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Shorter Dosing Intervals of Sublingual Immunotherapy
Lead to More Efficacious Treatment in a Mouse
Model of Allergic Inflammation
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Current day practice of sublingual immunotherapy (SLIT) includes varying
modalities of treatment that differ with regard to formulation, dosing and

. . administration regimens. The aim of this study was to explore the importance
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revised form 25 February 2010 of the dosing intervals in SLIT. The immunological effect of increased SLIT
dosing frequency was tested in a mouse model of allergic inflammation. Mice
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cumulative dose administered with different administration frequencies. A
SLIT sham-treated group was also included. All mice were challenged intra-
nasally with Ph/ p extract following SLIT. Local and systemic cytokine produc-
tion, eosinophil infiltration into airways and the development of Ph/ p-specific
antibody responses were determined. Higher frequency of sublingual adminis-
tration of allergen extract has a profound positive impact on the effect of SLIT,
measured as induction of IgG and IgA antibodies. The once daily SLIT was
the only treatment regimen being able to reduce all systemic Th2 cytokines
and systemic IgE antibody responses when compared to sham-treated mice
after the intra-nasal challenge period. The group receiving SLIT with the
highest frequency of administration had the most pronounced effect of the
treatment. In the same group, there was also a higher degree of protection
against increase in IgE antibody levels after intra-nasal challenge with the
allergen, our data demonstrate that a once daily regimen is more efficacious
than regimens where SLIT, with the same weekly cumulative allergen dose, is
administered with longer intervals but higher doses.
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Introduction

Allergic rhinitis represents a major health problem
worldwide [1]. Studies have revealed an average preva-
lence of 23% in western Europe [2]. Often, the current
recommended treatment for allergic rhinitis constitutes
allergen avoidance and pharmacotherapy. These treat-
ments only affect the symptoms and have short-lasting
efficacy. Allergen immunotherapy offers advantages of
specific treatment with long lasting efficacy, and the abil-
ity to modify the course of the disease [3].

Successful specific immunotherapy has been performed
by subcutaneous as well as sublingual administration of
allergen extracts. The major benefits of sublingual immu-
notherapy (SLIT) compared to subcutaneous immunother-
apy (SCIT) are the reduced risk of IgE-mediated severe
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systemic adverse events and the convenience with allow-
ing self-administration at home.

The mechanistic basis for the effect of allergen-specific
immunotherapy is not yet completely known. A correla-
tion between successful treatment and reduced Th2
responses, mainly IL-5, and eosinophil infiltration to air-
way mucosa has been shown both in clinical studies [4—
6] and in animal models of allergic diseases [7—12]. The
reduction of these inflammatory parameters has been sug-
gested to be because of induction of regulatory T cells
[13—17]. Moreover, non-IgE antibodies of mainly the
IgG4 and IgA isotypes are induced following SCIT and
SLIT and may, in addition to being robust markers of
immunotherapy, be at least partly responsible for the
clinical effect of the treatment in their capacity of block-
ing antibodies that compete with effector-cell bound IgE
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antibodies for allergen binding [18-22]. SLIT can be pre-
scribed as drops or tablets. The recommended dose and
frequency of administration varies markedly between dif-
ferent SLIT products but little experimental evidence for
the optimal dosing regimen exists. In this study, we
addressed the contribution of allergen dose in combina-
tion with administration frequency on the efficacy of
SLIT treatment. The effects of different SLIT regimens
are measured by induction of allergen-specific antibodies,
local and systemic cytokine responses and airway eosino-
phil infiltration. The same weekly cumulative dose of
timothy grass allergen Phleum pratense (Phl p) extract was
administered 7, 3 days or 1 day per week, respectively,
to study the importance of frequency of SLIT. For this
purpose, we used a recently developed murine model of
allergic inflammation in which the mice react towards
Phl p [7]. This model shows many signs of the clinical
and immunological features present in patients suffering
from allergic rhinitis. In this study, we demonstrate that
daily SLIT is the only regimen having the capacity to
significant down-regulate production of various Th2 cyto-
kines. In addition, the induction of allergen-specific IgA
is positively correlated with the dosing frequency. More-
over, daily administration of SLIT is the only regimen
leading to more efficient protection against allergen-
induced IgE antibody production compared to sham-
treatment.

Materials and methods

Animals. Female Balb/c] mice, 6-10-weeks old at the
start of the experiment were used. The mice were bred
in-house and were maintained on a defined diet, free of
components that cross-react with antisera to Pleum pra-
tense extract. The mice were housed in a specific patho-
gen-free environment with 12 h light, 12 h dark cycles.
All experiments described in this report were conducted
in accordance with Danish legislation.
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Experimental design.  Each experimental group con-
sisted of 7-16 mice, depending on which parameter
examined. The mice were sensitized by three intra-perito-
neal (i.p.) injections of 5000 SQ alum-adsorbed PA/ p
extract (ALK-Abell6) at days 0, 14 and 21. Blood sam-
ples were withdrawn at day 28, and mice were stratified
into four groups based on their PA/ p-specific IgE, 1gG2a
and IgGl titres, with descending priority. SLIT treat-
ment was started at day 35 and administered over a
period of 9 weeks. Groups of mice received SLIT with
the same weekly cumulative dose of Ph/ p extract, but
with different frequency of administrations according to
Fig. 1. A sham-treated control group which was sensi-
tized as earlier and then SLIT treated with buffer was
also included. SLIT was performed by holding the scruff
of the mouse and carefully applying the 5 ul of allergen
extract solution under the tongue. The mouse was held
by the scruff for 20 s to prevent the animal from imme-
diately swallowing the allergen extract solution. Blood
samples were withdrawn at day 56, 77 and 98, which
correspond to after 3, 6 and 9 weeks of SLIT treatment.
Mice were challenged intra-nasally (i.n.) day 98-112,
with a daily dose of 5000 SQ PA/ p extract in 10 ul buf-
fer for 5 + 5 consecutive days. Mice were sacrificed at
day 113, and blood, cervical lymph nodes (CLN), spleen
and bronchoalveolar lavage (BAL) were collected.
Bronchoalveolar lavage. BAL was performed 24 h after
the last i.n. challenge using 700 ul Hanks’s Balanced Salt
Solution (HBSS, Gibco®, Carlsbad, CA, USA) comple-
mented with protease inhibitor cocktail tablet (Roche®,
Basel, Switzerland) (Fig. 1). BAL was centrifuged at 400 g
and cells were re-suspended in PBS, and total number of
cells was counted using a microscope and Biirker chamber.
Cell-free supernatants were stored at —20 °C until PAh/
p-specific antibody levels were measured as described later.
For differential counts, cytospin preparations were fixed
and stained with May-Griinwald (Merck, Darmstadt, Ger-
many) Giemsa (Sigma-Aldrich Corp, St Lois, MO, USA)
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Sham-treated group:
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Figure 1 Experimental design. Mice were sensitized to Phleum pratense (Phl p) by three intraperitoneal (i.p.) injections of 5000 SQ allergen extract

adsorbed to alum on day 0, 7 and 14. Starting 2 weeks after the third i.p. injection, mice were sublingual immunotherapy (SLIT)-treated for 9 weeks

with different intervals and with different doses of PA/ p extract (indicated in the figure). After 9 weeks of SLIT, all mice were intra-nasally (i.n.) chal-

lenged for 5 + 5 consecutive days with 5000 SQ PA/ p extract. Mice were sacrificed, and blood, spleen and CLN were processed for further analyses.

Bronchoalveolar lavage (BAL) was performed. Blood samples were withdrawn 1 week after the third i.p. injection and after 3, 6, and 9 weeks of SLIT.
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staining, and number of eosinophils were identified by
standard morphologic criteria and based on 200 cells
counted per cytospin.

Measurement of cytokine production  following in wvitro
re-stimulation. ~ Single cell suspensions of CLN or spleens
were prepared and washed three times in RPMI 1640
medium (Cambrex Bio Science, Baltimore, MD, USA).
Cells were counted and dispersed in RPMI 1640 medium
complemented with 50 ug/ml gentamycin (Invitrogen,
Corp, Carlsbad, CA, USA), 1% Nutridoma (Roche
Applied Science, Indianapolis, IN, USA) and 1.5 mmol/]
monothioglycerol (Sigma-Aldrich Corp) and 1% Foetal
Calf Serum (FCS) for lymph node cells. To each well of a
96-well flat-bottomed culture plate (Nalge Nunc Interna-
tional, Rochester, NY, USA), 3 X 10° cells were added.
Cells were stimulated with PA/ p extract in a final con-
centration of 40 pg/ml at 37 °C in 5% carbon dioxide.
Supernatants were collected after 5 days of stimulation,
and cytokine levels were quantified by a mouse Th1/Th2
9-plex Ultra-sensitive kit (Meso Scale Discovery, Gai-
thersburg, MD, USA).

Measurement of Phl p-specific antibodies.
pared from the blood samples by centrifugation at 1300 g
for 10 min. The levels of Phl p-specific IgE, IgA, IgGl
and IgG2a antibodies were measured on the ADVIA Cen-
tauer platform (Bayer Diagnostics, Tarrytown, NY, USA).

Sera were pre-

Briefly, rat or goat anti-mouse antibodies covalently cou-
pled to paramagnetic particles were used to capture the
different serum antibody isotypes. Bound solid-phase anti-
bodies were allowed to react with liquid-phase purified
biotinylated major allergens that were detected as chemi-
luminiscence using acridiniumester-labelled streptavidin.

Phl p-specific IgA antibodies in BAL were determined
in a Magic Lite assay. Briefly, BAL fluids were diluted in
wash buffer (0.06% gelatine and 0.1% Triton X in PBS,
pH 6.65) and incubated with magnetic particles coupled
to goat anti-mouse IgA (Indicia Biotechnology, Oullins,
France). After washing, Ph/ p-specific antibodies were
detected by biotinylated Ph/ p extract and streptavidin
conjugated to acridinium ester. Visualization was carried
out in a luminometer with automated injection of perox-
ide and hydrochloric acid. The technical characteristics of
the assay are described elsewhere [23].

Statistical analysis.  All statistical calculations were
performed using the two-tailed non-parametric Mann—
Whitney test using a software programme (GRAPHPAD
Prism version 5.01; GraphPad Software Inc, San Diego,
CA, USA).

Results

Kinetics of antibody responses during SLIT treatments

In this study, sensitized mice were stratified into four
groups receiving the same weekly cumulative SLIT dose
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or sham-treatment, followed by an i.n. challenge period
(Fig. 1). The kinetics of Phl p-specific IgE, IgA, IgGl
and IgG2a were followed during the experiment. The
median values at each time-point are depicted in Fig. 2.
Sensitization induced potent allergen-specific antibody
responses of all isotypes except IgA, which is not sur-
prising because systemic administration mainly gives rise
to IgG and IgE antibody responses [24]. Phl p-specific
antibody responses in sham-treated mice decreased over
time during the 9-week treatment period, which is a
characteristic of this model [25] (and unpublished obser-
vations). However, in contrast to sham-treated mice,
SLIT treatment with Ph/ p extract rescued the drop in
antibody levels resulting in no, or less pronounced,
changes of antibody titres after 9 weeks of treatment
when compared to immediately after sensitization. In
contrast to the other isotypes, IgG1l levels were signifi-
cantly reduced in all groups during the 9 week period of
SLIT (Fig. 2). Levels of all allergen-specific isotypes
increased dramatically because of the i.n. challenge with
Phl p extract. Differences in antibody levels immediately
before and after the i.n. challenge in the various treat-
ment groups are described in detail in the following
paragraphs.

Phl p-specific antibodies were most efficiently induced by
daily SLIT with Ph/ p extract

In clinical specific immunotherapy (SIT) studies, the
most studied immunological parameter that is associated
with treatment effects is induction of allergen-specific
antibodies [26-30]. In analogy with clinical studies, we
have used changes in allergen-specific antibody titres as
indicators of the effect of treatment. Ph/ p-specific serum
antibodies of IgE, IgA, IgG1 and IgG2a isotypes induced
after 9-week SLIT period, but before the i.n. challenge,
are depicted in Fig. 3A, C, E and G, whereas antibody
levels detected after the 2 weeks of i.n. challenge are
shown in Fig. 3B, D, F and H. As also observed during
the course of SCIT and SLIT in clinical trials, levels of
allergen-specific IgE antibodies were increased by the
active SLIT treatment, being most prominent in the
7 X 25 kSQ/week treatment group (Fig. 3A). In contrast,
the Phl p-specific IgE level in the buffer SLIT treatment
group was significantly (P < 0.01) decreased during the
9-week period from a median of 64,500-27,900 Rlu
(data not shown).

Allergen-specific IgA antibody responses were signifi-
cantly increased in all groups following 9 weeks of SLIT
with Phl p extract when compared to the buffer group.
There was a clear dosing frequency-dependent induction
of IgA, with the most prominent increase in the group
of mice SLIT treated daily with 25 kSQ PA/ p extract.
The daily SLIT treatment resulted in a significantly
(P < 0.005) higher IgA antibody titre when compared to
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Figure 2 Overview of the kinetics of Phleum pratense (Phl p)-specific antibody responses during the experiment. Blood samples were collected 1 week

after the third i.p. injection of alum-adsorbed PA/ p extract (n = 16 per group), 3 weeks (2 = 1 pool of eight individual serum samples per group),

6 weeks (7 = 1 pool of eight individual serum per group) and 9 weeks (2 = 8-15 per group) after sublingual immunotherapy (SLIT) and finally after

the intra-nasal challenge at the end of the experiment (z = 14—16 per group). Phl p-specific IgE, IgA, IgG2a and IgG1 antibody responses were mea-

sured on the ADVIA Centauer platform. Group medians are depicted in the figure.

the group receiving one SLIT dose per week, with the
same weekly cumulative dose of 175 kSQ PA/ p extract
(Fig. 30).

All groups
higher levels of allergen-specific IgG2a compared to the

active treatment showed significantly
sham-treated group in serum taken after the 9-week SLIT
period (P < 0.05 in all cases, Fig. 3G).

In similarity, IgGl levels were also significantly
higher in the two groups receiving the most fre-
quent administrations of SLIT compared to the SLIT
buffer group (P < 0.01 for both groups, Fig. 3E). Even
though IgE, in similarity with the other isotypes,
increased dramatically because of i.n. challenge in all
groups, the IgE response ended up being significantly
(P < 0.05) reduced in the once daily treated group when
compared to sham-treated group after i.n. challenge
(Fig. 3B). The increase was only 3-fold in the daily SLIT
treatment group, whereas a 17-fold increase could be seen
in the sham-treated group (median values). Intermediate

effects were seen in the other treatment groups (5- and

8-fold for 3 days/week and 1 day/week
respectively) demonstrating that among the different reg-

treatment,

imens used in this experiment, daily administration of
SLIT provided the most efficient protection (>5-fold
compared to sham-treated) against increase in allergen-
induced IgE antibodies because of challenge.

Induction of Phl p-specific local IgA antibody responses
is dependent on the frequency of SLIT

BAL was performed at the end of the experiment, and
local specific IgA antibody responses were quantified. IgA
production was induced in all groups after the i.n. chal-
lenge. However, the IgA responses were significantly
(P < 0.05) higher in those two groups who had received
the most frequent SLIT administrations, 25 kSQ PA/ p
7 days/week with a median of 967,000 Rlu and 58 kSQ
Phl p 3 days/week with a median of 977,000 when com-
pared to IgA levels in the buffer SLIT group with a med-
ian of 355,000 Rlu (Fig. 4).
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Figure 3 Phleum pratense (Phl p)-specific antibody responses in serum after 9 weeks of sublingual immunotherapy (SLIT). Ph/ p-specific antibodies of
IgE (A and B), IgA (C and D), IgG1 (E and F) and IgG2a (G and H) isotypes were determined in blood samples taken after 9 weeks of SLIT (A, C,
E and G) and after the intra-nasal challenge (B, D, F and H). All analyses were performed on the ADVIA Centauer platform. Boxes show the group
median and the lower and upper quartiles with outliers (after 9 weeks of SLIT; » = 8, 10, 15 and 14 per group, and after intra-nasal challenge;
n = 16, 15, 16 and 14 per group). Whiskers represent min and max value. Mann—Whitney test was used for statistical analyses.
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Figure 4 Phleum pratense (Phl p)-specific IgA antibody responses in
BAL. Phl p-specific IgA antibodies were determined in bronchoalveolar
lavage (BAL) collected after the 2 weeks of intra-nasal challenge. Analy-
ses were performed with Magic Lite assay. Boxes show the group med-
ian and the lower and upper quartiles with outliers (2 = 15, 15, 15 and
14 per group). Whiskers represent min and max value. Mann—Whitney

test was used for statistical analyses.

Inflammatory responses in BAL, draining lymph nodes and
spleen

There was a tendency towards dosing frequency-depen-
dent suppression of eosinophil infiltration to BAL follow-
ing i.n. challenge (Fig. 5), although these differences did
not reach statistical significance. The same scenario was
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Figure 5 Total number of eosinophils in bronchoalveolar lavage (BAL).
BAL cells were counted, and the total number of eosinophils was deter-
mined by differential counts on May-Griinwald Giemsa stained cytospin
glasses. Group means with SEM are shown (z = 7 per group).
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seen when analysing the cytokine responses after in vitro
re-stimulation of draining cervical lymph node cells, with
a tendency towards dosing frequency-dependent down-
regulation of all Th2 cytokines examined with border-
line (P = 0.06) significance in the IL-4 and IL-10
responses (Fig 6).

The systemic spleen cell cytokine responses show a
more clear-cut pattern with significant reduction of all
cytokines evaluated in the group receiving daily SLIT
with 25 kSQ PA/ p extract when compared to sham-trea-
ted mice (Fig. 7).

Discussion

The most studied immunological parameter that correlates
with treatment in a dose-dependent manner in clinical
studies of specific immunotherapy is the changes in aller-
gen-specific antibody levels that occur during the course
of treatment. Most commonly, in both SCIT and SLIT
regimens, an initial rise in allergen-specific IgE produc-
tion followed by a return to pretreatment levels combined
with a blunting of the seasonal increase in the IgE produc-
tion is observed [26-30]. Furthermore, gradual allergen-
dose-dependent increase during the treatment period of
allergen-specific non-IgE antibodies like IgG1l and IgG4
[27-33] is a hallmark of effective immunotherapy.

It has been demonstrated in many clinical studies [28,
34] and animal models of allergic diseases [7, 25] that
the effect of SLIT, both clinical and immunological,
depends on the individual allergen dose given with each
administration. We have previously shown that the con-
tact time between the sublingual mucosa and allergen
extract is critical for the effect of SLIT in mice [25]
which led us to hypothesize that the effective dose in a
SLIT regimen may also rely on other parameters in addi-
tion to the allergen concentration itself. In this article,
we explore the effect of the dosing frequency of SLIT in
a mouse model of allergic inflammation using the local
and systemic cytokine responses, allergic airway inflam-
mation and induction of allergen-specific antibody levels
as measurements for treatment effect.

Our data clearly demonstrate that the frequency of
allergen has a profound impact on the effect of the treat-
ment, with the impact on SLIT-induced IgA antibody
levels and systemic Th2 responses being most prominent.
In addition to earlier findings [7, 25] that higher allergen
concentrations lead to better effect of SLIT including
increased antibody responses, we here find that a regimen
where lower allergen doses administered daily is more
effective than a regimen where proportionally higher
allergen doses were administered less frequently, even
when the same weekly cumulative dose was used.

Even though antibody induction is the most com-
monly analysed parameter in clinical trials of SCIT and
SLIT, T-cell proliferation, Th2 cytokine production and

© 2010 The Authors
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Figure 6 Cytokine responses in cervical lymph node cells. Single cell suspensions from cervical lymph node cells (CLN) were in vitro re-stimulated
with 40 pg/ml Phleum pratense (Phl p) extract for 5 days. Cytokine levels in the supernatants were quantified by a mouse Th1/Th2 9-plex Ultra-sensi-
tive kit. Scatter plot with median values are shown. CLN from two mice were pooled, generating four data points per group. Mann—Whitney test was

used for statistical analyses.

levels of eosinophils in respiratory mucosa have also been
shown to be associated with successful immunotherapy
[4-6, 35]. In this sense, our mouse models resemble the
clinical situation, and we have been able to show that all
Th2 cytokines measured systemically are reduced after
daily administration of SLIT when compared to sham-
treatment, whereas no or limited effect was observed in
groups administered less frequently. Moreover, we have
demonstrated tendencies towards reduced BAL eosiono-
philia as well as locally produced Th2 cytokines in the
group receiving the most frequent SLIT dosing regimen.
Induction of regulatory T cells has been suggested after
SCIT [14, 15] as well as SLIT [13, 17, 36] in human
beings. However, induction of regulatory T cells was not
investigated in this study and for the time being, we can
neither prove nor rule out that these types of cells play a
role in our mouse model.

As mentioned earlier, the kinetics of the IgE anti-
body response in allergic patients successfully treated
with SIT initial
levels with a blunting of pollen-induced IgE during

shows an increase of serum IgE

the seasons. This pattern is indeed also observed in
the mouse model of allergic inflammation used in the

© 2010 The Authors

current article, being most pronounced in the daily
SLIT-treated group when compared to sham-treated.
SLIT-induced IgE response in animals treated daily with
a low dose of Phl p extract was better protected (>5-
fold) against subsequent boosting of IgE levels by intra-
nasal challenge, than animals treated less frequently
with higher allergen doses. In addition, it was only the
daily treated SLIT group that shows a significantly
reduced IgE response compared to sham-treatment after
the intra-nasal challenge period.

In the murine model of allergic inflammation used in
this study, a dramatic increase of all allergen-specific iso-
types could be observed after the intra-nasal challenge
with the allergen. All groups, including the buffer SLIT-
treated mice, were challenged by this route, and it is
known that intra-nasal administration of antigen effi-
ciently induces systemic and local antibody production
[37]. After the intra-nasal challenge, IgA was the only
parameter still being significantly higher in the SLIT
group treated daily with 25 kSQ PA/ p extract. Thus,
more frequent SLIT administration was superior to the
other treatment the mucosal

regimens in priming

immune system for subsequent robust IgA production.
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410 Dosing Frequency Dependency of Sublingual Immunotherapy in a Mouse Model C. Rask et al.
IL-5 IL-4 IFN-y
N P =0.05 N
8000 1500 4 * oo 250 -
. P<0.05 \ |<—v| N P=0.05 \
6000 A 200 - . v
_ 1000 . 150 v
£ 4000 . v £ o = . A ey £ N
o v o 4 Yoy 2 100 1 . A v
. n s00{ © A v . a y—
20004 © " T._‘_A‘ —yTr— ° L ah 50 o = i,
_"_:_ u . ' ®e e " e vv
0l —e n , . 0l —e R ; . 0l—o SL ; .
o o g
4@?’. ‘yx\eé‘. $°e‘. 0\&0 ¥ & ¥ & & @1(3’ « &+ ‘;‘@3" o 0&@
& & & @ O
A ) &) o A ) o
&2 &2 N &2 &2 & &2 &2 &
< < ) < < < < )
& ol N & Y g & X
& & R & &
® &® P & P ®
IL-10 IL-13
15,000 50007 P<0.05 \
R P<0.05 , 4000 v
L) L] n v
10,000 - v w00l ° . —r
:Ea A v %1 - A
a 5000 L - ad _v_"v_ 2 2000 4 (] +. v
T vy
v o L Aa
o T T 1000 '. a
ee® oo
0 * . T T 0 * . T T
g g
& & & ¥ & & &
& S ? & S S ?
/\gﬁ oy & «b& & &®
o > o
o &2 o &2 2 o &2 o &2 &
& & S & &
Aa N A A3
® & ® &

Figure 7 Cytokine responses in spleen cells. Single cell suspensions from spleen were 7 vitro re-stimulated with 40 ug/ml Phleum pratense (Phl p)
extract for 5 days. Cytokine levels in the supernatants were quantified by a mouse Th1/Th2 9-plex Ultra-sensitive kit. Scatter plot with median val-
ues are shown (z = 8, 7, 7 and 7 per group). Mann—Whitney test was used for statistical analyses.

Evidence for the induction of systemic and mucosal secre-
tory IgA (SIgA) following SLIT is beginning to evolve
both clinically [29, 38-40] and experimentally [9, 25].
The primary role of SIgA antibodies is to prevent com-
mensal and pathogenic microorganisms to cross the epi-
thelial barrier. This is performed by antigen exclusion at
mucosal surfaces and by virus and endotoxin neutraliza-
tion within epithelial cells without causing tissue damage
[41]. The role of IgA in allergic diseases is not completely
understood. In theory, one could assume that high levels
of allergen-specific IgA would prevent allergen absorbance
and thereby sensitization and subsequent development of
allergy. Supporting this theory, low levels of total and
allergen-specific SIgA and transient IgA deficiency have
been associated with an increased risk of allergy [42-44].
It has also been shown that non-atopic children have
higher levels of allergen-specific [gA compared to allergic
children and that these changes are equalized following
SLIT [38]. In addition, the cytokine TGF-ff, which have
been demonstrated to have various anti-inflammatory
effects, is also associated with IgA production [45, 46]. It
is plausible that both of these immunological features
contribute to the positive effects of SLIT.

In conclusion, we show that the induction of possible
blocking antibodies following the SLIT period is posi-
tively correlated with SLIT administration frequency.
Moreover, it is the daily SLIT regimen group that exclu-
sively, when compared to sham-treatment, shows signifi-
cantly reduced systemic Th2 cytokines and IgE antibody
responses after the intra-nasal challenge with Ph/ p
extract, representing a pseudo pollen-season. Increasing
the allergen dose was not sufficient to effectively compen-
sate for a lower administration frequency when the cumu-
lative weekly dose was held constant. We believe that it
is likely that the frequency dependency also holds true
for clinical SLIT treatment. However, this issue needs to
be addressed in well-designed clinical studies in the
future.
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