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Abstract: Purpose: To elucidate the usefulness of Japanese cedar pollen (JCP)-specific antigen-specific
immunoglobulin (IgG) 4 as a biomarker for predicting the efficacy of sublingual immunotherapy
for cedar pollen-induced allergic rhinitis. Methods: We divided a total of 105 cases with Japanese
cedar pollinosis into three groups: “SLIT Successful,” SLIT Unsatisfactory,” and “SCIT” groups. The
SLIT group patients were treated with JCP Droplet (Torii Pharmaceutical Co. Ltd., Tokyo, Japan)
for one year from 2015 and were divided into two groups, the SLIT Successful group or the SLIT
Unsatisfactory group. The SLIT Successful group (n = 16) were subjects treated by SLIT only, who
were able to experience control of their naso-ocular symptoms without the need for antiallergic
rescue agents during the peak season of atmospheric pollen. The SLIT Unsatisfactory group (n = 76)
comprised subjects treated with SLIT only, who did not respond successfully, and were administered
with rescue agents to control their naso-ocular symptoms. The SCIT group had been treated with
standardized JCP extract (Torii Pharmaceutical Co., Ltd., Tokyo, Japan) for three years from 2012, and
were also able to experience control of their symptoms during the peak pollen season without the
need for antiallergic rescue agents. We determined the serum level of JCP-specific immunoglobulin
E (IgE), IgG, and IgG4 used in the 3gAllergy-specific IgE assay (3gAllergy). The serum levels of
periostin and SCCA2 were measured using established ELISA procedures (clones SS18A and SS17B;
Shino-Test, Japan) following the manufacturer’s instructions. We then made ROC curves for each
group and assessed which index was best able to predict the efficacy of sublingual immunotherapy.
Results: Serum JCP-specific IgE was significantly lower in the SCIT group than in the SLIT Successful
group and the SLIT Unsatisfactory group (p < 0.05). Serum JCP-specific IgG was significantly higher
in the SCIT group and the SLIT Successful group than in the SLIT Unsatisfactory group (p < 0.05).
Serum JCP-specific IgG4 was also significantly higher in the SCIT group and the SLIT Successful
group than in the SLIT Unsatisfactory group (p < 0.05). There was no significant difference among
serum levels of periostin in the SCIT group, the SLIT Successful group, or the SLIT Unsatisfactory
group. There was also no significant difference in SCCA2 among the three groups. In terms of ROC
curves, a serum JCP-specific IgG4 value greater than 989.5 UA/mL showed the best sensitivity (93.3%)
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and specificity (94.7%) (p < 0.05) among other parameters. Conclusions: The serum JCP-specific
IgG4 level is significantly correlated with the clinical efficacy of SLIT. Serum JCP-specific IgG4 cutoff
levels greater than 989.5 UA/mL were correlated with an effective clinical response to SLIT, with a
sensitivity of 93.3% and a specificity of 94.7%.

Keywords: sublingual immunotherapy; Japanese cedar pollinosis; IgG4; subcutaneous immunother-
apy; periostin

1. Introduction

The prevalence of Japanese cedar pollinosis (JCP) is rising rapidly in Japan. Pharma-
cotherapy is currently the commonest treatment for patients with this condition; however,
its clinical benefits are occasionally limited because some patients demonstrate persistent
tissue inflammation despite repeated high doses of glucocorticoid (GC) treatment [1]. Aller-
gen immunotherapy (AIT) is the only treatment modality with the potential to both relieve
naso-ocular symptoms and improve patients’ quality of life. Sublingual immunotherapy
(SLIT), which is regarded as a safe and effective treatment for patients with JCP, has re-
cently been developed [2,3]. However, useful biomarkers for measuring the mechanism
and efficacy of AIT have yet to be established [4]. Antigen-specific immunoglobulin (IgG) 4
is a blocking antibody that may serve as a useful marker. House dust mite-specific IgG4 is
useful for predicting the effects of subcutaneous immunotherapy (SCIT) [4,5]; however, it
has only rarely been applied to investigations of cedar pollen allergy, still less of SLIT. The
usefulness of JCP-specific IgG4 and periostin in the management of JCP is still controver-
sial, so to clarify this question, we performed a prospective study to investigate the serum
concentrations of JCP-specific IgG4, JCP-specific IgE, squamous cell carcinoma antigen A2
(SCCA2), and periostin in patients with JCP pollinosis who had received AIT.

2. Materials and Methods
2.1. Patients

All patients were treated by experienced ENT doctors at Shiga University of Medical
Science, Yuta Clinic, and at Tohoku Medical and Pharmaceutical University between Oc-
tober 2014 and August 2015. Informed consent was obtained under protocols approved
by the Institutional Review Board (2018-2-139). A retrospective survey of medical records
identified 105 patients (50 men and 55 women, average age 41.7). We divided the total
of 105 cases with Japanese cedar pollinosis into three groups: SLIT Successful, SLIT Un-
satisfactory, or SCIT groups. The details of each group’s clinical background are shown
in Table 1. SLIT group patients were treated with JCP Droplet (Torii Pharmaceutical Co.,
Ltd., Tokyo, Japan) for one year from 2015, and were divided into two groups: the SLIT
Successful group or the SLIT Unsatisfactory group. The SLIT Successful group (n = 16)
comprised subjects treated by SLIT only, who were able to experience control of their
nano-ocular symptoms without any need for antiallergic rescue agents during the peak
season of scattered pollen. The SLIT Unsatisfactory group (n = 76) were subjects treated
with SLIT only, who did not respond successfully and were therefore administered with
rescue agents to control their naso-ocular symptoms. The SCIT group (n = 13) had been
treated with standardized JCP extract (Torii Pharmaceutical Co. Ltd., Tokyo, Japan) for
three years from 2012, who were also able to experience control of symptoms without
antiallergic rescue agents during the peak pollen season. All the serum samples were
collected during the peak season of Japanese cedar pollen release in 2015.
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Table 1. Clinical characteristics.

SLIT Successful
(n = 16)

SLIT Unsatisfactory
(n = 76)

SCIT
(n = 13) Significance

Sex (male:female), n 8:8 36:40 6:7 ns
Age at onset, years, median (range) 30.2 (12–56) 28.9 (11–62) 32.1 (12–55) ns

Age at enrolment, years, median (range) 42.1 (17–64) 40.6 (18–71) 41.9 (21–59) ns
Comorbidity of CRSwNP, n (%) 1 (6.1) 2 (8.9) 0 (0) ns
Comorbidity of asthma, n (%) 2 (12.5) 10 (13.2) 2 (15.4) ns

Comorbidity of allergic conjunctivitis, n (%) 16 (100) 74 (97.4) 13 (100) ns
Area (eastern:western), n 4:12 19:57 4:9 ns

Chronic rhinosinusitis with nasal polyp, CRSwNP ICS; eastern area of Japan, eastern; western area of Japan, western; ns: not significant.

2.2. Measurement Methods
Immunoglobulin Measurements

We measured the serum level of JCP-specific immunoglobulin E (IgE), IgG, and IgG4
used in the 3gAllergy-specific IgE assay (3gAllergy). The serum levels of periostin and
SCCA2 were measured using established ELISA procedures (clones SS18A and SS17B;
Shino-Test, Sagamihara Japan), following the manufacturer’s instructions [6,7].

2.3. Assessment of Symptoms and Use of Medication

The effectiveness of SLIT/SCIT was evaluated based on the subjects’ clinical allergic
symptoms such as lacrimation, runny nose, and sneezing. We then placed these patients in
the SLIT Successful group if patients showed their symptoms to be under control without
the use of antiallergic rescue agents.

2.4. Statistical Analysis

We used one-way analysis of variance (ANOVA) and the Mann–Whitney U test to
identify any statistical differences between groups. The analysis was performed using SPSS
version 20 statistical software (IBM, Chicago, IL, USA). Differences in corrected p-value
of <0.05 were regarded as significant. Whether SLIT was effective or not was assessed by
examining the area under the receiver operating characteristic (ROC) curve. Models with
an ROC area of at least 0.80 were considered to have predictive value.

3. Results
3.1. Serum JCP-Specific Levels of IgE, IgG, and IgG4

Serum JCP-specific IgE was significantly lower in the SCIT group than in the SLIT
Successful group and the SLIT Unsatisfactory group (p < 0.05; Figure 1A). Serum JCP-
specific IgG was significantly higher in the SCIT group and the SLIT Successful group
than in the SLIT Unsatisfactory group (p < 0.05; Figure 1B). Serum JCP-specific IgG4 was
also significantly higher in the SCIT group and the SLIT Successful group than in the SLIT
Unsatisfactory group (p < 0.05; Figure 1C).
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Figure 1. Serum concentrations of JCP-specific IgE (A), IgG (B), IgG4 (C), periostin (D), and SCCA2 
(E). * p < 0.05, N.S.: not significant (Mann–Whitney U test).  
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for each serum JCP-specific IgE, IgG, IgG4, periostin, and SCCA2 level and making pair-
wise comparisons. The area under the curve was 0.653 for serum JCP-specific IgE levels 
(95% CI, 0.527–0.779), 0.697 for serum JCP-specific IgG levels (95% CI, 0.560–0.835), 0.962 
for serum JCP-specific IgG4 levels (95% CI, 0.923–1.000), 0.486 for serum periostin levels 
(95% CI, 0.355–0.617), and 0.417 for serum SCCA2 levels (95% CI, 0.303–0.531). Our ROC 
analysis showed the serum JCP-specific IgG4 levels to be the most appropriate for pre-
dicting the efficacy of SLIT. Values greater than 989.5 UA/mL showed the best sensitivity 
(93.3%) and specificity (94.7%). 

Figure 1. Serum concentrations of JCP-specific IgE (A), IgG (B), IgG4 (C), periostin (D), and SCCA2
(E). * p < 0.05, N.S.: not significant (Mann–Whitney U test).

3.2. Serum Levels of Periostin and SCCA2

There was no significant difference among serum levels of periostin in the SCIT group,
the SLIT Successful group, or the SLIT Unsatisfactory group (Figure 1D). There was also
no significant difference in SCCA2 among the three groups (Figure 1E).

3.3. ROC Curves

Figure 2 shows the sensitivity and specificity obtained by calculating the ROC curves
for each serum JCP-specific IgE, IgG, IgG4, periostin, and SCCA2 level and making pairwise
comparisons. The area under the curve was 0.653 for serum JCP-specific IgE levels (95% CI,
0.527–0.779), 0.697 for serum JCP-specific IgG levels (95% CI, 0.560–0.835), 0.962 for serum
JCP-specific IgG4 levels (95% CI, 0.923–1.000), 0.486 for serum periostin levels (95% CI,
0.355–0.617), and 0.417 for serum SCCA2 levels (95% CI, 0.303–0.531). Our ROC analysis
showed the serum JCP-specific IgG4 levels to be the most appropriate for predicting the
efficacy of SLIT. Values greater than 989.5 UA/mL showed the best sensitivity (93.3%) and
specificity (94.7%).
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Figure 2. ROC curves obtained with serum JCP-specific IgE (A) (decision point, ≤100.3 UA/mL; sen-
sitivity, 66.7%; and specificity), 61.3%, IgG (B) (decision point, ≤11.6 UA/mL; sensitivity, 60.0%; and 
specificity, 72.0%), IgG4 (C) (decision point, ≤989.5 UA/mL; sensitivity, 93.3%; and specificity, 
94.7%), periostin (D) (decision point, 89.5 ≤UA/mL; sensitivity, 28.6%; and specificity, 80.0%), 
SCCA2 (E) (decision point, ≤0.550 UA/mL; sensitivity, 53.6%; and specificity, 50.7%) by plotting data 
for them with an effective response to SLIT versus 1-specificity inpatients who showed an ineffective 
response to SLIT. 

4. Conclusion 
Our study showed serum JCP-specific IgG4 level to be significantly correlated with 

the clinical efficacy of SLIT. We found that serum JCP-specific IgG4 cutoff levels that ex-
ceeded 989.5 UA/mL correlated with an effective clinical response to SLIT, with a sensi-
tivity of 93.3% and a specificity of 94.7%. 
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Our study showed the serum JCP-specific IgG4 level to be significantly correlated 

with the clinical efficacy of SLIT. We found that serum JCP-specific IgG4 cutoff levels 
greater than 989.5 UA/mL correlated with an effective clinical response to SLIT, with a 
sensitivity of 93.3% and a specificity of 94.7%. Studies for determining biomarkers that 

Figure 2. ROC curves obtained with serum JCP-specific IgE (A) (decision point, ≤100.3 UA/mL;
sensitivity, 66.7%; and specificity), 61.3%, IgG (B) (decision point, ≤11.6 UA/mL; sensitivity, 60.0%;
and specificity, 72.0%), IgG4 (C) (decision point, ≤989.5 UA/mL; sensitivity, 93.3%; and specificity,
94.7%), periostin (D) (decision point, 89.5 ≤UA/mL; sensitivity, 28.6%; and specificity, 80.0%), SCCA2
(E) (decision point, ≤0.550 UA/mL; sensitivity, 53.6%; and specificity, 50.7%) by plotting data for
them with an effective response to SLIT versus 1-specificity inpatients who showed an ineffective
response to SLIT.

4. Conclusions

Our study showed serum JCP-specific IgG4 level to be significantly correlated with the
clinical efficacy of SLIT. We found that serum JCP-specific IgG4 cutoff levels that exceeded
989.5 UA/mL correlated with an effective clinical response to SLIT, with a sensitivity of
93.3% and a specificity of 94.7%.

5. Discussion

Our study showed the serum JCP-specific IgG4 level to be significantly correlated
with the clinical efficacy of SLIT. We found that serum JCP-specific IgG4 cutoff levels
greater than 989.5 UA/mL correlated with an effective clinical response to SLIT, with a
sensitivity of 93.3% and a specificity of 94.7%. Studies for determining biomarkers that
predict the efficacy of SLIT against Japanese cedar pollinosis are also very helpful and
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may improve daily QOL, but have not been sufficiently elucidated, especially for JCP-
specific immunoglobulins. There have been very few studies that attempt to identify useful
biomarkers for evaluating the efficacy of SLIT. Induction of allergen-specific IgG4 has
long been regarded as the characteristic immunological feature induced by AIT [8], and
several studies have shown that successful use of AIT might induce a substantial increase
in allergen-specific IgG4 Abs [9,10]. Antigen-specific IgG4 works as a blocking antibody
and is involved in the mechanism of SLIT, and serum Cry j 1-specific IgG4 is elevated after
SLIT with JCe pollen extract in association with an increase in IL-10-expressing T cells or
B cells [11,12]. Our results were in agreement with these studies: the serum level of JCP-
specific IgG4 increased significantly in the SCIT group (p < 0.05) and the SLIT Successful
group (p < 0.05). Moreover, the serum level of JCP-specific IgG4 rose significantly higher
in the SCIT group than that of each of the SLIT groups (p < 0.05). The immunological
effects of SLIT are weaker than those of SCIT [13], so this maybe one of the causes of our
result. It is reported that the serum level of JCP-specific IgG4 increased significantly to five
times the baseline level after the 2011 JCe pollen season, and this level gradually decreased
up to the end of the second season, but still remained higher than at the baseline [3]. It
is also reported that JCP-specific IgG4 levels increased significantly after five months of
SCIT, with the level gradually increasing if SCIT was continued [14]. There is, therefore,
the potential to maintain the serum level of JCP-specific IgG4 at a high level by continuing
treatment. AIT has been shown to reduce IgE production [15,16]. It is reported that the
JCP-specific IgE level decreased significantly after 17 months of SCIT. However, a 2-year
JCe pollen-based SLIT trial showed the JCP-specific IgE titer to be higher after SLIT than
the baseline at the end of the first and second JCe pollen season. Similarly, it was found
that the serum Cry j1-specific IgE was significantly higher in the SLIT group than in the
non-SLIT group after one or two years of SLIT. In our study, the JCP-specific IgE level of
the SCIT group was significantly lower than that of the SLIT group (p < 0.05). Moreover,
it is reported that the JCP-specific IgE level increased significantly by up to twice the
baseline level two months after the start of treatment; the elevated level of JCP-specific IgE
persisted until the end of the first pollen season; in the second season, this level decreased
but, at the end, it was still higher than at baseline [3]. It is therefore possible that the JCP-
specific IgE level might decrease if the trial period were extended. Serum IL-17A, SCCA2,
periostin, saliva, and pathogenic Th2 cells have been reported as potentially useful clinical
biomarkers for evaluating the efficacy of SLIT for JCP [17–19]. Periostin is highly expressed
in chronic inflammatory diseases like asthma, chronic rhinosinusitis, atopic dermatitis, and
allergic conjunctivitis [20], and has emerged as a useful biomarker of allergic diseases. It is
reported that high serum periostin levels (>30.2 ng/mL) are associated with an effective
response to house dust mite SLIT, and the degree of improvement as measured by the
Rhinoconjunctivitis Quality of Life Questionnaire was correlated with the level of serum
periostin [21,22]. In our study, there was no significant difference among serum levels of
periostin among the SCIT group, the SLIT Successful group, or the SLIT Unsatisfactory
group. SCCA2 is involved in the pathogenesis of several inflammatory diseases: asthma,
psoriasis, and atopic dermatitis. It is reported that SCCA2 is useful in aiding diagnosis,
estimating clinical severity and disease type, and assessing responses to the treatment
of psoriasis and atopic dermatitis. These results suggest that SCCA2 has emerged as a
novel biomarker for skin inflammatory diseases [22,23]. The usefulness of SCCA2 as a
biomarker for SLIT, however, has hitherto not been evaluated. In our study, there was also
no significant difference in SCCA2 among the three groups, as was the case with periostin.

Our study has several limitations. First, it was retrospective and contained only a
small number of subjects. Our study is based on cases from our own facility and from other
facilities, with a total of fifteen; however, it would require more cases, especially in the SLIT
Successful group, to evaluate the results more accurately. Second, the amount of pollen
released and climatic conditions vary each year. In 2014, the airborne pollen count was
lower than usual, possibly resulting in fewer patients in the pre-symptomatic state group
and the SLIT Successful group. Third, the duration of the SLIT experiment was markedly
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shorter than that of the SCIT experiment. The SCIT group was treated for three years,
but the SLIT group was treated for only a year because the formulation of SLIT that we
used this study had been approved only a year before we embarked on this study. Further
studies with serial evaluations of JCP-specific IgE, IgG, and IgG4, including measurements
during the JCe pollen release season over several years, are needed to confirm our results.
Our results may allow us to speculate that JCP-specific IgG4 plays an important role in the
underlying mechanism of SLIT and could act as a predictive marker for clinical remission
after SLIT treatment.
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