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ABSTRACT

In this study, we investigated the effects of oral ingestion of Lactobacillus crispatus KT-11 strain (KT-11) on the immune
response in an allergic rhinitis mouse model, ovalbumin (OVA)-sensitized BALB/c mice. Sneezing activity in mice that were
administered a KT-11-supplemented diet was significantly lower than that in mice administered a KT-11-free diet (control
diet) at age 11 weeks. We found that serum OVA-specific immunoglobulin E (IgE) levels and total number of interleukin
(IL)-4*CD4* spleen cells in mice that were administered a KT-11-supplemented diet were significantly lower than in mice
administered a control diet. The ratio of spleen interferon-y*CD4*/IL-4*CD4* cells was higher in the mice administered the
KT-11-supplemented diet compared to that in mice administered the control or L. rhamnosus GG-supplemented diet. In
contrast, the number of CD11b*CD80* and FceRla*CD117* cells was significantly lower in mice administered the
KT-11-supplemented diet. These results suggested that KT-11 reduced OVA-induced allergic symptoms in BALB/c mice via
the adjustment of the T helper type 1/T helper type 2 balance, and a decrease in the number of antigen-presenting cells

and high affinity IgE receptor-positive mast cells.
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INTRODUCTION

The number of patients diagnosed with allergic dis-
eases such as atopic dermatitis, allergic asthma and
allergic rhinitis has increased significantly in many
countries worldwide. These type I allergic diseases are
generally characterized by an elevation in serum
immunoglobulin E (IgE) levels (Dreborg 2002). The
production of IgE is thought to be due to a skewed T
helper type 1 (Th1)/T helper type 2 (Th2) cell balance
(Shirakawa et al. 1997; Prescott etal. 1999; Hopkin
2002). Several investigations have demonstrated that
numerous lactic acid bacteria and their cellular com-
ponents reduce allergic symptoms by shifting the Th1/
Th2 balance from a Th2-dominant state to a Thl-
dominant state (Fujiwara et al. 2004; Iliev et al. 2008;
Segawa etal. 2008). Kitazawa etal. (2008) and
Koizumi et al. (2008) have also reported that lactic acid
bacteria and their cellular components induce the Thl
immune response via activation of Toll-like receptors
(TLRs).

Lactobacillus acidophilus is one of the major bacterial
inhabitants of the gastrointestinal tract. Thus, L. acido-
philus is extensively used in yogurt starters, toddler
formula and dietary supplements (Klein efal. 1998;
Roy etal. 2000; Sanders & Klaenhammer 2001). L.
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crispatus is also a member of the L. acidophilus group,
which comprises L. acidophilus, L. amylovorus, L. galli-
narum, L. gasseri and L. johnsonii (Cato etal. 1983).
Recently, we demonstrated that the L. crispatus KT-11
strain (KT-11) isolated from healthy infant feces
exhibited anti-allergic effects in NC/Nga mice that
develop atopic dermatitis and IgE hyperproduction
(Tobita et al. 2009). The effects included a shift in the
Th1/Th2 balance from a Th2-dominant to a Thl-
dominant state via activation of TLR2, nucleotide-
binding oligomerization domains 1 and 2. However,
very little is known about the precise mechanisms
underlying KT-11 activity in acquired allergic
responses.

In this study, we found that KT-11 reduces acquired
allergic symptoms via not only the adjustment of the
Th1/Th2 balance, but also via a decrease in the total
number of antigen-presenting cells and high affinity
IgE receptor-positive mast cells present in the allergic
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rhinitis mouse model, ovalbumin (OVA)-sensitized
BALB/c mice.

MATERIALS AND METHODS
Materials

Phycoerythrin (PE)-labeled anti-mouse interleukin (IL)-4
monoclonal antibody (mAb, clone 11B11), PE-labeled anti-
mouse interferon (IFN)-y mAb (clone XMG1.2), PE-labeled
anti-mouse IL-10 mAb (clone JES5-16E3), PE-labeled anti-
mouse CD80 mAb (clone 16-10A1), biotin-labeled anti-
mouse CD4 mAb (clone RM4-5), biotin-labeled anti-mouse
CD45R/B220 (B220) mAb (clone RA3-6B2), biotin-labeled
anti-mouse CD117 (clone 2B8), biotin-labeled anti-mouse
CD11b mAb (clone M1/70) and phycoerythrin/cyanine 5
(PE/Cy5)-labeled streptavidin were purchased from BioLeg-
end (San Diego, CA, USA). Anti-mouse FceRIa (clone G-14)
and PE-labeled anti-goat IgG were obtained from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). OVA, brefeldin A
(BFA), ionomycin, streptomycin and phorbol 12-myristate
13-acetate (PMA) were purchased from Wako Pure Chemical
Industries (Osaka, Japan). IntraPrep was obtained from
Beckman Coulter (Marseille, France). Defined fetal bovine
serum (FBS) was obtained from HyClone Laboratories (Road
Logan, UT, USA). Penicillin was purchased from MP Bio-
medicals (Costa Mesa, CA, USA). Rosewll Park Memorial
Institute (RPMI)-1640 was purchased from Nissui Pharma-
ceutical (Tokyo, Japan). Horseradish peroxidase (HRP)-
labeled anti-mouse IgE and IgG were obtained from Bethyl
Laboratories (Montgomery, TX, USA). 3,3%,5,5"-Tetramethyl
benzidine (TMB) was purchased from KPL (Gaithersburg,
MD, USA). Bovine serum albumin (BSA) and aluminum
hydroxide gel were obtained from Sigma-Aldrich (St. Louis,
MO, USA). All chemicals used in this study were of the
highest analytical grade commercially available.

Lactic acid bacteria

KT-11 was purchased as a stock culture from Kitii Co., Ltd.
(Kanagawa, Japan). L. rhamnosus GG (GG) was obtained
from the American Type Culture Collection (Manassas, VA,
USA). KT-11 and GG were inoculated in DeMan-Rogosa-
Sharpe broth and cultivated for 24 h at 37°C, collected by

Pre-feeding

centrifugation, washed three times with sterile water, heat-
treated at 65°C for 30 min and lyophilized.

Feeding procedure

Five-week-old male BALB/c mice were obtained from Japan
SLC (Shizuoka, Japan). As shown in Figure 1, the mice were
first assigned to different test regimens, administered a com-
mercial mouse powder feed (ME Oriental Yeast Co., Tokyo,
Japan) for a week, and then given either MF (control diet),
MF containing KT-11 (5% 10" CFU/MF 1g, KT-11-
supplemented diet) or MF containing GG (5 x 10’ CFU/MF
1 g, GG-supplemented diet) between 6 and 13 weeks of age
(n=6). The mice were then intraperitoneally injected with
200 uL saline containing 20 ug OVA and 2 mg aluminum
hydroxide gel at 6 and 8 weeks of age. The mice were intra-
nasally challenged by instillation with 10 pL distilled water
containing 100 ug OVA three times a week between 9 and
13 weeks of age. The total number of sneezing events was
then counted for 10 min, 1 min from the intranasal instilla-
tion. Food and water was supplied at /ibitum throughout the
course of the experiment. The mice were housed at 23 * 2°C
under a standard 12-h light-dark cycle. Blood, spleen and
Peyer’s patch samples were collected immediately following
a lethal dose of ether at 13 weeks of age. Serum was obtained
by centrifugation at 450 X g for 60 min at 4°C and stored at
—30°C until use. All animal experimentations undertaken
during this study were conducted in accordance with the
guidelines for the Regulation of Animal Experimentation at
Shinshu University, and according to Law no. 105 and Noti-
fication no. 6 of the Japanese government.

Cell suspensions and functional analysis

Spleen and Peyer’s patch samples were homogenized in
RPMI-1640 medium containing 5% FBS, 100 U/mL penicil-
lin and 100 pg/mL streptomycin. The cell suspensions were
then washed three times in this medium and adjusted to
1 x 10° viable cells/mL. The cell surface markers for CD11b,
CD117 and B220 were then observed using a specific biotin-
conjugated anti-mouse mAb for 15 min at 4°C, followed by
incubation with PE/Cy5-labeled streptavidin for 15 min at
4°C. CD11b*CD80" cells were incubated with PE-labeled
anti-mouse mAb specific for CD80 for 15 min at 4°C. For
FceRIoi*CD117* and IgE*B220" cells, the cell surface antigens
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Figure 1 Experimental schedules. After pre-breeding for a week, BALB/c mice were administered a control, Lactobacillus
crispatus KT-11 strain (KT-11)-supplemented (5 x 107 colony-forming units (CFU)/mouse powder feed (MF) 1 g) or L. rhamnosus
GG (GG)-supplemented diet (5 x 10’ CFU/MF 1 g) between 6 and 13 weeks of age. The mice were then intraperitoneally
injected with 200 pL saline containing 20 ug OVA and 2 mg aluminum hydroxide gel at 6 and 8 weeks of age and intranasally
challenged by instillation with 10 L saline containing 100 pug ovalbumin (OVA) three times a week between 9 and 13 weeks
of age. Sneezing events were counted for 10 min after 1 min of the intranasal instillation. Blood, spleen and Peyer’s patch

samples were collected at 13 weeks of age.

© 2010 The Authors

Journal compilation © 2010 Japanese Society of Animal Science

Animal Science Journal (2010) 81, 699-705



for FceRIo or IgE were labeled using the specific anti-mouse
antibodies for 15 min at 4°C, followed by incubation with
PE-labeled anti-goat IgG for 15 min at 4°C. The cell numbers
were then determined using a Guava personal cell functional
analyzer (Guava PCA; Guava Technologies, Hayward, CA,
USA).

When observing intracellular cytokines in CD4" cells,
spleen cells were incubated at 37°C in RPMI-1640 medium
containing 10% FBS, 100 U/mL penicillin, 100 ug/mL strep-
tomycin, 20 pg/mL BFA, 2 ug/mL ionomycin and 20 ng/mL
PMA for 4 h. The cell surface marker antigens for CD4 were
then labeled using a specific biotin-conjugated anti-mouse
mAD for 15 min at 4°C, followed by incubation with PE/Cy5-
labeled streptavidin for 15 min at 4°C. Intracellular cytokines
were measured following permeabilization and labeling with
a PE-labeled anti-mouse cytokine mAb specific for IL-4,
IFN-y or IL-10. In order to achieve this, cells were fixed with
IntraPrep reagent 1 for 15 min, washed and then permeabi-
lized with IntraPrep reagent 2. The cells were then incubated
with the appropriate antibodies and intracellular cytokine
levels determined using Guava PCA.

Antibody analysis

OVA-specific IgE and IgG levels were measured using ELISA.
Briefly, the wells of microtiter plates (Nunc, Roskilde,
Denmark) were coated with 100 pL. OVA (100 pug/mL) in
0.1 mol/L carbonate buffer (pH 9.6) overnight at 4°C and
washed with phosphate buffered saline containing 0.05%
Tween 20 (PBS-T). The plates were then post-coated with
300 uL of 0.1 mol/L carbonate buffer (pH 9.6) containing
0.4% BSA for 2 h at 25°C, and washed with PBS-T. The
serum samples used for the examination of OVA-specific IgE
and IgG were then diluted 50- or 1000-fold in PBS-T con-
taining 0.4% BSA and added to each well in a volume of
100 pL. The plate was then incubated for 2 h at 25°C. After
washing the plate as described above, 100 uL optimally
diluted HRP-labeled anti-mouse IgE or IgG in PBS-T contain-
ing 0.4% BSA was added to each well (IgE and IgG: 0.1 pg/
mL), the plate incubated for 1 h at 25°C and washed with
PBS-T. TMB (100 uL) was used to detect the peroxidase
reaction. The plate was then incubated for 30 min at 25°C
and the reaction stopped by the addition of 100 uL 4 N
H,SO,. Total antigen levels were then read at 450 nm on a
microplate reader (550; Bio-Rad Laboratories, Hercules, CA,
USA). The OVA-specific antibody level was calculated using
the following formula: Antibody level=ELISA value
(A4s0) X Dilution-fold of the test sample.

Statistical analysis

Data is presented as the mean = standard deviation (SD).
Statistical analyses were performed using the Dunnett’s mul-
tiple comparison tests for one-way analysis of variance or
Student’s ¢-test. Differences were considered significant
when P-values were less than 0.05.

RESULTS

In this study, BALB/c mice were fed a control diet,
KT-11-supplemented diet or a GG-supplemented diet
between 6 and 13 weeks of age. Under the breeding
period, there was no significant differences in body
weight among the mice administered the control diet,
KT-11-supplemented diet and GG-supplemented diet,
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Figure 2 The number of sneezing events in mice. Sneezing
activity was counted for 10 min after 1 min of the intranasal
instillation with ovalbumin (OVA). @, control diet; A,
Lactobacillus crispatus KT-11 strain (KT-11)-supplemented
diet; W, L. rhamnosus GG (GG)-supplemented diet. Data is
presented as mean *+ SD. *P < 0.05 (compared to control
using the Dunnett’s multiple comparison test).

and the average intake of feed was approximately
3.46 g/day/mouse (control), 3.43 g/day/mouse (KT-
11) and 3.45 g/day/mouse (GG) (data not shown).
However, the number of sneezing events was lower
in the mice administered the KT-11- and GG-
supplemented diets than in those administered the
control diet (Fig. 2). The level of OVA-specific IgE was
significantly lower in the mice administered the
KT-11- and GG-supplemented diets than in those
administered the control diet (Fig. 3A), although the
level of OVA-specific IgG did not significantly differ
between the mice groups (Fig. 3B). The total number
of spleen IFN-y'CD4* cells was higher in the mice
administered the KT-11- and GG-supplemented diets
than in those administered the control diet (Fig. 4A),
while the total number of spleen IL-4*CD4" cells in the
mice administered the KT-11-supplemented diet was
lower compared with that in mice administered
the control and GG-supplemented diets (Fig. 4B). The
ratio of IFN-y*CD4*/IL-4*CD4"* was also higher in the
mice administered the KT-11-supplemented diet than
in those administered the GG-supplemented diet
(Fig. 4C). The total number of spleen CD11b*CD80*,
FceRIo'CD117%, IL-10*CD4" or IgE'B220" cells and
Peyer’s patch IgE*B220* cells were significantly lower
in the mice administered the KT-11-supplemented diet
than in those administered the control diet (Fig. 5A-
D,G), although Peyer’s patch CDI11b*CD80* and
FceRIo'CD117" cells did not significantly ditfer
between the two mice groups (Fig. 5E,F).

DISCUSSION

It has been shown previously that allergic rhinitis may
be induced by the continuous nasal administration of
OVA after an intraperitoneal injection of OVA in
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Figure 3 Serum levels of ovalbumin (OVA)-specific
antibodies. The mice administered the control, Lactobacillus
crispatus KT-11 strain (KT-11)-supplemented and L.
rhamnosus GG (GG)-supplemented diets are presented as
the filled, open and cross-hatched bars, respectively.
OVA-specific IgE (A) and 1gG (B) levels were determined
using ELISA. Data is presented as the mean =+ SD. *P < 0.05
(compared to control using the Dunnett’s multiple
comparison test).
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BALB/c mice (Saito et al. 2001). Thus in this study, we
induced an acquired allergic response via the continu-
ous nasal administration of OVA in BALB/c mice. We
observed that sneezing events were lower in the mice
administered the KT-11-supplemented diet than in the
mice administered the control diet from 11 to
13 weeks of age. In particular, sneezing events were
significantly lower in the mice administered the
KT-11-supplemented diet than in the mice adminis-
tered the control diet at 11 weeks of age. These results
indicated that KT-11 suppressed the effector phase of
allergic rhinitis. In particular, the levels of serum OVA-

© 2010 The Authors

Journal compilation © 2010 Japanese Society of Animal Science

specific IgE in the mice administered the KT-11-
supplemented diet were lower than that observed in
the control-fed mice. Masuda et al. (2008) and Inoue
et al. (2009) reported that levels of serum OVA-specific
IgE in OVA-sensitized BALB/c mice administered Tet-
ragenoccocus (T.) halophilus (1 x 10° colony-forming
units (CFU)/day/mouse) and Bifidobacterium (B.) breve
(5 x 10* CFU/day/mouse), respectively, were signifi-
cantly lower than those in the mice not administered
the bacteria. In our study, it is calculated that the mice
administered the KT-11-supplemented diet ingest
about 1.73 x 10* CFU KT-11/day/mouse. These results
indicate that the reduction of serum IgE level may
occur at a lower dose in L. crispatus than in T. halophilus
and B. breve.

The Peyer’s patches and the spleen play an impor-
tant role in the mucosal and systemic immune
systems, respectively. In addition, the IgE*B220" cells
have been shown to represent IgE-producing B cells
(Manetz & Meade 1999). The total numbers of
IgE*B220" cells in the spleen and Peyer’s patches in
mice administered the KT-11-supplemented diet were
lower than that observed in the control-fed mice.
These results indicated that KT-11 supplementation
resulted in a reduction in the total number of B cells
that produce IgE in both the systemic and mucosal
immune systems.

GG was first isolated in 1985, and now represents
one of the most extensively studied strains of lactic
acid bacteria (Gorbach 2000). GG has been shown to
adjust the Th1/Th2 balance and induce IL-10 produc-
tion during allergic responses (Pessi etal. 2000;
Sawada et al. 2007; Ghadimi ef al. 2008). It is also well
established that IL-4, IL-5 and IL-13 that are produced
by Th2 cells, stimulate IgE production (Platts-Mills
2001). In contrast, Thl cells predominantly secrete
IFN-y, which inhibits IL-4 production in Th2 cells
(Pene et al. 1988). It is generally considered that the
Th1/Th2 balance during type I allergic disease func-
tions in a Th2-dominant state, and the spleen is an
effective organ in order to investigate the Th1/Th2
balance (DiMeo efal. 2008). Hence, we investigated
the ratio of IFN-y*CD4*/IL-4"CD4"* and the numbers of
IL-10*CD4" cells in spleens. The ratio of IEN-y"CD4"/
IL-4*CD4" in mice administered the KT-11-
supplemented diet was higher than that in mice
administered the GG-supplemented diet. These results
indicated that the KT-11-mediated anti-allergic effect
is attributed in part to the adjustment of the Th1/Th2
balance, even though the total number of IL-10*CD4*
cells was decreased in the mice administered the
KT-11-supplemented diet. Regulatory T cells that
produce IL-10 are known to suppress inflammatory
responses via inhibition of various cytokines and IgE
production (Wu et al. 2007). These results suggested
that the reduction in allergic symptoms following
KT-11 and GG administration may be due to an

Animal Science Journal (2010) 81, 699-705
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Figure 4 Th1/Th2 cell balance in the spleen. The mice administered the control, Lactobacillus crispatus KT-11 strain
(KT-11)-supplemented and L. rhamnosus GG (GG)-supplemented diets are presented as the filled, open and cross-hatched
bars, respectively. The total number of spleen IFN-y*CD4* (A) and IL-4*CD4* (B) cells was determined using Guava personal cell
functional analyzer (Guava PCA). The Th1/Th2 cell balance is presented as the mean IFN-y"CD4* cell number against the mean
IL-4*CD4* cell number (C). Data is presented as the mean = SD. *P < 0.05, ***P < 0.001 (compared to control using Dunnett’s
multiple comparison test).

Cell number ( x 10%10° cells)

12.0
10.0
8.0
6.0
4.0

2.0

9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0

(D)

(A)

3.5~
3.0
2.5
2.0
1.5
1.0

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

(E)

1.4
1.2
1.0
0.8
0.6
0.4
0.2

Animal Science Journal (2010) 81, 699-705

9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0

(F)

(©)

80

6.0 I
50
40
30
20
10

(©)

*k%k

Figure 5 The total number of
immunocompetent cells in the
spleen and Peyer’s patches. The
mice administered the control and
Lactobacillus crispatus KT-11 strain
(KT-11)-supplemented diets are
presented in the filled and blank
bars, respectively. (A) Spleen
CD11b*CD80+ cells; (B) spleen
FceRlo*CD117* cells; (C) spleen
IL-10*CD4" cells; (D) spleen
IgE"B220" cells; (E) Peyer’s patch
CD11b*CD80* cells; (F) Peyer’s
patch FceRla'CD117* cells; (G)
Peyer’s patch IgE*B220* cells. Data
is presented as the mean = SD.

*P < 0.05, ***P < 0.001 (compared
to control using the Student’s
t-test).
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adjustment in the Th1/Th2 balance, even though the
reduction in allergic symptoms following KT-11
supplementation was not due to IL-10-producing
regulatory T cells. Thus, we hypothesize that the anti-
allergic mechanisms underlying KT-11 activity may be
different from those underlying GG activity.

During allergic immune responses, the antigens
invading the body are first taken up by macrophage
and dendritic cells. The activated macrophages and
dendritic cells then stimulate Th2 cells by antigen-
presentation to produce Th2 cytokines that in turn
promote B cell proliferation and IgE class switching
(Punnonen etal. 1994). It is well established that
activation of Th cells requires interaction of
co-stimulatory molecules, in addition to the T cell
receptor and major histocompatibility complex
molecules delivered by antigen-presenting cells. CD80
and CD86 generally represent the most important
co-stimulatory molecules, and are involved in allergic
immune responses (Hofer ef al. 1998; Burastero et al.
1999). The up-regulation of CD80, but not CD86, on
the surface of dendritic cells of OVA-immunized
BALB/c mice also plays a pivotal role in allergic
immune responses, namely Th2 responses (Cheng
etal. 2003). The total number of CD11b*CD80* cells
present in mice administered the KT-11-supplemented
diet was found to be lower than in control-fed mice.
These results suggest that the anti-allergic effects of
KT-11 administration were in part due to the suppres-
sion of antigen-presenting cell activation.

Type I allergic diseases are caused by degranulation
in mast cells. Degranulation occurs following antigen
cross-linking between IgE molecules bound to FceRI, a
high-affinity IgE receptor present on mast cells (Platts-
Mills 2001). Mast cells are normally defined on
the basis of cell surface expression of FceRIo and
CDI117 (Brown etal. 2008). The total number of
FceRIo"CD117 spleen cells present in mice adminis-
tered the KT-11-supplemented diet was lower than in
the control-fed mice. These results suggested that the
anti-allergic effects of KT-11 were in part due to a
decrease in the number of mast cells.

In conclusion, L. crispatus KT-11 strain appears to
suppress acquired allergic responses via the adjust-
ment of the Th1/Th2 balance and a reduction in
antigen-presenting and mast cell numbers in OVA-
sensitized BALB/c mice.
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