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Effects of daily intake of Lactobacillus paracasei strain
KW3110 on Japanese cedar pollinosis

Syuji Yonekura, M.D., Yoshitaka Okamoto, M.D., Ph.D., Toru Okawa, M.D., Ph.D,,
Minako Hisamitsu, M.D., Hideaki Chazono, M.D., Kouichi Kobayashi, M.D., '
Daiju Sakurai, M.D., Ph.D., Shigetoshi Horiguchi, M.D., Ph.D., and Toyoyuki Hanazawa, M.D., Ph.D.

ABSTRACT

Japanese cedar pollinosis is an important contributor to allergic rhinitis in Japan. Lactobacillus may be useful as an
immunomodulator and is used widely as a foodstuff. The purpose of the study was to examine the effects of daily intake of the
Lactobacillus paracasei strain KW3110 in patients with cedar pollinosis. The effects of daily intake of KW3110 in patients
with cedar pollinosis were investigated in 126 patients who received KW3110 or a placebo in a double-blind study. The study
began 1 month before the start of the pollen season and lasted for 3 months. A significant reduction of nasal symptoms and the
serum level of eosinophil cationic protein and improvement of quality of life scores occurred in the patients who received
KW3110 when pollen scattering was low. However, the effects were limited during the peak period of pollen scattering. Intake
of KW3110 may reduce allergic inflammation, but the effect is limited.

(Allergy Asthma Proc 30:397-405, 2009; doi: 10.2500/aap.2009.30.3256)

Key words: Allergic rhinitis, cedar, cypress, double-blind study, foodstuff, immunomodulator, Lactobacillus para-
casei strain KW3110, pollinosis, preventative effect, probiotics, treatment

n recent years, many countries have experienced an ever, such therapeutic approaches are inconvenient for
increase in the prevalence of allergic rhinitis.* In  patients because of the requirement of frequent visits to
Japan, cedar and cypress pollens constitute major al- the doctor, and the treatments carry a risk, albeit minimal,
lergens that may spread over a distance of =100 km  of anaphylactic shock.”'°
and can cause severe pollinosis.** Japanese cedar and Probiotics are bacteria of normal mucosal microflora
cypress pollens share a common antigen and >70% of that may be effective as immunomodulators in treatment
patients with cedar f?ollinosis also develop an allergy of allergic and autoimmune diseases.’*? Because probi-
to cypress pollens.s' The pollen season lasts for >12 otics are used widely as foodstuffs, their use is attractive
weeks in and around Tokyo. from a safety perspective. Administration of probiotics to

Patients ‘fVith Japanese ce:dar p(-)ll‘inosis' are managed mothers and postnatally to infants at high risk of atopic
sym}?ton;ahcally, largely with antihistamines and nasal diseases reduces the risk of development of chronic re-
steroids.” These drugs are generally safe and reduce curring atopic eczema, which is the main sign of atopic
symptoms but do not treat the underlying disease and disease in the 1st year of life."! Xiao ef al. examined the
have a potential of associated adverse events, particularly  offects of intake of the probiotic strain Bifidobacterium
when taken over a long period. Furthermore, the medi- longum for 13 weeks in treatment of Japanese cedar pol-
cation costs for cedar pollinosis in Japan alone exceed $2.5 linosis and reported a marked improvement in nasal
billion annually.® Allergen-specific immunotherapy is the symptoms and modulation of Th2-skewed immune re-
only current treatment that has the potential to cure al- sponses.'® However, Helin e al. did not observe any
lergic rhinitis. It has a long—tc?rm Effec.t anq can cbange fche beneficial effects on birch pollinosis of intake of Lactoba-
course of nasal symptoms in allergic rhinitis, including cillus rhamnosus for 22 weeks.?® The different findings

those associated with Japanese cedar pollinosis. How- may be associated with differences in probiotics and
study protocols, including doses, period of administratio,

From the Department of Otolaryngology, Head and Neck Surgery, Graduate School of and the number of enrolled patients. Lactobacillus is a
Medicine, Chiba University, Chuo-ku, Chiba, Japan representative probiotic that has many strains with dif-
Supported by a grant fromi the Ministry of Health, Labor and Welfare e . . .

The study protocol was approved by the Ethics Committee of Chiba University and ferent C}:‘araCtensuCS' In vitro, Lactobaallus. unp edes IL4
written informed consent was obtained from each patient before participation in this roduction and enhances IL-12 production in murine

p particip 21

study ) _ splenocytes.”* However, the role of the KW3110 strain of
Address correspondence and reprint requests to Yoshitaka Okamoto, M.D., Ph.D., Lactobacillus in the h . .
Department of Otolaryngology, Head and Neck Surgery, Graduate School of Medicine, ctobactilus in the human immune response 15 not un-
Chiba University, 1-8-1 Inokana, Chito-ku, Chiba, 260-8670 Japan derstood. Here, we describe a placebo-controlled trial

E-mail address: yokamoto@faculty.chiba-u.jp

Copyright © 2009, OceanSide Publications, Inc., U.5.A. that was de51gnEd to ex e the effects of daﬂy intake of

KW3110 in patients with cedar pollinosis.
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METHODS

Patient Population and Study Design

A double-blind placebo-controlled trial (intergroup
method) was conducted in two groups of subjects. The
study population consisted of 138 Japanese men and
women aged from 20 to 50 years old who had exhibited
symptoms of pollen allergy, such as sneezing, runny
nose, nasal congestion, and eye irritation, during the ce-
dar pollen dispersal season for =2 years. All of the sub-
jects also had a rating of class 2 or higher for cedar
pollen-specific IgE (CAP-radioallergosorbent test:
CAP-RAST; SRL, Tokyo, Japan) in blood tests performed
at the time of screening. Therefore, the study population
consisted of patients with a clinical history of moderate or
severe cedar and cypress pollinosis for at least two con-
secutive cedar and cypress pollen seasons. There was no
significant difference in severity between the two groups
in previous pollen seasons. The exclusion criteria at the
time of selection of subjects were as follows: patients who
were taking any medication or had undergone treatment
that could affect the test results (use of steroids or immu-
nosuppressants for the last 6 months or treatment such as
antigen-specific immunotherapy); patients with apparent
adverse results in assessments of other symptoms, in-
cluding perennial allergic rhinitis, as well as those with
suspected allergies to dairy products; and pregnant or
breast-feeding patients.

A controller who was not directly involved in the
study was responsible for group allocation. The sub-
jects were divided randomly into two groups: active
and placebo. There was no significant difference in the
degree of symptoms of pollen allergies or preintake
cedar-specific IgE levels between these groups (p > 0.2
by Mann-Whitney test). A group allocation number
was given to each subject. To prevent leakage of infor-
mation, this number was closely managed by the con-
troller and a member of the ethical committee who was
not directly involved in the study until accessed with a
key after completion of the study.

Test food (KW Lactobacillus powder/1 g) and placebo
food (1 g) were used in the study, with each type
packed so as to be visually indistinguishable. A total of
1 g of test food contained 1 X 10'2-3 X 10'* Lactobacillus
and 900 mg of dextrin, whereas the placebo food con-
tained 1 g of dextrin. The daily intake of test food was
one package (1 g) per day. Lactobacillus-containing
foods and any other supplements with a possible effect
on the results were excluded from the diet of the sub-
jects during the study period. The study was con-
ducted between December 9, 2004 and May 12, 2005.
The food intake period was set at 12 weeks, beginning
on January 18, 2005. The subjects were examined five
times: before intake: after 4, 8, and 12 weeks of intake;
and after a 4-week observation period starting from
completion of intake.
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Pollen Counts

The cedar pollen/cypress pollen count was mea-
sured using the Durham method on the roof of the
School of Medicine of Chiba University.

Test Items

Subjective Symptoms. With reference to an allergy
diary, scores from 0 to 4 were assigned for sneezing,
runny nose, nasal congestion, eye irritation, watery
eyes, pollen-induced headache, and degree of interfer-
ence with daily life.”? The survey data were converted
into nasal and ocular symptom medication scores to
determine severity. The nasal symptoms were evalu-
ated on a scale from 0 to 4 in accordance with the
practical guidelines for treatment of allergic rhinitis in
Iapam22 as follows: 0, no sensation; 1, mild; 2, moderate;
3, severe; and 4, extremely severe. Daily episodes of
sneezing and nose blowing were rated from 0 to 4 as
follows: 0, none; 1, 1-5 episodes; 2, 6-10 episodes; 3,
11-20 episodes; and 4, >20 episodes. The medication
was also recorded according to drug characteristics
and duration of usage, according to the guidelines® as
follows: 1, antihistamines, mast cell stabilizers, and
vasoconstrictors; 2, topical ocular or nasal steroids. At
the time of each examination, an evaluation was also
conducted using the Japan Rhinoconjunctivitis Quali-
ty-of-Life (QOL) Questionnaire (No. 1).

Intranasal Findings. The assessment system for intra-
nasal findings** was used. Scores from 0 (normal) to 3
(severe) were assigned for swelling of the inferior nasal
concha membrane, color tone of the inferior nasal con-
cha membrane, amount of intranasal discharge, and
nasal discharge. To avoid clinician bias, the same cli-
nician evaluated the patients throughout the study
period. »

Immunologic Markers. Results from a general periph-
eral blood test, the levels of nonspecific IgE antibodies
(RAST test; SRL) and specific Japanese cedar-specific
IgE (CAP-RAST; SRL.), the Thl/Th2 ratioc (Thl%,
Th2%), the level of blood eosinophil cationic protein
(ECP), and the peripheral blood eosinophil count were
determined in blood samples taken at each examina-
tion. ECP was measured using the UniCap ECP kit
(Pharmacia Diagnostics, Uppsala, Sweden) and Th1/
Th2 cytokine profiles were determined by FACS anal-
ysis. Briefly, peripheral blood mononuclear cells (5 X
10°) were stimulated with phorbol 12-myristate 13-
acetate and ionomycin for 4 hours in the presence of 2
uM of monensin, which inhibits the secretion of pro-
teins produced de novo. The cells were then stained
with anti-CD4 antibody for 15 minutes on ice. After
washing with phosphate-buffered saline, the cells were
fixed with 4% paraformaldehyde for 10 minutes at

July-August 2009, Vol. 30, No. 4



room temperature and permeabilized with 0.5% Triton
X-100 for 10 minutes on ice. After blocking with 3%
bovine serum albumin for 10 minutes, the cells were
incubated on ice for 30 minutes with anti-interferon
(IEN) v labeled with fluorescein isothiocyanate and
anti-IL-4 labeled with phycoerythrin. A flow cytomet-
ric analysis was performed on a FACS Calibur (Becton-
Dickinson, Irvine, CA) using antibodies purchased
from BD Bioscience (San Diego, CA).

The subjects were permitted only liquid intake for 5
hours before blood sampling and were requested to
visit the hospital at about the same time of day for each
examination. All serum samples were stored frozen
and assayed after completion of the study using re-
agents with the same lot number.

Adverse Events

A subjective and objective survey of symptoms was
conducted by physicians through interviews of the
subjects to assess irritability, decreased motivation, de-
creased appetite, fatigue, insomnia, headache, tinnitus,
vertigo, itching (eczema), vomiting, diarrhea, loose
stools, bloated sensation, constipation, abdominal pain,
changes in physical condition, history of present ill-
ness, and other subjective symptoms during each pe-
riod of the study.

Data Analysis

After completion of the study, the clinical and labo-
ratory data were analyzed by a person who was not
involved in administration of the study. After comple-
tion of analysis, the allocation identification numbers
for the active and placebo groups were accessed with a
key. Statistical analysis was conducted using Dr. SPSS
IT software (SPSS, Inc., Chicago, IL), with a significance
level of =5% based on a two-sided test. Subjective
symptoms and intranasal findings were analyzed by
Mann-Whitney tests (implemented as an intergroup
trial) before intake; after 4, 8, and 12 weeks of intake;
and after a 4-week observation period following com-
pletion of intake. A Wilcoxon signed-rank test (multi-
ple comparisons after Bonferroni correction) was per-
formed for the intergroup trial before intake. For data
from blood tests, an unpaired t-test was used for com-
parison before intake; after 4, 8, and 12 weeks of intake;
and after the 4-week observation period. A Dunnett
test was performed for the intergroup trial before in-
take. Nonspecific IgE and Japanese cedar-specific IgE
were also analyzed by Mann-Whitney tests (imple-
mented as an intergroup trial) before intake; after 4, 8,
and 12 weeks of intake; and after the 4-week observa-
tion period.
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Symptom-medication score
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Figure 1. Symptom-medication score. The daily combined [apa-
nese cedar cypress pollen counts in 2005 in Chiba obtained using
the Durham pollen sampler and the symptom-medication score of
patients during the pollen season are shown.

RESULTS

Background Data

The 138 subjects were divided into the active group
(n = 69) and the placebo group (n = 69). Subsequently,
11 patients dropped out from each group: 12 patients (5
active and 7 placebo) refused to participate in the trial
for personal reasons and 10 patients (5 active and 5
placebo) were excluded because of oral steroid use
during the test period. This left 58 patients in each
group who were included in the analysis. The average
ages of these subjects was 36.6 *+ 8.0 years old (men,
n = 19 years, 36.5 & 7.9 years; women, n = 39 years,
36.6 * 8.2 years) in the placebo group and 39.5 * 6.4
years old (men, n = 18 years, 42.4 * 3.8 years; women,
n = 40 years, 38.2 * 6.9 years) in the active group.

Environmental Pollen Counts

The cedar/cypress pollen count (number of pollen
grains/cm? per day) measured on the roof of the School
of Medicine of Chiba University from January to May
2005 is shown in Fig. 1. Pollen dispersal (=1 pollen grain/
cm?) began on February 20, 4 weeks after the start of test
food intake, and continued until the beginning of May.
The peak of cedar pollen dispersal was recorded in mid-
March and cypress pollen dispersal reached its peak in
early April. In 2005, when the test was conducted, the
highest cedar/cypress pollen counts of the preceding 10
years were recorded. The Durham sampler measures the
pollen count using a gravimetric method that differs from
the method used by the Burkard sampler (a volumetric
method that is widely used in Europe). Direct compari-
son of the counts obtained with these two methods is
difficult, because the relationship between the methods
depends on the local meteorological conditions and pol-
len types. A comparison of analyses of the 2005 cedar
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Table 1 Nasal symptoms

After 1 wk After 2 wk After 3 wk After 4 wk
Sneezing
Placebo 046 + 046 052+049 059+ 053 062+062
Active 055 +050 P=0321 gesxo066 PT03%® grer066 P 0244 er+oes P~ 0907
Runny nose
Placebo  0.67 074 079+ 083 _ _ 0924092 _ 091+1.02
Adtve 0671062 P06 gL oze P06l g igyz P07 gy5iog P07
Stuffy nose A
Placebo 034 +052 049+ 070 050+ 067 _ 052+074
Acive  034+049 P=07%0 Gurioer P07 ga1ager PTOH2 ggps065 P 0262
After 5 wk After 6 wk After 7 wk After 8 wk
Sneezing
Placebo 059 + 053 087 =070 116+ 072 _ _ 198+ 110
Adtive 062062 P=097 {miozs P=03% jo5i091 PO 5igs103 PT0410
Runny nose
Placebo 081084 106 =097 128 +097 217122
Adtive 072067 P02 Joros PTO090 jnigge P04 5igiq11g PO
Stuffy nose
Placebo 048 +065 060+ 075 078+ 088 154+120
Adtive 037+ 051 P=O0501 gsiiom P=0476 gomigg0 PO 1541120 P 0840
After 9 wk After 10 wk After 11 wk After 12 wk
Sneezing
Placebo 234+ 126 215+121 201+ 113 209+118
Active 241 +124 PTO0481 o i3s P=0451 plqqg PTOM ggu g P 0684
Runny nose
Placebo 279+ 131 269+132 259 +135 260£132
Adtive  253x144 P07 Siiqs P04 ooniqzp PTO0S 5i3iqa PEO00P
Stuffy nose
Placebo  212+139 224+ 140 210139 2124137
Adive  205+146 P=0730 Sisiqise PT04%5 Jacsq3e PTO020 740 PO
After 1-wk After 2-wk After 3-wk After 4-wk
Observation Observation Observation Observation
Sneezing
Placebo 161117 1312102 109+ 080 085+ 064
Active  186+097 P=0%2 103 gg P08 gegig7e P04 gpgsq7y P01
Runny nose
Placebo 201 +125 167 +112 1312104 _ 102 £087
Active 17 11s P=O0189 oy P=0200 Goniggp P00 ggmigze P=0118
Stuffy nose
Placcbo 147 +116 _ _ 110+1.03 071073 _ _ 049 + 055
Active  123+108 P=0366 ol oey P=029 (osiggp PTO28 401054 P =024

The score was expressed as mean * SD of the each week.

pollen count using the two methods indicated that the
counts with the Burkard sampler were ~12 times higher
than those obtained with the Durham sampler.**

Subjective Symptoms

Allergy Diary. After the start of pollen dispersal, a
significant increase in nasal and ocular symptoms oc-

400

curred in both the active and the placebo groups.
Throughout the intake period, the symptom medication
score for the active group tended to be lower than that for

the placebo group, and the active group also had a sig-
nificantly lower score during the observation period (Fig.

92

1). There was no significant difference in the medication
scores between the groups throughout the study period
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Table 2 Quality-of-life score

Before Intake After 4 wk After 8 wk After 12 wk After 4-wk
Observation
Runny nose
Placebo 059 =059 0.83 + 0.82 B 2.00 + 0.94 B 2.07 + 1.02 _ 086 071
Acive 0602079 P08 gecioss PTO0406 gy ioge P08 qogiggp PTOLE g g PO
Sneezing
Placebo 057 + 0.53 0.90 + 0.69 B 1.79 + 0.87 B 1.71 % 0.94 ~ 090 +0.64
Active  066+069 P08 geaioes PTG ociggr PTO0216 1g5.g0s PTOSM ggprges P08
Stuffy nose
Placcbo 048 =063 _ _ 0.83 £ 092 _ 1.59 + 1.06 B 202 * 1.15 _ 069+ 065  _
Acive 045+057 PO gssiges PTOME hgigpy PEOBE L oiqm PR gs3ag5 PO
Ttchy eyes
Placcbo 0.34 + 0.58 0.47 + 0.54 a 202107 212 + 1.08 B 057 073
Active 059+070 P00 gecvoer PTO05 514008 PO ygriq00 PO o500 PT0816
Watery eyes
Placebo 019 + 044 026 + 0.4 B 110 + 1.10 _ 122 + 1.01 _ 022 +046
Acive 0282050 P=0%0 gaeiosy PTOMZ iy iog PO pi00 PTO60 431450 P05
Nose symptoms
Placebo 049 * 038 0.75 = 0.60 B 1.74 + 0.81 a 1.78 = 0.83 a 077 2056
Adive 0524047 P08 gsoiog P08 oz PTOB0 igaiom PTOI Gegagag PO
Eye symptoms
Placebo 027 =043 0.36 + 043 _ 1.56 = 0.99 B 1.67 + 0.93 _ 040 £ 051
Acive 0432058 P=09% gooios PO ooz PTO026 isiigs3 PTOSZ guzaqs PTO6SS
Nasal-ocular symptoms
Placebo 042032 0.62 + 047 _ 1.68 = 0.79 _ 1.74 £ 0.79 _ 0.65 £050
Active 042048 P=O08B (5riga PTOE4 eciges PO qgragze PTOM ggprg4e PTO703
Usual daily activities
Placcbo 071 +130 1.84 + 3.75 _ 476 + 392 a 5.60 + 4.64 _ 141214
Acive 074=136 P=06% o016 PO yopiags P77 4n1i3g PTOIB jogi 08 PE0660
Outdoor activities
Placebo 016+ 045 0.27 + 0.68 _ 0.84 = 0.92 _ 140 + 1.11 B 025+ 047
Active 008+041 P03 gleroas PTO ogiqgr PTOMS ppii00 PTOM p94gsg PO
Social functioning
Placebo  0.21 % 0.49 0.69 + 1.91 1.69 + 2.19 N 233224 B 036+091
Active 021+067 P=037 gmzoee PO jpia1p P05 yggu933 PO gap.gq5 P09
Sleep problems
Placcbo 009 +028 0.28 + 0.64 _ 0.64 + 1.04 B 0.76 + 1.00 _ 021+049
Acive 017+042 P=026 (1040 PTO68  chios0 P gesagos PO go4.gs PEOST
General health problems
Placebo 0522096 ... 079%146 p=079 164*177 p=055 190:185 p=0677 064091 _ .0
Active 050+100 P~ 0.66 * 1.12 171 = 1.62 1.76 + 1.83 074116 P
Emotional problems
Placebo 062+ 124 1.22 + 268 _ 317 +2.99 _ 384 + 357 B 093+145
Acive 057+137 P02 Geriips PTOT2 goiiags PTOBZ gpg.39p PO gpiqg5 P00
Total
Placebo 236 =402 534 1091 1366+ 1183 1695 + 13.66 _ _ 405 +557
Active 240+ 446 P=093 Sagiaes P70 jaoiiq1an PTOY qga3aqper PTOI6 4o1agg5 P O8I0
Face scale
Placebo 1.45 = 0.84 147 = 0.90 238 + 0.75 2.36 + 0.83 1.14 = 0.71
Active 1472080 P=06B  ugio00 P06 L pi0s0 PTG oo4ag78 P02 gp6aggy P 0416
P value: between intergroups. The score was expressed as mean + SD of each week.
(data not shown). Each symptom score for the active Quality of Life. The Japan Rhinoconjunctivitis QOL
group tended to be lower than the respective score for the Questionnaire survey (Table 2) indicated that nasal
placebo group, but the only significant difference in symptoms significantly increased in both groups after
symptom scores occurred for nasal discharge at 12 weeks pollen dispersal and an intergroup comparison showed
of intake (p = 0.039; Table 1). no significant difference between the groups. Regard-
Allergy and Asthma Proceedings 401
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Table 3 Intranasal findings

Before Intake After 4 wk After 8 wk After 12 wk After 4wk
Observation
Swelling*
Placebo 022+046 p=10820 0412059 p=0377 152+084 p=0689 143073 p=0314 050x071 p=0832
Active 021 043 031 = 050 1.55 £ 0.71 1.28 + 0.81 0.45 * 0.63
Color tone#
Placebo 021*045 p=0961 055+068 p=0104 128+081 p=0625 136*077 p=018 0452071 p=0775
Active 0.24 + 0.57 038 £ 062 - 1.17 £ 0.70 1.19 £ 0.69 0.45 * 0.63
Amount of discharge§
Placebo 024047 p=0355 052+066 p=0013 105*x078 p=0427 107x077 p=0037 059070 p=0234
Active 0.17 + 042 0.26 = 052 091 073 0.78 = 0.80 047 =073
Discharge property{
Placebo 067126 p=0250 124%+143 p=0.009 226 +125 p=0241 221*124 p=0011 131x144 p=0134
Active 0.40 + 095 0.60 > 1.15 198 + 137 157 £ 142 091 +132

P value for intergroup comparison. The score was expressed as mean * SD of each week.

*Swelling of the inferior nasal concha membrane.
#Color tone of the inferior nasal concha membrane.
§Amount of intranasal discharge.

9Nasal discharge property.

ing activities of daily life, scores for outdoor activities,
social life, sleep, and physical/ mental well-being, and
the total score for these categories showed significant
deterioration after pollen dispersal in both groups. Af-
ter 12 weeks of intake, an intergroup comparison indi-
cated a significant difference in the degree of interfer-
ence of pollinosis with outdoor activities (p = 0.043).

Intranasal Findings

Swelling of the inferior concha membrane, color tone
of the inferior concha membrane, intranasal discharge,
and nasal discharge increased in both groups after the
start of pollen dispersal (Table 3). Intranasal discharge
was significantly suppressed in the active group after 4
(p = 0.013) and 12 weeks (p = 0.037) of intake and nasal
discharge was lower in the active group after 4 (p =
0.009) and 12 weeks (p = 0.011) compared with the
placebo group.

Immunologic Markers

All items in the general blood test varied within their
respective standard ranges. Nonspecific IgE antibod-
ies, cedar-specific IgE antibodies, and eosinophil count
significantly increased in both groups after pollen dis-
persal, but there were no significant differences in in-
tergroup comparisons. The ECP level was significantly
lower in the active group after 4 and 12 weeks (Table 4)
compared with the placebo group, and the levels for
the active group remained within the standard range
(below 14.7) throughout the intake period, which sug-
gests that higher pollen exposure abrogates the Lacto-
bacillus-driven reduction of ECP levels.

The Th1/Th2 (CD4 ratio) was significantly higher in
both groups after 4 weeks of intake, compared with the
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respective preintake values. There was no significant
difference in this ratio between the active and placebo
groups, but the ratio showed a tendency to be higher in
the active group throughout the intake period. In Thl
(IFN-y* /IL-47) cells, the IFN-vy level was significantly
higher in the placebo group after 12 weeks of intake
and after the 4-week observation period, compared
with the preintake level. In the active group, the IFN-y
level after 12 weeks of intake was also significantly
higher than the preintake level, suggesting a Th1 shift,
but IFN-vy in the active and placebo groups did not
show a significant difference at any time point. In Th2
(IFN-y~/IL-4™) cells, the IL-4 level was significantly
lower in the active group after the 4-week observation
period, compared with the preintake value, also sug-
gesting a Th1 shift, but IL-4 levels did not differ be-
tween the active and placebo groups (Table 4).

Adverse Events

Abdominal symptoms including loose stools and di-
arrhea were observed in 15% and 10% of patients in the
active and placebo groups, respectively. However,
none of the symptoms were severe, none needed treat-
ment, and there were no significant differences in ad-
verse events between the two groups (chi-square test,
p > 0.4). The correlation of these events with Lactoba-
cillus intake was unclear. Based on the symptoms di-
ary, there were no significant differences in decreased
motivation, fatigue, diarrhea, and loose stools between
the groups.

DISCUSSION

To examine the efficacy of the L. paracasei KW3110
strain on cedar pollen allergy, a double-blind trial was
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Table 4 Immunologic markers

Before Intake After 4 wk After 8 wk
Score Intergroup Score p Value#  Intergroup Score p Value#  Intergroup
(mean * SD) p Value (mean * SD) p Value (mean * SD) p Value
ECP (ng/L)
Placebo 93+55 _ 93+ 65 p = 1.000 _ 135+ 84 p < 0.001 _
Active 79 %60 p=0221 71£45 p=1000 P=007 112+ 60 p<ooo PO
Th1/Th2 (CD4) (%)
Placebo 15074 - 16.1 + 85 p = 0579 - 143 %79 p = 0.842 _
Active  161%111 p =053 184 = 14.0 p=os79 P =034 151 £102 p=09n P=05H
Th1/IEN-y* /1L-47(%)
Placebo 238+*6.7 _ 243 £ 69 p = 0718 _ 25.0%76 p = 0.081 _
Active 24680 p =053 248+78 p=ong P=07% 252+ 82 p=oee9 P 0886
Th2/1FEN-y~ /1L-4* (%)
Placebo 1.88 +0.88 _ 182 £081 p = 0.887 - 210 £0.99 p = 0.058 _
Acive  191zo0ge7 P =087 1842123 p=o0s7 P02 a1 p-ooss  PT0986
Cedar pollen IgE (UA/mL)
Placebo 164 +17.9 _ 16.0 £ 16.1 p = 1.000 _ 171274 p = 1.000 _
Active  158*169 p=085 152 + 150 p=100 P07 156 * 17.6 p=1000 P07
After 12 Weeks After 4-week Observation Period
Score p Value# Intergroup Score p Value# Intergroup
{mean £ SD) p Value (mean * SD) p Value
ECP(ug/L)
Placebo 16.3 + 10.1 p < 0.001 p=0012 134 83 p < 0.001 p = 0.063
Active 123+ 65 p < 0.001 108 * 6.4 p <0.001
Th1/Th2(CD4) (%)
Placebo 172 + 104 p = 0.076 p=10.89% 177 £ 94 p =10.015 p=0262
Active 175 £ 12.7 p=0793 213+ 220 p = 0.003
Th1/IFN-y* /IL4-" (%)
Placebo 25976 p < 0.001 p=0768 257 + 8.1 p = 0.002 p = 0.895
Active 263 =87 p=0.014 259 + 89 p =10.083
Th2/IFN-y~ /IL-4"* (%)
Placebo 1.90 = 0.94 p =099 p = 0693 1.75 £ 0.81 p=0418 p =0.651
Active 1.97 £ 0.99 p = 0.892 1.68 = 0.98 p=0028
Cedar pollen IgE (UA/mL)
Placebo 63.2 + 67.5 p <0.001 p=0303 66.9 + 77.2 p <0.001 p = 0303
Active 82.5 + 124.6 p <0.001 87.5 + 130.2 p <0.001

#p Value compared with the respective preintake level.
ECP = eosinophil cationic protein; IFN = interferon.

conducted using a placebo as a control. No side effects
of common toxicity criteria grade 1 or higher were
observed in the active or placebo group, although a
few subjects exhibited temporary abdominal symp-
toms. The active group showed a tendency for lower
symptom scores based on an allergy diary, had re-
duced nasal discharge at the peak of cypress pollen
dispersal during week 12, and had a significantly
lower watery discharge after 12 weeks of intake, com-
pared with the placebo group. In the QOL survey,
patients in the active group indicated a significantly
lower degree of interference with outdoor activities
after 12 weeks of intake, compared with those in the
placebo group. This suggests that the manifestation of
effects increases after ~12 weeks of intake of the L.
paracasei KW3110 strain. Symptom scores also tended
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to be lower in the active group through the 4-week
observation period, suggesting that the effects of Lac-
tobacillus intake continued after intake completion.
Some nasal symptoms were reduced in patients who
received KW3110 compared with those who received
placebo in the period of low pollen scattering; how-
ever, these effects were limited and were not observed
during the peak of the pollen season.

The Th1/Th2 cytokine profile in peripheral blood
underwent a Th1 shift in both groups, with no signif-
icant difference between the groups. We note that the
Th1/Th2 cell count in the trial reflects all Th1/Th2
cells, including those that were nonspecific to antigen.
In cedar pollen allergy, the number of cedar pollen—
specific memory T-cells is ~10-50/100,000 peripheral
blood CD4 cells,>* and the effect of Lactobacillus on
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antigen-specific Th1/Th2 cells, rather than all Th1/Th2
cells, needs to be examined in a future study. The
KW3110 strain had no effect on the total IgE and cedar
pollen-specific IgE levels in blood after 12 weeks of
intake, but patients in the active group had a lower
blood ECP level after 12 weeks. This suggests that the
KW3110 strain acts on eosinophil function and reduces
the eosinophil count, which also indicates the possibil-
ity of an effect on antigen-specific T cells.

Suppression of symptoms is insufficient for many
pollen allergy patients, and safe and less burdensome
treatments for the underlying disease are needed.
There are few natural remedies for pollen allergies, and
primary and secondary interventions are especially
significant for patients who have atopic dispositions
and for those who are sensitized to antigens but are
nonprogressive.””?® In such interventions, antigen
avoidance is of importance, but the actual efficacy and
significance of antigen avoidance has not been clari-
fied.?® Continuous administration of antihistamines in
patients with atopic dermatitis can suppress asthma,* >
but long-term drug administration is unlikely to be
sustained in individuals suffering from pollen al-
lergy but without symptoms or manifestations. In
this context, Lactobacillus probiotics can play an im-
portant role, because they can be taken as natural
food, rather than as medication, and are attractive
from a safety perspective.

Lactobacillus is a representative probiotic and the
KW3110 strain is reported to be a potent inducer of
IL-12 and repressor of IL-4 among 101 strains tested in
vitro in ovalbumin-sensitized mice splenocytes. There
is growing interest in the antiallergic effect mediated
by immunomodulators, although the short-term effects
on symptoms are inferior to those of standard drugs
such as antihistamines and steroid inhalants. If efficacy
occurs after immune response modification, immuno-
modulators may be useful for primary and secondary
interventions. In this study, patients began intake 4
weeks before pollen dispersal, even though most
showed no symptoms at this time, and nasal mucosal
inflammation still had to develop. In this sense, the
study corresponds to a secondary intervention, and
although the test period before pollen dispersal was
only 4 weeks, the results provide insight into the pro-
tective effects of Lactobacillus before massive pollen
dispersal. Overall, the study suggests a limited clinical
effect after administration of the KW3110 strain to
patients with cedar pollen allergies for 12 weeks, be-
ginning 4 weeks before pollen dispersal, without im-
munomodulation during the peak pollen season. Ad-
ditional studies of the administration route, dose,
period of administration, and mechanism of action are
required to improve the clinical efficacy.
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Present Situation of Cedar Pollinosis
in Japan and its Inmune Responses
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Toyoyuki Hanazawa!

ABSTRACT

Recent observations have suggested significant worldwide increase in the prevaience of allergic rhinitis and ce-
dar pollinosis. In Japan, Japanese cedar (Cryptometria japonica) and Japanese cypress (Chamaecyparis ob-
tusa) pollens are considered to be the major unique allergens and their extent of dispersal is quite large, travel-
ling more than 100 km and thus causing serious pollinosis. Cedar pollinosis is a typical type 1 allergic disease
by an adaptive immune response that occurs through the induction of allergen-specific effector T cells from
naive T cells. We examined the number of Japanese cedar pollen specific memory Th cells in the peripheral
blood of the patients and found that the cedar pollen specific IL-4-producing Th2 memory cells increased during
the pollen season and decreased during the off-season. However, more than 60% of the cedar-specific mem-
ory Th2 cells survived up to 8 months after the pollen season. Natural killer T(NKT) cells represent a unique
lymphocyte subpopulation and their activity is not restricted to MHC antigens. NKT cells play an important role
in innate immunity, however, the participation in development of allergic rhinitis could not be clarified.

KEY WORDS
cedar pollinosis, cedar specific Th memory cell, epidemiology, natural killer T cell

Osaka, causing wide-spread pollinosis, although no
CEDAR POLLEN actual data describing the distance traveled was avail-
In recent years, many countries have experienced an able. A detailed simulation study considering the re-
increase in the prevalence of allergic rhinitis.12 Dust sults of real-time pollen distributing information was
mite allergen is responsible for at least 90% of cases conducted using large computers and Figure 1 shows
of perennial allergic rhinitis, while arboreal pollen, in- the source and areas from which the cedar pollen de-
cluding that of cedar and Japanese cypress, is impor- tected at Chiba University Hospital had spread.
tant in Japan.3* Cedar forest covers nearly 18% of the These dark spots indicate the areas where the cedar
total land area of Japan, while Japanesc cypress is pollen originated. Pollens blow to Chiba city from the
concentrated in the Kanto region and the western cedar planting areas of Boso Peninsula, as well as
part of the country. Both cedar and Japanese cypress from the north Kanto area, Nikko, Izu Peninsula and
produce enormous amounts of pollen. In Japan, pol- Shizuoka Prefecture. This study suggests that cedar
len counts are typically measured using the gravimet- pollen actually can travel more than 100 km and
ric method with a Durham sampler, in contrast to cause pollinosis in a large area.
Western countries in which a Burkard sampler is Cedar pollen dispersal precedes Japanese cypress
typically used. In a study in Chiba Prefecture in 2005, pollen dispersal, and approximately 70% of patients
the amount of air-borne pollen counted with a Bur- with cedar pollinosis are also allergic to Japanese cy-
kard sampler was about 12 times greater than that press pollen because of a common antigen.t Disper-
counted with a Durham sampler.® In addition, distinct sal of cedar and Japanese cypress pollen generally ex-
from grass pollen, which only spreads less than 100 hibits an arch-shaped pattern with time: cedar pollen
meters, cedar and cypress pollen travel a long dis- dispersal starts in early February and reaches a peak
tance and reach major cities, including Tokyo and between late February and early March, and is fol-
1Depariment of Otolaryngology, Head and Neck Surgery, Gradu- 8670, Japan.
ate School of Medicine, Chiba University, Chiba, Japan. Email: yokamoto @ faculty.chiba~u.jp
Correspondence: Yoshitaka Okamoto, MD, PhD, Department of Received 9 December 2008.
Otolaryngology, Head and Neck Surgery, Graduate School of €2009 Japanese Society of Allergology

Medicine, Chiba University, 1~8-1 Inchana, Chuo-ku, Chiba 260-
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Chiba City

1.0

Fig. 1 The source areas from which the cedar pollen detected at Chiba University Hospital spread. This is the
computer simulation study done by Mr. Kunihiko Yokota et al., at Weather Service Co. Ltd..

lowed by dispersal of Japancse cypress pollen, which
reaches a peak from late March to early April, with
some variation due to changes in the climate each
year.”8 The pollen dispersal season lasts for more
than 10 weeks in and around the Tokyo area.

PREVALENCE OF CEDAR POLLINOSIS IN
JAPAN

A survey based only on a questionnaire has the risk
of inclusion of a high rate of false-positive cases, be-
cause allergic rhinitis is sometimes difficult to distin-
guish from acute upper respiratory infection and even
normal healthy individuals may exhibit mild, non-
specific nasal symptoms, such as sneezing and nasal
secretion. In particular, cedar pollen dispersal season
is also high flu season. An allergen-specific IgE test is
necessary to avoid a high incidence of false positives,
but it has been difficult to conduct an epidemiological
study in Japan because of laws preventing use of per-
sonal information. In 2008, a questionnaire was posed
to the Otorhinolaryngologists nationwide to deter-
mine whether their families suffered from allergic
rhinitis. Although the rate of return of the question-
naire was low, i.e., 40% and the bias of the population
could not be ignored, an accurate diagnosis was ex-
pected.

According to the analysis of this questionnaire,?
the prevalence of perennial allergic rhinitis and of ce-
dar pollinosis was 23.4% and 26.5%, respectively. In
particular, the prevalence of cedar pollinosis in-
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creased more than 10% compared with that observed
in a similar questionnaire conducted in 1998. Al-
though the peak of cedar pollinosis is in those in their
thirties to forties, the age onset of pollinosis has been
decreasing (Fig. 2).

Figure 3 shows the annual amount of cedar pollen
dispersal in Japan, which we examined in 2005. The
darker brown parts indicate areas where cedar pollen
counts were high, We studied the influence of various
amounts of pollen exposure on the development of
pollinosis and mite allergic rhinilis in elementary
school students from schools in rural areas where the
movement of students out of or into the school was
uncommon. The annual amount of cedar and cypress
pollen differed among these five regions. The pollen
level was very high in southern Yamanashi: about
7.000/cm? on average for the last five years, as deter-
mined using Durham pollen samplers. In contrast,
the pollen level was low in northern Yamanashi and
inland Akita, at about 2,000/cm?2, and verv low in
coastal Akita, at about 500/cm?2. The pollen level in
Chiba was about 4,000/cm2.

Figure 4 shows the detection rate of cedar- and
mite-specific IgE in students in these regions. The
positive rate for Japanese cedar was about 60%, ex-
cept for students in coastal Akita, who had a rate of
only 23%. The positive rate for mite IgE was about
50% in each region. These rcsults suggest that the
sensitization rate for mite allergen is almost the same
nationwide, whereas that for cedar pollen is depend-
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Fig. 2 The prevalence rate of allergic rhinitis in Japan in 2008 (from reference 9).
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Fig. 5 The sensitization rate to the representative allergen and age distribution of cedar pollen-specific IgE
in the adult residents in the forties to seventies in the rural small town in South Chiba.

ent on pollen counts. A very low level of polien results
in a low rate of detection and allergen avoidance is
undoubtedly important for prevention. However, a
high rate of allergic sensitization can be induced by a
relatively small amount of pollen, and it is likely to be
very difficult to reduce the amount of pollen exposure
to a level that will prevent sensitization. Furthermore,
tolerance was not easily induced in students in south-
ern Yamanashi who had been receiving high pollen
exposure every year since birth. Interestingly, the in-
cidence of mite allergic rhinitis and pollinosis in these

158

101

sensitized students was almost the same; about 30 to
35% in each region, respectively.

We have also undertaken medical examination of
middle-aged adult residents in their forties to seven-
ties in a rural small town (Maruyama-cho) in South
Chiba every year since 1995.1% The examination in-
cludes responses to a questionnaire and testing for
specific IgE in serum using a CAP-RAST system. Fig-
ure 5 shows the sensitization rate to the representa-
tive allergens and the age distribution of cedar pollen-
specific IgE. Deterioration of cedar-specific gkl is ob-
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Fig. 6 The rate of change to negative over the last 13 years in cedar pollen-spe-
cific IgE in the residents who had tested positive for anti-cedar pollen specific IgE in
1995 and then had received examination every year.

served in elderly subjects. Figure 6 shows the rate of
change to negative over the last 13 years in cedar pol-
len IgE in residents who had tested positive for anti-
cedar pollen IgE in 1995. The IgE assays were per-
formed at the end of each cedar pollen season. It ap-
pears that the IgE titer is affected by the spread of
pollen each year. Interestingly, however, the negative
change for 13 years is not comunonly observed even
in their forties to fifties. The rate of the cedar pollino-
sis determined by clinical symptoms in combination
with positive cedar pollen IgE has also not decreased
among these aged subjects.

THE LONG-TERM COURSE OF PATIENTS
WITH ALLERGIC RHINITIS

One hundred and seventy-seven patients who were
treated in our department from 1970 to 1995 con-
sented to undergo a detailed re-examination. A com-
parison between the recent symptoms and those ob-
served 10 to 30 years ago showed that 30% of adult pa-
tients exhibited some improvements and 10% had
resolution. However, only 20% of the pediatric pa-
tients exhibited mild improvement of symptoms,
whereas the remaining had the same or cven worse
symptoms as those in childhood (data not shown: in
preparation for submitting). Regarding the allergen-
specific IgE, a change to negative was not observed
in any patients with cedar pollinosis and was seen in
only a few of the mite-allergic patients. Thus, natural
resolution is not commonly observed in allergic rhini-
tis and most pediatric patients grow to adulthood
without natural improvement of symptoms.
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CEDAR POLLEN SPECIFIC MEMORY T
CELLS

It has been suggested that dysregulation of cytokine
synthesis from Thl and Th2 cells is fundamental to
the pathogenesis of allergic diseases. However, no
significant difference was observed between the two
groups in the Th1/Th2 cell profile in peripheral blood
CD4+ T cells from patients with perennial allergic
rhinitis and non-allergic rhinitis by FACS analysis.11

Pollinosis is thought to be an adaptive immune re-
sponse that manifests as a type 1 allergic reaction,
and it occurs as a consequence of fundamental aller-
genic mechanisms involving the induction of pollen-
specific T helper type 2 (Th2) effector cells from
naive ThO cells. Most effector T cells are short-lived,
but few effector T cell become long-lived memory T
cells. We directly examined the number of allergen-
specific Th1/Th2 memory T cells in the peripheral
blood of patients of allergic rhinitis by an ELISPOT
assay using specific peptides.’2 The Japanese cedar-
specific 1L-4 producing Th2 cells were detected in all
patients examined and increased during the pollen
season and decreased during the off-season. How-
ever, more than 60% of the cedar-specific memory
Th2 cells survived up to 8 months after the pollen
season (Fig. 7).

Allergen-specific immunotherapy is the only cur-
rent treatment that can change the natural course of
allergic rhinitis with long-term effects. However, the
conventional immunotherapy with subcutaneous ad-
ministration is inconvenient because it requires fre-
quent visits to the doctor and also carries the risk of
anaphylactic shock.1® A recent review of randomized
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Fig. 8 The number of cedarspecific Th2 cells before and after sublingual immunotherapy.

controlled studics of sublingual immunotherapy sug-
gested that this might be effective as an alternative
method of administration.!416 To determine the elf-
cacy of sublingual immunotherapy for Japanese cedar
pollinosis, we conducted a blinded, randomized,
placebo-controlled trial over a period of 6 months
(from October 2005 to May 2006).17 Sixiy-seven sub-
jects were enrolled and the nasal symptom scores
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during the cedar pollen season were evaluated using
a symptom diary.

The patients in the active treatment group exhib-
ited significantly lower symptom scores compared to
the placebo group. This result suggests that sublin-
gual immunotherapy may offer a safe approach to the
management of allergic rhinitis, although the i vivo
mechanisms of allergen-specific immunotherapy are
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unknown.

Figure 8 shows the numbers of cedar-specific Th2
cells before and after immunotherapy: the number of
Th2 memory cells increased in the placebo group af-
ter pollen exposure, but did not increase in the treat-
ment group. Therefore, allergen-specific immuno-
therapy inhibits an increase in the antigen-specific
Th2 memory cell count induced by allergen expo-
sure. Immune-therapeutic intervention might direct
al diminishing the size of the clone memory Th2 cells
and shifting the cytokine type of memory Th clones.

Natural killer T (NKT) cells represent a unique
Ivmphocyte subpopulation that is characterized by
the co-expression of T cells and natural killer recep-
tors.18.19 Their activity is not restricted to MHC anti-
gens, The relative frequency of NKT cells in the pe-
ripheral blood is generally quite low, usually less than
0.1% of PBMCs, and they are not detected in normal
peripheral lymph nodes. However, NKT cells play a
very important role in innate immunity. Recently, the
involvement of NKT cells in the development of air-
way hypersensitivity in mice and the detection NKT
cells in bronchoalveolar-lavage fluid samples from pa-
tients with moderale to severe asthma were reported.
However, we could not detect the NKT cells in the
nasal mucosa of the patients with allergic rhinitis by a
polymerase chain reaction. However, NKT cells were
detected to varying degrees in the sinus mucosa from
asthmatic choronic sinusitis (CS) patients.

These results suggest that NKT cells are not di-
rectly related to the development of allergy, but that
they may play important roles in the development of
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sinus disease combined with asthma and in the en-
hanced Th2 cytokine expression and increased infil-
tration of Th2 cells and cosinophils observed in the
sinus mucosa from asthmatic CS patients via MHC-
independent mechanisms (Fig. 9).

SUMMARY

1. The prevalence of allergic rhinitis, in particularly
cedar pollinosis, is increasing.

2. Cedar pollen-specific Th1/Th2 dysregulation is
observed in patients with pollinosis.

3. Cedar pollen specific memory Th cells increased
during the pollen season and decreased during off
season, however, morcthan 60% of the memory cells
survived up to 8 months after the pollen season.

4. NKT cells are not directly related to the develop-
ment of allergic rhinitis, including pollinosis.

5. Different mechanisms in the accumulation of
eosinophilia in the respiratory tract mucosa may ex-
ist.
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