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Abstract

Kefir has long being considered good for health. Its health benefits include
immunoregulatory effects. However, there is a lack of knowledge concerning the
immunoregulatory effects induced by kefir lactic acid bacteria (LAB). In addition, the
mechanisms responsible for these effects have not been fully determined. Thus, the
objective of this study was to investigate the immunomodulating reaction and mechanisms
of LAB isolated from kefir grains. Firstly, we investigated the in vitro immunomodulating
capacity and mechanisms of kefir supernatants and kefir LAB by cytokine profiles through
a toll-like receptor (TLR) pathway. Results demonstrated that kefir supernatants, obtained
from kefir fermented more than 24 h, induced the production of pro-inflammatory
cytokines (tumor necrosis factor (TNF)-a, interleukin (IL)-1B) in RAW264.7 cells.
Among four LAB isolated from kefir grains and their supernatants, Lactobacillus
kefiranofaciens M1 and its supernatant had strong potential to induce in vitro production
of TNF-a, IL-1B, IL-6 and T helper (Th) 1 (IL-12) cytokine in RAW264.7 cells and
murine peritoneal macrophages. Moreover, blocking TLR-2 using anti-TLR-2 mAb and
TLR-2/ mice showed a significant inhibition of cytokine production. These findings
indicated that kefir influenced the secretion cytokines through TLR-2.

According to the above results, the LAB may be beneficial for the promotion of
Th1/Th2 balances and alleviating of type 1 hypersensitive response. In this context, we
examined the anti-allergic effects of Lb. kefiranofaciens M1 and Lb. kefiri M2 isolated
from kefir grains by modulation of Th1/Th2 balances and inhibition of immunoglobulin
(Ig) E production in ovalbumin (OVA)-sensitized Th2-polarized mice. This study
demonstrated that oral feeding of heat inactivated Lb. kefiranofaciens M1 from kefir
grains effectively inhibited Ig E production in response to OVA in vivo. The pattern of
cytokine production by splenocyte cells revealed that the levels of cytokines produced by

Th 1 cells increased, and those of cytokines produced by Th2 cells decreased in the heat



inactivated M1 feeding group. These findings indicated that Lb. kefiranofaciens M1 in the
kefir played an important role in anti-allergic activities. By additional analysis using flow
cytometry and microarray, the mechanism of suppression of IgE production by oral
feeding of the heat inactivated M1 probably occurs because of up-regulation of the
expression of Cd2, Sat4, and Ifnr leading to skewing the Th1/Th2 balance toward Thl
dominance, elevation of the CD4'CD25" regulatory T (Treg) cells percentage and
reduction of activated CD19" B cells. Down-regulation of complement system and
components was also involved in suppression of IgE production. Further studies of
different type 1 hypersensitivity diseases were necessary to address the anti-allergic
effects of lactobacilli isolated from kefir grains.

Allergic asthma, a type 1 hypersensitivity, is characterized by allergen-induced
chronic inflammation of the lungs and airway hyperresponsiveness (AHR), associated
with the enhancement of allergen-induced eosinophilia, goblet cell hyperplasia,
allergen-specific IgE levels and Th2 dominant cytokines. In the third part of this study, we
assessed the anti-asthmatic effects of Lb. kefiranofaciens M1 and its fermented milk in
different feeding procedures and dosages. The cellular mechanisms of Lb. kefiranofaciens
M1 in anti-allegic asthmatic effects were also evaluated. The mice oral administrated M1
sample strongly inhibited the production of Th2 (IL-4,IL-5 and IL-13), proinflammatory
(IL-6, IL-1B, TNF-a and CCL20) and Th17 cytokines in splenocytes and bronchoalveolar
fluid (BAL) in the OV A-allergic asthma mice in a timing of the intervention and a dose
dependent manner. The increase in regulatory T cell population for oral administrated M1
in splenocytes in the allergic asthma mice was also observed. Additionally, all features of
the asthmatic phenotype, including specific IgE production, airway inflammation, and
development of airway hyperresponsiveness (AHR), were depressed in a dose dependent
manner.

Taken together, these findings indicate a possibility that the intake of kefir
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lactobacilli, Lb. kefiranofaciens M1, may be effective in alleviating asthmatic symptoms.
Both the exposure time and the dosage are two important factors affecting the anti-allergic
asthmatic effectiveness of Lb. kefiranofaciens M 1.

Keyword: asthma, cytokine, lactic acid bacteria, kefir, type 1 hypersensitivity
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W

fmfe g 4 3 Ak % (degranulation) > 3P REILE L L HFE AT

225

T
=

W ehle g 4ok % (histamine) ~ ¢ = % (leukotrienes) ¥ w 7]
“le% (prostaglandins) ~ bradykinin - F‘Fﬁ fet v & 3k 4% i 1+ (eosinophil
chemotactic factor) ﬂfr‘z‘% ¢4 e g 4% F]3  (neutrophil chemotactic factor)

5 9)-

[
o
Ak
o
i
A
g‘
g
g
=t
at]
B
&y
)

'%i%%%&i%“ﬁﬁ’ﬁﬁﬁﬁ?i
PP B RA S IR 2 PR % - AERS R A e
# 4 (asthma) ~ & >4k & (food allergy) ~ % fir7% (urticaria) 12 % ATt § X

(allergic rhinitis) #% > + f 0k o

~

WATR T E 4 LA A A R Tee & ’J‘]%.f‘:m’i’é (plasma cells) o & »* % —
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A ATF oK 2 Thim® § i Th22 & Ji (Prescott., 1998) » % F = #&f§ &4k
o FR B0 B AR & R Enaive Thim®e - % — i@ acF i 974 ik ihim
% ek 1 Th2im% ek (4ot IL-4~IL-5 21L-13 #)5 4 > 7 3) Th2F fus & -
EAF 2w R e TR Al LAPM o IL-47 £ naive Tin#e & it = 5 Th2
e s FPET E T Ban e Qi IgE 0 IL-SEIL-1301 LA rf fhihv s 3k il i 2 %
it ihk @ E & (04 4 (Sanderson, 1992) 5 3% < ke v ¢ & RIL-421L-5 > 3%

B Th2im®e & 0 712 4B 1~ B g @ fho & B TE LG £ T e d 1T deo Th

ek ¥ - AWRE B 5 E R AT -
(=) # 4 (Asthma)

WA F B Bt % - AERF R TR 0 5 e A L2 R BT A
o AT F ey B TR L AR S F S E A & & (hyperresponsiveness) %
“%i&ﬁ%%ﬁﬁﬁ%“°%§%@€ﬂ&”%i1@%@6%%’%ﬁ%~
RAC Rk EBR RS ARBBIE PR LY - WERE R Ao
Th2 mejrd (o IL-4~IL-5 %2 IL-13 %) 2 x EhIgE 2 B 2 Each A4 F
o o vERGE 2 0 < dmBe ST (S TR ERORE Y S E R T e e ihs
FR#A bEEMERCREESLEN > don FHEF PR B4R F (mucus) A
WA E IR G m R F R A N B PR R e g 2 A i 5 e Ui AR
Fxmre c Hpisk oop Y b w2 R L SRRE EFAF FoRE S F
R N E RS PO T ERE T JR R S
poirsk im®e (gobletcell, FIAFM B etk s & &) Wi~ AR > HrF L L
p% 3o (glycoprotein) *73 = (Brockhausen et al., 2001) - ",% 1Rk Ve
iR oretegg 2 vk B g g AR R e Y F AR AT Rk e
R A RARRAENAFE ORPAF L AME AR L FERE

(Sumi and Hamid., 2007) -



Ik
kS

BBt crE 3 5 B oA M 122515 ~ 5V (non-invasive) 2 3 iR 0 B
JoiE 0ot R i K ORATR 07 2 0 M H - 43 % (chamber) 2 > PP HAEF K E
1% (whole body plethysmography) & i > p ZRef e v B ¥ 32t plethysmography
e43 % ¢ > 2P| % enhanced pause (Penh) - Penh & @ 4% 4F 2 FF ¥ i vE g u
#t (airway obstruction) 2 ip1% (Peak et al., 1987) » v &2 f %1 chlgE 4 2
o3 e m‘ﬁ; falto w IR ~ 2 LG HEE TR T L MR 4 (intrapleural

pressure) #p B# o
(z) 4748 (complement)

A E - ¥ 7 v (serum proteins) » A & d Fwfe rr L S 0 ¥ b L dm

e H P e R wmer ot A Y B A

=4

F_L

WY o B e B R A
BACBHB AR AR E T e D ARt L AR
(complement receptors, CRs) » M fxd dF F % c AAR2 6 &2 & NicF & &
(C1~C9); &1 F# 58 A& # (4oF]3 D, factor D) » @ 4 R8I it K 3HA 2 chy £
Pl B34 47 (40C3a22C3b) o 4 fenys i B i 46 & i (cascade) 7 5%
BT od R pE RS BT - AR I FREEE R T e AN

Tz fagE (B1-5) ¢

1. + & 2% (classical pathway) @ ¢ i A2 A 40> U - 848 & B2 T 0 & il
S EpRAMFURE 2 b - RS & FAE T AR (Cl) B8 - Pl et
RS & ¢ WM A2 G4 F b #C5% 22 C5a~ C5ba 20> » CSbR|#e

C6 ~ C7~ C8 ~ C97) = "sx# 4F £ 48 (membrane attack complex) » * 4F & #8 it 5T

%t:)];af;”] v R HFTICERmE AR

N

s

2. F BT (alternative pathway) @ st E/E % F & P ang 2 > Hd jficd $ 4 6
PRl > S fhwpE  fER %ﬁ\:}fﬁ% \:}}% FRLNwm s RATHnEL P

(protozoan parasites) & #77 = A ¥ fem R BT o B RS ICATRR R B B



C3r2 4 2 5 C3a82C3b » C3b 2B ~ D~ PHF 3 & 4 » 7105 & i /2 2% 3 o

3. H EAER & & E 2 £/% (mannose-binding lectin pathway) : H Z# % & R E %
(mannose-binding lectin, MBL)&_%& % £ & & % sLei— fdo Jf: v o0 VEELA i
f 4 5 o ZAEA A (mannose residues) fr% ## £ (mannose residues)’ £ 5 J
Mio e HEBRSEAFZLAMFE LERY ZHAEEL
(MBL-associated serine protease, MASP) i{ % & T MBL} » #4278+ L

ek Ji o

bz i A 4 C3b 0 C3bF AR R A G 0 B E e
R B £ o f 4 b Coachig it 0 Bl T & B0 R S ARG T
72 iT* | (opsonization) o ¥ “F 5 = fEiR TR A X I HAF & (Kuby et al.,

2007) -

A E BT o WA fEAE P 40C3a » Chdar Clax fiL i AT 3 %
(anaphylatoxins) » # it 5§ & 7 ‘e sk i%chim# (histanine- containing cells) 4o% #m

frrfde it kR A § IR AR mRORR H N R R H e ST e

o

HFER R o B v g AT R TS R - AEATE Rk AR

(Drouin et al., 2001) -



Positive feedback

e N . S . . R s [ A S A

cell

r L |
| i
| 1 e :
i L-12 —2 @ = IIFH-T. IL-2, TNF-B
| | 1 , "Delayed-type
: H I hypersensitivity
I : =*acrophage
| IL-2 | 1 aciivation
\.L f ”~ = L s . <Certain i
| ) CpREONIC or
o - / :| complement-fizing
S=@- |-
= 1
: o= | ¥
mMacraphage Malve | S ,'I*
or dendritic Co4* Teell | - ]
;
]
I
I

IL-4 s O — |L-4, IL-5, IL-10,IL-13
= ¢ =Eosimophil
I
T2 1 activation
| gk and some other
: antibody classes

N - - -

Positive feedback

(Kuby et al., 2007)

Fig. 1-1 Cytokine-mediated generation and cross-regulation of Th subsets.



Epithelial cells Fibroblasts Endothelial cells

IL-6, IL-8, CXCL1, CXCLs * IL-6, IL-8, IL-11 1 GM-CSF (with IL-1p or TNF) f
ICAM-1, B-defensin2 t CXCL1, ICAM-1,C3 1 Mitogenic activity f
CCL20, G-CSF 1 Factor B, G-CSF 1 (with bFGF, HGF, VEGF)
MUCS5B, MUCSAC 1 RANTES (by TNF) |

Smooth muscle cells \ I / Neutrophils
= L
<=
IL-6, IL-8 1 Granulopoiesis 1
CCL11, CXCL1 t l

Macrophages Keratinocytes Dendritic cells
IL-1b, TNF, MMP-9 t IL-6, IL-8, B-defensin2 * CCL17/TARC |

B-defensingd, S100A8, S100A9 1
CCL27 (by TNF) |

(Oboki et al., 2008)
Bl 1-2IL-177% 2 % e fidf2 mie 2 5 o

Fig. 1-2 IL-17 activities in various types of cell.
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Natural regulatory T cells Inducible regulatory T cells

Thag Cell (CD4* T3 cell Tat cell CD&* regulatory T cal

CD25+FOXP3+)

F

IL-10 and/or TGF-B
‘ 4 MHC and co-stimulatory

molecules
4 APC function
4 Inflammatory cytokines

TCR MHC class Il

Cell—cell
contact

- 1 Proliferation 1 Proliferation 1 CTL activity
!l LIRN-y L4 LIFN-y

(Kingston and Mills, 2004)
Bl 1-3 9 A& T mier 2 (5% 4] o

Fig. 1-3 Natural and inducible regulatory T cells and mechanisms of suppression.
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L) Allergen

al Memory
l MHC class Il molecule SWE'::(S:,hing B cell
to IgE *

Differentiation
into Ty2 cells
and clonal
expansion

B 1-4 % - A)EacFk Rz 32 4

Fig.1- 4 General mechanism underlying a type I hypersensitive reaction.

—_—

Naive

B cell %

12

IgE* memory
B-cell clonal

expansion

(Mark Larché et al., 2006)

Degranulation
Release of
vasoactive
amines, lipid
mediators,
chemokines and
other cytokines




Mannose-binding
Classical I lectin (MBL} Lectun
pathway I binds foreign surface pathway
@ |
+ MBL-associated proteases
) (MASP1 + 2) bind MBL,
c2 () generale activated
Cl-like complex
_Cl I}ln{.is Activated J
antigen-antibody  ——— : €
C1
complex
C5 convertase
C3eon V(-'rfir_w- D -C‘“}ZII C4bza3b
———— —— — — O 'unpllﬁr'ltion D G C3b C5
QL/ \_/
\ C6
C3 convertase CO C3bBh m C3bBb3b /, c7
//, D C5 convertase ? 8
| (8]
Factor D /
Alternative CI:) C3bB Monibians
pathway attack
'\ complex
O Factor B =
G C3b
D Spontaneous, slow,
small amounts
Oc
(Kuby et al., 2007)

B 1-5 ATRE % S8 1V 2 RS o

Fig. 1-5 Overview of the complement activation pathways.
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- ~F ﬁ&]?]*’k’é’u F%E‘F

LR EA ML B R d RREE B A F e

B OTASRARLE R AR VA LR e L e rEk

LA el AP F S AR e 3N A 2 et gk dhay

BESURCLS S X tE Pl IS oS IR A L I ST R - A
TR o R B FU ﬁ’;ﬁﬁ’fﬂ'\’ Arildeend B F fg» # F (Perdigon et al., 1999) -

FI AL A FREET e 2 BB R e ek ff 2 B E AR

GF e AEFERFTLERM Y Y 2w 2 o H S S R e R H P

i %z (peripheral blood mononuclear cells, MNCs) ~ $w =R % R m %

(antigen-presenting cells, APC) % =x &t = & f.“ P BT AURL A LA &2 AP

3o
(-) % #x % H 3k w2 (peripheral blood mononuclear cells, MNCs)

Bl R EPIRe 2 Tw% Bime 2t g AL wie £2 B 4% wve (B

1-6)» T pizme o itm X o
1. T ¥z (T lymphocytes)

Hm}ﬁggiv‘gkii T Wetiere 54 > FIH B G L AR R o F
S VN S R A Pl FARCLED *o RN I R LA W - R
P T s e o2 b gk AR LA T AP Z LR F B (Acik
w Thl & Th2 £ i) » 7 d P3MAF T 8% A2 2RI RALASTLEF &
\zuaov/]?ca‘ﬁ 18k & Lb. casel & 57" M) BRend BB UK B0 A B B CD4T
T im#z " #4 IFN-y & 3% > i~ %> CD8' T w2 R & o e pFs "% i) 8a i
? 2 IgGl ¥ 1gG2a > ™ Lb. casel 2 ‘m" f=i& {7 3% 7~ 7 49 F 7% (Chapat et al.,
2004) - Mohamadzadeh et al. (2006):#- Lb. Gasseri » Lb. Johnsoniiu ¥2 Lb. Reuteri
BAEDC e R PR A > S5 HT 2 RAAN SR FRD ARk e
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e [L-12 &2 [L-18 » 7F it T fwPe » I ¥ i8¢ T fwPe 2. [FN-y & i3 4c > f%'fqz#iiﬁ'l
POZ AR T e L BATEEY o d AN B R E Pk Ade2 T v 2
Lb. paracasei subsp. paracasel B21060 :& {7 £ I 32 % > it 9 #& =2 [FN-y~IL-4~IL-5

£2 IL-10 (Peluso et al., 2007) o
2. A &3 T w9z (Regulatory T cell, Treg cell)

CFEFFTERT A S A Twrwe w g FE#F LF & (Giacinto et al,
2005; Korzenik and Podolsky, 2006) 5 @ ¥f>> Th24& » 2_ 7 J T s fmrz e ZF &
4 ER A E S hord B - AEAL TR A B A L Rk 02 Th
FORss g 2 ngE % AR (Ling et al, 2004; Stassen et al., 2004) o 4o #7if > —
LA B S A Tw e £ 4 38IL-1022 TGF-B » i& @ e d % — 3B F i g ik
(Dario et al., 2008) - 4-Joetham et al. (2007) & F 2 & 3| Tiw ™ it 43 fr i B At en
GELEE {;*ggl & IL-1082 TGF-B o fe TH# 8% fm#2 G F B e E b
AEREZ o g pdp o fdk LIL-10B TGF-BEiEa) ™ o TH Bt im e 9
TR B3 EM (Karlsson et al., 2004) » [k BF (5% i i w7e - e 35/ (cell-cell

contact-dependent mechanism) 1= % i€ 7 4 % 24 & e7i® *  (Shevach, 2004) -

poan oo %ﬁ?’;n‘f}'“?ﬁ‘pﬁ%ﬁé RAE & A Timse 2 (€% @5 o 5 > 10T ISR

A& &3 Twre 2 4a B A7 1 1] B2 trinitrobenzene sulfonic acid (TNBS) % %
v R BT A G VSL#32Z 8FAR £ F ﬁ;f;;—]‘ HEE SRS Ik 2 B 25
(o RN BN SN FESP I AL 2= ey 4 1 VSL#3 5 L B2 (T ] B d
3 & A T 12 & BIL-1022 TGF-Big m i 7] i%3#E 2 »c% (Giacinto et al., 2005) > @
B g AT/ BURIZE P Feleszko et al. (2006)2 v 3=v (ovalbumin, OVA) % /| & &
2§ v F o A& SBb-122LGGF s f v F1+ ¢ 35 OVA-specific ~ vf phds d
e IREEERE LR B FE SN T 2 (mesenteric lymph node cell)2. Th2 m

¥ ik (IL-4221L-5) o @ 4k & LGG4% %] BE F 48 2 5 8o = & ¢ 2 i TGF-B2
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F AT > b pFH w2 4% 3 Foxp32. 2 B FH - -
3. p ZRAE w¥e (natural killer cells, NK cells)

NK w% 42 - #2Z Lh%- B2 BB dhee » 5 &5 % 2% (null
cell) & 7 B TR Bim® 2 % = ffiim% > | % 2B B4R 4 552 — 314 «NK
wiha BB 2w 2ICDI6 ~ CD25% CD56 #/n > P 7 3pfen A3k =
‘w? (large granular lymphocytes, LGLs) > & % #8 % 84 2 ¥ $%382.5~10% > 2
BEY PR e PRSI R R EY 2 REF AN ES RS o NK

e 21 T4 Mimve 2. (5% #4l4p i > ENKiw% 2 £ 4 TCR> &2 ypdih =3 3 &

~)

TH#f et fmve 2_ et > T J;aﬂ;,;a%@ Aimie N mE A om 2R A F 0 FNK
e B e im e el 0 v 3% F 34 & (perforin) I P HEwe > 318 P w2 fm
AR < (EH o FURL P & NKlwe 2 4p B L;Jc Ogawa et al. (2005)4Lb.
casel ssp. casel¥dextran® [ 4k & -] &lfs > HFIMHENK wrz B2 | A HR5%
® > pARE S ¥ Lb. caseissp. caseifs > H ¥ B R HEPRs A BIL-12) 2@ F
i* NKm?2 - Lb. acidophilusst 43 11;#DCA 4 * & AlL-12 > &7 3 HNKiw# & 2
IFN-y > ¢ pF 2 3 NKw#2 2. & 5 &~ F CD252 CD56 » I ® 3 5% H bz 3 B iE* 2

w1 (Fink et al., 2007)
4, % 8 n % H 3k w2 (peripheral blood mononuclear cells, MNCs)

fAERY S F R RE PRI RR I AL A me R A
WIAEZFEHEE: cFRAA S I R E PR M2 )}% Miettinen et al.
(1998) 14 7 tk A faLb. rhamnosus ES22£ E50047 4 4 % i o i H Pi3fi 7 & Ip 33

4
=

n\\:

% Bg o7 it 49 %~ TNF-a ~ IFN-y ~ IL-62 1L-122. mRNA % 17 2 39 ?ﬁéﬁfw\
i o A IL-102IL4 2 A Pl & F R - o Lb, sakei® A &7 % 5 2 B P

B Ak B % 0 IL-8, IL-1B2 TNF-02 mRNAZ A F# 2 » H o g A

6B 75 B # 40 (Haller et al., 2000) = @ %7 5 #5% @ > Pochard et al. (2002)4* %+
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B 7 EATEM 2 &2 (7 3% » 12 Lb. rhamnosus GG Lb. Plantarums tx 527 7
Rz Aok irnd BT A KRE S EFIHIL42IL-52
At d 2 FAIL-12 2 IFN-y - e B BSR4 o @ & 4Lb. plantarum 299v
TR 4R B BR 0 5 % & or S dublinz E. COIi‘FKi% =] &z ¥ 7% (mononuclear) =
$ A ;¢ TNF-a~ IL-1B 2 2 IFN-y » & 4k 4¢Lb. plantarum 299v R s = 4 ‘m ¥ 4 -
BEFREL > Rirn g HE Pk Teee & IL-10 » 3F5k 7 %9 & 4'Lb.
plantarum 299vi - g R ) B k4 B R AIL-10 2 A > Eq e d

% g & (Pathmakanthan et al., 2004) °
(=) 2k & . w? (Antigen-presenting cells, APC)

il B iwre A & 4 Erine 2 R Kk mre 4% )5 17 % (endocytosis)
£\ P2 ¥ 1T * (phagocytosis)#-F & » o it =] RS A G PR 0 Eclass 1T
MHC % & = antigen-class II MHCA#§ & & + o T 2% 'mPe ¥ FRIL % iF % 3%
antigen-class IMHCA4§ & &+ » 8- H A 4 e G2 A SWRLE L w2 LEF
od WTH P mie i ERECRALpMEARF B> 2 T LHEERFET > TH
B S Vg s d PR & IR et & Jerantigen-class I MHCAE & 43 o @
% M 4 # (innate immunity) ¥ - H 33 % B ega 4 T OF LB kdRk 0 @
o a3 BT o B Ao E i AT R KR e R A% G 4 e e
FUREEAIBLAF B Y NTHFEARAS IR E R w2 AR
FUER A S APCZ 4p R 2 L]?% : Christensen et al. (2002)#| &%t @ k2 DC£ &
FthLb. casei & Lb. plantarumLbli& (7 & 32 & » 55 d DC2 % & 4 F CD862 if] T
@ 4ro @ Ftk 598 2DCA 3 3 B F & 2 Thl e e g 4 52 Cyrille et al. (2006)
7# 7 B. breve C50cF B3 % R fgis it A 5 aDC (Bt 4w 4~ FCD40 £
CD83) » Mt HIL-10404 24 Fp pFié IL-124 72T '8 » | p&F T'F—'k %4 - B. breve C50
L3 AL AW 5 5d TLR2E L1 E 1 DC - m%ﬁr’ N e RELRH Wre

# o &+ (CD40 ~ CD83 £ CDS86) » & 7 VSL3 s 43 Bi&DCeise 3t » 3 iE A e
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DCA j2IL-10 » & ® 3 VSL3& 1t eDCH 43 % MTiw% & 2 IFN-y » #3716 & 3
% F B e ok (Hart et al, 2004) = @ 13 B e ch@ 5 ? ¢ ko] B
Lb. acidphilus it 73 {1/ &% 3 % Bl 2 E v iwm?e &~ 3 TNF-o ~ IFN-y ~ IL-2 &
IL-12 (Perdigon et al., 2002) ; Cross et al. (2004)45 ! Vi 4vLb. casel Shirota £ E vi
etk (J774A0) £ AR 4 B FR D Fefimee A IL-128 TNF-o >
¥ IL-1812 2 TGF-BR & & ¥ % = > ¥ ¢t Lb. casei Shirota” & j* & E w2 &

AIL-10 ¥ b3 A g NFEFOLAR S0 4 BEFF AR DR -
(2) = s = sk

TBHT &k FE TR MR E REAP M T e “ & (mucosa-associate

lymphoid tissue, MALT) ° i&i % ZHMT e s VEFLRITH o
S

W BORAE T R Y T R 2 PR M) B R R R T
(periarteriolar lymphoid sheath, PALS)® - i& @ Ri&EBiw®e 2 Tin e s it o “,/f p 2
o Blwmredm AMF ISR S E XM > T (antibody) 0 £ E - fAPE B
v fpRBwir P2 LR B EX MR R E IR T AR B o FpleF
SiuEATis iRk MR R A 2 R SR - g VR
R T R e 2 AR B 1];% : Matsuzaki et al. (1998) % L4k & 7 ;@ ciLb. casel
Shirota *" i 847 M OVARJZ 2. BALB/c 2 B » #-"-58 m e 22OVA X 32 % >
# Thlim® g% (IFN-y ~ IL-2) & 5 H 4 » & Th2:w® % (IL-4~ IL-5 ~ [L-6 &
IL-10) & Fakdrd] 0 ¥ 7 % i i ¢ TgE & 3] 5% in 22 4 7 22 OVARS % P¥
IgEs4 & 5 #5 (2003)PI3EF » -0 ¥ 82 KA S 7 F pﬂﬁ/’]‘ bv2 F RS
ZF Bl ¥ B4k s Lb. bulgaricusLb ¥ p% 5 it B ¥ aE YK P2 [FN-y A ik o @ RRAT
R4k g SR fe Plac B F R P IL-44 36> 7 prd|Binrz & 4 IgE > "% MG F B3

4 o
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2. % oH T m sk

FEMT RO AAEH o d b ) s w5 P AR (epithelial) © F G A
(lamina propria) > %% & (submucosal) » 4% % P HART Fresr s - LK P
TS MT mre > AL P L LT e (intraepithelial lymphocytes, IELs) e
RPN G HT w2 i@ﬁjﬁr,&mé ~ T Bb e ~ B dnfe ~ B g dmbe v%’
fedty IR Z 9 X mie & o RALWCR A T 0L F Pl 30~40F H ¥ Jgie (lymphoid
follicles) # # @ = thiPeyer’s patch o % i & @ § - K # 5K hi@ %l
¥z —membranous (M) m? > V2 H & [ 5 P mie A e 0 B E G HRL o R E g
Rt (pocket) > i #Bimte ~ Tim#e 2 Eeifim®e & F 4 b o Miw e Jge & 1%
*  (pinocytosis) i # ek T2 EEFT A MR B ML o TG E R R IR R
BB Rk 1‘]&3\% P et = %2 (Richard etal. 2001) o 5“f& 2% & %5 3 &R B2 4R
M < /I?% f fm?e kPR 4 > Mccracken et al. (2002) 41* TNF-a # #HT-294 #
IL-82_ #5% » r4Lb. plantarum 299vi& {7 £ Fr 332 & » % % & o1 F i 53 #r41HT-29
2 IL-8 mRNAZ £ I > & ¥ g5 @ [L-84 i 10 (e 5 d £ I ™ 2 FHhR & 2
% ; Ma et al. (2004)zz 9 Lb. reuteri® *% i< d T84, HT29m® tx ¥ > TNF-0#734 % &
4 PlL-8» &5 gt Wb 4 0 I F LD, reuteri 22 Salmonella enterica serovar
Typhimurium  F 32 & > 5% % 87 i 49 "8 MIL-82. & b o fe F_r #ufrd) &b podf 4
P Et2 Lboredteri P73 L5 "F IL-8 250 4 B A E S AH A FIRE 2
fSRAcA AA RSN o @ % w3t As > Lb. casel CRL 43112 2 Lb.
helveticusR3892% ™ i + A fmre Z 2 IL-6> @ 7 o AECH > {c% i + A
e A2 IL-6642 R 3 PTA R 5 ¥ & HREF A3 m 8 Bdrdl2 iR T o 130 1 KIL-6
A2ETF 20 AP E% Y 3 EHK i olb. casel CRL 431+ {0 % F A
w2 & 4 # % enlL-6 (Vinderloa et al., 2005) - 2 OVA IR azen ] & » & 11 Lb.
rhamnosus HNOO1% 3z #)#~ /‘]‘ Se 3t LAk 8 18 0 it 49 T "3 IL-4/ IFN-y#2 IL-5/ IFN-y

2o B TP gy 49 RARIL-122 4 & (Cross et al., 2002) -
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(z) FFEFES S - AEF

S R B RRAF SR A AR5k BRI L R

OVAM Vi b iRac2 ] & L BBt B2 e g L+ B 224 &80
PR RS PR R KRR P o RIESOREMR > AT R Y IgEZ £ 2 B

Pl gk At R RIEAEY R R PR LFTHRET S Y FR
FooT AR /I% IR AU RL R & e L AT B+ 44 2% ¢ Shida et al. (2002)2 5%
1A Fleeag o) RiE 7 0 HTCRETOVAR ¥ ATR » 3881 ~ 3~ 5P M3 sfdw
» Lb. casei Shirota > ** 4 % iBA2w k¥ & p & BT ROVA» %% Kom AL
» Ll BE G F2 IgESOVAR - WhlgER E T % 0 A S A in
IL-421L-588 F "5 M > IL-122 IFN-yRI B F % 2 o @ % L2 Bagit ki
(anaphylactic shock) 7 &g % *% <> &g+ 2 B 5 FF[# #gAc2 »c% o @ 1/ Lb. paracasel
Strain KW31104k4'BALB/c-|- 8153 » 23~ 6~ 9 ~ 12iF 12 "W OVA PR V1 b 5 AT
BALB/c] B » & % &7 7 4k S KW31102 - & % ¥ 2 [gE¥2 OVA S — HIgEAf % '
o 3P R EFR A N w2 [L-12 » IL-4m%e g2 ~ 34 (Fujiwara et al., 2004) -
Wakabayashi et al. (2008) 12 AD-like symptoms (& & A3 ) ] B (7385 34 8
HA R Bacdzdew » 2 F 4 821 p Lb. paracasei KW3110 > £k & % = 2 {83 5
R8> A - NBACR P BE B TKW3ILI0F " M ek chiBaci®s o
Frglo F2 BIGEZ B 2 "% M09 X dw i B 32 R L MR n e 9r A o enlL-4 B
KW3110 % 7= & ¥ *% X o A& R ag 2 {8 = P P :# Mesenteric lymph nodes &2
Submandibular lymph nodesz. mRNA > KW3110 /e %] &g & $#r4(IL-4 1 * % = IFN-y

2 4 e

EARTRA ERY 0 ¢ G2 /I?c;i%_? Lb. rhamosus GG¥>t:2 L 24 2. § v4 gk
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A2 A A efsag 2 sk (Hattaka et al,, 2001; Karimi et al., 2009) > & H %% 2.
gy AR Fl T FRE SRR PR FL FAEERE R U
22 2 - B AR R IS g 2 B o T BRI R A § R 2
B¢ % : Forsythe et al. (2007) 2 OVAZ 47 | BLI £ H o » OVAIL & § v 2 ik 0 4%
alb. reuteri 2V R FEMLF E P L"’ﬁﬁﬁ']{té w IR e PR R IR P R R 2
TNF-o ~ IL-5 2 IL-13 ; Hougee et al. (2010)4% & B. breve M-16V £2 Lb. plantarum
NumRes82. OVA F v /|- B » H 3 30 jd k% 2 vk RN B ERFR L

¥ eh0VA-specific IGELRIgGl 7 A8 F ™ "% o I PFék 8 F R 7 T C R A

EH

() FEFL AR EF

FPERABTEFABEREA e A & d N Y FOB%
(N-acetyl-D-glucosamine) ~ N-2 fig?s B2t (N-acetylmuramic acid) #7H = > 5 7
B mre BEOR R 0 FRG R A AN ER P T e~ 42 (Meydani and
Ha, 2000) > P % & § F7 3 4P fR e A3 S8 127 a0 ok p 3t imre 2P 7

AP rIN-o R E RS N-© fiRre B 97 % 2 peptidoglycan (PGN) 12 &

lipoteichoic acid (LTA) &% P A F 4 & #F3d2 # F -

7 B PGNELTARS —‘ﬁ YRR fmre 2 BT 3 & 3 i Toll-like receptor
(TLR) " TLRZ 2% M- £ & 2 e A5 H 725/~ > Pw e SHFERIIFET F
TLR; TLRL & %22 X518 & - Pt I BE £ F o &n A EH Fg R
% % F & (adaptive immunity) (Takeda and Akira, 2005)° TLR*® % e g 2] % 48 2
7B F BRI % o BlAcTLR-2V #8E A B Raere Bt 2 &4 ~ TLR-3 ¢
F iRl kenBERRNAF & TLR-4R] § § & fF 1A Fim e kY ey 5
(lipopolysaccharide, LPS) » TLR-9 B ¥ # 3 'w 7 c7CpG DNA - TLR 2% ¢
leucine-rich repeat (LRR) % #* ¥ pathogen-associated molecular patterns (PAMPs)

BB gt o d %2 IR Toll/interleukin-1 receptor (TIR) domainig 7 & if o
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B £ # 4%~ 7 myeloid differentiation primary response gene 88 (MyD88) ¢ ¥2TLR
PpTIRSE > oo AL - g9 o L B % - ¥ P MyD88E 5 death domain
¥ 22]L-1 receptor associated kinase (IRAK) 32 & » %_i# TNF-receptor associated
factor 6 (TRAF6) % & » i@ ;&1 T d5end E %15 > & FEZMAPK kinase (MKKs) »
p38 ~ p50 £ IkappaB kinase (IKK) complex % - # % % NF-kappaB (nuclear
factor-kappaB) & » mfe o B EFAFIZ A 0 A LA RE E N e g F

(Takeda and Akira, 2005) °

PREALAD S FLAAMEY S iR AR R A B B RS
Hegdaant LFXIRE; ;ﬁd TLR2/ | BUiE (7385 » Aol i ik 72 &
B &P o T LRI SVE e e B TR 3 &2 F7 Sashihara et al.
(2006) #3304k ik ] A %] 82 1LOVAR A | B2 shsiim®e £ b 12 % > %% A7 2
® Lb. gasseri MEP170413 it 49 & % #& 2 IL-122_ & & & ® Fr4|IL-4 > i& @ #r4]OVA
% - MIgE - i& - # ™ mutanolysin (N-acetylmuramidase) ¥t ‘m? EEPGN iT #* 2_
5> MEP170413 Hjcim™s ek A2 it 4+ BT 4 AR AR B &N 4 7 i &
p >t Pz g2+ 2. PGN ; Shida et al. (2006)7] 2 Lb. casei Shirota¥? -] &l #g ¥5 m %2 X
s A& 2 f8 0 ¥ AR F 3 D M Ve e nlL-1220 & 34 o3& — b 12 mutanolysin (50pg/mL)
¥ Shirota ¥ * & - BAFEwre g A 4 PIAT A AL e BER
Bs B F W TIRR o 1 77 B A 4 i Shirotashim e B i p e iR T3 & 0 %
5 Bgor B flgIL-124 0 2 ip 4 2 Shirota B2 ¥ £ & > @ e F e W Bl 2
IL-12¢04 % o & LTARR A~ %7 3 #» > Matsuguchi et al., (2003) 12 -] & 5K fm 52 2
RAW264.7 fm % thie (7 & > = B lb. casein 49 8 F 3 2 & fhlw e 7 o b eh
TNF-a > @ d F84 3 PLTARE i 5 Ak 2 %% o 8- 9 & 2 RTLR
cin ¥ YRHEK293T:E 78 4 » % % 7 LTAE TLR-2F 8 I pF o G pr > 7 I8
HEK293Tz2_ /4 % £ E F#Hk = ; 8- H MTLR2/ /| R e im e 8 (7 :8% > 4%

% kot Lb. caseim 2 B F - HTNF-ae4 8 F 7 Lb.caseicnd £ & a0 # X p
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LTA > #1158 L& wve + 2 TLR-2:E 7 &L o

d b e g Waes SRS LA S ehip BT TR R SRR 0 7

s, s s o2 oky cp A4 » PSS T 4 G 1 At L ‘a-’-"-""_-v;’\
;ﬁ{%" fﬁﬁ&.ﬁm’»’? m‘/é IL‘J;’i?@% e _‘;‘_\‘ 75-’\;{:;:],: é’._,&% fg‘,‘r’ w%*};}iabﬁ&?‘]m%}\FK;}-
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é% VISUALIZING CONCEPTS Hematopoietic
stem cell
Self-
renewing
@ @
Dendritic cell Myeloid Lymphoid Natural killer

progenitor (NK) cell

/’ @
Ty helper cell

Neutrophﬂ Granulocyte- Tcell /
monocyte progenitor progenitor
@ Te cytotoxic T cell
[ | — ]
EOS]IlOph.l.l Eosmoph]_[
—

progenitor

B-cell
progenitor B cell

Dendritic cell

Erythroid progenitor

(Kuby et al., 2007)

B 1-6 ~ izmPe & (v 2_ fF e o

Fig. 1-6 Immune cells differentiation from hematopoietic stem cell.
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S RAREEAELED S

SEkd A ESEES B AATES > SRS LA EEEIL I ARE
Ao B FREBEAR ALY BARFTY EARSBLFEIRFEL L
fepEe B A E S A d g R M A B FRIARSAF 2 AR 2
MR P o T E R P R EALAD S P B ER  F S S B

PESERTE S AR A AR ML P ER R ARD LN
(=) &R Bt LR LA 2 Aok

Vinderola et al. B 5.2 f st at § /) B> BEA S LA 4
B o 1T é\#pfﬁéé/gkiﬁglﬁl_ié&%ﬁ FIRIZFACRFAZ VAR ¢ 7 2 S
T e g gk IL-4 0] % mre 2 IgA ] B imre 2 BB o ¥ b0 N G e igcd IL-2 -
IFN-y ~ TNF-a % IL-12 2 /] % ‘mPs fcs B ¥ W 4r c Bgmn Ak e ¥/ &l 2 B3
e FEFFRERAT R AR FRD EF Thl & Th2 W%k o) 5w
"z #ic® (Vinderola et al., 2005a) ; :#5% H 5o & FiwkIvA &S ® ¥ ) B %%
kg4 3 IL-4 ~IL-6 ~ IL-10 ~ IFN-y ~ TNF-a % IL-12 2 -] % 'm"s #ic & % IgA /]
Bimre 2 BeE R Ao X BB S sk BEF M S R RS e

CHAMESL R e L LR A LA TR A AT ] L

—ifje

PIEHR B BT Fpt s A AR T A 5 g 1 sk B ¥ 'E K (Vinderola et al.,
2006a) » @ 4k G| BEL A f g pES 2 b KBS > Wb £ H R B oeiee
£ Peyer’s patch » .<—3=a‘ﬂ MR AR mre? s B 2 R R B ARISY R R
A% 4 IL-6 ~ IL-10 ~ IFN-y 7 TNF-a 2 ‘m*e #c® > M7 n & 3 5 420 B o

fn?z &2 Peyer’s patch 323 /& i »z% (Vinderola et al., 2006b) ©
(=) #d Ropl REFH S focd AR A pL 7T

%R 4 LB R AR A % e ] B L2
fi st e £ & 2 # s Liuetal. (2002) 4] B2 Sarcoma 180 #6758 m¥e g T
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A LA R S AL S B S A uFe g s £ ] 648
%% 70.9 % - Lee et al. (2006) 14 f vh 58 ] &2 OVA 2 FRAT A& S 2 K

— %

FUKL R IgE L4 2 IL-13 2 %2 0 e R i T
2 BB o ) BUF B 2 TRk sk o Liuetal. (2006)59%7 5 £0B f2)14 & 03 2

B BALE G LABEFTEATE LRI LA AR o BER
T BIZOVA BRI A2 A FEEWI S FHNEFE ML R
2 IL-4~IgE 2 1gG2a> A i d B2 B alg¥F L R -

d PHEpMAT A LA R ET L LAAE SR A Y
HAPFRAER B RF AR IET LA EAAB SN 2L SRR B
PR B o B A RS T R ok A ARSI LA B2

o
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AT R AL ERES AT S
(=) A5 3 pest i AT

AR R SESHE LAY RTE LA PR L RR R

ST BN RCT ST AN R R L S & SR O SO

. R X% M2 g v (Liu et al, 2005) (Antimutagenic and antioxidant
properties of milk kefir and soymilk kefir. ) ## 3 1 & p engIFF 252 25 5
DEARRRFEEIRI L REET AN I BN R A E YR IRRRRE

i ",% DPPH radicals ~ #r+#/|linoleic acid peroxidation % ¥ it it 4 o

2. "% M2 FAg (Liu et al.,, 2006a) (The anti-allergenic properties of milk kefir and
soymilk kefir and their beneficial effects on the intestinal microflora.) % % &7 11 2

%’Li:‘?f:f}'bi 1? /\ rS””‘rd]fl% ,?ug,q‘ﬂ_/&ﬁpﬁr’]ﬁ 2

3. 39 #F (Chen et al., 2006) (Study on skin care properties of milk kefir whey.)
AT A RAFH LA AR nson, 4K G 2 FuR o BREA LA RS

w rrg R4 FpA5 A 4 ¢ ' MPropionibacteriumacnes2 & 0 FE F F R o

4. $wiE st (Liu et al., 2006) (The anti-allergenic properties of milk kefir and soymilk
kefir and their beneficial effects on the intestinal microflora.) * &5k (B f2 14 & 47
B2 AR HA B ARBEP T AR AN PRI EG AR B
%A 0 ) HIUOVA B{TRAT > ARG A FE S ? BN FE ML
P IgEBIgG2a F A R 2 B2 R T aF LR Ha 2t BRI AN ENS
Spie R B AL 2 E I TN § ot E BT R 1 PR s e

CERE Gl AR SRR R R s B
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(=) s Fk? 2 FiAs JrEs
gt ok PRt RS EERESL G Bl R e Tt E
mAF YRR R I s EE R 2 e KRR S R 2 FRRA

R

4

R P AR AT 0 AR AT i B LA R

FEABE

1. & A2 ¥ it 2 &%) (Chen et al., 2008) (Microbiological study of lactic acid
bacteria in kefir grains by culture-dependent and culture-independent methods.) &
Beh GRS Rw fA? R 175V E 2 #2020 M Harrison’s disciE p & e
B A R A RO R T N BAER S SRRFARIE 2 R

b e R REER T ARKREITEDNAT S B 4G 2 5RO EET R
tRE oo B 5 ko o F77 v Lb kefiriit53 % 5 & 2 0 2 =t 5 Lb. kefiranofaciens
(43 %) ~ Leuconostoc mesenteroides (3 %) % Lactococcuslactis(1 %) ; @ % + sLb.
kefiri 158 %> # =t % Leuc. mesenteroides (24 %)’ Lb. kefiranofaciens (16 %) % Lc.
lactis (2 %) s ® fle? FHFR= R AL B & Lb kefiri (58 %) » Lb.

kefiranofaciens (40 %) % Leu. mesenteroides (2 %) °

2. FE* R Wit &g (Wang et al., 2008) (Identification of yeasts and evaluation
of their distribution in Taiwanese kefir grains.) #“38% 7 &4 5 %> % - fas &
PR ERES L E T %% o 0 Kluyveromyces marxianus, Saccharomyces
turicensis % Pichia fermentans & &3t #7750 2 ik > H Ao it bla W 576 %
22% 2 2% @ S e 3R Klu. marxianus > S unisporus3 P. fermentans = f&

o HAF W HIA B E58% 0 11% 231% -
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H R =

Pl KRRt ERRESE S ARELAD G DPE

dIEAME Y ARRTLF Y AR ER R RS LG
kS e e B L B ATE R L # o AT R AR AT B

RaN

£ PR e A s ek BB A 2
Hor AR e kiR A f ok RAE Y - fER A R (TR )
RATE o AR S B RIS LR U SRR B oRR

AR L FRHAAD S DRE AP AT R FHRR TR G2
rER A EEBIL AR NARRE LT 4 f: PRAW264.7 m "%
EEEFRA S5 T HRAW264.74 2 TNF-a2 B8 5+ 2k 5 ¥
(R1-7)> Faoge e s g PRFAFKLIE EFLAD T2

PSRRI R T B T o

iy

27 P oo 7]
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Fig. 1-7 Effects of different original kefir grains on TNF-a stimulated by RAW264.7.
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LD A8 R 4 Y A
dPEFRAEERRATREET o

LR BaABrmy L AR & n s LAREREALLL BT PEK
AL BRI E G BB R P Y AT M IET LY E AR
AERAALAERY ARZB GO AT R BT EHEE A AR Y A
W2 BB G L PR R e i e R B A2  E ke 2 A

¥4 AP D EERES Y AT NG A

2. R BHRY AT A RRDLAEFESL 0 P R AR
Feg- b kR ¥ fl RAW264.7 ‘wmPe fx & % % % F Ji& (pro-inflammatory
cytokines) 7 TNF-o ~ & 4 s> & H & A &% ¥ i e Thl F &> 2 dip)

H ¢ g FEL ok kR

3. 43 v ot EkL e LA R (Lb. kefiranofaciens ~ Lb. kefiri - Lb. lactis

% Leu. mesenteroids) = H g pkst b R bR FEHE B -

AP Zgd SR A PR BHREERPLA A RNBAE R
¥HAThl wiejpd > PIBRE ' MTh2F i m s L iBacF 2 Hoi > #F B4
RGBSR A F BB E o FIP AT A R AL B R AEHF T B
2 A KR o 2 B P 2w RVE AT E e % ot tRRAW264.7 3 /] B
R e 2 ek Pl A R R EF AN R Z R R R E - VA PR iR
Vg 0 MOVARFT] Bl By » e 2 R & & Fiit % - A1 @5k
Bz ke TRFEV R FEY B R R F A RIS TR LS

,pﬂ-"

T 2~

Ij.r 7}/{0

B2 GE Fik

ﬂH
Hy
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B2

FoOR AR g LA oA d2 5 FSd Toll-like receptor 1

AR LA LED) o RSP RS

| b marsr B RE - Laedsper LER |

| e s B o
|

| RAW264.7 fm otk | | Bk |
{L L ERw R e
s A ikt BAhBYV oz g #MmaldEst
LM s dp o ik s kot — kR AT £ 7 Toll-like receptor 3 i1
A0 TR e S I B 5 iF

£ E AL sese sy & (IL-1B. IL-G 52 TNF-g )i
ThIIL-12) 3 b i & By o if BT

1§

PR A LSRR A2 SRR 2 Pl ar

ERA ) P TNy

Ay A YUEEh ARR

- l
2~ BT 7K L PO e T, B EHOVASEH 2 F— A6

R & ZBALB/c/N &
| _
4 4 4
RS Y L Y] FROVARE ) @ MrRisant || Wil Pever'spatchz
RABEAZ ZR(BRAE 1+ Th1/Th2 fm B itk 2 T8 || RNAg K248
A 38y 4 BR) I} MY R f g, 2 TL-SRLIL- Sk &K o
AR RS M & (IL-11. V28 o7 o0 47 -
. - fa i F OVA-specific
IL-6 A TNF-¢) & Thl (IL-12)
Susgnsin & B4 i L [ MEARATIR2 88 || 1o @ik
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1§

¥R A LD R oA 2 £ 4% Lb kefiranofaciens M1 &2 B @ ¥ 5 e £ iE
SrLER W=D RSP
8 % % M 57882 Lactobacillus kefiranofaciens N1 & 1 &
BLER
| rCRES Al
BB SE $OVA » B ABALB/c/)s 8 B AOVA#H & S35
5 Rm B8R X
l |
| EdRAGE | | BRAIEFFLR B o) R W2
PThR2RAFEREZ in B VA L F 55 %
KUMAHNRE a0 B S0 (methacholin)§| 32 2 »§-# 23 ¥
2 3% ¥ OVA-specific X &% WAk PTh17 Atenhanced pane. Lo
IsE 4 & 4 # mpp k¥ a1 R
AR el R TRbg ]
ek b i AT f e 2 £h35 Sp s
&i “hat i -
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¥z

s

Fan2 gt RAREp 2 ERARLFERFALT Toll-likereceptor 13 E 4

LA LS o EEPLE

- HE

TETEE L KRBT RS R AR T RAW264.7 @

1'-‘\

etk A 2 TNF-oo0 2 558 L F AR 2 w2 jfZ » FILB%EHLA FLED
G Bl ApkY E- RAFHKLIMREEFT 0 F £ 0% th RAW264.7
g RE flm®e DS BB A L R - FiR e R A B
QL R LA U A B R R
Y S FEF AR B RN E B L R ELEE S 2 NG A S o AT

T3 LA a2 ] 225 454t Toll-like receptor (TLR):E {7 4 47 o

FIRHREFET O ATENLAEREF B4 S4B FLRAEERTEF
# B RAW264.7 et jdav ¢ L F s g% (TNF-a~IL-6 12 2 IL-1B) ™ %
Thl fm¥e e (IL-12) 5 ¥ &0 ehflan o8 A 2 BAE T (80T 44 30 A 417 2
F bl d 2 ) 2 A AT AR Bl Re thp A R e
LA &R 4 0 % 12 Lb. kefiranofaciensM1 % Lb. kefiri M2 §1jgr2. w2 gk A i
EBRGHEF O OBEAINLAEIRRALREAFAR CAADETRIE S G
12 TLR-2 #8844 4% RAW264.7 ‘mPe $RiE 7 38% > Bor w2 1 R ~ H - f?ﬁ%
e H R R e id A B ISR F TR L i - #5020 TLR-2 A F1)
*&f B2 "i-Kimie 279 % % % Bor Lb. kefiranofaciens M1 $>+ {1 2 71 -k fm ¥

2 IL-6 » B FT % > HFHLAD GBI G TLR-2 -

B RHREFET OENLAE AR CH-SREAE BERLY RV GEL
BERAE SR EE DS M AR o B BAEFRER S PR S 2 A

Moo 2 g i 5342 Thl fmse ek o 2 4 s

J

‘. _ 3113@}3‘2—}: %7 Ig‘:ﬂb o
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N

(=) #BRiAR

(A B BB AR R Bl R LRk |

AL A
J

RA“-"M;J & ik N BB K sa B

(5 x 105 cells/miL) (1l x 105 cellz i)
@ FL L A R A L
wil e e ik ik.&ﬁ}ﬁ‘ﬁ b b oL #e #] 4% 3 41 ¥ Toll-like
LA fodh ik sh st . WAF & X receptor & /T 57 4°
O~8 16 ~ 24 ~J8sg™20k 1..;: \..(13(l003gr LATLR I 5 fe RAW 2647
R JTE TR S B IR B SR A G e TRV AT R B
0~1 v 3 ~ 6~ 12m2g. 0k 1 ¥ -‘:-:'.'w (10 30kD 2CTLR-2 00 1) 4 i = 4
2 da B S Tl

4):3‘*(60 » S0 - 80
© SR 100 )

@ FHITE

5 I W 0L T A (IL-IB IL-6 53¢ TNF-u.3 54
ThigIL-12year e b #4005 5L

() 22 B U

HEREY e BARRZLAE (oM TR EF ) MR FREER
S H-2_ 2 5 (National Taiwan University Dairy Farm, Taipei, Taiwan)i& {74 % > &
e de r 5962 s B (W/V) 0 200 EE20 ) BF O BRE R (S L B A R
PRI EARY B MRS F BT g%k 4
%iﬂﬂﬁﬁﬂ’%iﬁﬁﬁwiﬁﬂ%miﬁﬁﬁﬁﬂﬁ’ﬁ*%ﬁ@ﬁﬁ
WA TR E L T RF LA EALARFE P T LR EEREERT
EAE 5% (W)L s ka2 gt s oulh 200 % % 8, 16, 24, 48 &2 72 o)
PEo g pE e N (R 2 0 6000 x g e 30 A 4E 0 B K2 151 12 13000x g
e 30 4 480 £ 14 022 um jg % (BD Falcon, Franklin Lakes, NJ)iE /g 2 F 4 /% >

L:Li_%gi(};a/& E"r";“; Eﬁ‘,%}ﬂ L:Li_f% * Eﬁ;u;ﬂ’ ﬁl; ,} }é-;l ;] °
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C) *RALARRR B AEWUF

Lb. kefiranofaciens M1, Lb. kefiri M2, Leu. mesenteroids M3 ¥2 Lc. lactisM4 =
BIRRATY 2%z A4 5+ 2 ? A~ (Chenetal, 2008)- it 5 ¥ =
z R T?’]f% Lb. kefiri BCRC 14011 ¢# Lb. kefiranofaciens BCRC 16059 R/|p-p b4 B
FAAR1ILEFEFATNASFTIRE S E2 AT P < (BCRC, Food Industry
Research and Development Institute, Hsinchu, Taiwan)- 12 Lactobacilli MRS 2 % ;%
(Difco Laboratories, Detroit, MI)7# i lactobacilli » ¥ & % 37C# % 48 (Model
TC2323, SHEL LAB, Japan) ; @ lactococcal ¥ leuconostoc B33 %t 30°C 4 %
8 o 714 % % {5 11 PBS (Amersco, Solon, OH)i% i i {7 F#liF i & -2 JE R B K
5 107 CFU/ML » 1438 (7 3% 8 hw e e & A i 2 35 o pF77 12 107 CFU 2 Fiicte
> 10mL 254 ¢ FRE A8 ) pF > TR F RIS > MB-EL A R RAP P 2 B i
e B E RS

() %2 f 2 RAW264.7 m¥e th £ 12 %

| RE w2tk (RAW 264.7, ATCC TIB71)M >4 B A & &1 £ B~
TTAP T REGEFAL Y B AR L Dulbeccos Modified Eagles Medium
(DMEM) (Sigma, St. Louis, MO) » ¥ /,’J‘ ‘v 10% #52 & 5 (fetal bovine serum, FBS,
PAA Laboratories GmbH, Linz, Austria)¥? 1% <2 % (100U/mL penicillin and 100
ug/mL streptomycin, Sigma) > ¥ ** 5% CO, 2. (m% 3 % 44 (Revco, Santa Fe
Springs, CA))? 37°Cit {73 %32 % 4832 72 PFid fw¥e 3 4 2 {5 > 12 10 mL PBS
d = w2 gt s 4 “f PBS jji%i t5 4 » 10 mL 35 &% » 12 w7 24 (cell
scraper 28 cm length, Greiner Bio-One, Frickenhausen, Germany)#-n % 5| & I v &
R 4747 0 £ 11 trypan blue (0.5% Trypan-blue, Invitrogen, Grand Island, NY) :& {7
e R E 0 B ¥ 12 % % (DMEM ¢ ; 7 A 10%# % F P2 o 0w e AR
5 56°C 4r# 30 A 48)#-mre kR L 5x 107 cells/mL> 4 » 1 mL % 24 well

n‘?&

% # (BD Biosciences, Franklin Lakes, NJ)¥ # * o & ¥ >t 37°C fm% 12 & §a b
M2 P PR s A Ebe r A R s ABFBRERERAREFREL AR E S UL
1 E  RAW 264.7 etk 5 Fta Rl 2 107 CFU/ML 22 Rbadk B 4e ~ Sl 4541

B

& % 50 ng "3 % pE (lipopolysaccharide, LPS, Sigma) # 20 pg pam3CSK4
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(Sigma) > *+37°C fm¥e st 4 035 % 24 [ PE(S 0 32 & R (13 0-80°C &Rl Aim

REEIE °
(I) o e | REmwme L2 4%

F % F#BALB/c PER(BAT R 2 S8 B4R g% de 5 ¢ o Taipei, Taiwan)
22 TLR2 £ 715 “ﬁ% 2 (TLR2") (B R 3 st @ o, Laboratory Animal
Center, Taipei, Taiwan):& {7 » 12 g ¥g73 &+;3 » 2 mL 3% thioglycollate(Gibco,
Gaithersburg, MD) (Netea et al., 2005) » # d 5 %2 R - 72/ 5 {5 ] R4
A pﬂa}ﬁg T 59 MPBS 5 mLjZ » PR > 4= BUH o 4 &% F T R d o IR PR
B F AL e 30 chfEPBSY 0 ¥ S mLg £ B o E AR )
S 0 BAES mLAE R R o FK M 3es 520 1500 rpm R B 104 48 0 45 5
B iR o dEA dnve UK 8 2 A 4T 0 4o~ 10% FBSRPMI 1640 5 % i (Roswell
Park Memorial Institute) (HyClone, Logan, UT) » &% w % & 32 % 3t24 well2 %
o3 Cme A PR3 S AL BEEZR Y NmE L 4o r 510% %
% EFBSHRPMI 164032 % % Bk fm 52 12 fn %2 2147 #1142 » 1 trypan blue* #c fm e
#cR % 5x10% cells/mL > B~1 mL fm % 5% 32 % 4024 wells2 % 45 > 3:37°C fove 32
¥ AL 4 e R (SR & Y oA RS L 6 2 ) ERAW264.7m
1P e

() wmrejE2 Pl T

N5 R E i L A& 42 (Enzyme-linked immunoassay, ELISA)ig {7 o 12
* o] B w2 e Pl T E 2 (mouse cytokine kit, R&D system, Mckinley, MN)ip| &
TNF-a, IFN-a, IL-6, IL-12, IL-1B£2IL-102_ &k & -

(C) AR RS FLHEA

PORFRAE I RRY B ARB PSR RER AR R A

(e R Rl R A S
1. e 8 EST ¢ 54 612 60,70, 80,90 £ 100 °C 4c 4t 30 4 48 -

2. FEE KRz fERE A SR S8 (7R R 1 4R H #5445 12 DNase I (5 U/mL,
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Sigma)¥tik 53t 7 /827 F & 20 4 48 5 1/ proteinase K (0.5 mg/mL, Sigma) £
trypsin (0.5 mg/mL, Sigma) ¥tk 53t 37 °C & (7K f& 20 4 48 o

3. WEE  SHRHE Y AR X 502 YM-30(30 kD)& YM-10(10 kD)3 %

(Millipore, Billerica, MA)if& g * 18 g {4 #1718 2_ g i (7 {6 F 8% » I P12 PBS w
AR 2P F TS R o

s w it N EgB 2 {80 A B 4e 2 RAW264.7 fmie thzo @ 38 (7§ g B 1
Wi g R A LA e

(~) Blocking 75 11 FE g s & i 78 1 20 BT

W AT LN EEAEL R s it 2 BT A% L 0 anti-TLR-2 &2 TLR-4
188 (eBioscience, San Diego, CA)¥ 5 x 10° cells/mL RAW264.7 ‘m*e $x3+ 37°C ‘m
RRAREFERE 2 g EH TLR-2 2 TLR4 £ 48 > 3 HiTwie 2 %
2ot Ae 2 5B KR 5 pul 4 Y RAW264.7 faie ko 2t 37°C dn e R & a8
24 | PERE O PRBRREF-80°C ¢ Plelwie gt 2R Mime iR AR
3 Pl 2] e R E B s e B R W P A 2 5 50
ng LPS (TLR-4 ligand, eBioscience) 2 20 ng pam3CSK4 (TLR-4 ligand,

eBioscience) °
(4) 3o

1 SAS £ ##48 (SAS 9.0, SAS institute, Cary, NC)i& {7 % = A 45 > £ r1 84
;¢ % %% P 22 (Duncan’s New Multiple Range Test)ip] _% 3¢5 & 2 3 ¥ £
B} Rt EFz R R
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8 ek s & > MR R0 ek A 475 (IL-1P, IL-6, IL-12 % TNF-a) -
Sk BT AL R PR T 4o 0 IL-6 & TNF-o 2 2 e T BEF R B 0 @ A F 48 &
T2 p Pz wnplEEEELR(E 2-1) At R A REEQL P irE i E
IL-1 82 IL-12 2 &> B @SR F U AR 48 /P P2 5o i 1 A i 82 Jmve fRiE
FARBRLESE - BRHT £ F5HE 6 LR IL-1p & IL-12 2
ARBER VU E(F 22 d iR T A, LA R A EFAERT L 48
PG @ 2 RAW264.7 2 w%e b £ b 53 % FEF #2716 22 TNF-q 2 A j¢

524 1 pF > A IL-1p & IL-12 2. £ Rl 5 6 /] FF ©

() LAFY P RASE B AR RAW264.T fwbe b it m b jfrd 2

vy

v

BOOFERR S Y e R 2 E e A KRR SR LA kP A
z_w k5t & F(Lb. kefiranofaciens M1, Lb. kefiri M2, Leu. mesenteroidesM3 £ Lc.
lactis M4 ) » jRI3EH R 2 fEF L A R Y RAW264.7 v thif Him e ok &
iz qu+ > (12 Lb. kefiranofaciens M1 2 Lb. kefiri M2 2 3 Ftk (7 5 /8 > &
AR KR s EEdle) o B 2-3 5 A s o TNF-o 305 0 Bk B
% TR FBR Lb. kefiranofaciens 2 3 Fav 4 A F MO A L Kb B
PIEARARELAE I AR ARFTAR D T ARAKREEE AR
IL-1B 22 IL-12 2.~ i3 RIBE F Mt 5L & K s m IL-6 enii> > 5 A 32 Lb.
kefiranofaciensM1 st 53l FH B H o » T B A F B agF LB - B 24
A MERE R FRE B R e RAW264.T et s £ 2 B % 0 Lb,

kefiranofaciens M1 z_ g5t + R i dp ¥ B v fiwmie g o i T 15 4 1 K
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Fig. 2-1 Effects of different fermentation time of kefir supernatants on cytokines

production by RAW?264.7.
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Fig. 2-2 Effects of different co-culture time of kefir supernatants with RAW264.7 on

cytokines production by RAW264.7.
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Fig. 2-3 Effects of individual bacterial strains isolated from kefir grains on cytokines
secretion by RAW264.7. M1, M2, M3, M4, L1, and L2 in the Fig. indicate Lb.
kefiranofaciens M1, Lb. kefiri M2, Leu. mesenteroides M3, Lc. lactis M4, Lb. kefiri

BCRC14011, and Lb. kefiranofaciens BCRC16059. Control: kefir supernatant.
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Fig. 2-4 Effects of supernatants from individual bacterial strains isolated from kefir
grains on cytokines secretion by RAW264.7. M1, M2, M3, M4, L1, and L2 in the Fig.
indicate Lb. kefiranofaciens M1, Lb. kefiri M2, Leu. mesenteroides M3, Lc. lactis M4,
Lb. kefiri BCRC14011, and Lb. kefiranofaciens BCRC16059. Control: kefir

supernatant.

44



d bt wmrefRz Es ¥ L 1 e Lb. kefiranofaciens M1 2.t %% gk 3 A 4
W R RER R R R TR RSk %10 RE e 22 Lb,
kefiranofaciens M1 2_ %812 & 4 AEst - K R &7 £ 32 % (B 2-5) 0 B %A1 2
LA LA BB EFRSD ) BE S iwmre A e gk (IL-1p, IL-6,
IL-12 £2 TNF-a) > 2 22 RAW264.7 fm*e th2_ B % 4p F > & | REviimee ¢ - FH
Bl mre pnlmie R 2 i A BEFBOTERES Y RR o

(Z) FHLLE S L5 picirsa

SOBALAE P ERY B ARAD S BB T s RRE
AfFHE AR B B KR RERRIZE 0 L& RAW264.7
MR R A (R 2-6) B R KT HE S 80C /e AAFH 30 4815 - & K e
AT SN P KRR T o IL-6 22 IL-12 2 A REEF TR KA IL-1B 2
Ao g2 BERCERY OC  HAREARF TS I TNF-a 2 A i

LHEREIET AR BTSN E L KRR EFLR -

W TILEEE A fE 7 3% 0 #4k 528 proteinase K 0 DNase 14 %2 trypsin i {7 %
B & %% Mo 59 proteinase K 22 8% 15 » Hlmre jgrZ /it 2 40 4 BEF"F 14>
M 53§ DNase ' % trypsin 2- (£ % 2 4% SR 1 5 {jpcime g A s 2 g 4 o @
VORI R SRS R R T3 B BR KT R SEE 10 & 30kD R
Wi s Hwregrd A En I RMlr2d 4 o

b WAL R RRY FFEFABEHeEDL s
(peptidoglycans) » @ 3 H mPe jgrd 28 > FE T E BRR BERET LA E L
Rk ? ¥ A7 75 peptidoglycans

(2) FadiE 2 £ ®

s E R AR AT - R LRRE VRIS Bk A
anti-TLR2 £ anti-TLR4 mAb 4 RAW264.7 fm¥ thit (7 F i » £ 14 54
"2 fRiE 7 & 35 % (& 1 LPS : TLR4 ligand » pam3CSK4 : TLR2 ligand i* 5 ¥4 & =) >
SEHEF 0 5 anti-TLR2 mAb A2z ‘wmietk » H 3502 F B2 ik
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Fig. 2-5 Effects of Lb. kefiranofaciens M1 (Mlc) and its supernatant (Mls) on

cytokines secretion by murine peritoneal macrophages.
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Fig. 2-6 Effects of heat treatment of kefir supernatants on cytokines production by

RAW.264.7.
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Fig. 2-7 Characterization of the target receptor of the kefir supernatant by using
anti-TLR2 and anti-TLR4 mAb to block RAW264.7 with pam3CSK4 (ligand of

TLR2) as the control groups.
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Fig. 2-8 Characterization of the target receptor of LAB isolated from kefir grains and
their supernatant using TLR2”" murine peritoneal macrophages with pam3CSK4
(ligand of TLR2) as the positive control group and PBS as the negative control. M1c
and M2c in the Fig. indicate Lb. kefiranofaciens M1, Lb. kefiri M2. M1s and M2s

indicate their supernatants.
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BOARRAERT AL BAEL KT A RAW264T inv A4 6w 5
¥ F & mve & (TNF-a, IL-1B £2 1L-6)2? Thl iw#e % (IL-12) (B) 2-1 & 2-2)» %
L F AP cnimbe e E V5 1 B im e 1Y ;?’-",% ¢t i}lislﬁr I R L S B
PELE R aFLE T2 £ 8 &4 (Monteleone et al., 2002) ; @ Thl #im
BeE P rdld FE iR eril g an Th2 & > 2 FrgdF 2ok #1791 42 en IgE
&% (Meydani and Ha, 2000) = & st BB 4o 54 f F R v it wmie [ 5%
o HiUaRmiz B N R AL 5 R 7] » % o Vinderola et al (2006b) 4% & it
FARLAEIRR BEETFREM ) REEDE LSR5 L F B2 e g
% > &35 TNF-o 2 IL-6 fe IL-lo B AT ¥ A 3% o 8224 IL-1a 22 IL-1B # 1 7
PaApE o SEFLE o A FEV D Eime » E PR B MR R e E 2
T2 RREETELT R FRALAFEP 2P ENF LR T A
7 F ehd. & & & (Farnworth and Mainville, 2003; Witthuhn et al., 2004); @ 2 3= %8 ¥
PREHRAETY AR > B PTG AS e g AR
(Vinderola et al., 2006b) o ABeng_» 5 & f g FEPF A & R F 3 24 ) pF o A7 (R
SR ERRAVEFAEDFLF Rt A4 (B 2-1) > Witthuhn et al.
(2005)3F £ 4p 5 & B R e pEPE 0 B A P RAR S RHA T IR E G T A
BOofFAY AT FEFRRFRETEI SRR E Y ERA LGB e

Av\/:& E’i’ji/{‘a‘ °

AR RREme R R 24 )P T RIEERB £ TNF-a & IL-6 (R
2-1)> Rd b i o g AIL-12 2 IL-1B BRI E_6 /| PFFenk 12 % (B 2-2) - 48R R 7]
S IL-12 5 T % A frenimbe 4 » ¥ ¥-naive T ‘w? ¥+ Thl %w? > Thl
P ¥ o8 IFN-y F it Brime 2 g R L iz o IL-IB R 58 L F B2 £ & D
%:U;ii’—*‘ (Dinarello, 1978; Grone et al., 1998) » van Damme et al. (1987)F 3 :}F] 4
IL-1B ¥ f g IL-6 2. & i B r H L RS & s enimbe i Z o 55 & F i ' RAW264.7
dmre AT s inimie k¢ o IL-12 B IL-1B 5 S A 2 cnfdsg o @ e i E on
half life 224 ‘&% (Maimone et al., 1991) > F]J* F % & Jf R EnE B A PFRE - 49
Bloress &4 7plE IL-12 & IL-1B- ot *h & 3 — R %o Rl 2 IL-10 2 & & £ 3
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AP R L 24 ) P (B 2-3) 0 IL-10 ¥ 4| & £ ehm 8 L F Riwie ik o

1% IL-1B (Trittibach et al., 2008) » F]* # 4 IL-1B ** &N + £ L pF > 7 i 4
vz A2 TL-10 & (7 Frd] o IL-10 37 & RARGFAE 2 33 & 3w g > £ FLil it
g g W20 7 2% (Giacinto et al., 2005; Korzenik and Podolsky, 2006) < 5 #p 9 5 £
THERT iz g e o L P B R E LF & (Opal et al, 1998) ;
Hidemura et al. (2003) P3RS F IL-10 kR % F > P ordld S EHF LF
W R T g U F

PR EFABEAPIRA LAD BT SR [ T
PR RFFERLARE Y R Tl o p R s s $R
FEEE Y 0 % RAW264.7 mre th A 3 TNF-o ehiy 4 2324+ i s A dg ¥
£8 TNF-0 28 LF Y €& him% i > Hr i ¢ J2AB1 Erfim®e B B
DA HGENN L mie > £ R3] A G R e i~ 3 2N (Vinderola et al.,
2006a) ° #p $** TNF-a > IL-6 B © 5 4 3tk Lb. kefiranofaciensM1 # {1 E v
etk x £ L S(E 2-3) H Azﬂm Py oGP R R R B ‘pzl;],L%m
Lb. casei CRL 431 # Lb. helveticus R389 + /& it % i + & 'me 4 & IL-6
(Vinderola et al., 2005) o %0 % X F jg? »IL-6 " F £ & & J > 27 5 8 L i=en
hoB e g b g mie 30 ¢ A s TL-6 (Ng et al,, 2003) o IL-6 #7i# 2 ch2 J2 4% i 49 &

5

% fE g K 2ot > B L 1§ neoplastic wfE et K FS ~ 2B

W

ALK LB R R Al %% B gz Atz Fetdasaog 2 (Goodrich &
McGee, 1999) - d } it ¥ 5> Lb. kefiranofaciensM1 7 /& it Eefim?e » £ H 4

TNF-a & IL-6 » $F$uet 1}135/}'? A& PR ASMIFRET > #et B we

AN :Pfcm "z (plasmocytes) °

WA EE- HFR > LD F A Lb. kefiranofaciens M1 £ 4 # 7k
Lb. kefiranoficens BCRC16059 #7i& i* e IL-6 » i F T4 B > L B % &EF 7 7
k%ﬁw%ﬁﬁ’%ﬁﬂ%%ﬁﬁ%wk’@ﬁ%%ﬁﬁ%%*ﬁiiﬂ’9%
2_ Ftk(strain) % Fr B BRSP4 L R - Cross (2002) 4 4 7 4p
MPPEFFTFLOLAF B FEEFLARA T LI BT 0 3 i
B FFAR T3 SRR - DLAF & (Tejada-Simon & Pestka, 1999; Cross et al.,

52



FIFTRATREOSEEAS S BAF IL-12 2 A ki 4 B MOt R
i s 7 #) % (Huang et al., 1999; Hessle et al., 2000) o 2% i cfgd Bk 5 4p i chgf
> Lb. kefiranofaciensM1 ¥ -] R Evgim?e 2 4 % € 1 IL-12> & ¥ % ** Lb.
kefiranofaciens M1 g % + & ;% (] 2-5) ¥+ Thl & B2 4 Thl w g%
Atz igARY CIL-12 3 FE R £ R end d o TV RAEA M LR F
(Shida et al., 2006) - Shida et al. (1998) % 3 % 4p & > Lb. casel Shirota ¥ 3§ o
TR E e fm?e & 3% IL-12 0 i@ #-naive T % F v Thl ez s it o e > 4
f hE_» Lb. kefiranofaciens M1 # | RHE viw?e 4 2 1L-12 (B 2-5) > & &
RAW264.7 fm®z $k P Fra & §]%cH & 5 IL-12 (8] 2-3); e B% > 22 Lb. kefiranofaciens
M1 pe Rt > AT {lc ] HEaimie 2 8 ¥ 8 € 0 1L-12 (B 2-5) >
Pk 2 RAW264.7 e i@ Be g kAR A (B 2-3 82 2-4) - g 2 A
b} BEEmte # RAW264.T it ik} i 5tz s LA X 2R A Flw
P2 Rk £ H e il TIHRTY > F] T Lb. kefiranofaciens M1 £2 38 ¥+ K R e
B A fh e hlw e ek A s fiiRin § “T A R o Diaz-Guerra et al. (1996)4 1 /)
B E vg w2 27 RAW264.7 £ 3| phorbol ester 2. % p&F » & 'fqz ¥ NOz &£+ §
3 74 % : Kudo et al (1998)+ EL% 3| adrenomedullin # 3§ 4v /| & E ¥ ‘e 53
CAMP 2 3 > it % RAW 2647 % th R & 5% o 1 it » JrUog 5 AT e
Kb 2 e bk SRR R el A B R LB o

AR A ES R RE A g gt kikY o Lb. kefiranofaciens M1 ¢2 H ¥ %
Gk T 5 21 RAW264.7 imoe ks | BLE eimie & 4 55 X F itk
(TNF-q ~ IL-1B 22 IL-6) # Thl fw% jic% (IL-12) (B] 2-3 ~ 2-4 82 2.5) » ¥ ¥ ¢ %,
SRR RRAMFALR LA E A G o Lb kefiranofaciens 5t fik 7
Arik et G)4p§ 3 (Chen et al.,, 2008) » i ¥ & 4 #& *t 3 A& (exopolysaccharide,
EPS)- Vinderola et al. (2006a) ! * Lb. kefiranofaciens ATCC 43761 #7 & # 7 EPS
A RN R B EPS V[ B A e JgA chh il e IR

KURES *o S VA

oA E P F LS ST AR LR F o oAl DNA ~ 322 LB AR B
A i~ (bioactive peptides) (Matar et al., 2000) ™ % -k ;3 ¢ 5. 2 fF  (kefiran)
(Monteleone et al., 2002) - @ §* [k fin e B} ch= & > 4o peptidoglycan ~ % pE 22
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teichoic acid 44 5 & F L A # & # & 2 $# ¥ (Meydani & Ha, 2000) -
Bogdanov et al. (1975) # 3 4p 4 » & W& # s #r4 2 glycopeptides » #
25 LB B R L 2 LA F k5 Muramyl dipeptide (MDP) % =
peptidoglycan 2 2 & 4= 5 > Tufano et al. (1991) % 3 MDP ¥ {8 i3k & i
IL-1~1L-6 22 TNF-a> o PF¥ BEEH ~ w25 L4 Ra e X PahPRd o 5
TR R KR i F o 0 DNase (RfE A B AL KR
R WA P T 2L A DNA S £ ® 2 peptidoglycans # iR £ o “$ TR R
FEE L KR v A T 5L R e B a0 peptidoglycans & A 5 R s T E Y
proteolytical digestion £ Wi g2 = 3¢ > FEF a2 A L F-v & peptides » F
H o3 £ 43 30KkD - LeBlanc et al. (2002) #= 3 ! Lb. helveticus R 389 ¥ p% =+
JLiE Y #TA 4 oo peptide 0 ¥ 318 ] R B R fi&z ® ¥r4] fibrosarcoma 2. %
£ ; @ Meisel and Schlimme (1990)s%= 3 » #§ bioactive peptides ¥ {1 T ‘m ¥z
B R %iﬁiﬁ*%’F%?ﬁ¥+ﬂﬁﬁ§ﬁ%&ﬁi@%°

IR ERE S RN EA R kirE S 3FAR Lb. kefiranofaciens M1
2 lwie gk flpeeni s o TLR2 P HE FABLReBEFFTALF B ¢ 3
peptidoglycan -~ lipoteichoic acid (LTA)¥¥ lipopeptide % # & (Lien et al., 1999;
Ymmmmmaﬁwm’ﬂ&?%UTuuﬁ@ﬁTumﬂym@ﬁ,ﬁ§&§%
d TLR2 flpcim® ek A (B 2-7 82 2-8) o & § ™A= ﬁ&aﬁ%%%ﬁﬁk
w1V B > 4o Lb. casel CRL 431 ¥ Lb. helveticus R389 7~ i#% & TLR2 @ #& %
#. % & J& (Vinderola et al., 2005b) ; "fTT 1 sm¥e BE2 47 F 0 Hoarau et al. (2006) 7 3
7. Bifidobacterium breve 2_ 32 % % ¥ # i TLR2 {jgm % jgcd 24 > Ra 77
VR RFEIRE AR Y AP FiE Y TLR2 o
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‘mPe gk 2 Thlw®e ek 2. 40k 0 JRIE 5 el & - A8k 2 Bow » Fpt it
FIBaCL B Bk o Rk Y M S A 35 ik FLb. kefiranofaciens M1% Lb.

kefiri M2:i& 7385 > 7 A% ] BUBREZE ke 2 3 & 0 Tl A eThle

T

WL F e E o R E R (85 T304 4) 2 AADE 4
ARE L F 525 43 - i&- ¥4 4 Lb. kefiranofaciens M1*OVAR a7/ & » B 2
HThl/Th2iwme ek ~ 3 & A Tho%e 2 BcE 2 & ¥ OVA-specific IgE2 k& ° B
BERSINBEI NI REF R VA ¥ B Y Srimie 28
MRS REHT BRY P ARB PR e BT E R A R LR R
J& o F1 E R 7 3 B i Peyer’s patch2. RNAJEE (70 B2 A Flied 5] 7 &

15 0 VOB R B BRE T AT BB B ARk erralAe 2 BERE AL FIR L o

it
)=

85T £ 452 Lb. kefiranofaciens M1 1% & 5 {1 -5 oK e 4 2
e gk a4 0 FIEY RA B AREF R ER SR &S FHRLOVA
WAl BB E R A 0% ¢ Thlfne g (IL-12)> % K Th2jm % jfr (IL-5) 2.
bl /DY A S A Tme 2 g > m £ 31 ¥ 2 OVA-specific IgE% ¥
1% o 7 RNASR B 5 & 5 A 452 8 % A7 » OVAB AT | Bk & Fthis > #
Peyer’s patchz_4& #8 cifk %] & LI &8 ¥ & "% > b pF &g ¥ 3% Ifnr~ Cd2~ Cd3~ Cd28 -

Satder Cor74 F12. & I -

B WRET 0 w2 F A 3 F LD, kefiranofaciens M1 # 4 E 550 5 A &
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(- ) #FBRiAz

BAkMoaz LT

ek AR
A BEMLINIO . 3x 107 L 6x 1OTCFU

L4 1

s BB K (1 x 105 cells L)y B EHOVAS B2 F—Ri5
S B 19 fa AL (1 5 107 cells L) R B ZBALB/c/s &
| (750~ 13~ 205227 3 354720 png
OVA it A2 mg IL A4S B 1 F))
[ l
R ERRARERFTEKRL {2 ROVASAL S SR snlp || B ili Pever's patchz
BEAEHIZEA(ERE FTh1/Th2 fm g8 % 2 F85 || RNARS/ MR 2ER
A 780 aR) Ko A e sa g 2 JL-SIL- #MERFSE R o
FAE % R o (IL-1B. 1228 5 3 _ —
11_-613.1'1'1~IF-a)s:~=.t'1"11u11.-1:113 Seik ' OVA-specific
S & B i adoe il e IgE & & 5 4
- CDRLCD2S 2 2 G ES dp
% - BAFUR BB R o

() fEREA-FHARR B 2 Ug

AETED Fw B S kP »dlb. kefiranofaciens M1 Lb. kefiri M2 -
1 Lactobacilli MRS 3% % j% (Difco Laboratories, Detroit, MI)i# i k3t % *+37°C
¥ % 44 (CO; incubator, Model TC2323, SHEL LAB, Japan) » & i Ftk2 {5 14PBS
(Amersco, Solon, OH)i% it i % B & #-5 E R & 5 1.5 x 107, 3 x 107226 x 10’
CFU/mL - # 4 /& Ftk @ * PBS/ % & iF > & 1 E K is ) (Water bath
Model-B403H, Firstek scientific instrument Co. Ltd., Taipei, Taiwan)+c #t 1 85 C 4%

FA0S 48 EFIB L LR -

Z) Rt lwmre gk Bk R E R e &R e
IS PR T :
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| BE e 81 05 m e A B+ it #s2 BALB/c MR R(B R S84 8

F b P o) F %> 2 %% Netea et al. (2005)£2 Hong et al. (2009) -

1. Mfimie 2 3 L 50 AR 0T 5 M BUBREES 1 P 5070 pm Nylon
cell strainer (BD Falcon, Franklin Lakes, NJ) = - 12 g [ 6" & 5 -2 B pet g s
4 s et~ 10 mLg FIPBSIE 70k e 0 £ 01200 rpmes 54 4 {8 R 2

it 0 2 4~ 5 mLeARBC lysis solution (Qiagen, Germantown, Maryland) » ** % /8
TOAAR AN M AR R 2R L R R R

4v » 10 mL PBSi& 3 # 4 9RBC lysis solution > & % 125 mLp 7 10 % FBS(fetal
bovine serum, PAA Laboratories GmbH, Linz, Austria) 57 RPMI 164032 % %
(HyClone, Logan, UT) >t & ¥ i » I 12 trypan blue(Invitrogen, Carlsbad, CA)3% % %4

R m e 3 1x107 cells/mL # # -

2. BEvElwmi 2 Al R 2 F#BALB/c VR R RI: B E R D P
® « Taipei, Taiwan) > 12 #g %573 542 mL 3% thioglycollate (Gibco, Gaithersburg, MD)
(Netea et al., 2005) » & & & P2 B E > 72/ PFfs % B > R FIE TSP 1
PBS 5 mLix » *goEp > A Bf = L v P TR E > BR AR B ol & mie
25 RFPBSY o £ S mL g AR B EAF F i S S B F8 mL
kR o MEoKR A 8 (High speed refrigerated centrifuge, Kubota 1920, Osaka,
Japan) *%1500 rpm i B 104 48 > 3 ¢ 57k o d5dp dm e TR @ 2 4 HT 0 Ao r
7 10% FBS#RPMI 164042 % % » @ ix w2 %3024 welli2 £ % > § 337 Chw
"z £ % 48 (Revco, Santa Fe Springs, CA)32 % 3| BFis » j£ 3 s & 2 pbrenimbe >
£~ 510% £ 4 EFBSHRPMI 164055 % i #-pl i fm v 12 fmse 2149 3142 > 12
trypan bluez} % ‘w ¥ #ic ¥ 1 5x10° cells/mL » » B~1 mL ‘% & i5:% 52 % 724 well

RBALZ WITCHAHB AP Rmiepbifidmd g o

F R e B E e R 1A e R R eiE 5t ik F(Lb. kefiranofaciens M1
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Lb. kefiri M2) £ # £ & 5 f& f#(heat-inactivated Lb. kefiranofaciens M1, HI-M1£
heat-inactivated Lb. kefiri M2, HI-M2)% k32 % » 3037 CE £24/ ) FisFE R

o W80T K dn R A R R

(‘I) —?'S;(;%J{/J ""\fr’*ﬂ Fér%%

—

L RATAR DR &% F#BALB/c FREEE (T > 3T %0, 13,20£8227 p iR T RAT
RATHE;N 120 pg2o “r e F-v (ovalbumin, OVA, Sigma, St. Louis, MO){¥ % iE 47
Fuoo I 220 5 2200 mgz. AI(OH); (aluminum hydroxide, Sigma) » 45 d P8 ¥gi3 &
200 pL > A28P S A 0 E A N4k a7 kR ah# 4 ELb. kefiranofaciens

M1 300 pL(3* s 5 dicd % 28 5 1.5x 10,3x 10" #26 x 10’ CFU/mL) -

2.0 & B L RHRIAF0, 7, 14, 218228 p iE {7 % 4 % & (cheek-pouch blood
collection) » #-x jz ¥ ** 4k ¥ 7 (BD microtainer chemisty tubes, BD, Franklin
Lakes, NJ)126000 x g#.< 904 s B~ 18 s i » %73 >°-80°C ™ & jp| £ AIgE(mouse
IgE ELISA set BD science)!4 2 OVA-specific IgE(DS mouse IgE ELISA OVA, DS

Pharma Biomedical, Osaka, Japan)2z_ jk & o

3. Mt LR 28 P R4 BT AR 1T o ¢ 2 e te (2 2 it
trypan blue ¢ 3+ #cid -5 m e ic i 1 x 107 cells/mL » B+1 mL2 ‘% & %%
(RPMI 1640 ¥ /?J‘ 10 % FBS21 % ## % (100 U/mL penicillin# 100 ug/mL
streptomycin, Sigma)*+24 well3z & & > £ 4v > @ i #50.22pm & Fig " POVAZ %
AR e 2R HOVAKER 5 100 mg/mL*t37C1 & fag 248/ BF
i > 118000 rpm w34 483 VE I HOR TR o e 3 -80°C T R L e

—% o
ABEOVAX 18 % 2 W5 P P~5 x 10 cells/mLenfm g (74 & » & *

anti-mouse PE-CD4 antibody (clone GK1.5) ~ anti-mouse FITC-CD25 antibody (clone

7D4)#2 anti-mouse FITC-CD19 antibody (clone 6D5) (Beckman Coulter, Fullerton,
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CA M4 Cif7#rk 4 ¢ » 14 mL PBS'}%"}%& TS dmre b S AAL R BB U]
mL PBS# /% % » 570 um Nylon cell strainer (BD Falcon)i Jjg = $7 5w % {8 » & °F
1w N qm v R (EPICS XL flow cytometer, Beckman Coulter, Fullerton, CT)4 #7

CD4'CD25" 24 & 4| Tim? 22 CD19'Biw s 2_ #ic B -

Tube feeding of heat activated M1 or M2 throughout the experimental period

< »>
< >

m Intraperitoneal injection of 20ug OVA+ 2 mg Al(OH)3 per mouse
JL JL JL
BALB/c mic
6 week old 4 7d 14d 21d Ad
[ |
Serum Serum Serum Serunt Serum  Splenocyte Peyer patches

Antibody response Antibod_y" response Antibody response Antibody response Cytokine Microarray
IgE, IgG1 IgE, IgG1 IgE, 1gG1 IgE, 1gG1 production analysis
IFN- v, TNF-q, IL-5,
IL-6, IL-12, TL-1p

Flow cytometry
The percentages of Treg
and B cells

B 3-1 RATF %420 o

Fig. 3-1 The experimental design of OVA-induced allergy.

4. Peyer’s patches © | B4k 4216 4% Torii etal. (2007)2. = j2 » BT | &+ = 45 %
TR (4o d RV Ld ¢ RA2T L Pk Peyer’spatch > & &) BB~ 6 1
837> 11 PBS it ik f& § %13 » 15 4 12 TRIzol reagent (Invitrogen, Carlsbad, CA)

{7 RNA 2 5B~ o

EELED o Sl

~
=4
A

A RER VU 8 % L R 2 (Enzyme-linked immunoassay, ELISA)i 7 o &
* o] Bl ok B T E 2 (mouse cytokine kit, R&D system, Mckinley, MN):p| £
TNF-a, IFN-a, IL-6, IL-12, IL-1B£2IL-102_ &k & -

(= ) Microarray

Peyer’s patches 7 RNA & & ™2 Nanodrop ND-1000 spectrophotometer
(NanoDrop Technologies, Wilmington, DE):& {7 Z_& > £ 14 Agilent 2100 Bioanalyser
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(Agilent Technologies, Santa Clara, CA)i& {7 5 5 #| Z_ (OD 260/280 2 g 7 = **
2.0 > Bioanalyzer 28s/18s 2 " &% <3t 1.2 » B RIN 3 %3 8) « € B &
| z_2. RNA 11 Quick Amp Labeling Kit (Agilent Technologies):& 7§ % ° RNA
¥k 45 cDNA {8 0 B9 % 22k &(F& 8 £ 4 % Lb. kefiranofaciens M 1) 12
cyanine 3 ¥ %_» @ OVA ¥/ %217 cyanine 5 % %_>» & Z_{é #3 ‘2 5>t Agilent
Whole Mouse Genome 4x44k oligo microarray (G4122F-014868, Agilent
Technologies),i& {7 32 & F J& » & &2 60°C 4c#t 30 &~ 4815 0 % %3 4 rpm 2. # >
PR EE i (BRI 65°C F O 17 P BF) 0 R R 1SR T AT KT
s & B ¥ gilent microarray scanner (G2565CA, Agilent Technologies):& {7 gy > &

2 software 10.5.1.1 (Agilent Technologies)i& {7 4" 47 o
(=) 3

2 SAS % #3588 (SAS 9.0, SAS institute, Cary, NC)i& 7 &% > & 47 » £ 18+
;% % %358 ¥% (Duncan’s New Multiple Range Test)ip] _% i85k & 2. B ¥ £
B RRTEGTZ EAFR T ER -
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(=) po? oA a2 SR AT E R e B 0 e g A e L B

& Fk s 2 Lb. kefiranofaciensM1 £ Lb. kefiri M2 & # 2 7E )k fe 0] R E
FEhmRe TR PR &0 R % AT S 4 E 2 Lb. kefiranofaciens M1 &2 Lb. kefiri M2
27 B ¥ % Thl o % 4o IL-12 22 IFN-y (B 3-2) 22 fAMr a ¥ £
B 5 I ¥ Lb. kefiranofaciens M1 £ Lb. kefiri M2 2. B 7~ @ g ¥ £ B 5 &% we
2 % > Thl ‘¥ jfrd A 2 R 5 40 IF 8% (B 3-3) > &2+ Lb. kefiranofaciens
M1 £ Lb. kefiri M2 B /&1 doz a0 4 304 kp 32 A - o F A HE gine
dm g L F e gk A AR E T - RO BLFFRKRE EIL-IP hs
OB N E R HON ) BB in e A 5o TNF-o0 # 2 5% B IR 2 Tlges 4
PIBEF B R Ebs A IL-6 g Ak 3 ARk AR AT LR (B 3-2)-

(=) & 344 % Lb. kefiranofaciens M1 #1+ IgE 22 OVA-specific IgE 4 ix 2. 2 58

d bk 25 peE A4 E Lb. kefiranofaciens M1 i (7 {8 Fidsk (i 59348 & %
B2 IL-12 &%) » 1 # 4 7% Lb. kefiranofaciens M1 48 £7 Lb. kefiranofaciens M1
2EEES ks OVARASD) 28 pid B %M - "TF AMERARS » 2%
M3 AT Bl F 2 IgE % AR () 3-4)> # B 4§ 6x 10" CFU 2 few| B 5 4]

\-t-n
&\

o B p? 2 B IgE 7 & 0 @ & 8 Lb. kefiranofaciens M1 24 A5t + & iz B

)

2
1

LAk oy EF\ F%‘Eﬁé ’%F'—r? ﬁ/f‘ /&f§$ t'J—ﬁ-/kEZ”gﬂbﬁl;?gu 2 il
ERFEHF O FY IgE F £

e
e

R 7 3E 3 OVA-specific IgEz % it (B]3-5b) » S % &+ 5 p & & #. 4 J5Lb.
kefiranofaciens M1 6 x 10" CFUZ ‘%] » % = &|( %20 P JOVAE 7 f "L vEid 62
6 Ha Sy B FFrdl ol i ¢ OVA-specific IgE2 4% ;5 @ SIgEZ £ d3% A4 » & &
# % ELb. kefiranofaciens M1R[>t % = &|(% 13p )OVA/L &8 » HIgE 7 £ 5 ¥
X OVAZ ¥ /8 ‘e (B]3-5a) 0 ot 304 B 385 2 % 3 F £ 4 /& 2 Lb. kefiranofaciens
M1+ & ¥ :xd WOVAR A2 | & %14 p 7 ¢ IgE¥2 OVA-specific IgEz_ 4 & -
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Fig. 3-2 Effect of Lactobacillus spp. isolated from kefir grains on cytokine production
using murine peritoneal macrophages. M1: Lb. kefiranofaciens M1; HI-M1: Heat
inactivated Lb. kefiranofaciens M1; M2: Lb. kefiri M2; HI-M2 : Heat inactivated Lb.

kefiri M2; Control: PBS.
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Fig. 3-3 Effect of Lactobacillus spp. isolated from kefir grains on cytokine production
using murine splenocyte. M1: Lb. kefiranofaciens M1; HI-M1: Heat-inactivated Lb.
kefiranofaciens M1; M2: Lb. kefiri M2; HI-M2 : Heat-inactivated Lb. kefiri M2;

Control: PBS.
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Fig. 3-4 Effect of the heat inactivated Lb. kefiranofaciens M1 isolated from kefir
grains on sera IgE production using allergy mice. Whey: The mice were tube feeding

with 500 pL/mouse per day of kefir whey. Control: PBS
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Fig. 3-5 Effect of oral administration of the heat inactivated Lb. kefiranofaciens M1 on

(a) total IgE and (b) OVA-specific IgE productions in OVA-sensitized BALB/c mice.
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(=) # 3 # % ELb. kefiranofaciens M1 #3337/ BB P2 e 2 32 50

F i #E ¥ aoLb. kefiranofaciens M1g§ ic 53 #r] % — 4185 F a2 o i
IgE » 5 B f3drd|BaTF B2 4] SN FRF IR IR ARME > RaT)
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i A 828 p # 4 iELb. kefiranofaciens M 13 3 7] &0 & 3 H %5 fm P2 3 12
i RAEF A G R AT FAE T 5 CD42CD252 T #ic &
(2T & Timre 2 ) BT 4G Ak ] B Hu5d 383 Twre ik

B E 4 2 (F]3-7a) cCDI9: B e S ) £ 2 & & 4 6 FLfp > FPL 30 % — A48
ATk 2 B HCDIVARERE > a4k an? | A4 AR > ZOVAHR eiprt
VR F' MCDI9OZ £ (B3-Tb) > Mt A EEFET G FASE L FELD
kefiranofaciens M1 28 p {¢ » ¥ B ¥ & 2 OVAR A7 | B Y A & 3| Thw e 2_ #ic
£ 0 ¥ % MW-ERBAne ¢ CD192 4 3R o

() #& 8 #4 EFLb. kefiranofaciens M1 #4733 #7547 B Peyer’s patch# %] 4 5

,-!'f

2.

Peyer’s patch 5 /] 2L E & AR e 0 * £ %7 HFEErgiwie ot ;’%'gi LES
e\ B g TR i“ﬁi R Fl iRk R A B RRI T RS N p AL L
KB

% BB L Peyer’s patch o % By f2 % | Lb. kefiranofaciens M1 2 37 end 5 4p B 25

—H

Flz2_ % i & 3pek § Lb. kefiranofaciens M1 3k a7/ B e Peyer’s patch’ 4é B~ 2 RNA
i {7 ¢cDNA microarray ~ 47 > %87+ F 1034 BAF2Z 2 REF T % A 3
534 BAFIZ L REFRS > AP B L BN DR TFITL 3-1 & T FiR A
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B F e A ] 2 A1 kSR 4R > 40 Clr, Cls, C2 &2 C3; F
Thi(lfnr £2 Satd) ~ 52 & & B(Cer7)e2 fmre 4o 2 4 @i A F 4p M 2 AL 71(Cd2,
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Fig. 3-6 The secretion levels of IFN-y, IL-12 and IL-5 regulated by heat-inactivated Lb.

kefiranofaciens M1 in OVA-sensitized splenocytes.
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Fig. 3-7 Analysis of the (a) CD4'CD25" T cells and (b) expression of CD19 in

splenocytes in normal and OVA-sensitized mice.
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% 3-1 4 3 Lb. kefiranofaciens M1¥+OVA &k 47| Bl Peyer’s patchzk F] £ 2. §2 58

Table 3-1 Effect of the heat inactivated Lb. kefiranofaciens M1 on gene expression in

Peyer’s patch cells of OVA-sensitized mice

Gene name Symbol  Accession number Fold change

Down-regulation genes:

Complement component 3 C3 NM_009778 542
Complement component 4b c4 NM_009780 353
Complement component 2 Cc2 NM 013484 -3.03
Complement component 1, s subcomponent Cls NM 144938 -2.82
Complement component 1, r subcomponent Cir NM 023143 -2.42
Complement component 1, q subcomponent, Clga NM_007572 515
alpha polypeptide

Complement component 1, q subcomponent, Clgb NM_009777 1o
beta polypeptide

Complement component 1, q subcomponent, C Clqgc NM_ 007574 207
chain

Up-regulation genes :

Interferon gamma Ifnr NM_008337 10.4
Chemokine (C-C motif) receptor 7 Cer7 NM_ 007719 3.68
CD28 antigen Cd28 NM 007642 2.82
Chemokine (C-C motif) ligand 4 Ccl4 NM_ 013652 2.67
Perforin 1 (pore forming protein) Prfl NM 011073 2.47
Chemokine (C-X-C motif) receptor 4 Cxcrd NM_009911 2.41
CD3 antigen, delta polypeptide Cd3d NM_013487 2.21
CD2 antigen Cd2 NM_013486 2.11
CD3 antigen, gamma polypeptide Cd3g NM_ 009850 2.08
Signal transducer and activator of transcription 4 ~Sat4 NM 011487 2.05
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B IRA R Y o AP 7 oA F s A Lb. kefiranofaciens M1 £ Lb.
kefiri M2 ¥ | B E o imbe 82 55 m#2 & j& & & e Thl ‘m*e % (IFN-y &
IL-12): 3% 577 3 » 37§ pats F 7 &® 2% ¢ &1 L& 72 (Shida et al., 1998;
Fujiwara et al., 2004) o 4 @ 5  fa & F AR T 11 [L-12 & IFN-y 2. A R iE @ s
it Thl * ¥ w2 &% F J& (cellular immunity) (Shida et al., 2006) - @ Shida et
al. (1998) # 7 #F Lb. casel Shirota ¥ #% 2 #:F E rifim?e & i IL-12 i&@ & i
naive CD4" T ‘w#2 L Thl ¥ i 7 o IFN-y 5 Thl fwPe #74 js 31 & cnfw? iz >
7t % IL-4 2_ antagonist ¥ ¥ #r#4] {3 4 IgE 74 = (Rousset et al. 1991; Matsuzaki et
al. 1998; Segawa et al. 2008)°IL-12 22 IFN-y 2_ 7 * % E i & e m P2 1Y ﬁﬁ"@}?g B ﬁ
Zom B R EER R G 4] Th2 F 2 5 40 o o pU Rk > i & B4 5% G enLb,
kefiranofaciensM1 £ Lb. kefiri M2 32% {1 Thl Mm% gk 2. 2 s Bl H ¥ i & 5
Fr4] Th2 & 2 »c4 -

AR N YRR B FEL L B - QB AT o R E FIRH
Wilgr Thl e ek 2 A REFFANRET A F L R (B 3-2 £ 3-3)c - 4305 >
FREC A G RN B AMP 4 T FILHE 5 12 (Nonaka et al. 2008) > # @
FIFEL TN AE R RRAET ARASH OB F AR FUIEE
[F]%%"T it 79 422 % (Murosaki et al. 1998; Sashihara et al. 2006; Segawa et al.,
2008)  — B L BAFEOTRE LRIPH me B o nE LR E 2
Wit AP e k2% peptidoglycans £ 5 F v B a4 > T A2
mA Y Y R P AT S toll like receptor (TLR) 2 41 ¢ LAY
U F e ,;f% (Hong et al., 2009) > # % m# :H TLR2 ¥ 2 & %”‘\f%'lé‘_f;ﬁi
WP RE R A F g kA £ e A2 - p o 4 3R ¥ E T nuclear
factor-kappa B (NF-kB) 12 313 %2 5% 2_ 4 ;& (Lien and Ingalls 2002) - Sashihara
et al. (2006)~ 45 ! 5* ik 7] 0 %% B2+ 4 peptidoglycans & 4 A% % - H 15 [L-12 »
W2 je A RARSE o F) et F sk 0 A iE R T Lb. kefiranofaciensM1 0 #
FEE e BN Lk B IL-12 -

"1 OVA kA7) K2 357 2 OVA I d|eipt » s a #1275 M1 7 & ¥ '
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M F P % IgE (W 3- 4) 22 OVA-specific IgE (B 3-5) » s #r4|R %" ¥ Lb.
kefiranofaciens M1 ?ﬁ@:ﬁﬁ% Plock4kiE (R3-4) ¥ 0 HHERFF A2
f2 o 4apl 5 B Aiken S H 7 5 #E o peptidoglycans ; e 2 e EF T S
B ik A A ¥ E G ok g B 4] IgE 2 (k& - Segawa etal. (2008) 4p & B
4v 0.5% 1 Lb. brevis SBC8803 # § »c' i< OVA Rac-| B F¢ IgEehg £ ;
Matsuzaki et al. (1998)5%= % « F I ¥ F if 4 )k & e Lb. casel Shirtoa 4 ¥ i
WA R2Z A AT BB ANERAE T R E G L e

ek s 28 p 218 o Lb. kefiranofaciens M1 ¥z ¥ 57| B2 Y-58 fm ¥ A
Weenim e g% 0 B2 OVA #4249t > Lb. kefiranofaciensM1 + & ¥ #& = 1L-12
P EE A TL-5 20 A i (B 3-6)0 0t L-12/IL-5 2.0 b T & 1 fHA 7 RLE AT &4
i Th1/Th2 <% f= - Lb. kefiranofaciens M1 fg ¢ ‘w¥s jrk e & > 2 38 & Th2
gk o B2 B Thl F > &d scd T 5 end o e iBac B Y o
& IgE £ OVA-specific IgE o fe 43° ¥ — & & ¢h Thl w2 % IFN-y > FiRA &
R FR D g me ¢ e g o Lb, kefiranofaciens M1 &JE e 22 OVA 4] &
FREFLIE P W RZFER T g 8 25% 9 Lb. kefiranofaciens M1 ' &
FRlpgmie 24 IFN-y > RRp RHRe Wt FRL 55y BRI 2Z L8
(Sashihara et al., 20006) °

WL mre R AT OVA KA BN me > REEr et s
Lb. kefiranofaciens M1 v & ¥ 3 e %% # 24 & 4| T ‘w¥ > | ' 14 CD19" B kw2
2%E (B13-7) A Twer A2 MY LI B A GRELEF R #
GoiE R L BATE B2 % 4 (Sakaguchi 2004; Shevach 2004; Maloy et al.,
2003) ° Ling et al. (2004) 45 134 &3] T fwre v Frfld s #0502 T wie il &

I A hE_hiEAT B % AR BRI s S Stassen et al. (2004) 7 3
YR T

ZE d

®

1
=

7 ﬁi%7ﬁ“ﬂ1?mw’#%ﬂﬁi@%%@ﬁ’
B ¥ e Frdl IL-4 & % i3 Th2 2 & . Karlsson et al. (2004)3% 5 & 4 # chin

vIZEEBRY ASA T En”é’7i\§14 s AR AL E R e ¥ -
* % CDI9 ¥ Bim% 4o #F 22 4 3:Es 3 (Rickert et al., 1995) > Jarvinen et
al. (1999) 4k 4p ¢ 1E 4 Y CDI9 ' Bimie ~ B 2 ILPF > FAL L G piEacs %
gy o 2477 ¢ Lb. kefiranofaciens M1 " € CD19 'm%e 2 B 223 2 3 &4 T
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fmie 2 Beg ¥ ARG Lb. kefiranofaciens M1 i % sk 2 F 3 5 2 b s OVA R
Aol Bl i@ 34 IgE (W] 3-4)% OVA-specific IgE (] 3-5)2 #r] 7~ g2t 4p B o

W% » ok A Lb. kefiranofaciens M1 $#3+ OVA a7 B e0% i 44 B 5
Z_ #5812 Microarray i {7 4~ 47 Peyer’s patches » ¥ OVA ¥ #4l&4p vt » 3 5% &
T # % % Lb. kefiranofaciens M1 2. # 4 ¥ *% i€ 54 & % 24 3+ 3(complement
components 3, C3) & F]z_ £ I (& 3-1)> @ 4 4 4 %4p b 2. & F 4 C1, C2 and C4
2 E A BEFXIFA] . TR HREIAFZ BWY o B R A
REFRS T HEFFFRSABRHFERT ET AWz s
{ . EREacy 4 nd & » 3 (Hawlisch, Wills-Karp, Karp, & Kohl, 2004) -
Fearon and Carroll (2000) #* 3 35 ! » 7F 1 B e 2 4z - A # j g€ &
Hid o FP AIBATHE [’iat’ AR RSV 8 Blwme iR A IgE ) A £ AT K
e FIEAMIREEFE I RPRAE I SEREFAREEREFRE
(Walport, 2001a,b) » pt = B gLj5 357 £ C3 &~ + & 25 C3a £ C3b ; Drouin et al.
(2001) 3 #F C3 4% L ] ¥ Frdl | M@t gz g2 P RpEeragy
Th2 fmre 2_ i¥% o § — £k & 4 % % Lb. kefiranofaciens M1 ¥ &g % 3% 2 R4t
/|- B Peyer’s patches *® interferon gamma (Ifnr)sh4 I 2 ¥ 5 >t OVA & 2 104
B(£3-1);F 52 Thl ApM 2 AFLR7EFHR S > 4o T e £ 48-CD3 (T-cell
receptor (TCR)-CD3 antigen)®2 CD2 > & &2 F 5 T lm¥2 }%‘J‘z FERE TR &
S p P2 & & & 5 Lk (Brown et al. 1989) 5 Ocklind (1988) E
Thl fm% % (IL-2)i& 1 T 4n% £ B # 4 » % £ 516 CD2 & CD3+ @ STAT4 {
A Twe2 Eyrop £ 1) IL-12,10-23 &2 IFN-y fjpF - e po2 4, @if? 2 & & &
&%)+ > £ Thl wre 22 33 4 1 > i BAE IFN-y ¢4 ;3 (Korman et al.,
2008) - CD28 = T mfe £ & + 90-kD chpEd-v » f F A4 T fmiz 2 F 1+ » CD28
2.4 ¥ H 8 [L-12 2. {0 I @& % ihw Thl 2. & (O’Garra and Murphy 1996;
Kang et al., 2009) - & it » &2 Cd2, Cd3, Cd28 & Sat4 114 R+ 4 &+ Thl
FR 8% m gl gs s gt i o
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4

EN 3

Fih 2 EoRAs 2 #4F Lb kefiranofaciensM1 &2 % pE 5t s L @ AT F

R E AR
- HE

ﬁ??*%iﬁﬁ%ﬁﬁﬁﬁ%’Qﬁﬁiﬂﬂﬁﬂiﬁi%%&ﬁLb
kefiranofaciens M1 £ 3 fljgca s g L F BAp M e ek 250 4 ~ %2 Thl &
&> #cd OVA iac | B2 Th2 e 2. F]F o £ OVA & (76> A8 %
EIECEISA R AR LA AU W R RS 1 A R = . ERULLY Ly AR
2tk A g PR IMETRAG R T OBELE B AN R R % - BB

ZF R mb PR T TR P LA Eo? ~ 82 Lb. kefiranofaciensMI it E

4

o e 2 TRk R o B BB L OVA & (7 ipid st eh o £ 4 B r OVA
BRI A Frh o ARG RIERNE A RETERZRSS  BLELT A
(methacholine) 31422 vfex i 24 (enhanced pause, Penh) £_F *§ i< ; ip] T 052
L FE i 2 Th2 (IL-4 0 IL-5 2 IL-13) 2 Thi7 iw#e ek 2 A it 8 % & i
® OVA-specific IgE 2. § £ ; & M sk & BB WY L5 w2 R4k AR

MR o

% RS ET o 4 E2 Lb kefiranofaciens M1 4 & OVA 4 v /] B > H 4
& Flici 10°CFU 121 > 2 riggse 2485 P F 4 & 22 50 o] BURS L F F
g 2w g L F B ~Th2 2 Thl7 wre 2 k¥ T "% > T jg kg ¥ "% 1 d
methacholine #73%% ¢ Penh & ; > F S % B3 %R ¥ ¢P LA w2 ZEIUZ

Abite 2 BB EF R Y 0 &P 2 OVA-specific IgE 7 &g ¥ T "% -

B R 0 & p 2 10° CFU Fj#icz Lb. kefiranofaciens M1 4k & OVA 3 %
2 vl B Tl % - AlEACE oz Th2 M2 515 PETREF 57 i
% % < Penh fﬁ—%’i’f@ﬂ.ﬁ%‘i*)’ B g R e R B B AR i Y e rg ¢ Thl7

KULES *o SEAPABIN
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= MEESE

(=) #BkiAT

B % 9k B 282 LactobacilluskefiranofaciensM1 & £ &
LR

| PCEER AR R

RS2 E45OVA » HABALB/c/)s R BAOVAS B UL
B Row B X

(P 15214 8 45 4720pg OVAEE 2A2 mg @, A 1648 A fx &) - 3t

¥ 28 ~ 2951308 $41% OVAE#PBS 4 v )

l

FHRAEGE Bemk g & JEPAR B ofy R ) 3K
RAHELHEALII07 | FTRAFSERAZ || 7+ Ertmethocholine 5] 42 2 +5+%
Lx 10f 4 1 x LO°C'FU $a Bt F i 1 /) (enhanced panze, P}
HMAeRN A % A ¥R ¥PTh17
. 24231 32683 e bz Snd fa sk ) K
2ol o Lz 8ahed b Lok il
Bokefre28 300 5 | e PiES T2 | (hematoxylin i eosion ¥ &, HEE
& 3% P OVa-specific || HFCDHRCD2s 8 2y | )
TeE4 % 4 #f Wiz e oo o0 | 285 8% 4 a6 ( periodic acid-
1% 2 s 2 o 6 schiff. PAS & &)

(7) PR U 2 A

AT ER G ER® oY ~ 32 Lb kefiranofaciens M1 (M1) 1«
Lactobacilli MRS #2 % ;% (Difco Laboratories, Detroit, MI)i& {7 ;5 i 2% » § &5 1Y
PBS Fi% &3 R ER T 107, 10°2 10" CFU/ML % * - # Ffi#i 4 2 5% 5

PR K 4o 85°C 45 5 40 4 45 (Water bath Model-B403H, Firstek scientific

instrument Co. Ltd., Taipei, Taiwan) (Hong et al., In Press) °
(Z) 7 vh] B2 A8 Ll ex »
A AR (W] 4-1) 7 ## 2 BALBlc pRAS B2 4 £ %
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# 4> ¢ & (National Laboratory Animal Center, Taipei, Taiwan) » -] Bl § v =54 2.
Rac 44 Leeetal (2007)2. 2 % » #%k- 287 32p > % 1 p &% 14p 0%
23 520 pg ‘P v F-v (ovalbumin, OVA, Sigma, St. Louis, MO)#2 20 mg AI(OH);
(aluminum hydroxide, Sigma) » # /L & 48 4% 5 200uL > I3t % 28,29 £2 30 p #-
/|- Bl ¥ *% ultrasonic nebulization (Aerogen Ireland Ltd, Galway, Ireland)® 20 4
45 > 5 ) Bl » OVA 8 B (1% OVA 73>t PBS i3 7% )ig = e sig i a7 0 % 31

p g 7L \:,‘lglm 4 7 PR %32 p %;;}4 | & A\%ﬁ,ﬁ,ﬁ;@ﬁ_f@m’?é N i—? ?,&',}a,;‘gﬁ:

1
I

14 28 20 30 31 32

t F—t— } |

OVA semsitized OVA sensitized OVAserosel | |

challcnge | |

o

Timo (days) measorement |
Assessment

endpoint

B 4-1 Sﬁ ’J L IRAT AR o

Fig. 4-1 The experimental design of OVA-induced asthma.

() "ERAZKS LI il

ARG AIEAN B2 kS FHERF PE E ) BE 10°CFUML > 12 3
A7 A G LRI 200 pl o (1) ¥k 24232 P F P A& S (course A) 5 (2) ¢ % 1
PA% 14p4s 14 p (course B) ¥7(3) % 28,292 30 p » -] &4 A

- o] PrA S Atk (course C) o I 47k 3 4§ 200 uL PBS 2 OVA § w4 ]
& (positive control, PC) » § ¥4 % % #& & 200 pL PBS 2 PBS k&t » 2 0] &

(negative control, NC) °

(g) c:i'\:}Li‘E'F_E_'_J PR
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W (S - K~ OVAR B 1624 ] pFo - Aot e BUE 203 2 D M M F
fa 25 £ 1% (whole body plethysmography) (Buxco WBP, Buxco. Electronics,
Wilmington, NC):hug s @ » # % 544 & | BT #15 » rbrg kA (12.5, 258250
mg/mL)2_ ? L *% % (methacholine, Sigma) i -] Bl & 4 v¥ &g i a0 F B IR % (airway
hypperresponsiveness) > & % #-if| Zenhanced pause (Penh) it % = ¥ if [Ez# (airway

obstruction) 2_35 1% (Peak et al., 1987)
A
() A F F b kit 2 Bl g b s

X § g #* &% (bronchoalveolar lavage fluid, BAL)2 B~ = ;2 %< Forsythe
et al. (2007) » #1 mL PBS d # ¢ (tracheal cannulation)i# » v &3 3 @ & i ix
EEBAL RHRAFEAF = > #TEE L F it 1200x g 315 44 o
B bR er 2t -80°Crk da o M B S R Wmre ko

EER] 21 10% 455 R (formalin, Wako, Chuo-Ku, Osaka, Japan);3 /% 7 €24
JpE, EFE LM o k&7 P {8 B hematoxylin£? eosin (IMEB Inc., San
Marcos, CA)i& {7 f. & fmP2 cng ¢ 2 3 ¥ “b ruperiodic acid-Schiff (PAS) (IMEB

Inc., San Marcos, CA)iE {7 B %45 ‘w2 (goblet cell)& 4% (mucus)ed & o
() M- mre 2 A 3t CD4A'CD25 3 & 3| Thn e 2. & 45

WEFHET LY RN we (S 2 i) 0 trypan blueZ 4 3 #c B
wre 3 1 x 107 cells/mL » B~1 mL2 m* & %% (RPMI 1640 ¥ 7410 % FBS#* |
% #+4 % (100 U/mL penicillin® 100 pg/mL streptomycin, Sigma)*t24 wellsz &
o eor = i50.22 pmR FJREPOVAR R 8 7 Tk & o ie 5 & i B 4 OVA
JE & 5100 mg/mL » *37°C %% 12 & fa(Revco, Santa Fe Springs, CA)#: % 48] p#
{6 » 148000 rpm < 34 45 2 f”ﬂv- Fo RO R 0 R -80°C ok da 1 F e
FR T

ABOVAX 12 % 2 W% m e P B5 x 10 cells/mLenimie i (744 » @&
anti-mouse PE-CD4 antibody (clone GK1.5) ~ anti-mouse FITC-CD25 antibody (clone
7D4) (Beckman Coulter, Fullerton, CA)**4°C & {7 # sk % ¢ » 14 mL PBS/i% =
Wed fmre b AR > B 1] mL PBSH E w2 0 %570 um Nylon cell strainer
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(BD Falcon, Franklin Lakes, NJ)i g3+ 4z w2 {5 » B¢ 7 1 ik 58 fw 22 ik (EPICS XL

flow cytometer, Beckman Coulter, Fullerton, CT)4 $5CD4 ' CD25" # & 3| Tin% o
() &5

$32P HE) B RS LAY o % % B4R F (BD
Microtainer Chemisty Tubes, BD, Franklin Lakes, NJ) 12 6000 x g&g-< 904 15 B~ {8 n
i B3 3t-80°C xRl SLIgE (mouse IgE ELISA set BD) 2 OVA-specific IgE
(DS mouse IgE ELISA OVA, DS Pharma Biomedical, Osaka, Japan)z_ Jk & -

(1) Jwre ek Bl T

IR E B B a2 (Enzyme-linked immunoassay, ELISA)ig {7 -
# % ] Bl gr% p| T E 2 (mouse cytokine kit, R&D system, Mckinley, MN):g|
# TNF-a, IFN-y, IL-6, IL-12, IL-1pB, IL-10, IL-4, IL-5, IL-17, IL-17F, CCL-20#
IL-132 k& -

(4) s At

" SAS B EIHMEFTE S 447 0 £ UERFE N Z 5P 2% (Duncan’s New
Multiple Range Test)ip| € & ESk ERF 2 g F £ B > #73 B P EF = LA R TS
FH -
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RN S
(- ) # % % Lb. kefiranofaciensM1 12 7 e 4k & @ 4430 5 v o] B2 250

HERE AN PARSRILIET 0 F ) BRI 0 R A2 e
ek B E BT 0 02 ARAR S Fk(course A)z W] > VA F 4| H Th2 ww ek
(IL-4 2 IL-13)22 %0 3 X F i 'm ¥ jrk (IL-6 22 TNF-) (Bl 4-2) > ¥ ¢+ & ek &
A27% i $9 B % "8 X IL-6 & TNF-o > 2R3 @ $13° IL-4 27 IL-13 e i P & & % 3 )
3% o

A F AR G AR B 0 2424k & (course A)2 W]V AT E R M F
W) BUsERLiE ¢ e g L F b An %% & (TNF-o, IL-1p and CCL20)%2 Th2 % j
% (IL-5 and TL-13)2. A i 5 ARfR2 ™ » F ¢b & £k & AR 0 B 1 i% 1 f vl o] &0vs
S 2w K s Th2 2 hwe ek (8] 4-3) ©

BLh s dEEEY PR A ARG AIL R o AN F ) SR A& T e
BE2ZBE SR T 2R IR HURI NG T wie ki ¥
B FBRECS BARILERE il s F L R(R 44 -

PN EEEAr s N BARG RITEY 5 T 2R SR L E L
kefiranofaciens M1 v & F #r4| § v #hgs L 5 h ki ? w8 L F 2 Th2 2
i gk o P PR AR B E AT e 2 B o

(=) * B& 22 Lb. kefiranofaciens M1 $+° f v | BB E 2 L § § iRk 2

KILED o WARIESS T4

]

FubRskwEd o AR S 4 E Lb. kefiranofaciensM1 ¥ & F e L F vl B
P CLF 2 Th2 2w ek At FIt RS 2 AR 8 L0 R
Pl AR 2 AR F ) R BB R R R BT F ] SR e A e
% £ Th2 (IL-4, IL-5 and IL-13)2 = 2 X & J& (IL-1B, IL-6 and TNF-0) ’m?e %«
% &# p s 10°2 10° CFU Lb. kefiranofaciens M1 ¢m#| £ = 7 B8 ¥ 374 (W)
4-5)» @ 4k & Lb. kefiranofaciensM1 2 g5t 2. § vl ] B> 22 1 Jrd e 4t P & &
F AR o EE4 S Lb. kefiranofaciensM1 #3t L § § 5%k ¢ 7 Thl7 ko
ok 2 BB 4-6) S % & p A a 107,10° 22 10° CFU ¥ 8 Z 44 IL-17
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2 s ¥ IL-17F > RIS § 10° CFU 2 e w B % MO0 1 4] e

(=) * A& E 2 Lb. kefiranofaciens M1 ¥t § = | &5 i ¢ OVA-specific IgE

> B,
%

PR A B AR T A AR 2 Lb. kefiranofaciens M1 3% § w4 ] B u ¥
OVA-specific IgE 2. %2 55( 8 4-7)° & § ¥ dllep 2. ™ > & 4] 22 OVA-specific
IgE %% + 2 » @ & p4& & 107 CFU 1+ ¢ Lb. kefiranofaciens M1 ¥ % % 341
OVA-specific IgE 2. z & ° 4 & Lb. kefiranofaciens M1 7 5t 2 %] » § 73 /] B
& 7F ¢ 1OVA-specific IgE Rl m ird4lle m g ¥ £ B -

(z) % &€ 2 Lb. kefiranofaciens M1 3% 5 v /| BU# 587 5 2. B2 50

SRLEF L R BB ARR 0 SN RRE M FAE 2 Lb.
kefiranofaciens M1 #5587 §L B fwPe B A3 3 #ricd - 44 B )

-

Trdlmdpt 27 > Lb. kefiranofaciens M1 % 5t ¢7 10" CFU 2 2 %] ¥ & 2
ﬁ%ﬁ%iﬁm%ﬁﬁ%ﬁ&ﬁﬁM%CﬁSm’%aﬁﬂ%%%&ﬁﬂi1@
#110° CFU P& > RI7 B ea 4 A e 2ot v if (A & 2.8 $3f) (B 4-8E &
8F) o 35 7~ 11 PAS %4 & BLE B %rif o o AR 2T 5B T dl e
F v o] B Hoef ey Su iR AR (B 4-9A) @ Ak & 7 e & £ 2. Lb. kefiranofaciens M1

)

BV ORD F ol Bt e ¢ AR 2 2 s (B 4-9D9E &2 OF) > H ¢ x i E poak S
1&@U7Lja;ﬁ§&aﬁ¥ﬁu9ﬂ

(Z ) Lb. kefiranofaciens M1 3% § v /|- 803 5% 5y 22 B2 58

B kR T AR TkF ] B B et o 4 & 10°CFU
2_ Lb. kefiranofaciensM1 -] & » >t @ L2 L & 25 22 50mg/mL 2. & » ¥ & F ik
% Penh &2 F (B 4-10) » o H rf g pu 4
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Fig. 4-2 Effects of the different feeding procedures of heat-inactivated Lb.

kefiranofaciens M1 (HI-M1) on cytokines in splenocytes of OVA-sensitized mice

after OVA challenge.
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Fig. 4-3 Effect of the different feeding procedures of heat-inactivated Lb.
kefiranofaciens M1 (HI-M1) on cytokine level in BAL fluid of OVA-sensitized mice
after OVA challenge.
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Fig. 4-4 Analysis of the CD4'CD25" cells population in splenocytes in different
feeding procedures of heat-inactivated Lb. kefiranofaciens M1 (HI-M1) in
OVA-sensitized mice after OVA challenge.
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Fig. 4-5 Effect of oral administration of different dosages of heat-inactivated Lb.
kefiranofaciens M1 on cytokine secretion BAL fluids of OVA-sensitized mice after
OVA challenge.
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Fig 4-6 Effect of different dosages of heat-inactivated Lb. kefiranofaciens M1 on
Th17 cytokine secretion in BAL fluid of OVA-sensitized mice after OVA challenge.
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Fig. 4-7 Effect of oral administration of different dosages of heat-inactivated Lb.
kefiranofaciens M1 on OVA-specific IgE productions in OVA-sensitized mice after
OVA challenge.
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Fig. 4-8 Effect of heat-inactivated LDb. kefiranofaciens M1 on lung tissue
inflammatory cells infiltrated in OVA-sensitized mice after OVA challenge.
Representative sections of lung tissue from (A) negative control, (B) positive control,
(C) Lb. kefiranofaciens fermented milk-treated group, (D) 10’ CFU/daily/mouse of
heat-inactivated Lb. kefiranofaciens M1 treated group, (E) 10° CFU/daily/mouse of

heat-inactivated Lb. kefiranofaciens M1 treated group, (F) 10° CFU/daily/mouse of

heat-inactivated Lb. kefiranofaciens M1 treated group.
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Fig. 4-9 Effect of heat-inactivated Lb. kefiranofaciens M1 on mucus production in
OVA-sensitized mice after OVA challenge. Representative sections of lung tissue
from (A) negative control, (B) positive control, (C) Lb. kefiranofaciens fermented
milk-treated group, (D) 10’ CFU/daily/mouse of heat-inactivated Lb. kefiranofaciens
M1 treated group, (E) 10° CFU/daily/mouse of heat-inactivated Lb. kefiranofaciens
M1 treated group, (F) 10° CFU/daily/mouse of heat-inactivated Lb. kefiranofaciens

MI treated group.
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Fig. 4-10 Effect of heat-inactivated Lb. kefiranofaciens M1 (HI-M1) on the airway

response in OVA-sensitized mice as expressed by Penh.
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