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SUPPORTING INFORMATION

Additional supporting information may be found online in the 
Supporting Information section at the end of the article. 

Effect of Lactobacillus plantarum YIT 0132 on Japanese cedar 
pollinosis and regulatory T cells in adults

To the editor,
Japanese cedar pollinosis (JCPsis) is a major health problem that has 
increased over recent decades and impairs daily activities.1 Besides 
the standard treatments specified in the guidelines,2 some strains of 
lactic acid bacteria (LAB), such as Bifidobacterium and Lactobacillus, 
have been shown to improve pollinosis symptoms.3,4 Although LAB 
are believed to induce regulatory T (Treg) cells, thereby alleviating 
allergic symptoms,4 whether LAB augment Treg cell abundance, to‐
gether with clinical symptoms, remains unclear.

Lactobacillus plantarum YIT 0132 (LP0132), derived from fer‐
mented food, induces a high level of IL‐10 secretion from murine 
macrophages.5 Previously, LP0132‐fermented citrus juice, which 
contained approximately 8.0 × 1010 heat‐killed LP0132 cells/100 mL, 
showed therapeutic potential to improve JCPsis‐associated symp‐
toms.5 In this trial, we further evaluated the efficacy of this beverage 
for the treatment of JCPsis, in association with immunological pa‐
rameters including peripheral Treg cells in the pollen season.

We randomly assigned 100 adults with JCPsis to consume 
125  mL of fermented citrus juice containing heat‐killed LP0132 
(LP0132, n = 50) or unfermented citrus juice (placebo, n = 50) for 
8 weeks from mid‐February to mid‐April 2017, from the beginning to 
the end of the pollen season (Figure S1). Throughout the trial period, 
the subjects were asked to avoid taking LAB‐containing food and 
keep daily records of their consumption of beverages, medications, 
and medical visits, and to perform a weekly self‐assessment of JCPsis 
symptoms based on the Japanese Rhino‐conjunctivitis Quality of 
Life Questionnaire.2 The primary outcome was total symptom score 
(TSS) in March (predicted peak season). Peripheral blood samples 
were obtained at enrollment, in late March, and during follow‐up 
to evaluate the percentage of CD4 + CD25 +  Foxp3 +  Treg cells. 
Detailed methods and statistical analyses are described in support‐
ing information. P‐values <.05 were considered statistically signif‐
icant. The trial protocol was approved by the Ethics Committee of 
Shimoshizu National Hospital, in accordance with the Declaration 
of Helsinki, and was registered at the University Hospital Medical 
Information Network (UMIN000025924). Written‐informed con‐
sent was obtained from all subjects.
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All subjects completed the trial (Figure S2), and no significant ad‐
verse events were reported in either group. The baseline character‐
istics were comparable, except for the higher symptom medication 

score (SMS) and medication score (MS) in the LP0132 group (Table 
S1). Average TSS in March (weeks 3‐6) did not differ significantly be‐
tween both groups; however, the LP0132 group had a significantly 

F I G U R E  1  Changes in (A) total 
symptom score (TSS), symptom 
medication score (SMS), total nasal 
symptom score (TNSS), and total ocular 
symptom score (TOSS), and (B) Treg cells 
in the trial period. Data are expressed as 
the mean ± SD. : LP0132, : Placebo. 
*P < .05, †P < .1 compared with the 
placebo group (Student's t test). ‡P < .1, 
§§P < .01 compared with the placebo 
group during the consumption period 
(weeks 0‐8) (two‐way ANOVA). #P < .025, 
###P < .0005 compared with enrollment 
(paired t test with Bonferroni's correction)

F I G U R E  2  Changes in total symptom 
score (TSS) and total nasal symptom 
score (TNSS) based on increased and 
decreased Treg abundance between 
enrollment and the consumption period in 
the LP0132 group (A) : increased Treg 
subgroup (n = 17), : decreased Treg 
subgroup (n = 33), and after propensity 
score matching (B) : increased Treg‐
matched subgroup (n = 14), : decreased 
Treg‐matched subgroup (n = 14). Data 
are expressed as the mean ± SD. ‡P < .1, 
§P < .05, §§P < .01, compared between 
subgroups during the consumption period 
(weeks 0‐8) (two‐way ANOVA)
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lower total nasal symptom score (TNSS) than the placebo group 
during the entire consumption period (weeks 0‐8), and they had a 
significantly lower TSS, SMS and TNSS at weeks 1 and 2 compared 
to the placebo group (Figure 1A). The percentage of Treg cells de‐
creased significantly from enrollment to late March only in the 
placebo group, and the percentage of Treg cells in late March was 
significantly higher in the LP0132 group than in the placebo group 
(Figure 1B). Other immunological parameters did not differ signifi‐
cantly between both groups at each timepoint (Table S2). Although 
MS in the LP0132 group was significantly higher throughout the 
consumption period, propensity score matching analysis adjusting 
for MS from weeks 0 to 10 (36 subjects from each group) was con‐
sistent with these results (Figure S3).

As a predetermined exploratory analysis, based on the changes 
in the percentage of Treg cells from enrollment to the consumption 
period, the subjects in the LP0132 group were divided into increased 
Treg and decreased Treg subgroups to compare the symptom scores. 
The increased Treg subgroup (n = 17) had a significantly lower TNSS 
than the decreased Treg subgroup (n = 33) during the consumption 
period (Figure 2A). Propensity score matching analysis adjusting for 
MS from weeks 0 to 10 (14 subjects from each subgroup) was consis‐
tent with these results (Figure 2B). In contrast, the same analysis in 
the placebo group did not show a significant difference between the 
increased Treg (n = 9) and decreased Treg (n = 41) subgroups.

Despite the negative result for the primary outcome, this is the 
first clinical trial to demonstrate the ability of LAB to suppress the 
reduction in Treg cells in the peak pollen season. In a recent trial, 
LAB increased the percentage of Treg cells from the baseline, but 
the changes were not significant compared with placebo.6 Treg 
cells are reported to be reduced in patients with allergic rhinitis7 
and increased by immunotherapy with a clinical response.8 The re‐
sults of the present study suggest that Treg cells may be reduced 
with the severity of pollinosis due to exposure to pollen. However, 
few studies have observed this fluctuation. Thus, further studies 
are needed to examine whether circulating Treg cells decrease in 
the pollen season and LAB are capable of inhibiting this seasonal 
change in Treg cells.

Notably, the increase in Treg cells in the pollen season was as‐
sociated with milder symptoms in the LP0132 group. LP0132, like 
other LAB administered for JCPsis,3 alleviated JCPsis symptoms only 
in the early phase, whereas symptom scores in this phase did not 
differ between the increased Treg and decreased Treg subgroups in 
the LP0132 group. From these findings, we speculate that LP0132 
may have an immunological effect, other than inducing the expan‐
sion of Treg cells, which may contribute to the alleviation of JCPsis 
symptoms in the early phase.

This study has several limitations. In this trial, the specific sub‐
types of Treg cells induced by LP0132 to alleviate JCPsis symp‐
toms were not examined. For instance, experiments suggest that 
CD4 + CD25 + Foxp3 + RORγt + Treg cells induced by intestinal 
microbiota may suppress Th2 immune responses.9 IL‐10 levels 
in the blood samples were not measured to validate the LP0132 

signature, which we will perform in a future study to further eluci‐
date the mechanism underlying the action of LP0132. Propensity 
score matching to adjust for MS may have missed unrecognized 
backgrounds, which could lead to the misinterpretation of our re‐
sults. However, we did not find any factors that were different 
between the matched groups.

In summary, citrus juice fermented with LP0132 alleviated 
JCPsis symptoms in the early season and suppressed reduction 
in circulating Treg cells in the peak season. The increase in Treg 
abundance from enrollment was associated with milder JCPsis 
symptoms.
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Demonstration of human mast cell progenitors in the bone 
marrow

To the editor
Mast cells are tissue‐resident cells widely recognized for their 

role in asthma and allergy. In inflammatory diseases, mast cells accu‐
mulate and become activated in particular sites of affected tissues 
such as, for example in the bronchial smooth muscles of allergic asth‐
matics.1 Using in vivo models, we and others have shown that these 
inflammation‐induced mast cells originate from mast cell progenitors 
(MCp).2 For decades, human mast cells have been differentiated in 
vitro from uncommitted progenitor cells isolated from, for example 
peripheral blood and bone marrow (BM). In the current study, a pop‐
ulation of MCp in the BM of healthy adults was identified, which was 
more frequent, and had lower surface expression of integrin β7 than 
the recently described MCp population in the blood.3 Integrin β7 is 
required for transmigration of mouse MCp into the lung.4 Thus, we 
speculate that integrin β7 is upregulated on the human MCp upon 
release from the BM in preparation for their transmigration from the 
blood to the peripheral tissues.

Using flow cytometry, BM samples from healthy donors were in‐
vestigated for the possible presence of a MCp population. In compar‐
ison with peripheral blood samples from the same individuals (n = 11), 
the BM was enriched in lineage (Lin)− (CD4− CD8− CD19− CD14−) 
cells, Lin− CD34hi cells and Lin− CD34hi CD117+ cells (Figure 1A). A 

population of Lin− CD34hi CD117+ FcεRI+ cells was found in healthy 
BM (Figure 1D), which was similar but 14‐fold more frequent than 
the known MCp population in peripheral blood (Figure 1B and I). In 
one set of experiments, Lin− CD34hi CD117+ FcεRI+ cells from the 
BM and blood from seven donors were isolated by fluorescence‐ac‐
tivated cell sorting (FACS) and either cultured in a myeloid‐erythroid 
cytokine cocktail for 7 days or analysed directly. The primary BM Lin− 
CD34hi CD117+ FcεRI+ cells demonstrated immunofluorescence for 
mast cell tryptase (Figure 1E). Re‐analysis of the respective progeny 
cells by flow cytometry revealed that all cells had an intermediate 
CD117 expression after culture and that a proportion of them had 
lost FcεRI surface expression (Figure 1F and J). The loss of FcεRI ex‐
pression upon in vitro culture of the human peripheral blood MCp 
during the same culture conditions was reported previously,3 and 
FcεRI− mast cells have been demonstrated in vitro5 and shown re‐
siding in the alveolar parenchyma in vivo.6 Regardless, there was no 
difference in the expression of FcεRI between the BM and blood 
progenies (39.8% ± 10.2% and 52.7% ± 12.0%, respectively). The BM 
progeny cells had a similar mast cell‐like morphology, determined 
by May‐Grünwald‐Giemsa staining (Figure 1G), as the blood prog‐
eny cells (Figure 1K). Further, the progeny cells from both sources 
expressed various levels of tryptase (Figure 1H and L). Altogether, 
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MATERIALS AND METHODS

1 Participants

Participants living within approximately 50 km of Yotsukaido City in Japan were recruited during

the period January 17–31, 2017. Inclusion criteria were 1) healthy men and women aged 20–65

years, 2) JCPsis symptoms for the last two seasons with an average total symptom score (TSS) ≥2 in

the last year, and 3) serum JCP-specific IgE ≥0.7 UA/mL (measured with ImmunoCAP, Thermo

Scientific, Tokyo) at enrollment. Exclusion criteria were 1) oral or intramuscular steroid therapy in

the last year, 2) citrus allergy, and 3) pregnancy or breastfeeding. During the trial, subjects were

instructed to avoid probiotic and prebiotic products, including yoghurt and LAB beverages, and to

avoid heavy intake of kimchi and cheese. This trial was conducted in accordance with the

Declaration of Helsinki and was approved by the Ethics Committee of Shimoshizu National Hospital

(Yotsukaido, Japan). Written informed consent was obtained from all subjects prior to enrollment.

2 Beverages

Satsuma mandarin (Citrus unshu) juice (Nankaikako Co., Ltd., Wakayama, Japan) was fermented

with LP0132 at 37 °C for 48 h, and sterilized by heating at 100°C for 35 s to prepare LP0132

fermented citrus juice (LP0132). Unfermented satsuma mandarin juice was used as placebo. There

were no differences in the taste, appearance, and nutritional composition between LP0132 and

placebo, except for the content of more than 6.25 x 1010 cells/125 mL heat-killed LP0132 cells in

LP0132 fermented juice, determined using the DAPI counting method.

3 Trial design

Eligible subjects were randomly assigned in a 1:1 ratio to either LP0132 or placebo, based on

dichotomized allocation according to age, sex, JCP-specific IgE level, and body weight. After a

2-week run-in period, subjects consumed the juice (125 mL) once daily for 8 weeks (consumption

period) and were followed for 2 weeks (follow-up period) (Figure S1). Pollen season in the study

area usually started in mid-February, peaked in March, and lasted until the end of April. Oral steroid

use for more than 3 days, consumption of fermented food for more than 7 days, and consumption of

the juice on <70% of days were defined as deviation from the trial. Enrollment and blood sampling

were conducted at Shimoshizu National Hospital, and computer-based random assignment was

carried out by allocation staff at Riken (Saitama, Japan). Assignment was concealed to the subjects,

investigators, and trial personnel until the end of the data analysis.

4 JCPsis symptoms and medication scores

Subjects recorded nasal and ocular symptoms once a week during the trial period (self-assessment of

five grades). Nasal and ocular symptoms comprised the following six items: Runny nose, sneezing,

blocked nose, itchy nose, itchy eyes, and watery eyes, based on the Japanese Rhino-conjunctivitis



Quality of Life Questionnaire (JRQLQ No. 1). TSS was the average score of these six items. Total

nasal symptom score (TNSS) was the sum of runny nose, sneezing, and blocked nose, and the total

ocular symptom score (TOSS) was the sum of itchy eyes and watery eyes. The medication score

(MS) was calculated as follows: 1, antihistamines and leukotriene receptor antagonists; 2, topical

corticosteroids; and 3, systemic corticosteroids. Symptom medication score (SMS) was the sum of

0.75 × TSS and 1.0 × MS, respectively.

5 Blood sampling and immunological assessments

Blood samples were collected from the brachial vein. Serum levels of total IgE, specific IgE (JCP,

Japanese cypress pollen, and Dermatophagoides Pteronyssinus), and eosinophil cationic protein

(ECP) were determined by fluorescence enzyme immunoassay. Percentages of type 1 helper T cells

(Thl cells) (IFN-γ+/IL 4-)/CD4+ T cells, type 2 helper T cells (Th2 cells) (IFN-γ-/IL-4+)/CD4+ T

cells, Thl/Th2 ratio, and Treg cells (CD25+Foxp3+)/CD4+ T cells were determined by flow

cytometry. Complete blood count and basic biochemical laboratory data were also obtained. All

measurements were performed at LSI Medience Corporation (Tokyo, Japan).

6 Outcomes

Primary outcome was TSS in March 2017. Secondary outcomes included nasal and ocular symptom

scores, and the percentage of Treg cells. Changes in symptom score from baseline, defined as delta

score, were compared. Exploratory analysis was performed to compare JCPsis symptoms based on a

blood parameter with a significant difference between the assigned groups during the consumption

period. The subjects in each group were divided according to changes in the percentage of Treg cells

from enrollment to the consumption period (defined as delta Treg), that is, subjects with delta Treg >

0 (increased-Treg subgroup) and subjects with delta Treg < 0 (decreased-Treg subgroup).

7 Study size estimation

A total sample size of 40 subjects per group provided a power of 70% demonstrating a significant

difference in symptoms between groups. Assuming a dropout rate of 20%, 50 subjects per group

were included in our trial, and provided a power of 80%.

8 Statistical analysis

Symptoms were analyzed by two-way ANOVA, Mann-Whitney U (each score), or Student’s t-test

(total score). Blood data were analyzed by Student’s t-test between two groups and paired t-test with

Bonferroni’s correction within a group. The male to female ratio and the number of symptoms

between groups were analyzed by chi-squared test. Propensity score in each subject was calculated

by logistic regression analysis based on sex, age, body weight, JCP-specific IgE, medication score

from weeks -1 to 10 to adjust for an imbalanced medication score during the trial period. Subjects



were matched in a 1:1 ratio by nearest-neighbor methods (caliper: 0.2) without replacement and then

the symptoms and allergen-related blood parameters between the two matched groups were

compared. Statistical analyses of the main data were performed at Takumi Information Technology

Corporation (Tokyo, Japan) using SAS software (SAS Institute Japan, Tokyo, Japan). Other data

analyses were performed using EZR (Saitama Medical Center, Jichi Medical University, Saitama,

Japan) and JMP version 13 (SAS Institute Japan, Tokyo, Japan). P values < 0.05 were considered

statistically significant.

TABLES AND FIGURES

Table S1．Baseline characteristics of the subjects

LP0132
(n = 50)

Placebo
(n = 50)

Male sex, n (%) 14 (28) 14 (28)
Age, mean (SD) 40 (11) 41 (9.4)
Weight, mean (SD) 59 (12) 60 (13)
Height, mean (SD) 163 (8.5) 161 (9.4)
Maximum symptom score in the last pollen season, mean (SD) 2.7 (0.58) 2.8 (0.57)
Asthma, n (%) 8 (16) 9 (18)
Other allergic diseases, n (%) 26 (52) 20 (40)
Non-allergic diseases, n (%) 8 (16) 3 (6)
Symptom score at week 0, mean (SD)

TSS 1.5 (0.79) 1.3 (0.64)
SMS 1.5 (0.89)** 1.2 (0.64)
MS 0.43 (0.54)** 0.18 (0.37)
TNSS 4.6 (2.7) 4.0 (2.2)
TOSS 2.7 (2.0) 2.6 (1.8)

Blood parameters at enrollment, mean (SD)
Total IgE (IU/mL) 380 (1065) 239 (428)
Specific IgE (UA/mL)

Japanese cedar pollen 19 (19) 18 (23)
Japanese cypress pollen 1.8 (2.5) 1.8 (2.5)
D. pteronyssinus 13 (24) 8.7 (19)

Eosinophil (/μL) 166 (164) 181 (138)
ECP (μg/L) 4.9 (5.8) 4.5 (4.0)
Treg cells (CD25+Foxp3+) (%) 1.8 (0.93) 1.8 (1.2)
Th1 (IFN-γ+/IL4-) (%) 20 (7.4) 18 (4.7)
Th2 (IFN-γ-/IL4+) (%) 0.77 (0.55) 0.66 (0.46)
Th1/Th2 ratio 38 (24) 37 (22)

Significant differences between groups were analyzed using the Student’s t-test, ** P < 0.01. Ratios

were analyzed with the chi-squared test. SD: standard deviation, ECP: eosinophil cationic protein,

TSS: total symptom score, SMS: symptom medication score, MS: medication score, TNSS: total

nasal symptom score, TOSS: total ocular symptom score.



131 adults were assessed for eligibility

31 were excluded

16 had low symptom score in the last season

14 had negative JCP-specific IgE

4 had received oral steroid therapy in the previous year

1 had received immunotherapy

1 had severe anemia

(multiple exclusion criteria may have been met)

50 were assigned to LP0132 group

50 completed study

None withdrew

Consumption period Follow-up period

50 completed study

Figure S2. Enrollment and randomization.

100 underwent randomization

Blood sampling

Diary

Questionnaire (JRQLQ No. 1)

Figure S1. Trial design

Run-in period

LP0132

Placebo

-1 1 2 3 5 6 9

50 were assigned to placebo group

None withdrew

Week

Date 1/31

-2 0 4 8 10

2/14 3/14 4/11 4/25

7
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Figure S3. Changes of (A) total symptom score (TSS), symptom medication score (SMS), total

nasal symptom score (TNSS), and total ocular symptom score (TOSS), and (B) Treg cells in the trial

period after propensity score matching (36 subjects from each group). Data are expressed as the

mean ± SD. ●: LP0132, ○: Placebo. * P < 0.05, † P < 0.1 compared with the placebo group

(Student’s t-test). § P < 0.05 compared with the placebo group during the consumption period

(weeks 0-8) (two-way ANOVA). ## P < 0.005 compared with enrollment (paired t-test with

Bonferroni’s correction).
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Enrollment Consumption period Follow-up period
LP0132
(n = 50)

Placebo
(n = 50)

LP0132
(n = 50)

Placebo
(n = 50)

LP0132
(n = 50)

Placebo
(n = 50)

Total IgE (IU/mL) 380 (1065) 239 (428) 289 (630) 223 (402) 294 (625) 239 (419)
Specific IgE (UA/mL)

Japanese cedar pollen 19 (19) 18 (23) 21 (20) 20 (23) 23 (21) ## 24 (24) ##
Japanese cypress pollen 1.8 (2.5) 1.8 (2.5) 1.5 (1.8) 1.6 (2.0) # 1.9 (2.2) 2.2 (2.5) #
D. pteronyssinus 13 (24) 8.7 (19) 12 (24) 9.0 (21) 12 (23) ## 8.1 (18)

Eosinophil (/μL) 166 (164) 181 (138) 217 (138) ## 255 (193) ### 193 (149) 197 (167)
ECP (μg/L) 4.9 (5.8) 4.5 (4.0) 4.7 (3.7) 5.2 (4.1) 7.1 (6.0) ## 6.4 (5.0) ##
Treg (CD25+Foxp3+) (%) 1.8 (0.9) 1.8 (1.2) 1.4 (0.9) * 1.1 (0.6) ### 1.5 (1.3) 1.3 (0.8) #
Th1 (IFN-γ+/IL4-) (%) 20 (7.4) 18 (4.7) 17 (7.0) ### 16 (6.4) ## 19 (8.0) # 17 (6.2)
Th2 (IFN-γ-/IL4+) (%) 0.77 (0.55) 0.66 (0.46) 0.43 (0.24) ### 0.47 (0.35) 0.65 (0.38) 0.54 (0.34)
Th1/Th2 ratio 38 (24) 37 (22) 62 (78) # 65 (117) 44 (45) 44 (27)

Table S2. Immunological parameters

Data are expressed as mean (SD). Inter-group differences were analyzed using Student’s

t-test, * P < 0.05. Intra-group differences were analyzed using paired t-test with Bonferroni

correction (vs enrollment), # P < 0.025, ## P < 0.005, ### P < 0.0005 ECP: eosinophil

cationic protein.
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