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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)
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In recent years, many countries have experienced an

increase in the prevalence of allergic rhinitis."” In
Japan, cedar and cypress pollens constitute major al-
lergens that may spread over a distance of =100 km
and can cause severe pollinosis.>* Japanese cedar and
cypress pollens share a common antigen and >70% of
patients with cedar pollinosis also develop an allergy
to cypress pollens.”® The pollen season lasts for >12
weeks in and around Tokyo.

Patients with Japanese cedar pollinosis are managed
symptomatically, largely with antihistamines and nasal
steroids.” These drugs are generally safe and reduce
symptoms but do not treat the underlying disease and
have a potential of associated adverse events, particularly
when taken over a long period. Furthermore, the medi-
cation costs for cedar pollinosis in Japan alone exceed $2.5
billion annually.® Allergen-specific immunotherapy is the
only current treatment that has the potential to cure al-
lergic rhinitis. It has a long-term effect and can change the
course of nasal symptoms in allergic rhinitis, including
those associated with Japanese cedar pollinosis. How-
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ever, such therapeutic approaches are inconvenient for
patients because of the requirement of frequent visits to
the doctor, and the treatments carry a risk, albeit minimal,
of anaphylactic shock.”'

Probiotics are bacteria of normal mucosal microflora
that may be effective as immunomodulators in treatment
of allergic and autoimmune diseases.'" ™ Because probi-
otics are used widely as foodstuffs, their use is attractive
from a safety perspective. Administration of probiotics to
mothers and postnatally to infants at high risk of atopic
diseases reduces the risk of development of chronic re-
curring atopic eczema, which is the main sign of atopic
disease in the 1st year of life."" Xiao et al. examined the
effects of intake of the probiotic strain Bifidobacterium
longum for 13 weeks in treatment of Japanese cedar pol-
linosis and reported a marked improvement in nasal
symptoms and modulation of Th2-skewed immune re-
sponses."” However, Helin et al. did not observe any
beneficial effects on birch pollinosis of intake of Lactoba-
cillus rhamnosus for 22 weeks.” The different findings
may be associated with differences in probiotics and
study protocols, including doses, period of administratio,
and the number of enrolled patients. Lactobacillus is a
representative probiotic that has many strains with dif-
ferent characteristics. In vitro, Lactobacillus impedes IL-4
production and enhances IL-12 production in murine
splenocytes.”! However, the role of the KW3110 strain of
Lactobacillus in the human immune response is not un-
derstood. Here, we describe a placebo-controlled trial
that was designed to examine the effects of daily intake of
KWS3110 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'*-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
]ap.am22 asfollows: 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, 15 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 ﬁndings22 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 Th1l/Th2 ratio (Th1%,
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 Thl/
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
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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
(IFN) 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
Il 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, §,
and 12 weeks of intake; and after the 4-week observa-
tion period.
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Figure 1. Symptoni—medication score. The daily combined Japa-
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 0.62+062
Active 055+050 P=9321 ges+066 P08 76066 PO genx06s POV
Runny nose
Placebo  0.67 =074 079 +083 092 +092 091 +1.02
Active 067 +062 P04 ooz P03l g o7z PO gp5igg0 P07
Stuffy nose
Placebo 034 +052 049 +070 050 +0.67 052+ 074
Active 034 +049 P=0790 gurioer PT0726 guy 06y PTO22 040065 P 0262
After 5 wk After 6 wk After 7 wk After 8 wk
Sneezing
Placebo 059 +053 087 +070 116 =072 198 =110
Active 062+062 P=997 Jopozs P03 558097 PTUM 506103 P 0410
Runny nose
Placebo  0.81+0.84 106 =097 128 +097 | 217 +122
Active 072+067 P=092 10x081 PTO020 g oniggy PTOT7A 5igiqqy P =098
Stuffy nose
Placebo 048 +0.65 0.60 + 075 078 +0.88 154+120
Active 037+051 P00 gsgtgpt POA76 o gg0 PTO97L g5y 119 P T0840
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 PTOML oap g5 P04l o n g9 PTO0B 194 g9 P T 0684
Runny nose
Placebo 279 +131 = 269+132 259 +135 260+132
Active 253 +144 P07 oi v P04 500 g5 PT00 5ua g5 P00
Stuffy nose
Placebo  212+139 224 +140 210+139 212 +137
Active 205 +146 P=O070 Sysiq59 PTO045 qg0y g3 PT02000 1n g0 P =007
After 1-wk After 2-wk After 3-wk After 4-wk
Observation Observation Observation Observation
Sneezing
Placebo 161 =117 131102 1.09+080 085+ 064
Active | 156+097 P =092 qoai gy PTOBB g5 gz PTOA 504 gpy P = 0114
Runny nose
Placebo’ 201 +125 167112 131104 1.02+087
Active  172+118 P08 yupaq1 PTO0200 5951099 PTO0A g om s gpg P = 0118
Stuffy nose
Placebo 147 +116 110 +1.03 071073 049 + 055
Active  123+104 P =036 gciogy PT029% o590 PTO028 gapao5e P 0241

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-
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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.

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  0.59 = 0.59 0.83 + 0.82 2.00 * 0.94 2.07 * 1.02 0.86 = 0.71

Active 060 +079 P09 geeross PTOA06 g iggg PTO2B g g9 P06 gyt gge P 0890
Sneezing

Placebo  0.57 = 0.53 0.90 + 0.69 1.79 + 0.87 1.71 + 0.94 0.90 % 0.64

Active 066+069 P08 ggiiges PTO qo5.ggr PTO26 o593 PO o0 e P 080
Stuffy nose

Placebo  0.48 = 0.63 0.83 + 0.92 1.59 + 1.06 202 * 1.15 0.69 +0.65

Active 045+057 P08 gssages PTOME gggiqqp PTOD g PEOOE o g5 P 0260
Itchy eyes

Placebo  0.34 = 0.58 0.47 + 0.54 202 +1.07 212 + 108 057 +0.73

Active  059+070 P99 geer061 PTO0P oquig9s PTOO02 ggn g PO o5 g0 P O8I0
Watery eyes

Placebo  0.19 = 0.44 0.26 + 0.44 110 + 1.10 122+ 1.01 0.22 + 0.46

Active 028+059 P =090 gagigsp PTO022 g4 gg PTO0T s ggp P00 o s g5 P02
Nose symptoms

Placebo  0.49 = 0.38 0.75 + 0.60 1.74 + 0.81 1.78 + 0.83 0.77 + 0.56

Active  052+047 P08 gsgiga PO g o PTO0 g PTOD6 g agag P07
Eye symptoms

Placebo  0.27 = 0.43 0.36 * 0.43 1.56 % 0.99 1.67 + 0.93 0.40 + 051

Active  043+058 P=00% gsags PO g0 ings PTO0226 gsuiggs PTOY2 55 P 0665
Nasal-ocular symptoms

Placebo 042 = 0.32 0.62 + 0.47 1.68 * 0.79 1.74 + 0.79 0.65 + 0.50

Active 042+048 P =082 g5riga0 POy 5 0es P08 sri07e PTOM (e0r046 PTO70
Usual daily activities

Placebo  0.71 = 1.30 1.84 +3.75 476 + 3.92 5.60 + 4.64 141 +2.14

Active 074+136 P =08 gopra66 PO ysgigzgs PTOTT7 4o1aggp PTOA08 g 50 P = 0660
Outdoor activities

Placebo  0.16 = 0.45 0.27 + 0.68 0.84 + 0.92 140 + 1.1 0.25 + 0.47

Active 008+041 P =021 g6 0as P T0 gogaq0r PTO40 g niqgg PO o9 g5g P T 098
Social functioning

Placebo  0.21 = 0.49 069 + 1.91 1.69 +2.19 233 +224 036 = 0.91

Active 0214067 P97 go1w060 PTO%2 qg0a010 PTOBS yogugas PEOMS a0 g5 P 0969
Sleep problems

Placebo  0.09°* 0.28 0.28 + 0.64 0.64 + 1.04 0.76 + 1.00 021 + 0.49

Active 017+042 P00 01049 PTOO8 o080 PO gear0os PO oy g5y P08
General health problems

Plaebo 052096 o0 079%146 p=0799 164=177 p=0595 190=18 p=0677 064=091 _ o0

Altive 050 = oo PV 0.66 + 1.12 171+ 1.62 1.76 ~ 1.83 074+116 P~V
Emotional problems

Placebo  0.62 = 1.24 122 +2.68 3.17 * 2.99 3.84 * 357 093 + 145

Active 057+137 P07 ger+123 PTO0772 5o61303 PTO82 5095y PEO02E L pp g5 P00
Total

Placebo < 2.36 = 4.02 534 + 10.91 13.66 + 11.83 16.95 * 13.66 4.05 + 5.57

Active. 240+ 446 P =098 oggiues PTO032 qaosiqqag PO aagiqney PTOI6 4oy s g5 PEO0BI0
Face scale

Placebo  1.45 = 0.84 147 + 0.90 238 + 0.75 236 + 0.83 114 = 071

Active 147+080 P00 qa04090 PTOOE oupigg0 PTO02L ooy iggg PTO802 o0a g P T0416

P value: between intergroups. The score was expressed as mean * SD of each week.

(data not shown). Each symptom score for the active

group tended to be lower than the respective score for the
placebo group, but the only significant difference in
symptom scores occurred for nasal discharge at 12 weeks

of intake (p = 0.039; Table 1).
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Quality of Life. The Japan Rhinoconjunctivitis QOL
Questionnaire survey (Table 2) indicated that nasal
symptoms significantly increased in both groups after
pollen dispersal and an intergroup comparison showed

no significant difference between the groups. Regard-
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Table 3 Intranasal findings

Before Intake After 4 wk After 8 wk After 12 wk After 4-wk
Observation
Swelling*
Placebo 0.22+046 p=0.820 041*+059 p=0377 152*x084 p=068 143*+073 p=0314 050071 p=0832
Active 0.21 =043 0.31 = 0.50 1.55 £ 0.71 1.28 = 0.81 0.45 = 0.63
Color tone#
Placebo 021 +045 p=0961 055=068 p=0104 128=x081 p=0625 136*=077 p=0188 045*071 p=0.775
Active 0.24 = 0.57 0.38 = 0.62 1.17 £ 0.70 1.19 = 0.69 0.45 = 0.63
Amount of discharge§
Placebo 024 =047 p =035 052x066 p=0013 105*078 p=0427 107*077 p=0.037 059 =070 p=0.234
Active 0.17 = 0.42 0.26 = 0.52 091 =0.73 0.78 = 0.80 047 = 0.73
Discharge propertyq
Placebo 0.67 =126 p=0250 124+143 p=0.009 226*x125 p=0241 221*+124 p=0011 131+144 p=0134
Active 0.40 = 0.95 0.60 = 1.15 1.98 = 1.37 1.57 = 1.42 091 =1.32

P wvalue 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.

{Nasal 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-4") cells, the IFN-y 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-v 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

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



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 (ug/L)
Placebo 93 +55 _ 93 +65 p = 1.000 _ 13.5 + 8.4 p < 0.001 -
Active 7.9+ 6.0 p =022 71+ 45 p=1000 P00 112 = 6.0 p<ogo1 P oM
Th1/Th2 (CD4) (%)
Placebo 150 + 7.4 B 161 = 85 p = 0579 B 143+79 p = 0842 B
Active 161+ 11.1 p =053 184+ 14.0 p=os79 P03 15.1 +10.2 p=o0921 P05
Th1/IFN-y* /IL-4~ (%)
Placebo 238 + 6.7 B 243+ 69 p=0718 B 25.0 £7.6 p = 0.081 B
Active 246 = 80 p =055 248+78 p=o7s P=07® 250 + 82 p=oeo P08
Th2/IFN-y~ /IL-4"* (%)
Placebo  1.88 + 0.8 B 1.82 + 0.81 p = 0887 B 2.10 = 0.99 p = 0.058 B
Active 191 + 097 p=0872 1.84+123 p=ogsy P08 212+ 112 p=o00s8 P09
Cedar pollen IgE (UA/mL)
Placebo  16.4 + 179 3 16.0 + 16.1 p = 1.000 y 171+ 274 p = 1.000 B
Active 15.8 + 16.9 p =084 152+ 15.0 p=100 P77 156+ 17.6 p=100 P~
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 =0.012 134 £ 83 p < 0.001 p = 0.063
Active 123 = 6.5 p < 0.001 10.8 = 6.4 p < 0.001
Th1/Th2(CD4) (%)
Placebo 172 + 104 p = 0.076 p = 0.896 177 + 94 p = 0.015 p =0.262
Active 17.5 =127 p.= 0.793 21.3 =220 p = 0.003
Th1/IFN-y* /IL-4-~ (%)
Placebo 259 *76 p < 0.001 p =0.768 257 £ 8.1 p = 0.002 p = 0.895
Active 263 £ 8.7 p = 0.014 259 £89 p = 0.083
Th2/IFN-y~ /IL-4" (%)
Placebo 1.90 = 0.94 p = 0.999 p = 0.693 1.75 = 0.81 p =0418 p = 0.651
Active 1.97 = 0.99 p = 0.892 1.68 = 0.98 p = 0.028
Cedar pollen IgE (WA /mL)
Placebo 63.2 £ 67.5 p <0.001 p =0.303 66.9 +77.2 p < 0.001 p = 0.303
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 Th1l/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.

404

ACKNOWLEDGMENTS

The authors thank Professor Peary L. Ogra for helpful comments.

REFERENCES

1. Bousquet J, Van Cauwenberge P, and Khaltaev N, and the Aria
Workshop Group. World Health Organization. Allergic rhinitis
and its impact on asthma. J Allergy Clin Immunol 108:147-334,
2001.

2. The International Study of Asthma and Allergies in Childhood
(ISAAC) Steering Committee. Worldwide variation in preva-
lence of symptoms of asthma, allergic rhinoconjuctivitis, and
atopic eczema: ISAAC. Lancet 351:1225-1232,1998.

3. Okuda M. Epidemiology of Japanese cedar pollinosis through-
out Japan. Ann Allergy Asthma Immunol 91:288-296, 2003.

4. Kaneko Y, Motohashi'Y, Nakamura H, et al. Increasing preva-
lence of Japanese cedar pollinosis: A meta-regression analysis.
Int Arch Allergy Immunol 136:365-371, 2005.

5. Ito Y, Takahashi Y, Fujita T, et al. Clinical effects of immuno-
therapy on Japanese cedar pollinosis in the season of cedar and
cypress pollination. Auris Nasus Layrnx 24:163-170, 1997.

6. Ito H, Nishimura J, Suzuki M, et al. Specific IgE to Japanese
cypress (Chamaecyparis obtuse) in patients with nasal allergy.
Ann Allergy Asthma Immunol 74:299-303, 1995.

7. Committee of Practical Guideline for Management of Allergic
rhinitis. Practical guideline for management of allergic rhinitis.
Tokyo: Life Science, 54-56, 2005.

8. Committee of Practical Guideline for Management of Allergic
rhinitis. Practical guideline for management of allergic rhinitis.
Tokyo: Life Science, 8-12, 2005.

9. Hejjaoui A, Dhivert H, Michel FB, et al. Inmunotherapy with a
standardized Dermatophagoides pteronyssinus extract. IV. Sys-
temic reactions according to the immunotherapy schedule. ]
Allergy Clin Immunol 85:473-479, 1990.

10. Hejjaoui A, Ferrando R, Dhivert H, et al. Systemic reactions
occurring during immunotherapy with standardized pollen ex-
tracts. ] Allergy Clin Immunol 89:925-933, 1992.

11. Kalliomaki M, Salminen S, Arvilommi H, et al. Probiotics in
primary prevention of atopic disease: A randomised placebo-
controlled trial. Lancet 357:1076-1079, 2001.

12. Viljanen M, Savilahti E, Haahtela T, et al. Probiotics in the
treatment of atopic eczema/dermatitis syndrome in infants: A
double-blind placebo-controlled trial. Allergy 60:494-500, 2005.

13. Wang MF, Lin HC, Wang YY, et al. Treatment of perennial
allergic rhinitis with lactic acid bacteria. Pediatr Allergy Immu-
nol 15:152-158, 2004.

14. Ishida Y, Nakamura F, Kanzato H, et al. Clinical effects of
Lactobacillus acidophilus strain L-92 on perennial allergic rhinitis:
A double-blind, placebo-controlled study. J Dairy Sci 88:527—
533, 2005.

15. Peng GC, and Hsu CH. The efficacy and safety of heat-killed
Lactobacillus paracasei for treatment of perennial allergic rhinitis
induced by house-dust mite. Pediatr Allergy Immunol 16:433—
438, 2005.

16. Majamaa H, and Isolauri E. Probiotics: A novel approach in the
management of food allergy. ] Allergy Clin Immunol 99:179—
185, 1997.

17. Kukkonen K, Savilahti E, Haahtela T, et al. Probiotics and
prebiotic galacto-oligosaccharides in the prevention of allergic
diseases: A randomized, double-blind, placebo-controlled trial.
J Allergy Clin Immunol 119:192-198, 2007.

18. Bahna SL. Reflections on current food allergy controversies:
Specific IgE test application, patch testing, eosinophilic esoph-
agitis, and probiotics. Allergy Asthma Proc 29:447-452, 2008.

19. Xiao JZ, Kondo S, Yanagisawa N, et al. Probiotics in the treat-
ment of Japanese cedar pollinosis: A double-blind placebo-
controlled trial. Clin Exp Allergy 36:1425-1435, 2006.

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



20.

21.

22.

23.

24.

25.

26.

Helin T, Haahtela S, and Haahtela T. No effect of oral treatment
with an intestinal bacterial strain, Lactobacillus rhamnosus
(ATCC 53103), on birch-pollen allergy: A placebo controlled
double-blind study. Allergy 57:243-246, 2002.

Fujiwara D, Inoue S, Wakabayashi H, et al. The anti-allergic
effects of lactic acid bacteria are strain dependent and mediated
by effects on both Th1/Th2 cytokine expression and balance. Int
Arch Allergy Immunol 135:205-215, 2004.

Okuda M. Grading the severity of allergic rhinitis for treatment
strategy and drug study purposes. Curr Allergy Asthma Rep
1:235-241, 2001.

Okuda M, Ohkubo K, Goto M, et al. Comparative study of two
Japanese rhinoconjunctivitis quality-of-life questionnaires. Acta
Otolaryngol 125:736-744, 2005.

Delaunay JJ, Sasajima H, Okamoto Y, et al. Side-by-side
comparison of automatic pollen counters for use in pollen
information systems. Ann Allergy Asthma Immunol 98:553—
558, 2007.

Horiguchi S, Tanaka Y, Uchida T, et al. Seasonal changes in
antigen-specific T-helper clone sizes in patients with Japanese
cedar pollinosis: A 2-year study. Clin Exp Allergy 38:405-412,
2008.

Horiguchi S, Okamoto Y, Yonekura S, et al. A randomized
controlled trial of sublingual immunotherapy for Japanese ce-
dar pollinosis. Int Arch Allergy Immunol 146:76—-84, 2008.

Allergy and Asthma Proceedings

27.

28.

29.

30.

31.

32.

33.

Bergmann RL, Edenharter G, Bergmann KE, et al. Atopic der-
matitis in early infancy predicts allergic airway disease at 5
years. Clin Exp Allergy 28:965-970, 1998.

Ohshima Y, Yamada A, Hiraoka M, et al. Early sensitization to
house dust mite is a major risk factor for subsequent develop-
ment of bronchial asthma in Japanese infants with atopic der-
matitis: results of a 4-year follow-up study. Ann Allergy
Asthma Immunol 89:265-270, 2002.

Zeiger RS. Secondary prevention of allergic disease: An adjunct
to primary prevention. Pediatr Allergy Immunol 6:127-138,
1995.

likura Y, Naspitz CK, Mikawa H, et al. Prenvention of asthma
by ketotifen in infants with atopic dermatitis. Ann Allergy
68:233-236, 1992.

Bustos GJ, Bustos D, Bustos GJ, et al. Prevention of asthma with
ketotifen in preasthmatic children: A three-year follow-up
study. Clin Exp Allergy 25:568-573, 1995.

ETAC Study Group. Allergic factors associated with the devel-
opment of asthma and the influence of cetirizine in a double-
blind, randomised, placebo-controlled trial: First results of
ETAC! Pediatr Allergy Immunol 9:116-124, 1998.

Warner JO. A double-blinded, randomized, placebo-controlled
trial of cetirizine in preventing the onset of asthma in children
with atopic dermatitis: 18 months’ treatment and 18 months’
posttreatment follow-up. ] Allergy Clin Immunol 108:929-937,
2001. O

405



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



