protein body 1 in
rice seed. Transgenic rice expressing T cell epitopes
from Cry j 1 and Cry j 2 successfully suppressed
antigen-specific Th2-mediated IgE responses in a
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mouse model of allergic rhinitis.” Further clinical tri-
als are needed to develop a rice-based edible vaccine
as a tool for oral immunotherapy to control allergies.
An immunoregulatory liposome encapsulating the
recombinant fusion protein of Cry j 1-Cry j 2 was
manufactured as a novel vaccine for Japanese cedar
pollinosis without risk of anaphylaxis.”# The hybrid
fusion allergen is expected to provide safer and more
effective vaccines for immunotherapy. Vaccines using
only T cell epitopes are also safer than native aller-
gens, but there is wide variation among individual T
cell epitopes. The fusion protein of major allergens
covers all sequential T cell epitopes but is expected to
have less IgE-binding capacity because its three-
dimensional structure is disrupted in some B cell epi-
topes. Recombinant hybrid molecules using major al-
lergens of timothy grass pollen induced stronger pro-
liferation of PBMC in timothy-allergic patients than
did mixtures of corresponding allergens, but still pos-
sess IgE-binding capacity and induce IgG production
in sensitized mice.” In a mouse model sensitized
with native Cry j 1 and Cry j 2, the vaccine that con-
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tained Cry j 1-Cry j 2 fusion protein in the im-
munoregulatory liposome showed suppression of IgE
and IgG antibody responses after being challenged
with the allergens. Furthermore, oral administration
of the vaccine showed efficient suppression of IgE an-
tibody production.”

CONCLUSIONS

The standardization of a vaccine enables us to com-
pare the results from varied clinical trials with respect
to dose, clinical effects, and changes in biological pa-
rameters. Many reports have shown positive clinical
therapeutic effects and suppressed effector/inflam-
matory responses. It is considered that IL10-
producing Tr1 and/or adaptive or induced Treg cells
may be involved in the suppression of the antigen-
specific Th2-responses and local inflammation. How-
ever, how immunotherapy induces suppressor cells
like Tr1 and Treg cells remains unclear, although the
involvement of mucosal dendritic cells has been pro-
posed. High-quality clinical studies are indispensable
to clarify the therapeutic biomarkers and the mecha-
nisms of induction of suppressor cells, and the resul-
tant data from the studies may enable us to develop
safer and more effective immunotherapy through the
modification of the allergens, optimum dose, or ad-
ministration regimen of a vaccine.
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CD14 and ILAR gene polymorphisms modify
the effect of day care attendance on serum
IgE levels

To the Editor:

The cause of atopy is generally traced to the interplay of
genetic and environmental factors.' Day care appears to be one of
the most frequently investigated environmental factors. Although
the results of studies investigating the association between day
care attendance and atopy, as assessed by skin prick test re-
sponses, were inconsistent, all studies®® measuring serum IgE
levels have thus far shown a constant decreasing effect on serum
IgE levels.

Among the genes that show a gene-environment interaction for
the development of atopy or allergic diseases, the most frequently
investigated is the CDI4 gene.! However, there is no report that
investigates interaction of this gene and day care attendance.
CD14 is a pattern-recognition receptor involved in the clearance
of bacterial endotoxin and is also known as a receptor of respira-
tory syncytial virus. We investigated CD 14— 159C/T (152569190)
and CD 14— 550C/T (1s5744455) polymorphisms in Japanese pa-
tients with severe respiratory syncytial virus-induced bronchiol-
itis and found that CDI14—550C/T but not CD14—159C/T was
significantly associated with the condition.’

The IL-4 receptor o gene (IL4R) is also one of the most fre-
quently investigated genes and has been shown to be associated
with atopy and atopic diseases.® The HeS0Val polymorphism
(rs1805010) of the ILAR gene is a functional polymorphism and
has been reported to be strongly associated with atopy and atopic
asthma in the Japanese population. To date, only one study has re-
ported the interaction of the /[4R 1le50Val polymorphism and day
care attendance in the first year of life.” The result showed a
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TABLE I. Characteristics of the subjects

Total no. of participants 473
Age (mo)
Mean * SD 1 =199
Range 76-147
Sex ratio (male:female) 1.00:1.01
Day care attendance before age 2 y (%) 14.5
Total IgE (JU/mL), mean = SD
Male 254 = 340
Female 241 3 469
Prevalence of atopy (%)
Male 76.9
Female 68.0
Prevalence of allergic disorders (%)
Asthma
Male 14.1
Female 6.6
Atopic dermatitis
Male 1S
Female 9.7
Allergic rhinitis
Male 42.1
Female 31.2
Food allergy
Male 3.0
Female 34

significant gene-environment interaction for IFN-y production at
1 year of age. However, it is not known whether this modified cy-
tokine response affects the chance of having atopy or allergic dis-
eases in the later period of life.

Here we report a relationship between serum total and specific
IgE levels in Japanese elementary school children and day care
attendance during carlier lifc. Our results suggest that day care
_ attendance is associated with serum IgE levels, and this effect is
modified by CD14--550C/T and /4R Le50Val polymorphisms.
This is the first report that suggests an interaction between
early-life day care attendance and genetic variations on IgE levels
in later life.

Children attending an elementary school located in the central
area of Chiba city (population of approximately 930,000) were
recruited for this study. We first asked all (n = 843) children for
participate in the survey. We then sent a detailed questionnaire to
those who had a positive response (n = 582). Children with
congenital heart diseases and [ung diseases caused by immature
birth were excluded. A total of 473 school children aged 6 to 12
years were enrolled. Blood samples were collected from 411
children on 2 separate days (July 3 and 12, 2006) for serum and
DNA preparation. A complete set of information on total and 8
specific 1gE levels, genotypes, and environmental factors was
obtained from 375 children. All parents provided written in-
formed consent. The study protocol was approved by the Ethics
Committee of Chiba University Graduate School of Medicine.

The status of allergic diseases was evaluated by using questions
based on the International Study of Asthma and Allergies in
Childhood. We asked whether the child regularly atiends a day
care center where time is speat with other children at or before 2
years of age. For parents who responded yes to this question, the
age of entry of their child to the day care center was obtained. The
questionnaire also included the following items to assess possible
confounding factors: number of siblings; number of older
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siblings; allergic diseases of parents and siblings (family history:
scored as positive if parents, siblings, or both had any of 4 allergic
diseases [asthma, allergic rhinitis, atopic eczema, and food
allergy]); residential area (6 categories), type of housc structure
(5 categories), and floor type of bedroom (5 categories); yogurt/
fermented food consumption; pet ownership; and smoking among
family members.

Genotyping of the CD/4—550C/T polymorphism was per-
formed as described previously,” whereas that of the IL4R
Ile50Val (rs1805010) polymorphism was carried out with the
TagMan allele-specific PCR method.® Primer sequences were
as shown in this article’s Online Repository at www.jacionline.
org.

Table I shows the characteristics of the investigated popula-
tion. The percentage of children who had regularly attended
day care before 2 years of age was 14.5%. Atopy was defined
as the presence of positive (>0.35 1U/mL) specific IgE level
against at least 1 of the 8 allergens. Although the prevalences
of asthma, atopic dermatitis, and food allergy were compatible
with those in a recent large study,” prevalences of allergic rhinitis
and atopy were about 10 to 20 points higher, suggesting that
children who had allergic rhinitis were more likely to attend
this study.

Table 1T shows the association between day care attendance and
serum IgE levels or atopy after being stratified with the
CDI14—550C/T genotype. Day care significantly decreased total
IgE levels (P = 9.7 X 107°), mite-specific IgE levels (P =
.0016), and rate of atopy (P = .00041) in individuals with the
C/T or T/T genotype, whereas the effect of day care was not ob-
served in thosc with the C/C genotype. Numbers of children
with the C/T+T/T genotype and those with the C/C genotype
were similar, suggesting that the difference is not likely due to
the statistical power for detecting association. Multivariate anal-
yses with confounding factors were performed to evaluate the sig-
nificance of this gene-environment interaction. The interaction
between the CD14—550C/T polymorphism and day care was sig-
nificant for log, o(total IgE) (P = .0046), mite-specific IgE classes
(P = .00047), and atopy (P = .0097) after adjusting for age, sex,
family history, and number of siblings.

Table HI shows the association between day care attendance
and serum IgE levels or atopy after being stratified with the
ILAR Val50lle genotlype. The elfects of day carc on total and
some specific IgE levels were significant in Val/lle heterozygotes
but not in Val/Val or Tle/lle homozygotes. In Val/lle individuals
day care significantly decreased total IgE levels (P = .0012),
nite-specific (P = .011) and cedar pollen—specific (P = .034)
IgE levels, and rate of atopy (P = .018). No such trend was ob-
served in Val/Val or Ile/lle individuals. The numbers of Val/Val
and Val/lle individuals were similar. It is therefore unlikely that
the lack of significant association in Val/Val individuals was
due to smaller statistical power for detecting association, When
the significance of gene-environment interaction was assessed
with the confounding faclors, the interaction term between
IL4R and day care attendance was significant for logg(total
IgE) (P = .019) and mite-specific (P = .0025) and cedar pol-
len—specific (P = .040) IgE classes but not for atopy.

Total IgE levels in 4 genotype groups (group 1: CD14 CIC,
ILAR Nlefle+ Val/Val; group 2: CD14 CIC, ILAR Val/lle; group
3: CDI14 C/T+T/T, ILAR Tle/lle + Val/Val; and group 4: CDI4
C/T+TIT, ILAR Val/Iley were compared to evaluate the combined
effect of 2 polymorphisms on total IgE levels. Fig 1 shows the box
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TABLE ll. Effects of day care attendance on IgE levels when stratified by CD14—550C/T genotype

J ALLERGY CLIN IMMUNOL

JUNE 2009

c/C C/IT+TIT
Day care Day care
W Effect size or m Effect size or Gene-environment
No Yes odds ratio {95% CI) Pvalue No Yes odds ratio (95% Cl) P value interaction P value*
No. of subjects 169 22 157 28
Log,g(totat 1gE)
Mean 1.88 1.98 0.094 (—0.21 to 0.39)4 0541 209 1.58 —050(—026t0 —0.76)] 9.7 X1075¢ 0046%*
SD 0.77 0.76 0.63 051
Specific 1gE
(positive] rate)
Mite 049 059 1.50 (0.61 to 3.69)# 518 0.61 032 0.30 (0.13 to 0.71)# 00168 000471
Cedar pollen 045 046 1.02 (0.42 o 2.45# 92§ 057 032 0.35 (0.15 to 0.83)# 032§ 1611
Atopy (rate) 0.77 0.68 1.60 (0.56 to 4.55)# .38} 0.81 050 0.24 (0.10 to 0.55)# 00041]| 009711
Boldface indicates statistically significant values.
*Adjusted for age, sex, number of siblings, and family history.
tAnalysis of variance for log(total IgE [in international units per milliliter]).
I1Class >1 (>0.35 U/ml.).
§Kruskal-Wallis test for IgE value (in international units per milliliter).
|>(2 Test of independence.
g Etfect size
#QOdds ratio.
**General liner model,
T1Generalized linear model (Poisson distribution, tog link function).
Itlogistic regression.
TABLE lil. Effects of day care attendance on IgE levels when stratified by IL4R Val50lle genotype
Val/Val Val/fle e/lle
Day care Effect Day care Effect Day care Effect Gene-
attendance size or attendance size or attendance size of environment
m— odds ratio P — odds ratio P T odds ratio P interaction
No Yes {85% Ci) value No Yes (95% Cl) value No  Yes (95% Cl) value P value*
No. of subjects 125 18 152 27 49 5
Logo(total IgE)
Mean 194 181 —0.058(—-038 721 1.88 155 —044(=-071 00121 = 1.99 232 033(-031. .12} 019¥*
to 0.27)9 to-—0.18)q to 0.97)9
SD 0.64 0.72 0.57 0.56 0.69 0.52
Specific IgB
(positive] rale)
Mite 0.57 0.56 095 (0.35 S1§ 0 052 030 039 (0.16 011§ 0.59 0.80 276 (0.29 368 002511
o 2.57)# to 0.94)# to 26.5)#
Cedar pollen 0.50 0.50 1.01(0.38 93§ 051 030 0.410.17 0348 .55 0.40.°.0.54 (0.083 91§ 04011
to 2,73 6 0.99)# (6 3.54)#
Atopy (rate) 074 072 0.93 (0.31 90 074 052 0.37(0.16 .018]| 076 0.80 1.30(0.13 .82} 1181t
to 2.82)# to 0.86)# to 12.8)#

Boldface indicales statistically significant values.

*Adjusted for age, sex, number of siblings, and family history.
tAnalysis of variance for lagg(total IgE [in internationsl onits per milliliter}).
$Class >1 (>20.35 tWW/mL).

§Kruskal-Wallis test for Igk value (in international units per milliliter).
[lx® Test of independence

FE{{ect size.

#0dds ratio.

“*General liner model.

t1Generalized lincar model (Poisson distribution, log ik function).
Tilogistic regression.

plot of logg(total IgE) in 4 genotype groups. Among children
who attended day carc compared with group 1, the mean logy,
(total 1gE) values of groups 2, 3, and 4 decreased by 0.41, 0.35,
and 0.69, respectively. This magnitude of change suggests that
the effects of CD 14 and /L4R were additive. The children in group
4 showed significantly (P = 0046) lower total IgE levels than

those in group 1. On the other hand, among children who did
not altend day care, the logo(total IgE) levels of children in
groups 3 (P = .031) and 4 (P = .036) were significantly higher
than those of children in group 1. The CD/4 C/T and T/T geno-
types appeared to show the opposite cffect on the serum total
IgE level in children who did not attend day care compared
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FIG 1. Total IgE levels in 4 groups of children classified based on a
combination of IL4R and CD14 genotypes. Box plot of loggftotal IgE) values
is shown for children who attended day care (+Day care) and for those who
did not (- Day care). Results are presented as medians and interquartile
ranges. Only significant P values (<.05) are shown,

with those who did attend day care. When we examined the effect
of day care in each genotype group, the effect was not sufficiently
large to show a significant change in IgE level in groups 2 and 3, in
which individuals had only 1 IgE level-decreasing genotype.
However, in group 4, in which individuals had 2 IgE level-de-
creasing genotypes, the effect was sufficiently large to show a sig-
nificant difference (P = .00018). Significance of interaction
between the CD14 and IL4R genotypes was also cvaluated by us-
ing general linear models in which age, sex, family history, num-
ber of siblings, and day care were included as variables. The
interaction term of the 2 genes was not significant, suggesting
an independent effect of the CD14 and IL4R genes.

The interaction of the CD 14 gene with day care attendance sug-
gests that the mechanism of the effect of day care involves at least
in part a response to infection, environmental endotoxin exposure,
or both. The interaction of the /L4R gene with day care attendance
suggests that the mechanism also involves those related to Ty2
cell proliferation and IgE production. These results suggest that
the complex nature of mechanisms underlies the effect of day
care attendance on serum IgE levels.

Environmental factors investigated in the present study were
determined based on a questionnaire on past day care attendance,
and therefore recall bias can be a potential problem. The number
of subjects investigated in this study was not so large and might be
the acceptable minimum for investigating gene-environment
interactions. The subjects evaluated were children who atiended
a single school and lived in a medium-populated city, thus
representing those living in rather small regional environments in
Japan. Nevertheless, these characteristics of the present sample
might have contributed to minimizing the variances of back-
ground and outcome parameters and might have resulied in the
positive findings obtained from a relatively small number of
subjects. It is necessary to perform a cohort study to follow
children with or without day carc attendance until they reach
school age to validate the current observations.
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Analysis of clinical therapeutic effects by sublingual immunotherapy
against Japanese cedar pollinosis and elucidation of its therapeutic biomarkers

Takashi Fujimura, Syuji Yonekura, Shigetoshi Horiguchi, Yoshitaka Okamoto

Department of Otolaryngology, Head and Neck Surgery, Graduate School of Medicine, Chiba University
ABSTRACT

Background: Japanese cedar (Cryptomeria japonica) pollinosis is onc of the most prevalent allergies in Japan. We performed two
clinical trials to clarify the therapeutic effects and mechanisms of sublingual immunotherapy (SLIT) against Japanese cedar pollinosis.

Methods: We performed the key-opened study over one pollinosis season in 2007, enrolling 19 patients from in-house volunteers
suffering from Japanese cedar pollinosis prior to a double-blind, placebo-controlled (DBPC) clinical trial. The DBPC trial was performed
over two pollen seasons in 2007 and 2008, including 120 patients from Kanto area around Tokyo and Chiba prefecture. Peripheral blood
was obtained from all participants before SLIT treatment, and at pre- and post-pollen season. We analyzed the induction of regulatory
T cells (iTreg), namely, IL10"Foxp3® cells in CD25'CD4" leukocytes, by flow cytometry. The Th2-type responses were analyzed by the
cytokine production from peripheral blood mononuclear cells after stimulation with Cry j 1. Clinical symptoms were evaluated using a
QOL questionnaire and symptom diary in the pollen season.

Results: The numbers of iTreg were significantly decreased in the No-SLIT group, but maintained in the SLIT group after pollen
season. Upregulation of Th2-type cytokine production stimulated with Cry j 1 was attenuated by SLIT. The iTreg-increased subgroup
from the SLIT group showed more suppressed Th2-type cytokine profiles and symptom scores compared to those from the iTreg-
decreased subgroup from the SLIT group and the No-SLIT group.

Conclusion: Antigen-specific iTreg has a potential as a therapeutic biomarker correlated with clinical pollinosis symptoms and may be
involved in the therapeutic mechanisms of SLIT.

Key words: allergic rhinitis, biomarker, Japanese cedar polinosis, regulatory T cell, sublingual immunotherapy
Abbreviations: CBA, cytometric bead assay; iTreg, induced regulatory T cell; PBMC, peripheral blood mononuclear cell; SLIT, sublingual

immunotherapy
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