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Keisuke Tobital, 2 and Hajime Otanil*
(UInterdisciplinary Graduate School of Science and Technology, Shinshu University,

Minamiminowa-mura 8304, Kamiina-gun, Nagano 399-4598, Japan
2Kitii Co., Ltd, SEI building, 5 Araki-cho, Shinjuku-ku, Tokyo 160-0007, Japan)

Summary

The number of pet animals having type I allergic symptoms have increased under a change of breeding environments.
The type I allergic disease is mainly discussed to be associable to a skewed T helper type 1 (Th1) /T helper type 2 (Th2)
cell balance. In recent years, some investigators demonstrated that numerous lactic acid bacteria and their cellular com-

ponents reduce allergic symptoms via not only shifting the Th1/Th2 balance from a Th2-dominant state to a Thl-

dominant state but also inducing of regulatory T cells. On the other hand, lactic acid bacteria and their cell components

are found to modulate immune responses via pattern recognition receptors (PRRs) such as Toll-like receptor (TLR) and

nucleotide-hinding oligomerization domain (NOD). In our studies, it was suggested that Lactobacillus crispatus KT-11
strain reduced allergic symptoms in NC/Nga mice by the adjustment of Thl and Th2 balance via TLR2, NOD1 and
NOD2. It is known that PRRs express on intestinal tract in dogs and cats. Thus, it is expected that lactic acid bacteria

may be a pet food materials for a reduction of allergic symptoms.
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Fig. 1 The major disease (A) and type of dermatopa-
thia (B) in pet dogs. The major disease was in-
vestigated for 543 dogs that have disease of
something. The dermatopathia was investigated
for 223 dogs diagnosed as dermatopathia. Data
are including repetition data. The data are origi-
nated from Sonoda et al.%.
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Table 1 Anti-allergic effects of orally administered lactic acid bacteria in mice.

Lactic acid bacterium Strain l\{llcs)gge ’Iig%l Antigeflg—épecxﬁc Anti-allergic factor Reference
Lactobacillus acidophilus 1-92 BALB/c § ¥ (anti-OVA) Regulatory T cells (TGF-# increased) 33
Lactobacillus brevis SBC8803 BALB/c ¥  §(anti-OVA) Improvement of Th1l/Th2 31
Lactobacillus casei Shirota BALB/c § ¥ (anti-OVA) Improvement of Th1/Th2 34
Lactobacillus crispatus KT-11 NC/Nga — ¥ (anti-Df) Improvement of Th1/Th2 35
Lactobacillus gasseri OLL2809 BALB/c L n.d. Improvement of Thi1/Th2 36
Lactobacillus paracasei ~ KW3110  BALB/c § ¥ (anti-OVA) Improvement of Thl/Th2 37
Lactobacillus pentosus S-PT84 BALB/c § ¥ (anti-OVA) Improvement of Th1/Th2 30

Regulatory T cells (IL-10 increased)
Lactobacillus plantarum  NRIC0380 BALB/c nd. ¥ (anti-g-LG) Improvement of Th1/Th2 32
Regulatory T cells (CD4+CD25*
Foxp3* cells increased)
Lactobacillus rhammnosus GG NC/Nga — n.d. Regulatory T cells (IL-10 increased) 38
BALB/c 1 8 § (anti-OVA) Regulatory T cells (TGF—f-secreting 39
CD3+*/CD4+ T cells and Foxp3 ex-
pressions increased)
iaf{‘ococcus lactis subsp. G50 BALB/c § —(anti~-OVM) Improvement of Th1/Th2 29
ctis
lTetmgenococcus halophi- Th221 BALB/c nd. ¥ (anti-OVA) Improvement of Thl/Th2 40
us

— : not significantly changed, ¥ : significantly changed, n.d. : not determinded

Table 2 PRRs and their ligands.

Location of receptors PRRs Ligands Species
Cell surface TLR1/2 Triacyl lipopeptides Bacteria and mycobacteria
TLR2 Peptidoglycan Gram-positive bacteria
Hemagglutinin Viruses
Lipoarabinomannan Mycobacteria
TLR2/6 Diacyl lipopeptides Mycoplasma
Lipoteichoic acid Bacteria
TLR4 Lipopolysaccharide Gram-negative bacteria
Envelope proteins Viruses
TLR5 Flagellin Bacteria
Endosome TLR3 Single-stranded RNA Viruses
Double-stranded RNA Viruses
TLR7 Single-stranded RNA Viruses
TLR8 Single-stranded RNA Viruses
TLR9 CpG oligodeoxynucleotides Bacteria and viruses
Cytosol NOD1 iE-DAP Bacteria
NOD2 MDP Bacteria

(PRR) #H 5 EBWELMIZIN/N4D, Table 2
IR & 5 I HERERE B iC SB35 Toll i#%%44% (TLR)
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Matsuguchi et al.46 1% , Lactobacillus casei YIT9029
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e (YITO0159) 2 HREML 72V RF 4 o, TR
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Fig. 2 Total allergic scores (A), serum levels of Der-
matophagoides farinae-specific IgE (B) and ratio
of IFN-y+*CD4*/IL-4+*CD4+* spleen cells (C) of
NC/Nga mice administered with L. crispatus KT—
11. The bacterium was given every day from 6
weeks of age. (O: Control (saline 500 ul/
mouse), A: KT=-11 (1 mg/saline 500 gL/
mouse) . The degree of erythema, hemorrhaging,
edema, scab/excoriation and scaling/dryness
was scored from O points (none) to 2 points (se-
vere). Serum levels of Dermatophagoides
farinae-specific IgE and ratio of IFN=y*CD4+/IL-
4+CD4+ spleen cells were investigated at 21~
week old mice. Df-specific [gE levels were deter-
mined by ELISA. The number of IFN-y+CD4*
and [L-4+CD4* cells was determined using Gua-
va PCA. The IFN-p+CD4*/IL-4+CD4* cell ratio
was calculated from the mean IFN-y*CD4* cell
number against the mean [L-4+CD4* cell num-
ber. The data is presented as mean*SD. *P<
0.05 (compared to control).
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Fig. 3 Expression indexes of TLR2, TLR4, NOD1 and
NOD2 mRNAs in C3H/HeN mouse Peyer’s patch
cells cultured with heat-treated L. crispatus KT—
11 or JCM11857. Peyer'patch cells were cul-
tured without bacterium (control) or with 100
ug/mL bacteria for 3 hr. The expression of TLR2,
TLR4, NOD1 and NOD2 mRNAs was analyzed
using real time RT-PCR. The data is presented as
mean = SD. *P<0.05, **P<0.01, ***P<0.001
(compared to control).
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