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Sublingual immunotherapy for allergic rhinitis: subjective 
versus objective tools to evaluate its success*

Abstract 
Background: Biomarkers that enable objective evaluation of the clinical effects of immunotherapy for allergic rhinitis have yet to 
be identified.

Methods: This study included 40 patients who were enrolled in a large randomized, double-blind, placebo-controlled, multi-
center study examining the efficacy of sublingual immunotherapy (SLIT) using Japanese cedar (JC) pollen extract during two 
consecutive pollen seasons from 2010 to 2012. Based on changes in total nasal symptom medication score, patients in the SLIT 
and placebo groups were subdivided into two subgroups: good responders and poor responders. The levels of JC pollen-specific 
IL-10+Foxp3+ cells and specific Th2 cytokine-producing cells were measured and the association with the efficacy of SLIT was 
analysed.

Results: The total nasal symptom medication score was significantly lower in the SLIT group compared with the placebo group. 
The number of JC pollen-specific Th2 cytokine-producing cells increased during the pollen season in the placebo group and in 
poor responders in the SLIT group; however, the increases were inhibited in the good responders in the SLIT group. The number 
of JC pollen-specific IL-10+Foxp3+ cells increased only in these good responders.

Conclusions: Changes in levels of allergen-specific Th2 cytokine-producing cells and IL-10+Foxp3+ cells could be objective bio-
markers for SLIT.
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Introduction
A number of clinical trials of sublingual immunotherapy (SLIT) 
for allergic rhinitis (AR) have been conducted, and recent 
meta-analyses have shown significant improvements in the SLIT 
group compared with the placebo group (1-4). Japanese cedar 
(JC) (Cryptomeria japonica) pollinosis is the most common type 
of seasonal AR in Japan. Previous randomized, double-blind, pla-
cebo-controlled studies of SLIT for JC pollinosis demonstrated 
that nasal symptoms and quality of life (QOL) were significantly 
improved (5-8). Based on these studies, a phase III clinical trial of 
SLIT for JC pollinosis was conducted from 2010 to 2012, and this 
study demonstrated the efficacy and safety of SLIT (9). 
However, because nasal symptoms were influenced by the 

amount of airborne pollen and the duration of dispersal in each 
year it is possible that placebo effects may have influenced the 
results. In our previous clinical trials and in the phase III trial of 
SLIT for JC pollinosis, the mean total nasal symptom-medication 
score (TNSMS) was significantly lower in the SLIT group than 
in the placebo group during the pollen season; however, there 
were patients whose symptoms were not improved in the SLIT 
group. In the phase-III trial, 39% of patients in the SLIT group 
had moderate symptoms or more than moderate symptoms 
in the second pollen season. Conversely, there was a relatively 
large number of patients with mild symptoms or with unim-
paired QOL in the placebo group (6,7,9). It is therefore difficult 
to determine the therapeutic efficacy of SLIT at the individual 
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patient level by the nasal symptom or QOL scores.
To evaluate the efficacy of SLIT in individual patients in an objec-
tive fashion it is necessary to identify a biomarker reflecting the 
therapeutic efficacy, and to establish this as an assessment me-
thod. It has been reported there were several markers associa-
ted with the mechanism of SLIT (10-12) , but an effective evaluation 
method using these markers has not been established. We have 
evaluated biomarkers reflecting positive effects of SLIT in the 
clinical trials and have reported that levels of JC pollen-specific 
interleukin (IL)-10-producing Foxp3+ regulatory T (Treg) cells and 
specific Th2 cells could be involved in the effect of SLIT (5-7). 
This study included patients (n=40) recruited at our institute 
who were involved in the phase III trial. Patients in the SLIT and 
placebo groups were subdivided into two subgroups, good 
responders and poor responders, based on the change in 
TNSMS for two consecutive pollen seasons. The changes in total 
immunoglobulin E (IgE), JC pollen-specific IgE, immunoglobu-
lin G4 (IgG4), specific IL-10+Foxp3+ Treg cells, and specific Th2 
cytokine-producing cells were examined in the subgroups, and 
the associations with the efficacy of SLIT were analysed.

Materials and methods
Patients
A large randomized, double-blind, multicenter, comparative 
study examining the efficacy of SLIT using the JC pollen extract 
was conducted in Japan over two consecutive JC pollen seasons 
from October 2010 to April 2012; a total of 481 patients com-
pleted the study (9). The current study included 40 patients from 
this clinical trial who had been allocated and recruited at Chiba 
University Hospital and cooperating medical institutions (Chiba 
Kaihin Municipal Hospital, Nakano ENT Clinic). These patients 
met the inclusion criteria of age 12–64 years, JC pollen-specific 
IgE levels (ImmunoCAP) of class 3 or higher, and symptoms of 
JC pollinosis for the previous 2 years, and did not meet any of 
the exclusion criteria of perennial AR, drug-induced rhinitis, non-
allergic rhinitis requiring treatment, previous immunotherapy 
for JC pollinosis, immunotherapy within the previous 5 years, 
an asthma attack within the previous 5 years, and pregnancy. 
Patients were randomized into a JC pollen extract (SLIT) group 
and a placebo group in a 1:1 allocation ratio (Table 1).
The protocol was approved by the Ethics Committee of Chiba 
University, and written informed consent was obtained from 
each patient prior to participation in the study. The study was 
conducted in accordance with the Declaration of Helsinki and 
Good Clinical Practice guidelines.

Study protocols
The patients in the SLIT group received standardized JC pollen 
extract (Torii Pharmaceutical Co. Ltd., Tokyo, Japan), and the 
patients in the placebo group received an inactive placebo. 
Patients were instructed to place the study drug under their 

tongue and to keep it in their mouth for 2 minutes before 
swallowing. The dosing schedule comprised an initial 2-week in-
duction period in which the dose was titrated every day from 40 
Japanese allergy units (JAU)/day to 2000 JAU/day, followed by a 
maintenance period at a daily dose of 2000 JAU/day, according 
to the protocol (9). A 2000 JAU dose of JC pollen extract contains 
1.5–4.2 μg of the major allergen Cry j 1. Patients in the placebo 
group received inactive 50% glycerol in saline. All patients were 
allowed to take symptom-reducing drugs (fexofenadine hydro-
chloride 60 mg tablet, tramazoline hydrochloride nasal solution 
0.118%, or ketotifen fumarate ophthalmic solution 0.05%), as 
needed. 

Symptom evaluation
Patients completed a pollinosis diary to record their nasal 
symptoms and use of symptom-reducing drugs during the 
2011 and 2012 pollen seasons. Scores were obtained for nasal 
symptoms, sneezing, rhinorrhea, and nasal congestion using 
a 5-point scale (0: none, 1: mild, 2: moderate, 3: severe, 4: very 
severe) based on the Japanese guidelines for AR (13). The use 
of each symptom relief medication was scored as 0 (not used) 
or 3 (used) and a total drug score was calculated (range 0–9(9). 
The TNSMS (range 0–18) included the nasal symptom scores 
for sneezing, rhinorrhea, and nasal congestion and drug scores 
during the peak symptom period of the pollen season. 
The peak symptom period was defined as the week with the 
worst symptoms, based on the sum of nasal symptom and me-
dication scores for all patients, plus the weeks before and after 

JC pollen 
extract

Placebo P-value

Number 20 20

Sex (M/F) 3/17 2/18

Age (years) Mean ± SD 43.7 ± 8.1 44.3 ± 9.0 n.s. #

Range 29–61 31–60

Total IgE Mean ± SD 100.8 ± 101.4 184.1 ± 260.0 n.s. #

Range 16–390 26–1200

JC pollen-
specific IgE Mean ± SD 16.4 ± 13.2 24.9 ± 26.9 n.s. #

Range 3.7–50.9 4.6–100

JC pollen-
specific 

IgG4
Mean ± SD 0.28 ± 0.39 0.26 ± 0.41 n.s. #

Range 0–1.42 0–1.34

Table 1. Demographics and baseline characteristics of patients.

# Student t-test. 

IgE, immunoglobulin E; IgG4, immunoglobulin G4; SD, standard devia-

tion; n.s., not significant.
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this week in each pollen season. To avoid results being confoun-
ded by pollens from Japanese cypress (Chamaecyparis obtusa), 
which scatter after the cedar season, the peak symptom period 
was completed before 31 March. The average score for the peak 
pollen season was then calculated. Based on this definition, the 
evaluation periods were 7–27 March in 2011, and 19–31 March 
in 2012.

Assessment of symptoms and definition of responders
Total JC pollen count at Chiba was 9199/cm2 in 2011 and 3347/
cm2 in 2012. Considering the large number of dispersal of JC 
pollen in 2011 and a lower number in 2012, the criteria for 
symptom assessment were defined carefully. Based on the 
Japanese guidelines for AR (13), the severity of AR in each patient 
was judged according to an average daily TNSMS during the 
peak symptom period (TNSMS ≤4, mild symptoms; ≤7, mode-
rate; ≤10, severe; >10, very severe). Based on severity, a “good” 
responder was defined as a patient who had at least moderate 
symptoms in 2011 and mild symptoms or an improvement in 
severity of two steps in 2012. A “poor” responder was defined as 
a patient who had at least moderate symptoms in 2011 and at 
least moderate symptoms and an improvement of one step or 
less in 2012. Patients with mild symptoms in 2011 were exclu-
ded because they could have had mild symptoms before SLIT. 
As a result, there were 13 good responders, 5 poor responders, 
and 2 exclusions in the SLIT group, and 7 good responders, 12 
poor responders, and 1 exclusion in the placebo group.

Blood samples
Peripheral blood was obtained from each patient before initia-
tion of dosing and before and at the end of the pollen seasons 
in 2011 and 2012. Peripheral blood mononuclear cells (PBMCs) 
and serum were isolated with Ficoll-Paque PLUS (GE healthcare 
Bio-Sciences, Uppsala, Sweden), and stored in a freezer at −80°C 
until use.
 
Measurement of serum immunoglobulins
Serum levels of total IgE, JC pollen-specific IgE, and JC pollen-
specific IgG4 were measured at Mitsubishi Chemical Medience 
(Tokyo, Japan).

Measurement of JC pollen-specific IL-10+Foxp3+ cells
The levels of JC pollen-specific IL-10+Foxp3+CD4+CD25+ cells 
were analysed by flow cytometry (7). Briefly, PBMCs were cultured 
with or without 10 μg/mL Cry j 1 and Cry j 2 for 3 days, followed 
by a culture with 10 ng/mL phorbol 12-myristate 13-acetate, 
1 μM ionomycin, and 2 μM monensin for 6 h. The PBMCs were 
stained with PE-Cy7-anti-CD4 antibody, APC-anti-IL10 antibody 
(BD Biosciences, San Diego, CA, USA), PE-anti-CD25, and FITC-
anti-Foxp3 (clone: PCH101) using a Foxp3 staining buffer set 
(eBioscience, San Diego, CA, USA). The number of IL-10+Foxp3+ 

cells was calculated in 104 of CD25+CD4+ cells.
 
Measurement of Th2 and Th1 type-cytokine-producing cells
The numbers of JC pollen-specific IL-4, IL-5, IL-13 and interferon 
(IFN)-g-producing cells were determined by enzyme-linked 
immunospot (ELISPOT) assay (7). Briefly, a 96-well filter plate (Mil-
lipore, Billerica, MA, USA) was coated with monoclonal antibody 
to human IL-4, IL-5, IL-13, or IFN-g  (Mabtech AB, Nacka Strand, 
Sweden). The plate was pre-incubated with AIM-V medium at 
37°C for 1 h. The medium was discarded, and PBMCs (3×105 
cells/well) were then cultured with fresh medium alone or with 
10 μg/mL Cry j 1 and Cry j 2 for 17 h at 37°C in AIM-V medium 
containing 5% human AB serum (Sigma-Aldrich, St. Louis, MO, 
USA). The plates were then incubated with a biotinylated mo-
noclonal antibody to human IL-4, IL-5, IL-13, or IFN-g for 2 h, and 
then with streptavidin-conjugated alkaline phosphatase for 1 h 
at room temperature. After washing with PBS, the plates were 
incubated with BCIP/NBT-plus (Mabtech AB) for 5 min at 37°C, 
and the numbers of spots were counted with ImmunoScanTM 
(Cellular Technology Limited, OH, USA).

Statistical analysis
The Mann–Whitney U test was performed to compare symptom-

Figure 1. TNSMS in the pollen season in 2011 and in 2012. 

(a) Mean total nasal symptom-medication scores (TNSMS) of patients 

during the pollen season and daily Japanese cedar and cypress pollen 

counts in 2011 and 2012 in Chiba, as measured by the Durham pollen 

sampler. Average daily TNSMS in the SLIT group (Act.; N=20), placebo 

group (Plc.; N=20), good responders in the SLIT group (Act./good; N=13) 

and poor responders in the SLIT group (Act/poor; N=6) are shown in 

the peak symptom period in 2011 (b) and in 2012 (c). Two-group com-

parisons were performed using an unpaired Student t-test. *p<0.05, 

**p<0.01.
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Figure 2. Serum immunoglobulins and clinical efficacy of SLIT. Serum levels of Japanese cedar (JC) pollen-specific IgE in the SLIT group (Act.) and in 

the placebo group (Plc.) (a), and in good responders in the SLIT group (Act/good) and poor responders in the SLIT group (Act/poor) (b). Serum levels 

of total IgE in the SLIT group (Act.) and placebo group (Plc.) (c), and in good responders (Act/good) and poor responders (Act/poor) in the SLIT group 

(d). Serum levels of JC pollen-specific IgG4 in the SLIT (Act.) and placebo group (Plc.) (e), and in good responders (Act/good) and poor responders 

(Act/poor) in the SLIT group (f ). Specific IgE/total IgE (sIgE/tIgE) ratios in the SLIT group (Act.) and placebo group (Plc.) (g), and in good responders 

(Act/good) and poor responders (Act/poor) in the SLIT group (h). Statistical analysis was performed using Mann–Whitney U test. *p<0.05, **p<0.01 

SLIT group vs. placebo group. #p<0.05, ##p<0.01 SLIT good responder vs. placebo group.
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medication scores, and levels of immunoglobulins and cytokine-
producing cells between groups. The Wilcoxon signed rank test 
was used for paired comparisons of the levels of IL-10+Foxp3+ 
cells and cytokine-producing T cells before and after SLIT. Values 
of p<0.05 were considered statistically significant.

Results 
Clinical efficacy of SLIT in subgroups
Data from symptom diaries were collected from all 40 patients, 
and the clinical efficacy of SLIT was analysed for the 2011 and 
2012 peak symptom periods. The mean TNSMS was lower in the 
SLIT group compared with the placebo group in 2011 (Figure 
1a), but the difference was not significant during the peak symp-
tom period (SLIT vs. placebo: 8.6 vs.10.6; p=0.15) (Figure 1b). The 
mean TNSMS was lower in the SLIT group compared with the 
placebo group from the beginning of the pollen season in 2012 
(Figure 1a), and the difference was significant for the peak symp-
tom period (SLIT vs. placebo: 3.9 vs. 7.7; p<0.01) (Figure 1c). 

Serum immunoglobulins and clinical efficacy of SLIT
Serum levels of JC pollen-specific IgE in the SLIT group were 
comparable to those of the placebo group before treatment, but 
started to increase in the SLIT group at an early point after initia-
tion of treatment. Although the level of JC pollen-specific IgE in 
the SLIT group was significantly higher than that in the placebo 
group in 2012 pre-pollen season, the IgE level was decreased 
post-pollen season in 2012 (Figure 2a). The specific IgE level in 
the good responders in the SLIT group was shifted in the same 
way to that for the poor responders in the SLIT group. There was 
no significant difference between the two groups (Figure 2b). 
There was no significant difference in serum total IgE levels 
between the SLIT group and the placebo group (Figure 2c), or 

between the good responders and poor responders in the SLIT 
group from pretreatment to the 2012 post-pollen season (Figure 
2d). 
Serum levels of JC pollen-specific IgG4 in the SLIT group were 
elevated in the post-pollen season in 2011, and there were signi-
ficant differences in levels in the placebo group in the pre- and 
post-pollen seasons in 2012 (Figure 2e). The specific IgG4 level in 
the poor responders in the SLIT group was elevated in the same 
way as that in the good responders in the SLIT group in the 
post-pollen season in 2011. There was no significant difference 
between the two groups (Figure 2f ).
The ratio of JC pollen-specific IgE to total IgE (sIgE/tIgE ratio) 
in the SLIT group was significantly higher than in the placebo 
group after the initiation of treatment (Figure 2g). However, 
there was no significant difference between the good respon-
ders and the poor responders in the SLIT group (Figure 2h).
Serum levels of sIgE, tIgE, sIgG4 and the ratio of sIgE/tIgE 
changed to a similar extent in good and poor responders in the 
placebo group, and there was no significant difference at any 
time point (data not shown).

Association between Cry j-specific IL-10+Foxp3+ cells and the 
efficacy of SLIT
The fold change of Cry j-specific IL-10+Foxp3+ cells in CD4+CD25+ 
cells from baseline before SLIT was significantly increased in the 
SLIT group from the 2011 pre-pollen season, and continued to 
increase in 2012 (Figure 3a). The levels of the cells were signi-
ficantly increased from baseline in the good responders in the 
SLIT group, but not in poor responders in the SLIT group (Figure 
3b). No significant difference in the levels of Cry j-specific IL-10+

Foxp3+ cells was observed between the good responders in the 
SLIT group and the poor responders in the SLIT group or the 

Figure 3. Fold change of IL-10+Foxp3+ cells/CD4+CD25+ cells. Fold change of IL-10+Foxp3+ cells/CD4+CD25+ cells at each time point from baseline in 

the SLIT group (Act.) and the placebo group (Plc.) (a), and in good responders (Act/good) and poor responders in the SLIT group (Act/poor), and good 

responders (Plc/good) and poor responders (Plc/poor) in the placebo group (b). Statistical analysis was performed using the Wilcoxon signed-rank 

test. *p<0.05, **p<0.01.
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good and poor responder subgroups in the placebo group at 
any time point. When the cutoff value for good clinical response 
to SLIT was defined as 3.5-fold that of IL-10+Foxp3+ cells in this 
setting, sensitivity and specificity were 38.5% and 80.0%, respec-
tively, for the post-pollen season in 2011, and 35.7% and 100%, 
respectively, in 2012.

Association between JC pollen-specific cytokine-producing 
cells and the efficacy of SLIT
The number of JC pollen-specific IL-4-producing cells in the pla-
cebo group was elevated in 2011 post-pollen season, but there 
was no significant difference between the SLIT and placebo 
groups (Figure 4a). However, the number of IL-4-producing cells 
in the good responders in the SLIT group was significantly lower 
than that in the poor responders in the SLIT group, and the 
good responders and poor responders in the placebo group (Fi-
gure 4b). The differences in the number of JC pollen-specific IL-
4-producing cells from before treatment to post-pollen season 
in 2011 and 2012 were significantly less in the good responders 
in the SLIT group than in the poor responders in the SLIT group 

(p<0.05) (Figure 5a, 5b). When the cut-off value for good clinical 
response to SLIT was defined as 30 spots of IL-4-producing cells 
in this setting, sensitivity and specificity were 92.3% and 100%, 
respectively, for the post-pollen season in 2011, and 100% and 
100%, respectively, in 2012.
Similarly, the number of JC pollen-specific IL-5-producing cells in 
the SLIT group was significantly lower than in the placebo group 
at the 2011 post-pollen season (Figure 4c). The number of IL-
5-producing cells in the good responders in the SLIT group was 
significantly lower than in the poor responders in the SLIT group 
and the good responders and poor responders in the placebo 
group at the post-pollen season (Figure 4d). The differences in 
the number of JC pollen-specific IL-5-producing cells from pre-
treatment to post-pollen season in 2011 and 2012 in the good 
responders in the SLIT group were significantly less than in the 
poor responders in the SLIT group (p<0.05, p<0.01) (Figure 5c, 
5d). When the cut-off value for good clinical response to SLIT 
was defined as 50 spots of IL-5-producing cells in this setting, 
sensitivity and specificity were 69.2% and 80.0%, respectively, at 
post-pollen season in 2011, and 76.9% and 100%, respectively, 

Figure 4. The number of Cry j-specific cytokine-producing cells. The number of Cry j-specific cytokine-producing cells in the SLIT group (Act.) and in 

the placebo group (Plc.) (IL-4: a, IL-5: c), and in good responders (Act/good) and poor responders (Act/poor) in the SLIT group, and in good respond-

ers (Plc/good) and poor responders (Plc/poor) in the placebo group (IL-4: b, IL-5: d). Statistical analysis was performed using Mann–Whitney U test. 

*p<0.05, **p<0.01, ***p<0.001, Act/poor, Plc/good or Plc/poor vs. Act/good. #p<0.05, ##p<0.01 in Act/poor. §p<0.05 in Act/good.
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in 2012. When therapeutic efficacy in 20 patients in the SLIT 
group was judged with the cut-off values of IL-4- and IL-5-pro-
ducing cells in 2011, 14 patients were judged to be effective and 
6 patients to be non-effective.
There were no significant differences in the number of IL-13- 
or IFN-g-producing cells between SLIT and placebo groups 
or between good responders and poor responders in the 
SLIT group at any time point (data not shown). There were no 
significant differences in the change in the number of IL-13- or 
IFN-g-producing cells from pre-treatment to post-pollen season 
at each time point (data not shown).

Discussion
Although randomized, double-blind, placebo-controlled studies 
have examined the therapeutic efficacy of SLIT in patients with 
AR, and have a high level of evidence, the evaluation of thera-
peutic efficacy in pollinosis is difficult because scattering pollen 

amounts and climatic conditions vary each year, and placebo 
effects might influence the results for the treatment of AR. It was 
difficult to assess the therapeutic efficacy of treatment at the 
individual patient level.
In this study, in a subset of 40 patients who were enrolled in 
a large phase III trial of SLIT for JC pollinosis, the difference 
between the SLIT and placebo groups in mean TNSMS during 
the peak symptom period increased from the first pollen season 
to the second season, and nasal symptoms were significantly 
improved in the SLIT group despite the smaller amount of pol-
len dispersal in the 2012 pollen season. Symptoms were impro-
ved in the SLIT group as a whole during the two pollen seasons. 
However, there were also patients with only mild symptoms in 
the placebo group, as was the case in previous studies (7). In our 
phase-III trial of SLIT for JC pollinosis, 39.4% (95/241) of patients 
in the placebo group had only mild symptoms (<4 points of 
TNSMS) during peak dispersal of pollen in the second season 

Figure 5. Difference in the number of Cry j-specific IL4-producing cells between before SLIT and after pollen season. Difference in the number of Cry 

j-specific IL4-producing cells between before SLIT and after pollen season in 2011 and 2012 in the SLIT group (Act.) and in the placebo group (Plc.) 

(a), and in good responders (Act/good) and poor responders (Act/poor) in the SLIT group, and good responders (Plc/good) and poor responders (Plc/

poor) in the placebo group (b). Difference in the number of Cry j-specific IL5-producing cells in the SLIT group (Act.) and the placebo group (Plc.) (c), 

and in good responders (Act/good) and poor responders (Act/poor) in the SLIT group, and in good responders (Plc/good) and poor responders (Plc/

poor) in the placebo group (d). Statistical analysis was performed using the Mann–Whitney U test. *p<0.05, **p<0.01.
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compared with 61.0% (147/241) of patients in the SLIT group (9). 
In this analysis with 40 patients in our institute, 11 of 20 cases 
in the SLIT group and 5 of 20 subjects in the placebo group had 
mild symptoms during peak dispersal of pollen in the second 
season. The placebo effect should have influenced the SLIT 
group significantly, but making a distinction between the actual 
responder with non-responder from the results was difficult.
To examine the biomarkers reflecting the efficacy of SLIT, 
patients were divided into subgroups according to the course 
of the nasal symptoms. Patients with mild symptoms in the first 
pollen season were excluded, and patients with mild symptoms 
and the patients whose symptoms improved two grades or 
more in the second season were defined as good responders, 
and the patients with moderate or more severe symptoms 
and those whose symptoms improved one grade or less in the 
second pollen season were defined as poor responders. By these 
criteria, the patients who had mild symptoms in the first year 
were excluded and the degree of improvement in each patient 
was taken into account.
In previous studies of SLIT, it has been suggested that SLIT 
induced specific IgG4 production and attenuated seasonal in-
crease of Th2 cells, and increased the number of IL-10-producing 
cells and Treg cells, and that these markers are involved in the 
therapeutic mechanism of action (7,12,14). Some recent studies 
have examined immunological changes in SLIT, but many of 
them were not conducted as placebo-controlled studies. In this 
study, we examined the association between the therapeutic 
efficacy based on the above-described assessment criteria and 
candidate biomarkers in 40 patients who took part in a phase III, 
randomized, double-blind, placebo-controlled trial of SLIT for JC 
pollinosis.
We examined the association between the levels of immuno-
globulins and the efficacy of SLIT. An early increase and later 
decrease in specific IgE and an early and continuous increase 
in IgG4 have been reported during SLIT (12). In particular, it has 
been suggested that specific IgG4 is involved in the mechanism 
of SLIT and works as a blocking antibody (11,16-18). In this study, the 
level of serum JC pollen-specific IgE was elevated from an early 
point after initiation of SLIT, but decreased after the second 
pollen season. Because this behavior in the good responders in 
the SLIT group was comparable to that in the poor responders in 
the SLIT group, it was suggested that this elevation was affected 
by the administration of allergen and that it was not involved 
in the therapeutic efficacy of SLIT. There was no significant dif-
ference in serum total IgE levels between the SLIT group and 
the placebo group or between the good responders and the 
poor responders in the SLIT group, suggesting there was no 
association with efficacy. An elevation of the level of specific 
IgG4 was detected after the first pollen season in the SLIT group, 
and it was significant in the second year. However, the level of 
specific IgG4 in poor responders in the SLIT group was elevated 

as much as that in good responders in the SLIT group, and there 
was no significant difference between the two groups. The level 
of specific IgG4 in good responders (but not in poor responders) 
was significantly higher than that in the placebo group, but the 
wide distribution in poor responders might have influenced the 
results. It was suggested that specific IgG4 production was indu-
ced by the administration of allergen and the natural exposure 
to JC pollen, and that there was no association with the efficacy 
of SLIT. 
In this study, the sIgE/tIgE ratio increased from an early point 
after initiation of SLIT and was maintained at a significantly 
increased level during the treatment period. However, no 
significant difference was observed between good responders 
and poor responders in the SLIT group, suggesting there was 
no association with the efficacy of SLIT. In our previous study, 
we reported a possible association between the sIgE/tIgE ratio 
before treatment and symptoms in the peak pollen season after 
SLIT (7). However, it was not found to be a predictive marker for 
therapeutic efficacy in this study.
Th2 cytokine-producing cells in response to specific antigens 
are considered to be specific Th2 cells, and were another candi-
date marker examined in this study. Only the good responders 
in the SLIT group had significant attenuation of an increase of 
IL-4- and IL-5-producing Th2 cells in response to pollen dispersal 
from the first year after initiation of SLIT. Despite the small size 
of this study, the suppression of seasonal increases in specific 
IL-4- and IL-5-producing Th2 cells by SLIT was validated. This 
suggests that the measurement of these cells could be used as 
monitoring and predictive biomarkers for SLIT and could distin-
guish between the good responders and poor responders. In 
the ELISPOT assay, 30 spots of IL-4-producing cells and 50 spots 
of IL-5-producing cells at post-pollen season were suggested 
as cut-off values to determine the efficacy of SLIT. Furthermore, 
if the therapeutic efficacy in all 20 patients in the SLIT group 
was judged with cut-off values, 14 patients were judged to be 
effective and 6 patients to be non-effective in the first year. Two 
of the 6 patients judged to be non-effective were originally 
defined as good responders by the assessment based on the 
subjective symptom. Subjective improvement without the sup-
pressed response of Th2 cells against pollen allergen in the SLIT 
group may not have been associated with the effects of SLIT. 
Therapeutic efficacy with measurement of Th2 cytokine-
producing cells was judged by suppression of their seasonal 
increase, so judging efficacy in a year with a small amount of 
pollen dispersal would be difficult. In contrast, JC pollen-specific 
IL-10+Foxp3+ cells were increased continuously after initiation 
of SLIT in good responders, so they would be better markers 
in a year with a small amount of pollen dispersal. However, the 
number of patients with increased numbers of IL-10+Foxp3+ cells 
was small in size compared with the number of patients with 
suppressed Th2 cytokine-producing cells in good responders in 
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the SLIT group. The sensitivity was low but the specificity was 
high, so subjects with increased numbers of IL-10+Foxp3+ cells in 
the second year might have been measured as part of the good 
responders. In the present situation, measuring IL-10+Foxp3+ 
cells to judge therapeutic efficacy as an aid to measurement of 
Th2 cytokine-producing cells may be a better option.
Carrying out these methods in the outpatient clinic can be 
difficult because they require special experimental facilities for 
measurement. Detection of pollen-specific Th2 cells using flow 
cytometry directly would be more convenient but is difficult 
because the antigen–tetramer method cannot cover detection 
of specific Th2 cells in all patients with JC pollinosis. 
In the present study, antihistamine and decongestants were al-
lowed to be used for rescue. These drugs can suppress activa-
tion of T cells (19-21), but the number of medications was reduced 
in patients with mild symptoms. The use of antihistamines and 
decongestants did not affect the results appreciably (data not 
shown).
Allergen-specific IL-10+Foxp3+ cells in CD25+CD4+ cells were 
examined as a candidate biomarker in this study. These cells 
are considered to be a part of Foxp3+ Treg cells which produce 
inhibitory cytokine IL-10 in response to allergen stimulation. In 
this study, although no significant difference of IL-10+Foxp3+ 
cells was demonstrated between the good responders and 
poor responders in the SLIT group, IL-10+Foxp3+ cells were 
significantly increased from an early time point after initiation 
of SLIT, and tended to increase further during the treatment 
period, suggesting that peripheral IL-10+Foxp3+ Treg cells were 
associated with the therapeutic efficacy of SLIT. Increased Treg 
cells were reported after SLIT and suggested involvement in a 
mechanism of specific Th2 cell suppression (12,22). However, in this 
study, no significant correlation between specific IL-10+Foxp3+ 
cells and specific IL-4 or IL-5-producing cells was detected at any 
time point (data not shown). It is not fully understood to what 
extent the different factors, including Treg cells, contribute to 
the development of allergen tolerance by SLIT, and the effects of 
specific IL-10+Foxp3+ cells on specific Th2 cells remains unclear.
Because of the difference in total pollen count in each year, the 
differences in symptoms in each patient, and the involvement 
of placebo effects, it is difficult to evaluate therapeutic efficacy 
objectively at the individual patient level based on symptom or 
severity scores. SLIT can change the natural course of allergic 
rhinitis and is expected to elicit long-term therapeutic effects. 
SLIT is not a continuing treatment like other drug treatments, 
so a placebo effect by SLIT would not continue and disappear 
after treatment end. Exclusion of placebo effects using subjec-
tive assessments is generally difficult. Therefore, judgement of 
the therapeutic efficacy of SLIT based on objective assessments 
is of considerable importance to exclude placebo effects and 
to achieve the long-term effects of SLIT. In addition, although 

allergen immunotherapy requires a long time to accomplish 
treatment, a proportion of patients had no improvement in 
symptoms. Therefore, therapeutic efficacy can be predicted at 
an early time point, the burden would be reduced. If objective 
data showing good therapeutic efficacy can be shown to pa-
tients, they could be motivated to continue treatment, for which 
a high dropout rate has been reported (23). 
Antigen-specific IL-10+Foxp3+ cells and IL-4- or IL-5-producing 
T cells are expected to be useful for monitoring and predicting 
the efficacy of SLIT. However, further validation studies in clinical 
practice are needed.

Conclusion
The association between biomarkers and therapeutic efficacy 
was examined in 40 patients from a phase III, randomized, 
double-blind, placebo-controlled study of SLIT. Increased 
IL-10+Foxp3+ cells and suppression of IL-4- and IL-5-producing 
cells were found to correlate with the efficacy of SLIT, which was 
assessed based on the clinical course of nasal symptoms after 
treatment. These markers could be useful for monitoring and 
predicting the efficacy of SLIT, and could discriminate between 
good responders and poor responders to SLIT.
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