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Abstract

Objective: Sublingual immunotherapy (SLIT) for allergic rhinitis due to Japanese cedar (JC) pollisosis was investigated to examine its clinical efficacy and adverse
effects, as well as the changes of serum antibodies.

Research design and methods: A placebo-controlled, double-blind study was performed with 12 patients in the SLIT group and 16 patients in the placebo group.
Treatment was started before the JC pollen season and was continued until after the pollen season. The SLIT group received daily up-titration of a JC pollen allergen
extract over 2 weeks, followed by maintenance therapy twice weekly. The placebo group received the vehicle of the allergen extract at the same dosage. Subjects kept
symptom diaries during the JC pollen season.

Main outcome measures: Scores were assigned for nasal symptoms (sneezing, itching, rhinorrhea, and obstruction) and the total nasal symptom score (TNSS) was
calculated during the pollen season. Immunoglobulin levels were measured before and after treatment.

Results: During the 90-day period from February 1 to April 30, the sneezing score, nasal itching score, rhinorrhea score, nasal congestion score, and TNSS were
significantly lower in the SLIT group than the placebo group for 15, 15, 33,22, and 37 days, respectively.

Serum levels of JC allergen-specific IgG and IgE showed no significant difference between the 2 groups before treatment, but were significantly higher in the SLIT
group than the placebo group after the pollen season. Although JC allergen-specific IgG4 was also higher in the SLIT group after the pollen season, there was no
significant difference. The IgG4/IgG ratio showed no significant difference between the two groups cither before treatment or after the pollen season. Adverse events

were only Grade 1 in both groups and resolved spontaneously.

Conclusions: SLIT suppressed symptoms of JC pollinosis and increased the JC-specific IgG4/IgG ratio in the first season of treatment.

Introduction

Allergic rhinitis/pollinosis (hay fever) was first reported by Blackley
[1] in 1873. In Japan, Saito [2] first reported Japanese cedar (JC)
pollinosis in 1964, and it subsequently increased owing to large-scale
planting of cedar trees during the 1970s. A survey performed in 2008
showed that the prevalence of JC pollinosis was 26.5% in Japan [3],
making it the major allergic disease affecting the Japanese population.

Noon initially reported the effectiveness of immunotherapy
for allergy in 1911[4]. Immunotherapy for allergic diseases has
subsequently attracted considerable attention in many countries
including Japan. In the 1960s, a pollen-specific antigen extract became
available for immunotherapy in Japan and a standardized cedar
antigen-specific extract was released in 2000.

Because of various problems associated with subcutaneous
immunotherapy (SCIT), including pain during injection, frequent
visits for treatment, and side effects such as anaphylaxis, other methods
of delivering immunotherapy have been examined. In Western
countries, sublingual immunotherapy (SLIT) has achieved good
results for ragweed allergy and gained popularity, while SLIT using
standardized specific cedar antigen extract has also been initiated in
Japan. The response rate to SCIT is believed to be better than 70%,
and the response rate is even higher in persons with sensitization to
cedar pollen alone. However, approximately two years of treatment is
required. Also, although investigations have been performed to identify
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biomarkers that can predict the response before or at an early stage of
treatment, no markers have been identified so far.

Immunotherapy induces both cellular and humoral regulatory
mechanisms. Interleukin(IL)-10, a cytokine expressed after
immunotherapy by nasal mucosal and peripheral blood regulatory T
cells, play an important role on cellular mechanism in inhibition of
T-cell cytokine production and activation of mast cells and eosinophils
[5]. On the other hand, allergen specific antibodies, especially of the
IgG4 isotype, play an important role on humoral mechanism as an
blocking antibodies in inhibition of IgE-mediated histamine release
and antigen presentation through inhibitory FcxR Il b IgG receptors [6].

Serum cedar allergen-specific IgG4 is very small amount and how
the value changes in SLIT treatment period is still unknown. We tried
the measurement of IgG4 and the comparison of the IgG4/IgG ratio to
confirm that IgG4, included in very small amount in total IgG, increased
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by SLIT and examined the correlation with clinical manifestations.

Against this background, we conducted a placebo-controlled,
double-blind study of SLIT for JC pollinosis to examine its clinical
efficacy and adverse effects, as well as to determine the changes in the
serum levels of specific antibodies for JC allergen.

Patients and methods

Subjects

We performed a placebo-controlled, double-blind study of SLIT
for JC pollinosis. Observation was initiated in November 2011 (before
the 2012 cedar pollen season) and was continued until May 2012 (after
the pollen season). The subjects were patients with cedar pollen allergy
aged 15 years or older who lived in Tokyo and the surrounding area. JC
pollinosis was diagnosed if JC-specific IgE was class 2 or higher by the
CAP-RAST method (Phadia, Tokyo, Japan) and clinical manifestations
coincided with the cedar pollen season [7].

Based on the standard exclusion criteria for SCIT, patients were
excluded from this study for the following reasons: serious progressive
disease, use of systemic steroids, anticancer drugs, or beta-stimulants,
severe asthma, pregnancy, a history of immunotherapy or sinus
surgery, and other nasal complications.

The enrolled subjects were randomly divided into 2 groups (true
medicine group and placebo group) with a ratio of 1:1 by the number
that a patient was given first, and after completion of treatment the
number key was opened by a controller who was not directly involved
in this study.

Ethical considerations

This study was conducted in accordance with the Declaration
of Helsinki. All of the subjects gave written informed consent to
participation.

Study design

The study design is shown in Figure 1 and 2. After the pollen season
finished in 2011, the study was explained to candidate patients and
those who gave consent were registered. Blood samples were collected
in early November 2011, after which the subjects were assigned to the
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Figure 1. Outline of the study

After a blood sample was collected in early November, the subjects were assigned to the
SLIT group or the placebo group and treatment was started (Visit 1). The dose of antigen
extract was titrated during daily administration for 2 weeks. Then adverse events were
checked, and twice weekly administration of cedar pollen allergen extract (2,000 JAU/ mL)
was started (Visit 2). Thereafter, patients were reviewed every month (Visits 3—7), and were
asked to record symptoms in a diary from February to April (pollen season). A second blood
sample was collected in May and administration was finished (Visit 8).
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Figure 2. CONSORT flow diagram

Out of 38 candidate subjects, 4 refused to participate and 34 patients were registered, after
which 17 patients were randomized to each group. Two subjects in the SLIT group and 1
subject in the placebo group were lost to follow-up. Three subjects were excluded from
analysis in the SLIT group (Irefused to record symptoms in the symptom diary and 2 had
incomplete diaries).

Table 1. Dosing schedule of the SLIT group.

Week 1 Week 2 Week 3 onward
(200 JAU/mL) (2000 JAU/mL) (2000 JAU/mL)
Day 1 1 drop 1 drop 20 drops
Day 2 2 drops 2 drops
Day 3 3 drops 3 drops
Day 4 4 drops 4 drops
Day 5 6 drops 6 drops 20 drops
Day 6 8 drops 8 drops
Day 7 10 drops 10 drops

20 drops = 1 mL

A standardized allergen extract (200 JAU/mL and 2,000 JAU/mL) of JC was administered
to the SLIT group. Treatment was delivered by using a special dispenser that delivered
drops with a volume of 50 pg. Dose titration was performed in Weeks 1 and 2, while a
stable dose of 20 drops (1 mL) was administered twice a week from Week 3 onward. The
same volume of 50% glycerin was administered to the placebo group.

SLIT group or the placebo group and treatment was started (Visit 1).
JC allergen extract (Therapeutic Standardized Allergen Extract for
Subcutaneous Injection Torii Cedar Pollen, Torii Pharmaceutical,
Co. Ltd., Tokyo, Japan) was administered to the SLIT group and 50%
glycerin (the vehicle of this allergen extract) was given to the placebo
group. The dose of allergen extract was up-titrated during daily
administration for the initial 2 weeks of the study according to the
schedule in Table 1 by using a special dispenser that delivered drops
with a volume of 50 pg. The method of administration was sublingual
swallow, in which drops of the drug were placed under the tongue and
retained for 2 minutes before being swallowed. Subjects were observed
while taking the first dose of the extract, which had strength of 200
Japanese Allergy Units (JAU)/mL, and they subsequently took the drug
at home, switching to a stronger extract (2,000 JAU/mL) in Week 2.
Adverse effects were checked after 2 weeks (Visit 2). If it was determined
that the study could be continued, administration of the allergen
extract (2,000 JAU/mL) was continued twice weekly. Thereafter,
examination was conducted every month (Visits 3-7), and the subjects
were asked to record their symptoms in a diary from February to April
(cedar pollen season). Blood samples were collected in May (Visit 8),
and administration was finished. The total dose of allergen extract
administered during the study was approximately 106,400 JAU. The
placebo group received the same volume of 50% glycerin for each dose,
which was indistinguishable from the allergen extract.
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If symptoms occurred during the cedar pollen season, second-
generation oral antihistamines were permitted for nasal symptoms and
second-generation antihistamine eye drops could be used for ocular
symptoms that severely interfered with daily activities.

Assessment of symptoms

Symptoms were recorded in a symptom diary for 90 days from
February 1 to April 30, 2012 in the JC pollen season. Scores were
assigned for sneezing, nasal itching, rhinorrhea, and nasal obstruction,
and then were summed to calculate the total nasal symptom score
(TNSS). The number of sneezing episodes was recorded 3 times a
day (morning, afternoon, and evening). Then a score was assigned as
follows according to the daily number of sneezing attacks: no attacks =
0; 1-5 attacks = 1; 6-10 attacks = 2; 11-20 attacks = 3; and 21 or more
attacks = 4. Subjects were instructed to record continuous sneezing
as a single attack, while sneezing that occurred after an interval was
regarded as a separate attack. To assess nasal itching, the number
of times the nose was scratched because of an itchy sensation was
recorded 3 times a day (morning, afternoon, and evening). Then a score
was assigned by the same method as that used for sneezing episodes.
Subjects were instructed to record continuous scratching of the nose
as a single episode, while scratching that occurred after an interval was
regarded as a separate episode. To assess rhinorrhea, the number of
times of blowing the nose was also recorded 3 times a day (morning,
afternoon, and evening), and a score was assigned as follows according
to the daily number of times the nose was blown: no times = 0; 1-5
times = 1; 6-10 times = 2; 11-20 times = 3; and 21 or more times = 4.
Nasal obstruction was also assessed 3 times a day (morning, afternoon,
and evening) and a score was assigned as follows according to the
severity of obstruction: none = 0; obstruction not requiring mouth
breathing = 1; severe obstruction = 2; very severe obstruction = 3; and
constant complete obstruction = 4. Then the mean daily score for nasal
obstruction was calculated from the morning, afternoon, and evening
scores and it was assigned a score as follows: 0 = 0 points; > 0 and < 1
=1 point; > 1 and < 2 = 2 points, > 2 and < 3 = 3 points, and > 3 and <
4 = 4 points.

Measurement of serum cedar allergen-specific antibodies

Peripheral blood samples were collected from all subjects in
November 2011 before treatment was started and in May 2011 when
treatment finished after the end of the pollen season. Serum was
separated and stored at -80°C until measurement of the serum levels of
cedar allergen-specific IgG, IgG4, and IgE using an allergy specific IgE
assay kit (AlaSTAT 3 g), which were conducted at Siemens Healthcare
Diagnostics K.K.( Tokyo, Japan). In addition, the cedar allergen-specific
IgG4/1gG ratio was calculated to examine changes in the production of
IgG4, which is considered to be a blocking antibody, relative to IgG.

Statistical analysis

The t-test was used to investigate the significance of differences
in patient characteristics, except that Fisher’s exact test was used
to compare gender. The t-test was also used to test the significance
of difference in symptoms (sneezing, nasal itch, rhinorrhea, nasal
obstruction, and TNSS). Fisher’s exact test was also used to determine
whether there was a significant difference in the number of days when
symptoms showed significant improvement during the pollen season.
Finally, the t-test was used to identify significant differences in the
serum levels of cedar allergen-specific antibody and the IgG4/IgG ratio
between before treatment and after the pollen season as well as to test
changes of antibody levels.
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Results
Characteristics of the patients

Thirty-eight patients were recruited as candidate subjects and
considered participating in the study. Four patients refused to
participate after receiving an explanation of the study and the remaining
34 patients were randomized (17 to the SLIT group and 17 to the
placebo group). Two subjects in the SLIT group and 1 subject in the
placebo group did not complete all the study visits; hence, 15 subjects
in the SLIT group and 16 subjects in the placebo group completed the
study. One subject in the SLIT group refused to use the symptom diary
and 2 subjects in this group had incomplete diaries, and analysis was
conducted in 12 subjects from the SLIT group and 16 subjects from
the placebo group (Figure 2). Table 2 shows the characteristics of each
group. There were no significant differences between the two groups
with respect to the age, sex, eosinophil count at diagnosis, total IgE, and
the RAST class and actual RAST values for cedar pollen, cypress pollen,
house dust, mites, and ragweed.

Airborne pollen count

In Tokyo (Chiyoda Ward), the pollen count during the 2012 cedar
pollen season was measured as 1252.2/cm? by a Durham standard
pollen sampler. The season started on March 3 and the maximum
pollen count was detected on March 7 (159.3/cm).

Symptoms

Figure 3 displays data on the scores for sneezing, nasal itching,
rhinorrhea, and nasal congestion, as well as the TNSS, in both groups.
During the 90-day period from February 1 to April 20,2012, the sneezing
score, nasal itching score, rhinorrhea score, nasal congestion score,
and TNSS were significantly lower in the SLIT group than the placebo
group for 15 days (16.7% of the observation period), 15 days (16.7%),
33 days (36.7%), 22 days (24.4%), and 37 days (41.1%), respectively.
During the actual pollen season (42 days from March 3 to April 13),
these scores were significantly lower in the SLIT group than the placebo
group for 14 days (33.3% of the pollen season), 9 days (21.4%), 25 days
(59.5%), 19 days (45.2%), and 28 days (66.7%), respectively. Except for
nasal itching, the symptom scores were lower in the SLIT group than

Table 2. Characteristics of the patients.

Placebo group SLIT group P value
N 16 12
Age 53.9 (25-74) 47.3 (22-63) 0.0755
Sex (male/female) 9/7) (5/7) 0.704"
Eosinophils (%) 2.86 (0.4-6.6) 2.99 (1.1-4.7) 0.404
Total IgE 107 (34-328) 74.7 (5-287) 0.160
Cedar pollen (class) 3.31(3-4) 3.36 (2-5) 0.419
Cedar pollen (actual value) 17.2 (4.1-39.1) 21.0 (1.68-73.2) 0.267
Cypress pollen (class) 1.19 (0-2) 1.36 (0-3) 0.283
Cypress pollen (actual value) | 1.00 (0-2.98) 1.36 (0-4.81) 0.266
HD (class) 0.625 (0-4) 0.182 (0-2) 0.1.36
HD (actual value) 2.37 (0-32.1) 0.12 (0-1.41) 0.182
Mite (class) 0.625 (0-4) 0.182 (0-2) 0.136
Mite (actual value) 2.09 (0-26.9) 0.145 (0-1.59) 0.174
Ragweed (class) 0.125 (0-2) 0.545 (0-3) 0.0706
Ragweed (actual value) 0.0938 (0-1.5) 1.25 (0-11.7) 0.0985

(t-test, *Fisher’s exact test)

There were no significant differences between the two groups with regard to age, sex,
eosinophil count at diagnosis, total IgE, and the class and actual RAST values for cedar
(JC), cypress, house dust (HD), mite, and ragweed.
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Figure 3. Changes of symptoms
Changes of the mean sneezing score (a), nasal itching score (b), rhinorrhea score (c), nasal congestion score (d), and TNSS (e) in the placebo group and SLIT group. The pollen count is
also shown.

*Significant difference.
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the placebo group for a significantly higher percentage of time during
the pollen season than during the total observation period.

Adverse events

Adverse events were observed in 2 subjects from the placebo group
(2/16) and 5 subjects from the SLIT group (5/12) (Table 3). In the SLIT
group, adverse events included oral numbness (2 subjects), oral itching
(3 subjects), and cough (in 1 of the 3 subjects with oral itching). All
of these events were Grade 1 according to the Common Terminology
Criteria for Adverse Events (CTCAE) and resolved spontaneously. In
the placebo group, generalized itching and a hot sensation occurred in
1 subject each, but both events resolved before the pollen season. No
new adverse events occurred during the pollen season.

Serum levels of cedar allergen-specific IgG, IgG4, and IgE

Figure 4 shows the serum levels of JC-specific IgG, IgG4, and IgE
before treatment and after the pollen season. There was no significant
difference of JC-specific IgG between the placebo group and the SLIT
group before treatment (p=0.137), but the level was significantly higher
in the SLIT group than the placebo group (p=0.00348) after the pollen
season. No significant difference of cedar JC-specific IgG4 was observed
between the two groups before treatment (p=0.451). Although the
JC-specific 1gG4 level was higher in the SLIT group than the placebo
group after the pollen season, there was still no significant difference
(p=0.0542). While there was no significant difference of JC-specific IgE
between the two groups before treatment (p=0.384), JC-specific IgE
was significantly higher in the SLIT group than the placebo group after
the pollen season (p=0.00624). There was no significant difference of
the JC-specific IgG4/1gG ratio between the two groups either before
treatment (p=0.239) or after the pollen season (p=0.3792).

We also examined the changes in the serum levels of JC-specific
IgG, IgG4, and IgE from before treatment to after the pollen season
(Figure 5). The change of JC-specific IgG was significantly larger in
the SLIT group compared with the placebo group (p=0.00982), as was
the change of JC-specific IgG4 (p=0.0122). The change of JC-specific
IgE was also significantly larger in the SLIT group compared with the
placebo group (p=0.0214). Furthermore, the change of the 1gG4/IgG
ratio was significantly larger in the SLIT group than the placebo group
(p=0.00189).

Discussion

Antigen-specific immunotherapy is the only curative treatment for
allergic rhinitis. Various methods of antigen administration have been
examined, and SCIT has become a popular method that is effective
at relatively low allergen doses. In Western countries, SLIT has also
come to be widely used instead of SCIT because it is safer, painless,
and does not require frequent visits for treatment. The efficacy of SLIT
for allergic rhinitis has been demonstrated by a meta-analysis [8], and
high dose SLIT is expected to have a similar effect to SCIT while being
less invasive.

According to a position paper from the World Health Organization
[9], immunotherapy is more effective when started at a younger age.
In addition, Des Roches et al. [10] reported that performing SCIT for
dust mite allergy in infants with asthma significantly reduced future
sensitization to new allergens. Furthermore, Honda et al. [11] reported
that giving Japanese infants immunotherapy for house dust allergy
inhibited sensitization to cedar pollen.

In Japan, allergic rhinitis (perennial or seasonal) is increasing

Otorhinolaryngol Head Neck Surg, 2016 doi: 10.15761/OHNS.1000114

a p=0.00348
. p=0.202 .
—_ =0.339
3 ! = \
g’ 12 p=0.137
= 1
o 10 I
5 |
p 8
[}
2 ‘ -
C
© . |
c
Q
© 2 ]
Q
T 0
LY )
8 November 2011 May 2012
m Placebo group SLIT group
b
p=0.0542
= =
3 50 . p=0.120 .
2
S 300 p=0.385
r 1
= 20 p=0.451
S 200
2
= 150
©
c 100 |
<9
3 50 T |
a
2 . —
o
8 November 2011 May 2012
M Placebo group SLIT group
¢ p=0.00624
. p=0.0425
o
5 100
X 90
w 8 =0.144
k=) 70 =
s 60 I 1
[} =
g - _p=0.384
S
S 40 I —
c 30 ‘
2 20 -
g 10 -
T 0
S ] .
8 November 2011 May 2012
M Placebo group SLIT group
d p=0.379
> ; p=0.118 ‘
X
< p=0.473
9 r 1
= 4 p=0.279
©
35
Q
k=) 3
=
a 25
= 2
C
9] 15
e
€ 1 |
2 05 —
2 0
g ] .
. November 2011 May 2012
I}
8 M Placebogroup = SLIT group
(@]

Figure 4. Serum levels of JC-specific IgG (a), [gG4 (b), and IgE (c), as well as the IgG4/
1gG ratio (d), before treatment (November 2011) and after the pollen season (May 2012).

1gG and IgE levels were significantly higher in the SLIT group than the placebo group after
the pollen season. While JC-specific IgG4 was higher in the SLIT group after the pollen
season, the difference was not significant. There was no significant difference of the 1gG4/
1gG ratio between the 2 groups before or after treatment.
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Figure 5. Changes of serum JC-specific IgG, 1gG4, IgE, and the 1gG4/IgG ratio from before to after treatment in the SLIT group and the placebo group. All variables showed a significant

increased after treatment in the SLIT group.

among young people and the causative antigens are becoming more
diverse, suggesting that early immunotherapy may be needed for
allergic rhinitis. Yuta et al. [12] reported that SLIT was effective
from the first year of treatment in infants with JC pollen allergy.
Immunotherapy is widely used for JC pollen allergy in Japan, and
various parameters have been employed to assess its efficacy. In this
study, we employed symptoms and serum levels of JC-specific antibody
to assess the therapeutic effect of immunotherapy.

The pollen count was high in 2011, but it was lower than usual in
2012 when this study was performed. In fact, the total pollen count
in Chiyoda Ward of Tokyo (the closest location to Nippon Medical
School hospital) was approximately 1250/cm? by the Durham method.
In 2005, Okubo et al. [13] investigated SLIT for cedar pollen allergy
using a symptom diary to determine scores for symptoms. The pollen
count was high that year and the total pollen count in Chiyoda Ward
was 10625/cm?® This may have influenced their results, since they
reported a higher TNSS in both the SLIT and placebo groups compared
with our findings and the score was significantly lower in the SLIT
group on only 4/43 days (9.3%). In contrast, we found that the TNSS
was significantly lower in the SLIT group on 37/90 days (41.1%). It is
possible that this difference in clinical efficacy was related to the lower
pollen count in 2012.

It has been pointed out that clinical evaluation of allergic rhinitis
tends to be dependent on subjective information obtained by methods
such as symptom scores, quality of life assessment charts, and visual
analogue scales. However, this is unavoidable because the main
symptoms of allergic rhinitis are sneezing, rhinorrhea, itching, nasal
congestion, or ocular symptoms that impair the quality of life, and it is
necessary to determine efficacy based on the response of such clinical
manifestations. In the present study, we gave the subjects a detailed
explanation of how to count the number of sneezing or nose blowing
episodes in order to minimize inconsistency.

During the 90-day observation period of the present study, the
individual symptom scores and TNSS were significantly lower in the
SLIT group than the placebo group for times ranging from 15 to 37
days. During the 42-day JC pollen season (March 3 to April 13), these
scores were significantly lower in the SLIT group for 14 to 28 days.
Symptoms scores (except for nasal itching) were lower in the SLIT
group than the placebo group for a significantly higher percentage of
time during the actual pollen season than during the total observation
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Table 3. Adverse events.

Event Timing of onset Duration
Placebo group |Generalized itching  Early up-titration period Few days
(2/16) Hot sensation Early maintenance period  Few days

Oral numbness Early up-titration period Few days

Oral numbness Early up-titration period Few days
(Ssl;g)group Oral itching gll::)léghom the up-titration ﬁgslics'ximately 2

Oral itching, cough | Early up-titration period Few days

Oral itching Early maintenance period  |Few days

All adverse events in the SLIT group were Grade 1 according to CTCAE and resolved
spontaneously pollen season. Adverse events were also seen in the placebo group and they
were resolved before the pollen season.

period. Although this study was conducted in a pollen season with a
relatively low total pollen count, the TNSS was significantly decreased
for about two thirds of the pollen season (28 days, 66.7%), suggesting
that SLIT was sufficiently effective from the first season of treatment.

It has been reported that the effect of immunotherapy is dose
dependent, and that higher doses are required for SLIT to obtain
the same therapeutic effect as SCIT [14]. If SCIT was started at the
same time with the maintenance dose being 200 JAU/M (0.1 mL of
2000 JAU extract) or 600 JAU/M (0.3 mL of 2000 JAU extract), the
total allergen dose would be approximately 2000 JAU and 5800 JAU,
respectively. Since the dose used for SLIT in our study was 4000 JAU,
the total dose administered was approximately 106,400 JAU, which is
respectively 53.2 and 18.3 times higher than with standard SCIT. SLIT
was significantly more effective than placebo in our study, but the
relation of therapeutic effect to the dose of cedar allergen needs to be
examined in the future.

Adverse effects of SCIT range from injection site symptoms
(swelling, redness, and pain) to systemic anaphylaxis. In contrast,
the common adverse effects of SLIT are local symptoms such as oral
itching and swelling, while anaphylactic symptoms are considered to
be extremely rare. In the present study, no adverse events of CTCAE
Grade 2 or higher occurred during SLIT, and all events were minor
and did not require treatment. Of the five adverse events observed
in the SLIT group, 4 occurred in the early up-titration period and
1 occurred in the early maintenance period, but these events only
persisted for a few days and resolved spontaneously. This suggests
that attention needs to be paid to adverse events during the antigen
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up-titration period, as is the case with SCIT. There was no significant
difference in the number of events between the placebo group and the
SCIT group (p=0.445, Fisher’s exact test). However, the events in the
SLIT group were local oral symptoms, whereas patients in the placebo
group complained of generalized symptoms. With regard to the safety
of cedar allergen extract, Mitobe et al. [15] reported no systemic side
effect after sublingual administration to rats at 300 times the dose for
humans.

When immunotherapy is performed, a causative antigen is
administered at gradually increasing doses in order to reduce the
response, with antigen uptake by dendritic cells, induction of regulatory
T cells, and inhibition of specific Th2 cells all being considered
important in the mechanism of action. When SLIT is performed, the
allergen passes through the oral mucosa to reach dendritic cells in the
floor of mouth. Dendritic cells bind the antigen via the high affinity
IgE receptor (FceR I) and induce regulatory T (Treg) cells through
increased production of transforming growth factor (TGF)-p. Treg cells
inhibit activation and proliferation of Th2 cells by producing IL-10 and
TGF-B, and also induce class switching of B cells with production of
blocking antibodies (such as specific IgA and specific IgG4 antibodies),
while production of specific IgG antibody is blocked by inhibition of
specific Th2 cells and symptoms are suppressed.

Various biomarkers reflecting the therapeutic mechanism of
SLIT have been examined. An ideal biomarker is closely associated
with clinical manifestations, but the difficulty of specimen collection
and measurement also need to be convenient. Samples collected by
intranasal irrigation and nasal mucosa brushing cytology vary in volume
depending on the sampling time, while biopsy of the nasal mucosa is
invasive and difficult to conduct at some centers. On the other hand,
serum biomarkers are convenient to measure and obtaining a blood
sample is minimally invasive, although such biomarkers may not be
completely correlated with manifestations of nasal allergy.

It has been reported that serum IL-10 and TGF-B are the
biomarkers for allergen-specific SCIT and SLIT for allergic rhinitis
[16,17], but these markers are difficult to measure. In contrast,
measurement of immunoglobulins is quite feasible. Allergen-specific
immunotherapy was reported to increase the blood level of IgG4, and
Gleich proposed that allergen-specific IgG4 acts as a blocking antibody
[18]. SLIT increases serum levels of antigen-specific IgG4 and also
increases the antigen-specific IgG4/IgE ratio [19,20], and it has been
suggested that serum IgG acts as blocking antibody and is associated
with symptomatic improvement [21]. In Japan, it was reported that
allergen-specific SLIT increases serum Cry j 1-specific IgG4 antibody
in patients with JC pollinosis [22].

In the present study, we employed an assay kit that allowed
measurement of specific IgE with higher precision than the standard
method, as well as allowing measurement of serum JC-specific IgG4,
which has been previously difficult to measure owing to very low levels.
Accordingly, we could evaluate the usefulness of JC-specific IgG4 as a
biomarker.

We found that the serum level of JC-specific IgG was significantly
higher in the SLIT group than the placebo group after the pollen
season, and the change of the specific IgG level from before to after
the season was significantly larger in the SLIT group. While JC-specific
IgG4 did not show a significant increase in the SLIT group after
the pollen season, the change of IgG4 was significantly larger in the
SLIT group. Also, the change of the JC-specific IgG4/1gG ratio after
treatment was significantly larger in the SLIT group, demonstrating
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that the proportion of JC-specific IgG4 in IgG was increased by SLIT.
This suggested the possible involvement of IgG4, which is considered
to be a blocking antibody, in the mechanism of SLIT.

To in investigate the correlation of the clinical effectiveness and
the serum levels of immunoglobulins, SLIT group patients were
classified in 2 subgroups, including active responders(n=6) and
active nonresponders(n=6), but dramatic difference was not detected
between active responders and active nonresponders in the changes in
the serum levels of JC-specific IgG, IgG4, and IgE and in the IgG4/IgG
ratio.(data not shown)

It has been often proposed that reduction of allergen-specific IgE
is the mechanism of immunotherapy. It was reported that allergen-
specificimmunotherapy briefly increases the IgE level and subsequently
reduces it. Fujimura et al. reported that SLIT was more effective for JC
pollinosis when the serum cedar allergen-specific IgG4/total IgE ratio
was low before treatment than when the ratio was high [20]. In the
present study, we found a significant increase of allergen-specific IgE
after the pollen season in the SLIT group.

Conclusion

We demonstrated the effectiveness of SLIT for JC pollinosis during
a pollen season when the level of pollen dispersion was suitable for
determining the clinical efficacy. By measuring serum levels of JC-
specific IgG and IgG4, we also demonstrated an increase of the JC-
specific IgG4/1gG ratio in the SLIT group after the pollen season,
suggesting that IgG4 may be involved in the therapeutic mechanism of
SLIT. If SLIT becomes more popular for treating cedar pollen allergy in
Japan, biomarkers that can predict the response will be needed. Serum
levels of JC-specific IgG and IgG4 can be measured with a specific IgE
assay kit at most hospitals, suggesting that these antibodies can be used
as biomarkers.
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