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was terminated; moreover, inhibitory effects were also ob-
served even when supplementation was initiated after the 
onset of symptoms. In accordance with its effects on IL-12 
and IL-4 production in vitro, KW3110 prevented the emer-
gence of clinical symptoms more effectively than LGG in 
vivo.  Conclusions:  Supplementation with KW3110 signifi-
cantly attenuated the onset and exacerbation of AD-like 
symptoms in NC/Nga mice. The effects were more promi-
nent than those obtained with LGG, suggesting the impor-
tance of differences between LAB strains and their immuno-
modulating capacity.  Copyright © 2007 S. Karger AG, Basel 

 Introduction 

 Atopic dermatitis (AD) is a chronic refractory skin 
disease manifesting as eczema and itching with repeated 
exacerbations and regressions  [1, 2] . Disease onset is usu-
ally during early infancy and childhood, but can also oc-
cur in adulthood. While the precise mechanisms under-
lying the development of AD are not yet fully elucidated, 
multiple factors such as immune responses, susceptibility 
genes, skin barrier function and the environment seem 
to be intricately interrelated. Aberrant regulation of cy-
tokines and chemokines is thought to be involved in the 
exacerbation of AD  [3, 4] , and the production of Th2 cy-
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 Abstract 

  Background:  Dietary supplementation with lactic acid bac-
teria (LAB) is a potential approach to the prevention and 
 manipulation of allergic diseases such as atopic dermatitis 
(AD). However, the influence of different bacterial strains 
and their immunomodulating capacities is still largely un-
known.  Methods:  AD-like skin lesions were induced by sen-
sitization to and repeated challenges with picrylchloride in 
the Th2-skewed NC/Nga mouse strain. The effects of LAB 
supplementation were assessed over time by monitoring 
clinical scores and plasma IgE levels. In some cases, mast cell 
infiltration, cutaneous hypersensitivity responses and cyto-
kine mRNA expression in auricles were also examined. Ad-
ditionally, cytokine production in vitro and cytokine mRNA 
accumulation in major lymphoid tissues were measured, 
comparing  Lactobacillus paracasei  KW3110 with  L. rhamno-
sus  GG (LGG).  Results:  Supplementation with KW3110 sig-
nificantly reduced the development of AD-like skin lesions, 
accompanied by less mast cell infiltration and lower plasma 
IgE levels. KW3110 also suppressed immediate hypersensi-
tivity reactions and IL-4 mRNA expression in the auricles. 
These preventive effects sustained when supplementation 
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tokines such as IL-4 and IL-13, which cause IgE elevation, 
is increased in skin lesions of AD patients  [5] . Transgenic 
mice overproducing Th2 cytokines also develop AD-like 
lesions spontaneously  [6] .

  The number of infants with AD has been increasing 
recently and is becoming a serious public health problem 
in developed countries. So far, several clinical trials have 
indicated that intake of lactic acid bacteria (LAB) may be 
beneficial to patients with AD. Kalliomaki et al.  [7]  first 
found that perinatal administration of  Lactobacillus 
rhamnosus  strain GG (ATCC53103; LGG) halved the de-
velopment of atopic eczema in children at high risk dur-
ing the first 2 years of life. In addition, Rosenfeldt et al. 
 [8]  also reported that supplementation with a combina-
tion of  L. rhamnosus  19070-2 and  Lactobacillus reuteri  
DSM 122460 decreased eczema in AD children. They 
also suggested the possibility that stabilization of the in-
testinal mucosal barrier by LAB may be involved in this 
effect. However, the benefit of LAB supplementation for 
the prevention of AD is still controversial because other 
researchers have reported that supplementation with 
 Lactobacillus acidophilus  (LAVR-A1)  [9]  and  L. rhamno-
sus  (LGG  [10, 11] ) in the form of probiotics did not reduce 
the risk of AD in infants. While there is a number of dif-
ferences between these clinical studies, we hypothesized 
that one crucial variable may be the strain of LAB em-
ployed. Previously, in vitro studies had also suggested 
bacterial strain-dependent differences in immunomodu-
lating capacity  [12–14] . However, few in vivo studies have 
been reported  [15] , and thus the LAB strain-dependent 
effect on AD and host immune responses remains to be 
addressed.

  Under conventional conditions, NC/Nga mice sponta-
neously develop AD-like skin lesions which resemble the 
clinical symptoms of human AD  [16] . Additionally, re-
peated applications of picrylchloride (PCl) to NC/Nga 
mice cause a simple and reproducible hapten-induced 
AD-like skin disease even under specific pathogen-free 
conditions  [15, 17, 18] . The systemic deficiency in the Th1 
response in this mouse strain seems to be crucial for the 
Th2-dominant state and susceptibility to dermatitis, with 
accompanying high levels of blood IgE  [19, 20] . Indeed, 
intraperitoneal injections of IFN- � , IL-12 or IL-18 great-
ly suppress dermatitis scores, with a marked reduction in 
blood IgE levels  [21] . Here, we examined the effect of  Lac-
tobacillus paracasei  KW3110, which has a high capacity 
for IL-12 induction and IL-4 suppression  [12] , in this 
mouse model. Furthermore, KW3110 was compared with 
LGG to assess the influence of different strains on im-
munomodulating capacity. 

  Material and Methods  

 Animals and Diets Containing LAB 
 Five-week-old male NC/Nga mice were purchased from Charles 

River Japan (Yokohama, Japan) and acclimatized for 1 week with 
free access to water and a basic diet, AIN-76A (Oriental Yeast, To-
kyo, Japan). Each mouse was individually kept under specific 
pathogen-free conditions throughout the experiment to avoid in-
jury from fighting. All animal procedures and experiments were 
approved by the Laboratory Animal Care Committee in the Cen-
tral Laboratories for Frontier Technology, Kirin Brewery Co., Ltd.

  The LAB strains  L. paracasei  KW3110 and  L. rhamnosus  GG 
(LGG) were obtained from Kirin Brewery (Tokyo, Japan) and 
American Type Culture Collection (Manassas, Va., USA), respec-
tively.  After  culture  in  MRS  broth (BD Difco, Calif., USA) for 
48 h at 37   °   C, each bacterial strain was washed twice with steril-
ized water, sterilized at 100   °   C and finally freeze-dried  [22] . The 
heat-treated LAB preparation was added into the basic diet at con-
centrations of 0.03% (low dose) or 0.3% (high dose).

  Induction and Clinical Evaluation of AD-Like Skin Lesions 
 As shown in  figure 1 a,  6 a, and  8 a, AD-like skin lesions were 

induced by sensitization to and repeated challenge with PCl (To-
kyo Kasei Kogyo, Tokyo, Japan) in NC/Nga mice, as described  [18, 
23] . Briefly, 6-week-old male NC/Nga mice were evenly divided 
into groups based on their weights and blood levels of IgE. Ani-
mals were fed a basic diet with or without LAB for 3 weeks and 
then sensitized by applying 100  � l of 5% PCl dissolved in ethanol:
acetone (4:   1) onto shaved bare abdominal skin and 25  � l onto 
each hind paw. One week later, weekly challenge by applying 10  � l 
of 0.8% PCl dissolved in olive oil (Wako Chemicals, Osaka, Japan) 
onto both sides of both ears was started and continued for a fur-
ther 7 or 10 weeks. 

  Clinical severity of dermatitis of the auricle and scalp was 
scored by a modification of the methods by Matsuda et al.  [16]  and 
Hirasawa et al.  [23] . This included five factors (pruritus, rubor/
hemorrhage/erosion, edema, abrasion/tissue deficit and crust for-
mation/xerosis) for the auricle and three (depilation, rubor/hem-
orrhage/erosion and crust formation/xerosis) for the scalp. The 
total clinical score was defined as the sum of the individual scores 
graded as 0 (subclinical), 1 (slight), 2 (moderate) and 3 (severe). 
Additionally, photographs of representative mice presenting av-
erage clinical symptoms in each group were taken just before sac-
rifice for biochemical and pathological analysis.

  Biochemical and Pathological Analysis 
 Blood was collected from the eye socket, and plasma was im-

mediately prepared by centrifugation and stored at –20   °   C until 
use. Plasma levels of total IgE, IgG1 and IgG2a were measured us-
ing the murine OptEIA ELISA set (BD Pharmingen, Calif., USA) 
or pairs of purified capture and biotinylated detection mAbs (BD 
Pharmingen).

  At the end of the experiment, auricles were excised, fixed in 
10% neutral buffered formalin and embedded in paraffin. Sec-
tions were stained with hematoxylin-eosin or toluidine blue (Sig-
ma-Aldrich, St. Louis, Mo., USA), and histological changes were 
examined by light microscopy. Mast cells were counted in three 
different microscopic fields for each mouse, and their number per 
auricular surface area (n/mm 2 ) was calculated using image pro-
cessing software (Winroof; Mitani, Tokyo, Japan).
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  Analysis of Cutaneous Hypersensitivity Responses 
 Using the same method as for the induction of AD-like skin 

lesions, transient ear swelling reflecting cutaneous hypersensitiv-
ity responses was measured after the first or third challenge. The 
thickness of both ears was measured with a dial gauge (peacock 
G-1A type: Ozaki Seisakusyo, Tokyo, Japan) for 8 days after the 
challenge. Accumulation of mRNA for IFN- �  and IL-4 was exam-
ined by semiquantitative RT-PCR in a similar but independent 
experiment.

  In vitro Analysis of Cytokine Production from Th2-Skewed 
Splenocytes  
 Six-week-old male NC/Nga mice were injected intraperitone-

ally with 1 mg ovalbumin (OVA: Seikagaku, Tokyo, Japan) ad-
sorbed onto 2 mg of alum (Wako Chemicals, Osaka, Japan). One 
week later, they received a second identical injection. The mice 
were then sacrificed after a further week and the spleens excised. 
Splenocytes were isolated after lysis of RBC and were suspended 
at 2  !  10 6  cells/ml in RPMI-1640 medium (Sigma-Aldrich) con-
taining 1 mg/ml OVA, 10% FCS (Roche, Basel, Switzerland) and 
penicillin/streptomycin, with or without 1  � g/ml LAB. After 1 
day, the culture supernatant was collected and the IL-12p70 level 
was measured by the murine OptEIA ELISA set (BD Pharmin-
gen). Similarly, the levels of IL-4, IFN- �  and IL-10 were measured 
in the supernatant after 7 days of culture.

  Semiquantitative RT-PCR 
 mRNA for IFN- �  and IL-4 in auricles, mesenteric lymph 

nodes and submandibular lymph nodes were assessed by semi-
quantitative RT-PCR. Total RNA was prepared with Isogen solu-
tion (Nippon Gene, Toyama, Japan), and cDNA was synthesized 
using the Thermo Script RT-PCR System (Invitrogen, Calif., 
USA). Amplification was carried out for the appropriate number 
of cycles with denaturation at 95 ° C for 30 s, annealing at 55 ° C for 
30 s and extension at 72 ° C for 60 s on a Gene Amp PCR System 
9700 (Perkin-Elmer, Boston, Mass., USA). The product was sepa-
rated on 2% agarose gels and quantified using Scion Image Soft-
ware (Scion, Md., USA). The primer sequences for mouse IFN- � , 
IL-4,  � -actin and GAPDH are shown in online supplement table 1 
(www.karger.com/doi/10.1159/000108139  ).

  Statistical Analysis 
 Data are presented as means  8  SE. The homoscedasticity and 

normal distribution of the data were confirmed for each group, 
and then comparisons between multiple groups were performed 
by one-way analysis of variance or nonparametric corrected 
Mann-Whitney’s U test. Statistical significance was accepted at 
p  !  0.05.

  Results  

 Effects of KW3110 Intake on the Development of
AD-Like Skin Lesions 
 The total clinical scores during the development of 

AD-like skin lesions caused by PCl in NC/Nga mice are 
shown in  figure 1 b. In control mice, continuous challeng-
es with PCl on the auricles induced crust formation due 

to increasing scratching behavior around day 14 and a 
marked increase in clinical scores around day 24 due to 
hemorrhage from the auricle and depilation of the scalp. 
Subsequently, auricles exhibited hypertrophy because of 
inflammation and hemorrhage around day 35, and abra-
sion and deficit around day 42. As a result, some of the 
control mice had lost most of their auricles by the end of 
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  Fig. 1.  Effect of KW3110 on PCl-induced AD-like symptoms in 
NC/Nga mice. The mice were fed either a low or high dose of 
KW3110 for 11 weeks. Schematic representation of the experi-
ment ( a ), total clinical scores ( b ) and total IgE levels ( c ) are shown. 
The time points of sensitization, challenges and dissection are 
indicated by arrowheads. Means  8  SE (n = 10).  *  p  !  0.05 vs. con-
trol. 
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the experiment. In contrast, mice receiving KW3110 at 
high or low dose manifested little early-stage clinical de-
terioration even after 24 days. Therefore, the difference 
in the scores became clear from that time on, and a 

marked preventive effect remained observable until the 
end of the experiment. Accordingly, at the end the shape 
and condition of the auricles were strikingly different be-
tween the group supplemented with KW3110 and non-

Control diet KW diet (high dose)

a b

c d

e f

0

g

Normal Control Low dose High dose

KW diet

100

200

300

400

M
as

t 
ce

lls
 (n

/m
m

2 )

500

* *
600

700

  Fig. 2.  Skin features and mast cell infiltra-
tion in NC/Nga mice. The mice were fed a 
diet with or without a high dose of KW3110 
for 11 weeks. Aspects of auricles and scalp 
( a ,  b ), auricular sections with HE staining 
( c ,  d ;  ! 100) or toluidine blue staining ( e , 
 f ;  ! 400) and numbers of mast cells per 
unit auricular surface area ( g ) are shown. 
Infiltrating mast cells are indicated by ar-
rows. Means  8  SE (n = 10).  *  p  !  0.05 vs. 
control.  
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supplemented animals ( fig. 2 a, b). Histological analysis of 
auricles using HE staining showed that control mice had 
thickening of the dermis and epidermis, hyperkeratosis 
in the epidermis and increased eosinophil infiltration in 
the subcutaneous layer ( fig. 2 c). In contrast, KW3110 in-
take greatly suppressed these skin changes ( fig. 2 d). 
Moreover, histological analysis using toluidine blue stain-
ing also demonstrated that KW3110 significantly reduced 
the increased number of mast cells infiltrating subcuta-
neous layers ( fig. 2 e–g). However, no distinguishable dif-
ferences between the effects of high and low doses of 
KW3110 were detectable either in total clinical scores or 
pathological symptoms ( fig. 1 b). Plasma total IgE is shown 
in  figure 1 c. The increase in IgE levels was slightly slower 
than the rise in total clinical scores, and a marked eleva-
tion was detected after day 38 in control mice. Supple-
mentation with KW3110 resulted in a significant persis-
tent suppression of IgE levels, with a tendency towards 
dose dependency, being in contrast to the results for clin-
ical scores and mast cell numbers described above. At 
sacrifice, plasma IgG1 levels were decreased by KW3110 
at both doses, but IgG2 levels were only slightly reduced 
in the high-dose group ( fig. 3 a, b).

  Effect of KW3110 Intake on Cutaneous 
Hypersensitivity Responses 
 In NC/Nga mice, hapten challenge causes transient lo-

cal inflammatory swelling in the auricles, which is a fea-
ture of cutaneous hypersensitivity responses. When the 
measurement was carried out after the first challenge, a 
triphasic reaction was observed ( fig. 4 a). The swelling ap-
peared after 1 h and peaked at 48 h. Subsequently, it de-
creased by 96 h but then slightly increased again around 
144 h. During this time, KW3110 intake significantly re-
pressed the first- and third- but not second-phase re-
actions.   An   independent   follow-up   experiment   was    

then performed to examine the involvement of IL-4 and 
IFN- �  expression in auricular tissue. As shown in  fig-
ure 5 a, supplementation with high-dose KW3110 signifi-
cantly reduced IL-4 expression from the beginning of the 
experiment up to 4 h, suggesting suppression of the Th2 
response. However, no apparent effect on IFN- �  expres-
sion was detected ( fig. 5 b). When auricular thickness was 
measured after the third challenge, the triphasic reaction 
changed into the monophasic pattern. In this case, the 
inhibitory effect of KW3110 became much clearer over 
the entire time course. However, no dose dependency of 
KW3110 was observed ( fig. 4 b).
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  Fig. 3.  Plasma levels of total IgG1 and
IgG2a in NC/Nga mice. The levels of IgG1 
( a ,  c ,  e ) and IgG2 ( b ,  d ,  f ) at the end of the 
experiment were measured by ELISA. The 
effects of KW3110 dosage ( a ,  b ), feeding 
conditions ( c ,  d ) and LAB strains ( e ,  f ) are 
shown, respectively. Means  8  SE (n = 8–
10).            *  p  !  0.05 vs. control. 
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  Influence of Feeding Conditions on the Development 
of AD-Like Symptoms 
 As schematically presented in  figure 6 a, we examined 

the influence of feeding conditions, i.e. switching from a 
basic diet to the KW3110-containing diet (C ] K) and vice 

versa (K ] C). On day 39 after sensitization, the clinical 
scores of control mice indicated the onset of AD-like 
symptoms, and a significant difference in clinical scores 
was also observed between KW and control groups 
( fig. 6 b). The diets were then exchanged. Interestingly, 
the C ] K group showed that supplementation of KW3110 
after symptom onset was still effective at preventing fur-
ther progression ( fig. 6 b). Since the effect occurred rela-
tively early, the reductions in the clinical scores of the 
C ] K group were comparable to those in the KW group 
within 5 weeks. The effects were observed for both auricle 
and scalp; thus similar inhibition levels were observed for 
their scores even when the evaluation was performed sep-
arately (data not shown). However, dietary manipulation 
was much less effective for the increasing plasma IgE lev-
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els ( fig. 6 c). On the other hand, the K ] C group demon-
strated that cessation of KW3110 intake caused no im-
mediate deterioration in symptoms and that a compara-
ble suppressive effect was maintained for at least 5 weeks 
( fig. 6 b). Similar to the clinical scores, the increase in 
blood IgE levels was also equally repressed ( fig. 6 c).

  Comparison of KW3110 and LGG 
 Finally, we compared the effects of KW3110 and LGG. 

In vitro analysis of cytokine production from Th2-skewed 
splenocytes illustrated that KW3110 induced more IL-12 
and less IL-4 than LGG, indicating its greater potential 
for correcting the Th1/Th2 imbalance ( fig. 7 a, b). How-
ever, no distinguishable difference in the production of 
IL-10 and IFN- �  was observed ( fig. 7 c, d). In accordance 
with these observations, KW3110 more significantly sup-
pressed the clinical scores than LGG throughout the ex-
perimental period in this AD-like mouse model ( fig. 8 b). 
KW3110 also showed a greater suppressive activity on 
blood total IgE levels than LGG ( fig. 8 c), although reduc-
tions in IgG1 and IgG2 levels were comparable ( fig. 3 e, f). 
Further, at dissection mRNA for IFN- �  and IL-4 in the 
major lymph nodes showed that KW3110 induced IFN- �  
expression in mesenteric and submandibular lymph 
nodes, and repressed IL-4 expression in submandibular 
lymph nodes ( fig. 9 a). These results were different from 
those with LGG, which caused essentially no alterations 
in cytokine expression in these tissues. Additionally, 
KW3110 but not LGG mediated a significant and persis-
tent suppression of cutaneous hypersensitivity responses 
after the first challenge with PCl ( fig. 9 b). 

  Discussion 

 Here, we showed that dietary supplementation with  L. 
paracasei  KW3110 significantly alleviated the develop-
ment of AD-like skin lesions in the Th2-skewed NC/Nga 
mouse strain in a reproducible fashion. The inhibition 
was not likely to have been due to a probiotic effect, with 
alterations in the intestinal flora, since it was caused by 
heat-killed LAB preparations. Interestingly, the preven-
tive effects were sustained, and no rapid exacerbation was 
observed even after discontinuing supplementation. In 
addition, supplementation after disease onset also pre-
vented further exacerbation of AD symptoms. These re-
sults suggest that dietary manipulation with KW3110 
may be beneficial for the prevention and improvement in 
allergic disease symptoms. It is important to note that 
KW3110 supplementation caused no detectable side ef-

fects such as food avoidance and weight loss. Whereas 
plasma total IgE levels showed a tendency towards dose-
dependent inhibition, we could not detect dose depen-
dency of KW3110 intake for the prevention of clinical 

Sensitization

–21
Control

KW
CrK
KrC

a

b

c

Exchange of diet

Exchange of diet

0 7 14 21 28 35 42 49 56 63 70 77 (Days)

Challenge
Dissection

Control diet KW diet

0
0

5

10

15

To
ta

l c
lin

ic
al

 s
co

re

20

10 20 30

Days after sensitization

40
* * *

*
*

*
*
*

*
* *

* *
*

*
*

* *
*
*

*

* *

* *

*

**
*

50 60 70 80

Control
KW
CrK
KrC

Exchange of diet

0
0

10

20

30

40

50

To
ta

l I
g

E 
(μ

g
/m

l)

60

10 20 30

Days after sensitization

40
* * ** *

* *
* *

*
*

**

*
50 60 70 80

  Fig. 6.  Influence of feeding conditions on the development of AD-
like symptoms in NC/Nga mice. Schematic representation of the 
experiment ( a ), total clinical scores ( b ) and total IgE levels ( c ) are 
shown. The diet was switched from basic to a KW3110-containing 
one (C ] K) and vise versa (K ] C) on day 39 as indicated by an 
arrow. Means                              8  SE (n = 8).            *  p  !  0.05 vs. control. 



 Wakabayashi/Nariai/Takemura/Nakao/
Fujiwara

Int Arch Allergy Immunol 2008;145:141–151148

symptoms. While the exact reason for this is still unclear, 
it is possible that the inhibitory effects may reach a pla-
teau at a relatively low dose of LAB. Accordingly, further 
clinical and epidemiological evaluations will be required 
to elucidate the efficacy of KW3110 in patients at risk for 
AD. 

  In addition to the thickening of the dermis and epider-
mis in auricles, KW3110 intake clearly suppressed the 
population of mast cells, which may contribute – via his-
tamine, LTC4 and IL-13 secretion – to essential features 
of AD, pruritus and subsequent infiltration by eosino-
phils  [24–26] . Indeed, clear suppression of eosinophil in-
filtration into the skin was observed histologically. Since 
granulocyte infiltration is frequently observed in AD pa-
tients  [24, 27] , these effects are likely to be of importance. 
Supplementation with KW3110 also inhibited the elevat-
ed plasma IgE levels in NC/Nga mice, in agreement with 
previous results in OVA-sensitized BALB/c mice  [12] . Al-
though the role of IgE in allergic diseases is still debated, 
the inhibitory effect may be beneficial since most AD pa-
tients do have increased blood IgE levels  [28–30] . How-
ever, KW3110 also decreased both IgG1 and IgG2a levels 
in the plasma. These results are different from recent 

 observations that CpG-oligodeoxynucleotides  [31]  and 
preparations from  Actinidia arguta   [32] , which decreased 
IgE and IgG1 but conversely increased IgG2a. It is known 
that IgE and IgG1 are commonly induced by IL-4 but 
IgG2a is differently regulated  [33, 34] . While KW3110 re-
vealed a less significant effect on IgG2a than on IgG1, it 
may not only modulate Th1/Th2 imbalance.

  After the first PCl challenge during the development of 
skin lesions, NC/Nga mice transiently exhibited a tripha-
sic cutaneous response, which included (1) an immediate 
hypersensitivity reaction; (2) a delayed-type hypersensi-
tivity reaction, and (3) a very-late-phase reaction  [35–37] . 
KW3110 almost completely abrogated the first and third 
phases but not the second phase. Since the transient tran-
scriptional induction of IL-4 but not IFN- �  was signifi-
cantly inhibited during the first phase, the suppression of 
Th2 activity appeared to contribute to the inhibition of 
the immediate hypersensitivity response. While the rea-
son for the inhibition of the very-late-phase reaction is 
currently unclear, it may be associated with an inhibitory 
effect on granulocyte infiltration, a major pathological 
feature in this phase, which encompasses inflammatory 
reactions commonly mediated by IgE  [37–39] . After the 
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  Fig. 7.  Effects of KW3110 and LGG on cy-
tokine production from Th2-skewed sple-
nocytes in vitro. Splenocytes were pre-
pared from OVA-sensitized NC/Nga mice 
and secretion of IL-12p70 ( a ), IL-4 ( b ), IL-
10 ( c ) and IFN-     �  ( d ) was measured by ELI-
SA. Means                          8  SE (n = 4).            *  p  !  0.05 vs. con-
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third challenge, the inhibitory effect of KW3110 became 
much clearer over the entire time course. Since previous 
reports indicated that consecutive hapten applications in-
duce Th2 cytokine production and granulocyte infiltra-
tion in cutaneous lesions  [40, 41] , the inhibitory effect of 
KW3110 on these pathophysiological changes may con-
tribute to the suppressed auricular swelling.

  Since LGG is one of the best-studied LAB strains for 
the prevention of AD in clinical trials  [7, 8, 42, 43] , we also 
compared the anti-allergic properties of KW3110 with 
LGG. In assays of in vitro cytokine production from Th2-

skewed splenocytes of NC/Nga mice, KW3110 induced 
much more IL-12 and less IL-4 than LGG, coincident 
with previous results in splenocytes of BALB/c mice  [12] . 
Together, these findings suggest a greater potential of 
KW3110 for improving the Th1/Th2 imbalance. The ca-
pacity for IL-12 activation may be particularly important 
because previous reports indicated that it correlated well 
with the improvement in AD symptoms by known phar-
maceutical agents  [31, 44] . In accordance with these dif-
ferences in immunomodulating capacity, KW3110 medi-
ated more pronounced effects than LGG on all the pa-
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