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CD: cluster of differentiation

DMEM : Dulbecco’s modified Eagle’s medium

DSS : sodium dextran sulfate

ELISA : enzyme-linked immunosorbent assay

FDAA : Ne-(5-Fluoro-2,4-dinitrophenyl)-L-alaninamide
FITC : fluorescein isothiocyanate

HBSS : Hanks' balanced salt solution

HPLC :  high performance liquid chromatography

IBD : inflammatory bowel disease

IEC : Iintestinal epithelial cell

IFN-y : interferon-gamma

IL-: interleukine-

LTA : lipoteichoic acid

MHC : major histocompatibility complex

MLCK : myosin light chain kinase
MPO : myeloperoxidase

PBS : phosphate buffered saline
PCSK:  PamsCys-Ser-(Lys)q

Th : helper T cell

TER : transepithelial electric resistance
TLR : Toll-like receptor

TNF-a. :  tumor necrosis factor-alpha

Treg : regulatory T cell

Z0-1: zonula-occludens-1



1 BERAF AL A

BE L. R LIZEYOHEL - WIAEH S RETH Y . B L RIRFZEY A
FNLHERERCHERZRE G (B CHICRBEINIH/E TH D, £,
ABEITIE 100 JEfE & OBNMEASEE L TR Y . 2o OMED S AERIZE
TIXTEY) THDH, 207, BEIIEEaEMiof 60% 8 EH LTEY .
BT T DA AT A8 LT, IBEBE Y > HR (gut-associated
lymphoid tissue, GALT) Z#pk LT\ % (Figure 1-1) (1), GALT i3/31 /L
WP EIMNL Y & 7 NHi72 E DU RIS A Bp/E LR Y 27 NERSOHE 5
BV LBk E O E R R R i TR S LTV D, TV,
ERLBPUR 2 B AR~ 7 v 7 7 — U Lo 7z B AR GE ERE &
T A B Ml 2 & oS ML & £ 5,

ZOXO T, WRREO TRy & TREMa) 2SEFET 558 280 T,
ZDRAFT AL v ARG E LR NEE L2 EZE 2 R L TWD, HE L
FRIE, BEEN O HYY) & s % R < 2B N U 7 & L CRERE
WORANZTNTND, Fo, ERMIIT LT o ORESTF L pEAT 572
ELEMNARY T ELTHHEIEL TV, S DICIFEOME TR, LM
TENA . A NIA 0 HRIES T E2REET D 2 LT, Mo RTE,
EHLICE ST Z ERHAL ISR TN D,

2 JBER AT AR L ADRHE & RIEME N B
W& AR A A AL 2 ADMGHE LTSt WPl 72 & 0 STk L C o Ml
DIBRNZJNE U BRI R RIEN G & Z S D, RIEMEMEE (inflammatory
bowel disease; IBD) (ZZDREWNREETH Y | WAETHEFEHML TS



IR O—2>Th %, AFEBIT, BEHERGRE 70— I{D " DOOIFFFER -
DGRBS T N D, BEERGRIZ. KBICOBRIEDR B, K
EHRLELIERBOREETHLIOICH L, 72— W TiE/MME b & OHEE O
WO T HRIEN S HAL, FORIES RFMED Z & BZ W, IBEHER
ROBEEIT 2009 FK5 T 113,306 AL #HEFINTEBY | ftFElE L% 8,000
AL TWD, 7 a— WO EBFEEIE, 2009 F121% 30,891 AIZEL TEDY,
mHERBIBLZ 1,600 AHEML TWD (#RIGFHRE ¥ —D7 —ZI2X % (Figure
1-2)), BRER CIIARARMZIGFRIEIT 2 <. AARICBW IR ERE (H5H) 1
fRESN TS,

IBD JEDJRIKNIARIFI 22583 032 < TR SIVTWD D, IEEORT /7 LEE
fi##T (genome-wide association study: GWAS) #& 75 IBD JAEICEE b 5 Ik
ZHEBIRF AW ONRESNTEY, BEAY 7O R T Mz ol
& LTSRS AT LAORE B IBD BN O—2TH 5 Al et RSN TN D
(Figure 1-3) (2), & BICUTHE, IHE RIS o8 ML 2 EHHIE L T D
ZEDPIRENTEY | IFE FE - HIROE EAERA S IBD OFIKIZE D > T
LAREMENRB 2 DD, LLTFOHEITIE, ZABIZOWVWTEELLS RS Z LicT
Do

2.1 RIEMERGEBIZHB T D58 U 7RO T

W5 BRI OERED 5 b, b EER L OBYEA Y 7 AlS tight
junction (Z X 5WEZEMEOHIE T 5, MiEET 5 ERME £I1X, tight
junction (X - THEICHG L TR, RKREHR, 14, KoyOFikEzHlH7
% LFRIREZ, AEM R E DR DR AZBIN T 5H(3, 4), Tight junction 1% 50
FEFALL LD & R BRERR & 4, occludin <° claudin 7 7 X U —72 FOfE
Bl ¥ > /3788 zonula occudens-1 (ZO-1) R EDQT X TR —5 /7' EH %k

NLTT 7 F Mg &AL TWAH(B, 6) (Figure 1-4) , ITHEDAFFEIZ LY |



B (7, 8) M AEM(T, 9) A kI A L (10)72 £ 4 DR T2 tight junction
DRERICEE 2 5252 ERHALNCR>TE TS, 20X HIZ, tight
junction (2 X 2WEFE@EIEIIFEA ORI EEEZZITELTDHZ b,
tight junction #i&EZ IEH IZIRD 2 &5, IBE AR A A A Z T AHEFFHZIBWTEHE
ThobeEXLND,

W S U 7 B e i L pEEETE O LY, RIEMERE (IBD) (11)
RWBEMERIERRE(12), S HI2iE, BT LAF—@13), 7 B —MERE K (14)
7nE. HoWHERBEEITBWTHRINTWD, R4, IBD (BT H0F

FIANATONTEBY . ETNVEME AR R ST, BEAND T
EQORFE N IBD OFRDO—>TH 5D Z LRI NTNAH(15), EBE, IBD B#F

DOIGE FRGHIIIZ BT, tight junction fa% 7 o /R 7 B DI HL « BLH 2N LB
HINTWD(15-19), S5, WEZEEOHINE, IBD OFEEE SFERL .
Flo, RIEFFROIMEE L L TRIE I 5(20), IBD £#HX° IBD €7 LVE DG
BIZBWT, TNF-a, IFN-y, IL-1f, IL-6 72 & DRIEMEY A b B A > O e
ERHEINTED(©21-24), ZNEDORIEMY A A 3% ERHIZE
F L. tight junction #k & /X7 E OFHL - FERE N5 2 Z S 5(25-27),
PEoT, ZTNHDRIEMS A M IA N L DN THEEEOIK T 286+ 5 Z &
I, IBD BIE TS - BFNCAHTHL B2 b5,

CUJL‘

2.2 RIEVERGRBICE TS T #ifE o B

T MIRRIFIES R DR LRSI Z RT3 ) Rk TH Y | BT RS T
DFENDH~LR=T fifg (CD4%) & ¥F 7 —T Hifld (CD8) 2o bihvd, ~
L R—T (Th) MRIZZDFA NI A L PEE A Z — DD, Thl i,
Th2 #ificl, 3 L OV Th17 fifa & | 2 b OIEMALZ #1i#]32% Treg #ifd (naturally
occuring regulatory T cells; nTreg ffifid, inducible regulatory T cell; iTreg Hfifia,
Trl i, Th3 Mifa 4 &de) (2531F 5415 (Figure 1-5)(28), 241 H D RAEME:,



M Th MO NRT 22X | BERIEDR AT AL AP TN D,
Th I OHUR R M O IEAFCTEMEILIZIZ A RO A N2 KD 7T L ofhi,
2ODMNE LTy T ANRETEHS (Figure 1-6), 1 DHIX, HURSTF R
DFEE L7 BRI A PUR A 1K (major histocompatibility complex; MHC)
7 AN FIZE D7 F AT, ZHUC XY Th MRS UR A RE 2 #1595,
20 HIE, BT DMI T Th D, RS ORI LY 1E
M2 Th MRIZIEMEL S 70 £330 S 7 ARk b 5(29),
IOy 7 E, BRKHIIEZe & OFURIR R L 0 IEEL S D8, ok
L OBE ERMRD T MIEFHAEERL, 2Dy 7P LaiGEbd s 2 &
IH B & 785 T & 72(30-33),

1986 =i Th #ifE2d Thl 3 XU Th2 MREIZ/ b5 2 L BRI TLOK
(34, 35). 7 m— i3 Thl Mildod, BRI K T Th2 Mld oo R BRI X
NEIEREZ Shs LRSI TE 7z, 2000 FIZAY . FiIZFE Sz Thl7
FIREAY H 2R B E D% < OFIFRICEE LT\ 5 2 & s & (36, 37).
IBD & Th17 Hifa O RIFRIZ DWW T, BAAZHFER T T & 7z, Th17 MlEiEA
. TR 2 eGP R ISR D B & L CTEERERIZ R L TWD,
L2rU, Thl7 fila ol Z2i&HE(bid, BE 2 Eted 5P DB ORIEIZED D
EEZLND, FEEIZ, IBD BEOGEMBCM AT Th17 i B 5
A b IA IBRNCPEA SN TRV (38, 39), Th17 MG IIEICR G LT
WD ZEMRRIRIBEINTWD, ZDZ L1k, GWAS FITORERENS bR
N5, Figure 1-3 12789 L 912, Thl7 53k - IEHALIZEI D 5% < OB 103,
IBD =M & LTRESNLTWS, IBD £7 VB A W iFic sy
To, Th17T AR AERICES L TWD Z LIRS TWS, THIKB AKX
BReT N (Vo ERERE LI RER R~ A T Ml AT 52 L TR
B35 % #5E) |12 Th17 Mila 2B AT 5 Z & T, L0 BEERBRISERL SN 540),
F7-, FET /M Th17 bz E L THREZBA LZGE, BREZREL



2041, 612, IL-17T K~ 7 AIZBWTE, 7 A N7 UREBT R U A
FHEMEG R SN D, Th1T MRS RISIEIC T LT 5 A=A LIZDONT
IR RS LT D, ZHb RN S, Th17 Hifla s 2 #f 4 5 Z
EDIBRIMENCH B TH D Z EBRBEIND,

ZHHOBENY THEEO T & T Ml e & ORI 72 E OGS IT A NIC
HELLW, BHENRBRAPSIESEZINDIEEZEZONS, L, BEANYT
FEREIR T IS X 2B E OR AP BRI RG0S N2 o EE 2 L, S Mian s
WREIFEE ST A P IA NIV BEAN THREOCKR ITAFEIND
(Figure 1-7) (42),

3 RIEPERGH RIS 2D FLBE B D%

FREZHR A2 X512, IBD (IR IS5 2 i 2R S IS A S K o THI &
BZINHEEZLNTWVD, L LEFE, —HOBNMES Y a1 47 ¢
7 Z1%, IBD FIEDO T « EAICHENTH D Z ERPLMNTR->TETEY,
ERRBRIC L W ZOMEPHER I TNDHMA3), Zhb0MmAEL LIC, I—n
YNTIERT B AL I T ¢ 7 ZAHEAEER E L TIBD BFICHNLR TN D
(44), %712, lactobacilli <° bifidobacteria & \\ > 723LERH X, T u (4T 17
AL LTEL OERTTOIL, ARICHER BRI EZ <@ sh T,

FLEEE &1, RS LV HBEEAT DMBEHOBRITHY . A - B0
BLUSMZ B IR BRFUICHM L TV D, £z, BRMENE WO ITHEER 5 O
BEICZ Vb, 3=V FERRETLHARBREMLEZIZILD, BATIE
wRr S, B, B ELZIEIC D> TR ST D,

LRI, Zang AT 4 7 23 ERNBAEMONRT A2 WETHZ LITXY
i EICARICEH < EFERINY ) EEZRINLTNU5), Lol HEEE 7 & Dt
EARSCHE AR D S TESRE R E A AT D Z ERH O E D | BIETIE,
TaRAFT 47 AL TR E L TH DM OIEAG & U CE £ o R i



EDHRE L 2 DEES AR ERS 5 IXEST-MEYEESTRN, Bk
HThDH] LIRFRICHEZ BTV 5(46),

IBD BFEITxET 2 IR OGRINE A 1 = X AFIARH 2 3% <RI T
LN, LD XS A=A LR HEEE NS,

(a) PEHPNAEEE 5 Do

FLEATAIC K 2 WP 3 O BEE2h R 1T, BLAT X 0 B AICHIE M T T E 7z,
—%IZ, lactobacilli X° bifidobacteria 72 & D#EEFE O 52 LV | Escherichia
coli 7¢ ¥ OYAFENHI S, EEICE » CHIERENYFHCTE 5, IBD 5
VENIZ BT, VSI#3 (lactobacilli <° bifidobacteria 72 & O#E 5% D FLEAH
BRI G 72 284 ORI 2BNMEEOZEAHER ST\ 5H(47,48), L
MU, TR FT 7 AL D ENMESEOZ A, IBD 2B\ TED LD
REBELT-LTON, 50 ZAPLNTIS TR,
(b) M IE > AT HOHIH

TR FT 4 7 A EB0LE < OMAEMIT, REMRICIER L, BERES
AT LAOHIH 2 EICTFGTHIERMONT WD, T ang FT ¢ 7 ZEIE
S AV BRRAR I, BLRIESE 2 A 3 2 Sl O BRI kT 2 (49), Z o
BRI, IL-10 72 EOFLRIEMEY A N WA &2 FEAT DHEME T Mo
b EFE L, BRMENCFH ST 549), IBD HEE OGS AREE V-5
TlX, 7 AFT 4 7 AR TNF-oR° IL-8 & Wo T RIEMY A A > - 7 E
A v DFELZIHIT 2 2 L DGR ST 5(50),

(c) WBE Y T HRE DR

TaNAFT 47 AL, IHE EEARCER URIBRRN Y 7 s HlE L
PEANTTF ROLATF U EIZ L2407 25k d 5(561,52), Sblic, 7
B FF 4 7 A tight junction DN THERER IERICIRO 2 & b S

TV %, Enteropathogenic Escherichia coli 7 £ ®JiJRE X, tight junction 1%



A R EORBERTSEDLZ LICL D N THEEZ KT X E503(53), 7
TNA T 4 7 AIIRREIC L D3 ) TREREIR T 2 #0i3-5(54), £7-. TNF-a
RIFNYIZ L DN THEREDIR T2 M55 Z & biF STk v (55, 56), 7
BN, FT 4 7 A IIGRIGNC BRI Z R L TWD Z BRI 5,

4 FLEEE & AR & O R

ERCH Rz kDT, ILERE IR AR O S S R S AR BRI TS 2
LITED, BRIMKISIREHRET D E2 N5, ABEOREML L O A
ERIZIZ, v 777 =R AN B E 2B 2 H o> T\ D, /1 =ik
RIGEINLY X/ NE O FRGRIRE 21X, M A7 & OREER 722 FIAE FRGRIRE 2
fAAET % (Figure 1-1), HERCAAAET DM 72 & OFURIT M a5 U
VONEIICIRD IAEN D, HBE S ZOREEIT L, U UORNEIHET Ao R
77— URBMIRICERR S L5 (5T), F 7o, BRIRMIRIX, AL DN D R
PEIZHRIRZEE & hIX L CABE Z & 0N ME 2 it 268), v 7/r 77—
RHPIRAIIE Toll-like receptor (TLR) Z¥EBLL Tk | FRREZ L OMAEY
R A NV ADIER T Z 7k T D, TLR (X, W< OO 7 7 IV —%2FKT 5
s L R BT EETHY . BIEETICE T 10, v~ 2T 13 FAFRE S
T3 (Figure 1-8) (59), I ZF® TLR IZE2 D1 4M - 7 A L A ks
TR L. B 5N AR T D,

T, BEEEMIELNS OO TLR 77 I —2 %8B LTV, IEBEE:
EOMAM RIS D BB/ o TS (Table 1-1) (60), F7=, #.
FRE D PEAT DT F RO b Y LRI B A 52 5 2 LA ilE S
T 5(61,62), LAL, 20K RABEOBEKSS (TLR U2 R) O
REPE S GRINENC ED X S ITBEET 2 D0 RIZIAARZR KA ST
W5,



5 AMWFFED B L OGRS OMERKL

ERUCR LIz L DT, HEE TR A RIGE R AT A XV AMERFIREH L.
IBD FIEDFEHCREFNCAHN TH D Z ENRBEN TS, LML, ILEEED
B A A T = X LRLIEMER OV TIE AR SN E RSN TEH Y, IBD
REDEBIIKT 2T 0 AT T 7 RFEERENLT DD, 2 b DR
HPNMHETH D,

Z ZCARBIRIL, FLEREEIIIGE N U TR S R ORIENE T MR R & A
LTHERAFAZ A2 R L, BREZMEIT 20 TIIRWNEEZ, £D
A J) = X LR A ik AT,

52 T, HEBEOIBKIMHIZIRS KOWE N TRHEA I =X A2
THNT Z2AT o7, 5 3 BETIE, AMEOGE Y 7 IRiE FIZBI D B IE MR
IZOWTHFET L, £O—2&L LTURT A @zt Liz, & 4 =TiE, VAR
7 A alE® D-alanine EAfIIZEH L, HBEEONGE Y TIRERN R Z & oD D5
FEEWMH Lz, 85 T CIX, ILEREIC X A RENE T MIRIHI 2 FIc >V T
BEAToT, L THREZIC, 56 B OARIFRARIE Lz, B, AFEONE
IZ. Letters in Applied Microbiology (Vol. 46, No. 4, pp. 469-476, 2008) &
Journal of Dairy Science (Vol. 92, No. 6, pp. 2400-2408, 2009) (%52 %= - 45 3
#) P LN Bioscience, Biotechnology, and Biochemistry (Vol. 76, FllH,
2012) (B4 ) (s hzZ L 2T D,



Gut lumen

Lamina propria Peyer's patch

Figure 1-1 Gut-associated lymphoid tissue (cited from reference 1)

Peyer’s patches and isolated lymphoid follicles (ILF) are composed of specialized follicle-associated
epithelium (FAE) containing M cells, subepithelial dome (SED) rich in dendritic cells (DCs), and
germinal center (GC). Class switch recombination (CSR) and somatic hypermutation (SHM) occur
mainly in GC-B cells. Lymphocytes, including T and B cells, enter the Peyer's patches through high
endothelial venules (HEV). The diffuse tissues of the lamina propria contain a large number of plasma

cells, T and B cells, macrophages, dendritic cells (DC) and stromal cells (SC).
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Figure 1-2 Transition of number of patients with IBD

(cited from the web pages of Japanese Intractable Diseases Information Center)
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Figure 1-3 Recurring terms illustrating biological processes implicated by at least three genes

represented in IBD loci

Font sizes are proportional to the number of genes associated with each respective process.
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Figure 1-4 Structure of tight junction
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Stimulation

Inhibition

Figure 1-6  Activation of T cell by antigen-presenting cell (APC) (cited from reference 29)
T cell activation requires two signals. The first signal is provided by interaction of the T cell receptor

(TCR) with antigenic peptide presented on major histocompatibility complex (MHC) molecules. The

interaction of costimulatory molecules, such as CD28 and B7, provide the second signal.
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Figure 1-8 Toll-like receptor (TLR) family (cited from reference 60)
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Table 1-1 Expression of Toll-like receptor (TLR) family in human intestinal epithelium
(modified from reference 61)

Small intestine Colon
mRNA  Protein | mRNA  Protein
TLR1 ° °
TLR2 ° ° ° °
TLR3 ° ° °
TLR4 ° ° ° °
TLRS ° ° °
TLR6 °
TLR7 ° °
TLRS — — °
TLRY ° °
TLR10 — —
TLRI11

@ : Expression was observed at mRNA and/or protein level.
— : Absent expression was confirmed.
blank : Expression has not been tested
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LRI X D E N U T IREERN R DT

1 7
B 1RETRARIZ K DI, & DHFEOFLEEE D RIEMERGR B DORER & AR 21
MERT 2 Z ERNEFEH BN E 2o TET2(43), FLEEE O PRI 2RI 2T
(. B FCOBKRBROM, RIEEBEEBET LT AT v M & AVnic#hy
FERICE VI ENTEY, A=A LOMBHLEAITORTE TS, 2
DX 972 in vivo IR TIL, HEREIC KD RIEVEY A b A - OPEAIMRIZIR .,
PURIEMEY A DA v OFEAMEER R & OB ER 20 & 7T le > T
Db DD, FLBEOME NV T IRERD R NG RN DRI TG D0 EDITHO
W, In vivo iR TREMZRMEHT R STV 2R o7,

=11}
E

FLERE O T Lactobacillus J&1%, 3 — 270 b 732 & OFLIEEELR SR < W
LNTEY, ZOLREMENOHEBERMOBREICELZEE WD, £ZTK
T ClX. tight junction O A A FEMEDOFEE & L TR EKESE
(transepithelial electric resistance; TER)fE Z H &3 5 Z & 12 L 9 (69),
Lactobacillus J& 4 R DN ) TIREN R A in vitro BR CTHIE LTz, £7o, &
TEMEIGREET NV THLTHF AT URiEET U 7 A (dextran sodium sulfate;
DSS) FEMEG R~ T A& HWT invivo TONY TIRENR AT TDHZ L &
A& L7z, S 5612, tight junction #AL < FRET & > /X7 B OFEH AL & AT
% Z &2 X V| Lactobacillus rhamnosus \Z X D55 NV 7 R A 71 = X L Ofig

BH % A 7=,

2 MEB L OU5E
2-1 FLERE DK%

(¥k) BIIEFLEEMRA @ Lactobacillus delbrueckii ssp. bulgaricus no. 3. Lac-
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tobacillus casel no. 9, Lactobacillus gasseri no. 10, ¥ XU L. rhamnosus
OLL2838 ##kkiZfik L 7=, & LA E 1L MRS £5#1 (Becton Dickinson) T 37°C,
BRI (Trmy r o ZZEHAET) T 18 KRR L, WikE U ik
FEE PR AR K (phosphate buffered saline; PBS) T 3 [E¥E/44% . 108 cells/ml
L7225 X512 PBS I L., ABRICHW S £ T-80C TIRIE L T2, INEER K
X, AR L= LEEE 2 75°CC 1 KRBV . wikEiidd 5 Z Lz kb
L7z,

2-2  Caco-2 flifakss&

In vitro #ABRIZIE Caco-2 #u(ATCC HTB-37. American Type Culture
Collection(ATCC)) & v 7z, sz Hosi s LT, 10%4afrifiE (ICN
Biochemicals, Inc.). 1 %3E#ZE7 X /B8 (Life Technologies)., 100IU/ml =
= ¥ U ¥ (Life Technologies) . 100pg/ml A k L 7 k<= A > (Life
Technologies) 3 & O 50mug/ml 7> %~ A 2> (Life Technologies) *&H
THE Ny atWEA — 7 B (LU DMEM, Life Technologies) & AV Mz,
F 9 Caco-2 Mifldz . 75cm?* DfikEE 7 7 2 2 TK 70~80% = 7 /L |
(CR D ETHE LI, RWT, 12 KT X Y /b (Transwell) kT
¥ o3— (E 12mm, L2 0.4pm, &M A A7 %) 12 Caco-2 flifd % 2x10
cells/cm* DIEETHERL L. 5%C0,., 37°CIZTH 14~21 HRIE:# L T Caco-2
BT & 15 7=

RO FIEIZTER LTz Caco-2 HLEAMABIZIW T, F47IC tight junction 23
FERENTNDEINE D 0 EfERT 5729012, Caco-2 HBMIEOR EEESEN
(transepithelial electric resistance; TER) % Il i€ L 7=, Ag/AgCl &M% v 7= 4%
PUERIE > A7 2 (Millicell-ERS, Merck) % vy, #% Epz 8 <HEHTAH) 300Q -
cm’LLEDLDET v e AIHWZ, FV 2B T AZ =T L — b RICRE
L. SMAlEE R GRERM, 1.6ml) & NRIREZR CERERLL 0.5ml) Zm7z L7z,
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Caco-2 HE /NI 48 W | e 7o BE I AZHA L RS L 7=,

2.3 BE Y TR R ORI

FHRLL 7= Caco-2 HJEMImD4 7 = /L O WAl (apical M) BRI 2%105
cells/ml D DOWFRE R 2 500pl FAN L. 1 FFREI#%1C Son & (2005)
DIENE> T Caco-2 HIFIDRIE Z21T72 > 7=, T72bH, SMAl (basal ) £
BRI, BAKPREEDS 100ng/ml (272 % L 512 TNF-a (Sigma  -Aldrich) Z %0
LT, SHIC48 MR 21T oo, ZDRICTRLOMGE N 7 LR R O M
EAToTz, 20 & & HRERIEBIR 2 I T INF-aD A2 ML= D =,
B L OB EREER S TNF-abBmLR2nT =L (LI, 2 hr—E g
W) bERITTE, HBEOME N TIRENROEIL, TER ff (Q - cm?)
F £ W interleukin-8 (IL-8) PEA (pg/ml) ZfEHEIZ T2 > 7=, TER fEIX, TNF-a
ZIINE 0, 24 BEI 48 BRI ZHIE LTz, S BIZ, %V =/L® TER EL
ay br—® TER TR L T TER x4 (Relative TER) %% L7z,
TNF-afisl 48 R EE 3 12 (S MRG0 TL-8 iR &£ & ELISAYEIZ L 0 fIE L
72 HIEIZIX, T ELISA % > k (Duo Set ELISA development system
human CXCLS8/IL-8, R&D Systems) # H\, O 7 v ka1 iZiE-> T IL-8
REOWEZIToT=, G, #iEdifE (mouse anti-human IL-8, 4ug/ml) %
96well microplate (Nunc) (Z 100l TOWRIML, BT WA o F=2—F L
Too W ZHET, K% L <BRWIZ%, wash buffer (0.05% Tween-PBS) 400ul
TOTHWEFL 7=, 2z 3 YK L7-%. blocking buffer (1% BSA-PBS) %
300ul T OWAIL, SR T 1 RS ¥ =2 _X— K L7z, £D1% buffer 25T,
[A4£%1Z 38 washing buffer T % L. EIFY > 7 v 5\ Z IL-8 standard (0,
31.3, 62.5, 125, 250, 250, 500, 1000pg/ml) % 100wl T>FAN L. ==IE T 2 KFfH
A FaX—hFL7, FEIC 3 BIEEE L. mHPiE (biotinylated goat
anti-human IL-8, 20ng/ml) % 100ul -2 A4L, = T 2 KA o F 2 X— K
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L7z, 3 [BEEFD%K, BT CTA MLV R 7 E Y -horseradish peroxidase
(HRP) % 100ul "L, S T205MA > F 2X—F L7z, 3y L,
RFATIZ CHYE (3, 3, 5, H-tetramethylbenzidie, TMB) & ik % 100ul 3 >¥RN
L. A rFa—hL7, RGDERFITRE LR T, KIS IERAN
H2S00)% 50 pl TOWMLTRE L, v~ 7 v 7L — KU —%— (Model 680,
Bio-Rad) (2T 450nm OWILEZRIE L7z, IL-8 IREIXER LI MmEfit L v &
L7,

2.4 B IEER

Wirtz 5(63)DHIEICHEL T, DSS HEICKVBRERIET D~V T AET L
ZAERL LTz, 6 iR Balb/c it~ 2% HARF v — /L XU RN—I DIEA LT,
iR (24+1°C), 12 KEFBIRGY 4 7 MICHIE S =R CRE L, SE R+
(TR (MF, AU = 2 VEERE) & fRAKE B MBI S o, SEBEIE 3.5%

(wt/vol) DSS (431 & 36,000-50,000 ; MP Biomedicals) Z8XA/KIZMZ., 5
ARHHEERESEL ZEICE0FEE L, 2B, AERIT, LERFZIY)ER
FEHRANZHE > TITo 72 (KGR No. C10-17),

YU ARETUHE NI AOD T NV—T (n=3~4) Z431F 7=, Group 1 (None)
(2. 1HE”D 3 HHICPBS ZfkA#45- L7z, Group 2 (DSS) (2% 3.5% DSS
AR E LTH X, PBS /&0 # 5 L7, Group 3 (DSS+Lr) & 4 (DSS+HK

(heat-killed) -Lr) 2%, & HIZ 3.5% DSS Z#fkAk & LTH %, DSS # 55
b 24 FEfEI% 026 3 HIH, L. rhamnosus AEH % 72 135EH (107 cells/mouse/day)
N ENREAES L. (Figure 2-1),

(REWE %2 B R U2 T > 72, DSS #5025 5 HRICY=F Lo—TF )b
R R TSI L=, BB OERE TORBEEEZRHE L, KEOHFEL LT
K D i % AT L 72,
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2.5 Iz LA X X —BIEHEOHIE

HHERREOEETH D I = ~YULFF ¥ —F (myeloperoxidase; MPO)
EEZ. 22, B, B, &l B, B IO FEIC O W THIE Lz, #H
fth o 7 PBS CURE Lo, KO aRE . BEHICHREERICR D i L
7o ZAVHIEHIE F T-80°C TR L7z, MPO i5ME% Krieglstein ©(64) D )51k
(ZHE L T, o-dianisidin {EIZ THIE L7z, WfEH o 72 LEEAZHE L7
%, 0.6%KIBIE~FHT IV N AF LT E=y LGty 50mM U g
Vv LkEER (pH 6.0) I T ZRE L, REDTA X LT, FEVR—
MZ 4°C, 200 x g T 10 /i ol L 7=, EEZRBEILL, 20mg/ml ooV 7 =
UV IR, 20mM R LK & 20C TRIG S /T2, 5%, 2% T U4k
TR D AZRINUOSZ# T S, /Ot ESE (460nm) TWOLE O %
HIE L7z, MPO {&% lunit £ 1M Ot 153 THfEd 2RO &E L EHR
L7z,

2.6~ U RITBIT D NHE GO T

W BB Ol A Cario H(65) D FIEIZHE L TiT -7, DSS #5725 5 H
Bz, 7vA L&A A Y F 47 F— b (fluorescein isothiocyanate; FITC)
TSN T XA T (& 4000) % 0.6mg/AEE g RO L7z, 4 e
®iC, Mo FITC-7 % A & 7 R 2 HOOC R (R & 495nm, K
R 520nm) XV HE L=,

2.7 KW BB o> B

DSS #5026 5 HEIZ, v U RAERFEHZ L, B D bem £ TO/ME AR L
YTl L, Lee H(66)DHFIEICHEL T, KV 706 L REGHE D B
7ol 7 V% PBS TUti#&. MECHH &K bmm ETHEMr L7z, o7
VR % 1mM Y F A4 b LA h—/L (dithiothreitol; DTT) % &% PBS T 3 [al¥k
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HL.5mM =F L7 I UIEEEE (ethylenediaminetetraacetic acid; EDTA)
BLO0.1mM DTT % & ey 7 A AR (Hanks' balanced salt solution;
HBSS) §1C 37°C. 1 WfilA > Fa_X— kL, 7GR0 06 LRl %
HEEST 2720, AT v 7 ATHML S ERE Lo, 1 o HEE U GHEHBRE 2 ThE
SH7z, BEZEICL, 800 x g Tia/loyiE L C LML 157,

2.8 SDS-PAGE I £ T Western blotting

Caco-2 HiEHifuFs LK ERGHIf A2 PBS T 3 [l . RIPA N> 7 7 —

(150mM NaCl, 1% NP-40. 1% sodium deoxycholate., 1% SDS & L' 1%
phosphatase inhibitor %7 7 7 /L (Pierce) % & tr 25mM Tris-HC1 pH7.4) 128
WL, K ETHEELAEEZIT o7, TDOH%, 4°C, 14,0008 T 30 4yl L5
L. BfZEIR L., Zhafiafbii s L, 10% 2-A VAT hod ) —)b,
4% SDS. 10%7 U &1 —/18 X1 0.004% bromophenol blue % & 0.125M
Tris-HCl &% (pH 6.8) % 2:1 OFNIETIA, AT > 7 A%, WhiEKieH
T 10 i L7z, 20tk 10 BEOHBEL . EE% SDS-PAGE IZfi: L7z,
SDS-PAGE (%, Laemmli ®J7{E@DIZHEV, JRENHFEMEK (192mM 7Y &>
B L V1% SDS 2 & T 25mM Tris-HCD) HTH AR (T 7 VLT 2 IR 7.5%)
12720 20mA DO Z 2T 90 43 [ #E <k E) 21T - 72, SDS-PAGE % ., T (15
AN~ BIEC 7 vy T ¢ 7 A# (CB13A, 7 ~—) 4 f&. PVDF &

(Immobilon-P, Millipore) 1 #&. SDS-PAGE %D /v, 7uvr 4 7HA
4 HDIETEIT, 0.2% SDS #&te TrissHCl (pH8.3) ZHWTH L /\7
BOWEET 572, 7T LT 0.75mA/em2 DEiL & 72 . 3 KRG 417 -
72, #15% O PVDF % 0.1% Tween-20/PBS (Z 20 43 HLA EiZ U721 . 1% BSA
Z & Te 0.1% Tween-20/PBS 1T 1 FFILA RiR L, 7wy ¥ 7 LT, £Dik,
PVDF % 1 UK (rabbit anti-ZO-1, ZYMED Lab & 72 (% mouse anti-myosin
light chain kinase (MLCK) #uf&, Sigma-Aldrich) T 1 Kffil1 > F 2X— |
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L7z, 0.1% Tween-20/PBS T 5 73ff. 3 [ElV, 2 KkHtik (HRP-conjugated
anti-rabbit IgG fuif, Kirkegaard & Perry Lab % 72!/% anti-mouse IgG,
Sigma-Aldrich) # M\, 1 KMKIEZ1T> 72, B0 0.1% Tween-20/PBS T 5
oy, 3~ 72, ECL &I, GE ~LVAZ TN L 0 EaSH, X7 4 v
LTRSS, BB L, N Rafit L7z, Western blotting /3 RiE
BfEATIZIX, Scion Image (Scion) % W THMT 21T -7,

Z0-1 H2%\WE MLCK RO, 7 = v % rat anti-a-tubulin Hifk
(Chemicon) TV 7’'m—7 L, a-tubulin ®FHETH )7 B EEIT> T2,

2.9 fERtALEL

i RN TR RERR = TR Lz, FEDO K Z | one-way ANOVA (2
£ VATV, post-hoc test (213 Tukey %2 V7o, pEZS 0.05 KiisD %6 #iat
HICARE L Lz,

3 MRIBIOBLR
3.1 Lactobacillus J& DRGE /N U 7 AR R 0O Lk

& R kR Caco-2 MIRRZ RAEVEY A S A TNF-aTHIET 522 212XV,
NY TR FET L 2B Lz, IBD HBE ORGE MR, i CpE A RN, we
RBINTWD TNF-ald, MO IIELIGE N U 7HEEE O T2V THULAY R
BB 2 B2 LT 5(68),

Caco-2 Hifld~o TNF-a ¥z £ 0 48 IR 1213 TER {23 BERIBREIZ bE~
5 20% M5 F L7 (Figure 2-2 A), TER EOZ(IZ RIS O A A2 Tl
PEDOTTHEZ KB L TV 5(69), L7223 > T, TNF-all k% TER fEDOIKFIE,
Caco-2 ML DOMGE NY THREOIK TN & EMEETL2EEZx 605, —F., L
rhamnosus Z %A1 L7256  TER E OBAIA B vz (Figure 2-2 A)
L. bulgaricus, L. casei, 33X L. gasseri Z VM L7=%4 . TER fEAK T4
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hEIIMER T X 72v o 7= (Figure 2-2 A),

F 72 . TNF-o Nz £ 0 Caco-2 Ml IL-8 PEA & IXBAZE 12N L 7= (Figure
2-2 B), IL-834F ek EAMMA~FET 575 FENA L THY | IL-8REN I
AT 52 LICRY | MR~ DOLFRER O AMEE 45 (70), ALRk~IZIHE L 7247
PERIE, BEROTRMERR R 2 PEAE. BT 2, 07D BRI 4 HEROR T
MRk PR E A2 B2 IBE Y THERRIR T 2555 5 L E X 515, L rhamnosus
1L TNF-alZ £ % IL-8 PEAEH N A2 A Bzl L7z (Figure 2-2B), L72>L. TER
EAR FHMHI D A~ L. rhamnosus ® IL-8 FEAIMHINRIZ/ NS otz £
DA DOERIZ DN T b, IL-8 FEAMHRME AN S 407223 A B i R 358
Do 7z (Figure 2-2 B),

VI EDRRING b @S 7 RN R %2 7R L7z L. rhamnosus % AV TLL
DT 2179 Z &I LT,

3.2 L. rhamnosus \Z & % 5 #0120

DSS #FEMGRET VL, I AL TV D RIEMEGRR OB ETT
ND—>Th5H(T1), DSS BWIHREZFET HAN=ALL LT, v /a7 7—
TV OIEMER(T2), IBEEEYEOTTHE(TS), RIBME DO E(T R ENE X bR
TW5d,

DSS #5110 L0 BMERG R A2 FHE LR R, IRE O I K ORI 0 ZEHE 3 e
W3l (Figure 2-3, 2-4), TN HOHAEIL, BREEEOFHFIEL LTHNS
NTN563), £7-. Fra@gcid, DSS #58EC T/, mE, IR
#3417z (data not shown), Z D Z L7, DSS BHRETITRIBR D FAE L T
Wb Z LR ST,

L. rhamnosus DAE £ 7213 EH 2 B 5 L2856, & HICEREORD B LUK
W OZERERIH Sz (Figure 2-3, 2-4), 72, HFPERIMEHE~RBEL TV D
ZEEEE S MPO IEMEIX, DSS #E5ICKXVFE THICB W T ES L
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(Figure 2-5), RIEIRFED LRI PEART DDA 2B L0 IFHER
(ISIEENL A~ 5, £, HPERITMIENIC MPO 2F 35 Z L2025, MPO
TEMHED EADB R ONTRER FEICEB W TRIENE Z > TWD Z LR ENT,
L. rhamnosus Z# 5 L 72 BTl AE OG5 TR TE O MPO JE 23 &
o (Figure 2-5) . AWMNRIESISZ MG L2 Z LRIz, —J, JEED
G- TlE, AE7Z MPO IEHNHIN RITMER TE o7,

ek, AREEGHTIE, BBIZBIT S MPO IEEO ERNR N, 2,
Lactrobacillus J& DA WHE G2 X 0 /NG TORZEMIEZ R HBE S TWD
(75)Z i, AHE# 52 XY L rhamnosus SEIGICERS L. /DMFHIZEB W TR
EHIEERZ 720 Liz72d it Lz,

3.3 L. rhamnosus\Z X 55 3V 7 Rz R

WIZ, ZNHDO~ T ADRFENY THREAZ TG T 2729012 FITC-7 ¥ X b7
CEMROERE L, 4 REEOMPREZRE Lz, FITC-7 %X b7 U i3n &
4400 O EYTH Y . BHE T tight junction (2 X 2 /30 THEREIZ X 0 AANIZIR
I Ez< v, - T, o FITC-7 %A b7 VR, BBE N 7 HRIK
TOHEFEE LTGHET 52 Z LR TE %,

DSS#EIZ LV, D FITC-FF % T ViEEIZE L< L5 L7 (Figure
2-6), DSS FHEM DGR IT KRR L HE SN TH Y (TD, 512 MPO &
PEDOFER D DFEG FECOBRRIENL Z 272 Z EDRRENTZZ LD, BT
MBI H2HEENY THEESMBEEL WLt INTZ, —FH., L
rhamnosus £, LHE % #5 LRETIX, L FITC-7 % 2 k7 IR OB
FROLNAT, EE~ TR EAETHo7 (Figure 2:6), ZDZ&hbH, L
rhamnosus I3 DSS 12 K 2 KGN U 7RG A2 Hiil L7- 2 L 3imme Sz,
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3.4 L. rhamnosusZ X 58N T IRi#A T =X L

L. rhamnosus \Z X 55 ENY TIREA D =X LT 5729012, tight
junction #5% « FHEI ¥ > XV EIZFEE L, in vitro B X N in vivo TOZ 5D
B R BEOEL BT LT,

Caco-2 #ifitn & F\ 7= in vitro RERIZ I\ T, TNF-oflli4iZ X ¥ tight junction
Wk s X7 B Th D ZO-1 BN L, tight junction FEi % /327 EHD
MLCK #HL3 8 L7z, %72, L. rhamnosus |% TNF-ofil#1Z L % ZO-1 ¥
M. 3 EOYMLCK FEU N2 A &2 L= (Figrue 2-7), 7235, claudin-1
R occludin IZOWTHMFIZIT o728, T b ORBBEITIIEMN A SR h
-7z (datanot shown), ZiL6DFEEN G| L. rhamnosus @ TER X T il
AR=ALELT, D7 &b —2ld, Z0-1 B X MLCK FEHLI#E 3B 5 L
TS Z ENRE Iz, Claudin-1 X occludin 7¢ EDOEE@ Y L /X7 HiX
ZO-1 N LCT 7 F U MlaEs L LTy (Figure 1-4), 24U LD, JE
Eom 4 > 87 B tight junction IZR{ET A Z ENTE L, ZhbHbDZ Lk,
Z0-1 OB X, o tight junction Rk % > X7 O R(EZEAL,. & HIZiX
NY TR FICEER 59552005, £7o, TNF-ofi4ic & v MLCK
RN L7, MLCK ISMIEH CHET 7 F IR A7 4T A0 M EIL
Mg 28ETHY . MLCK OIEMALIZ LV tight junction FEiEM: N TTET 2
(76, 77), 1€->T. MLCK JBLOHMIT, TNF-ofili#Z & 2 TER K FIZEHE
FHETLHEZEZBND,

DSS # 5 - Lic~ U ADO#E G T LRI TH, ZO-1 FELO WA 3 2
b7z (Figure 2-8 A), £7-. DSS £ 512 L Y MLCK 8L 4,384 L 7= (Figure
2-8 B), ZDOfEHRIX. in vitro B BROFKEER (Figure 2-7B) L IX—RFETH &L
B2 5, DSS FHEMM R~ U A 78 EORIEMEIGE BT T MIZH VT MLCK
DIEBIIEAL 2 AT L7285 13 2 E TSV, L LITAE, Feighery 5(78)1%,
MLCK FREANZ Caco-2 M I 1T 2 Btk it 2 M4 223, DSS ik~ v
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AZATIEIHEI L2 E WD ZEEHALNIT LT, EDOJREIZOWTIIH 6T
ST, MLCK OFEERMEIZH T 2@ %1%, Caco-2 Mifid & DSS M
YURETIIERDZENBEZOND, £, DSS I LEAMIIZT R ~—
VAEHETDH I ERREINTEY(79), 512 MLCK HEICL Y fMilao 7
RN E—=T ZANFHFEENDH80, 81)Z b, KEBRTHR G DSS HH5IZXD
MLCK OFBED 1N, BBE ERMIEOT R h— A 25 ZE I L TietEn H
%, L. rhamnosus ® X 5 7238 23, MLCK RHZHI#HT 5 Z L2 L0 &
NYTHREEZRET D L&, BIMERTYIO CAEM L7z, L. rhamnosus 1%
MLCK RHZ 2 2 L1 X 0 BE EEGMaO T R b — 2 &6l LT s
AEEELH D, ZORICOVWTITIASERI LR OIMHABHETH D,

4 B

DSS #FE M KIGRET L~ A& W =385 | L. rhamnosus 135E /N Y
TIRESRZFHET L Z LI XD RIBRZME+T 5 2 Emaiic, £z, 15
BN TREA T = XL E AT LI/ R, L rhamnosus 13 tight junction ##
A - #5280 BTl % 20-1, MLCK RELAHIHT 5 2 L1o kv s~ Y
THEEEDIK T2 PIH LT D Z L AR S vz,
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Water
Group 1 ! I I
(None) 0 1 2 3 4 5 day
t t t
PBS
DSS 3.5%

Group 2 I I I ;
(DSS) 0 1 2 3 4 5 day
t t t
PBS

o

Group 3 | I.DSS 3.5 /oI
(DSS*Ln) 1 2 3 4 5 day

t t t

live L. rhamnosus (10”cfu/mouse)

DSS 3.5%

Group 4 | | .

t t t

heat-killed L. rhamnosus (10”cfu/mouse)

Figure 2-1. Study design of in vivo DSS-induced colitis in mice. Group 1 (None) mice were
treated orally with PBS from day 1 to 3; group 2 (DSS) mice received drinking water with
3.5% DSS and were orally administered PBS. Groups 3 and 4 also received drinking water with
3.5% DSS, and 24 h after the start of DSS administration, mice were orally administered 107
cfu/day of live or heat-killed L. rhamnosus for 3 consecutive days.
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Figure 2-2. Protective effect of 4 lactobacilli on tumor necrosis factor-a (TNF-a)-induced
changes in A) transepithelial resistance (TER) and B) IL-8 secretion by Caco-2 cells. Caco-2
cell monolayers were treated with each species (103 cfu/well) or with medium alone (control)
for 1 h, and the monolayers were exposed to TNF-a.. Results are expressed as means + standard
error (n = 3). ¥*P < 0.01 versus controls (none); #P < 0.05 and ##P < 0.01 versus TNF-a alone
(-). Ld = Lactobacillus delbrueckii ssp. bulgaricus no. 3; Lc = Lactobacillus casei no. 9; Lg =
Lactobacillus gasseri no. 10; Lr = Lactobacillus rhamnosus OLL2838.
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H# H#

H4

Weight change (%)

—(O— None
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—&— DSS +Lr
—@— DSS + HK-Lr z
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Figure 2-3. Changes in body weight of mice with DSS-induced colitis. Results are expressed as
means + standard error (n = 4). *P < 0.05 and **P < 0.01 versus controls (none); #P < 0.05 and
##P < 0.01 versus DSS- treated mice (DSS). DSS+Lr = mice treated with DSS and live L.
rhamnosus; DSS+HK-Lr = mice treated with DSS and heat-killed L. rhamnosus.
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Figure 2-4. Changes in colon length of mice with DSS-induced colitis. Results are expressed as
means + standard error (n = 4). **P < 0.01 versus controls (none); ##P < 0.01 versus DSS-
treated mice (DSS). DSS+Lr = mice treated with DSS and live L. rhamnosus; DSS+HK-Lr =
mice treated with DSS and heat-killed L. rhamnosus.
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Figure 2-5. Myeloperoxidase (MPO) activity in the jejunum, ileum, cecum, proximal colon and
distal colon of mice with DSS-induced colitis. Results are expressed as means + standard error
(n=4). *P < 0.05 versus control mice (none); ##P < 0.01 versus DSS-treated mice (DSS). DSS
+Lr = mice treated with DSS and live L. rhamnosus; DSS+HK-Lr = mice treated with DSS and
heat-killed L. rhamnosus.
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Figure 2-6. Intestinal permeability of mice with DSS-induced colitis. Results are expressed as
means + standard error. **P < 0.01 versus control mice (none); ##P < 0.01 versus DSS-treated
mice (—). DSS+Lr = mice treated with DSS and live L. rhamnosus; DSS+HK-Lr = mice treated

with DSS and heat-killed L. rhamnosus.
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Figure 2-7. Expression of A) zonula occludens-1 (ZO-1) and B) myosin light-chain kinase
(MLCK) in Caco-2 cells. The expression of ZO-1, MLCK, and a-tubulin was detected by
Western blotting of the cellular lysates. Images are representative of 3 independent
experiments. Results are expressed as means =+ standard error (n = 3). *P < 0.05 and **P < 0.01
versus the controls (none); #P < 0.05 versus TNF-a alone (-).
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Figure 2-8. Colonic expression of A) zonula occludens-1 (ZO-1) and B) myosin light-chain
kinase (MLCK) in mice with DSS-induced colitis. The expression of ZO-1, MLCK, and a-
tubulin was detected by Western blotting of the cellular lysates. Images are representative of 3
independent experiments. Results are expressed as means + standard error. **P < 0.01 versus
control mice (none); ##P < 0.01 versus DSS-treated mice (-).
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W3
WS 7 RS B 5 FLBRBTTAER Y DR E

1 Jrim

5% 2 BT, Caco-2 Mild % 7z in vitro #EAli R 3 & OV DSS #FEMEG R ET
N A% Wz in vivo #HliR CTHIEE OME NV 7 IRENR LR Lo, IBE
NYTRENREF T DR MBRRICIX, HLBE T OEERS ZFET 5
ZENIEFICHEHETHDH, £ TARETIEH, BEAY TIREDRICED 2 I
ISR DIREZ B E LTz,

2 MR LOU5E
2.1 FLERH DR

L. rhamnosus OLL2838 X% 2 F= D HFiLICH¥E L CH&E LTz, £72. L
rhamnosus %%k (DMEM £5#1 « 2x10°cells/ml) ZFHE L. 5%C0O,. 37C
IZC 48 FFREIIE R, BiEZ2 I L 0.22nm OV —ZA AT LT L —
T e b O EEREEYD & L CRERIZHVW =, Enterococcus hirae ATCC
97907 | trypticase soy broth (Becton Dickinson) T 37°C. #5545 T T 18
RPRIESE L7z, BRZ, BUAAKTHER L, 756°CT 1 Rl o % 2 _— Mg, 3
FERER LT, T a NBGERE R & L TRBRIZH W2,

2.2 WE Y T RGERN R ORI

F2EOFIEIZHEL, Caco2 MlBOEEEL LT INF-afilik%1T->7=, L.
rhamnosus (£, 2x10°cells/ml), L. rhamnosus {C#{FEY). E. hirae (JINEL
e, 2x106cells/ml) . E hirae BEZ AR A (128, 2x10°cells/ml), U R
A 2% (Sigma-Aldrich, 10ug/ml) . F 72 1% PamsCys-Ser-(Lys) (Sigma-Aldrich,
10ug/ml) % Transwell @ apical IIZRINIL 1 K7 LA V% o X— &,
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TNF-a (100ng/ml) % basal fllz# L, TER fE3 X OV IL-8 EAELZHIE L,
A N U T B Re A RN L 72

2.3 EIROBEFE L

BRI EONEENE LTCT 7 FF—BUE AT 572, Streptomyces
griseus R DOFEH (BFHFRIEE) ZEH L7z, ABEEZL SEIRE 0.5mg/ml O
¥R IAIRIC IR L 37°C, 2 REfHALBR L 7=,

JEEONfEHME LT R—FBURHEEIT-7=, 7 XHKORESHE

(Typell(Crude). EC 3.1.1.3, 30-90units/mg protein, Sigma-Aldrich) % f#

M UTe, FLERB R 2 oS IRE 0.5mg/ml OREREIRICERE L, 37°C, 2 el AL
L7z,

MR EE Dy AZ B E L CL X ) B A2 1T - 1=, Streptomyces
globisporus ATCC 21553 H2RDE%3# (Sigma-Aldrich) ZfEH L7z, FLERE A

RIS 0.025mg/ml OBREZRIRIZRE L, 37°C, 2 BFRALEE L 7=,

2.4 SDS-PAGE I £ T Western blotting
F2FEOFIEIZHEL . ZO-1 1 LU MLCK O3B &2 g L7z,

2.5 WRMLEL

FERIT R TEIMEHFERERE TR Lc, SEHED LI % | one-way ANOVA |Z
L VATV, post-hoc test (1% Tukey E4 H 2, pfEZDY 0.05 Kl O%E . #iat
AR E LT,

3 MERBLOBLE
3.1 L. rhamnosus BE{CHPED I L OEE LR EIRORGE NV 7 RHERD R
L. rhamnosus OGE /N 7TEREN I G T ARy #4R%E T 5 BRI T,
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W DNGRE /3 ) 7 Rt R A wF Al L 72, Caco-2 #ifid~@ TNF-a #INC
TER EOK i L O IL-8 FEEADHMA R b7z (Figure 3-1), HECHEY
(L-CM) 1%, TER fEICHE% 5 2 22> 72208 (Figure 3-1. A), IL-8 PEA
Iz LU7= (Figure 3-1. B), #74E. L. rhamnosus GG £ O BEHEY A TL-8
PEAR A 9 5 & WAE S472(82), Fex LIXBERR LR A3, [AARZR ARG PEY
25 IL-8 EEAEMIFNC TG L TV DO s Liviewy, LirL, HOGEEDIT TER
BICIXEEL G2 R0 oTc 2 L b FERIEMM T IREER Sy 70 & B AR
DFTHDH T ENTRBENT,

RIZ, EARTF OGRS HE2WH BT D7, L rhamnosus =7 7
FF—BELITY RX—ETUHEL, 216 DUHEERDIGE Y T IRED R L
Al L7=, T OfE%E, L. rhamnosus ® TER AKX FHIzh R, U S—P L8t

(Li-Lr) (2&v95<72>7= (Figure 3-2), —JF4., 727 FF—E40E (Ac-Lr)
(% L. rhamnosus ® TER fEA TN 2RI B L 5.2 727> 7= (Figure 3-2),
ZDZ LB, L rhamnosus DIEMETIZE KT OREER Y Th D 2 & D3R
STz,

F 72, Caco-2 iz TLR2 FFIHUA TEE L 72712, L. rhamnosus ¥} X}
TNF-aZ i L, TER {3 X OVIL-8 J 1 & e L 72 #5 F. TLR2 FARIHLIRD IR
MMz &Y L. rhamnosus |2 X 5 TER ORIl zh Fi3855 L7z (Figure 3-3
A). ZOREEIFH TLR2 HUADIRINREAKATFI ThH 72, F7z. IL-8 PEAHN
PHIZN ROV TS HT TLR HUR O IRINE EE K AR I35 L 7= (Figure 3-3 B),
ZDOZ EMnB, L rhamnosus 1% Caco-2 #ifd> TLR2 ¥ 7 F /v & &AL T 5 Z
LR, BEANTREIREREET L LRI, E>T, L
rhamnosus O{EMERKS L, TLR2 UV T RTHD EEZ LT,

INHORERE S LI, L rhamnosus DIETERK DM & LC 7 T LG PER M
fuBED EHERRE D THY, TLR2 O U A RThHDURTA 2 (LTA)
(23 B Uiz, LTA IXWmBSMES 7T, Bix iEE2 A LT 5(83), LTA IX
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lactobacilli DIFE EE~OEEFIZFHEG L TV A 721 T2 < (84) . TLR2 /" L C
GEEIER A A3 5(85), LTA #5517 7 AR OT A 2 fIX, FEED
TLR2 IZi8ik s Z L <mbTnA(85), £/, IHE ERMIEIZ G,
TLR2 &1\ < 222 TLR 7 7 I U —M%BLL T\ 5(60), F£iz, SEHA
7= Caco2 fifidict, »7e< &4 TLR2 21X U 4, 5 BLV9 ® mRNA 5l
iR LT 5 (datanot shown), Z D Z L2v6 | LTA BSIGE U 7R R
ZHTHDOTIERW ARG A LT, Tzt Tz,

L. rhamnosus 7>5 @ LTA O AZ AT, KMEYOa L X I x— a3 v
EREAICH S EPRETH o, 2T, HIROE MENEELBEE
Enterococcus hirae ATCC 97907 fi3% LTA (Sigma-Aldrich) %z f\% Z &1Z
L7co 3. FEKROGE Y TIREDRIZOWV TR EI1T > 72,

3.2 E. hirae DIGE /N 7 REZN IR O R

E. hirae D4H % Caco-2 MIZEIN L, IHE /S Y 7 IRFESNIR 251 L7223,
B OYEFHSIE TN oD BRI R & 72 0 Caco-2 Ml well 22 HFEI3
TLEo7, ZOMENG, AE TOMMIIARARETH D & Hlkr L, UFEDE
B CIIMBGEE KA W5 Z L2 L7z, E. hirae OIMESEEER (105, 106 £
13 107cells/well) DFE N 7 Ihi#h Rz, 5 2 HOGIEICHEL T, Caco-2 il
B2 TRl 21T - 72, £ ORER, TER EIR T L O IL-8 pEAEMMSIZNRIL, E.
hirae RINPEFE 106cells/well Tl b F 23> 72 (data not shown), fiE-> T, LI

DFEBRTILIZ OFEREE CRERAZ1TH> Z LIc Lz,

3.3 E. hirae R UBLERDGE N U 7 il R

E. hirae OIEVERRS T2 BT, 727 FF—8, U —BBXLUL%
J U VU TENE NS LR OE Y T IRES R A2 L=, £ 0
fER. L% U (Mu-Eh) (2K Y E. hirae DRE Y T REHRITE
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AR Lz (Figure 3-4), A% 7 U2 37 7 AR OMIREE % 3 fif3 5
BEEToH Y | E. hirae DIEMA 7 DSHILEERL 7> T D Z & DNREB S LTz, F Tz,
U RX—BH (Li-Eh) Tb., hRITBEEFICH D Lz (Figure 3-4), 2 H D
fER S E. hirae OBE /Y 7 REZN R BTG5 2 TR MR BE | A7 AE
TOREEMS T DI ENRBENTe, 2D LI, L rhamnosus DIEPERSY
PRBORER LR TH Y . E. hirae DIEMERS & LTA ThHh L & TR, £
ZC. E. hirae B3k LTA ORFE NV T RER RO 21T > 72,

3.4 E. hirae B3 LTA 5 X ONTLR2 U 7> ROBGFE Y 7 {R#h R

E. hirae B2k LTA OGE N TIR#ER R 254 5729, LTA % Caco-2 #f
fa @ apical NCHEIIN L, TER fE3 L OV IL-8 B E 2 WE LTz, £ DFE R, E. hirae
FR & FIERIC, LTA BT % TNF-alZ £ % TER fE{K T 2 8l L7= (Figure 3-5
A), F7-. LTA X TNF-alZ £ 2 IL-8 FEA# 0 & 4l L 7= (Figure 3-5B), =
NOOFRERNG, LTA IHENY TIREDREZAT L2 LW ENERY | E
hirae DIEPERSY D—1Z LTA TH5H Z L IVRIBENT-,

Flib~7= k512, LTAIXTLR2 Y #» RDO—>Ths, £#Z T, TLR2 %
LTy ZFADREGE AN 7T REICHEBEREE ZH > T LD TIERWNE S
Z. TLR2 ARV 4> K PamsCys-Ser-(Lys)s (PCSK) % Caco-2 flfEIZ#RAN
L BN TR R 2 3 L 72, T OfEH, PCSK & LTA & FEkIZ. TNF-a
IZ X% TER HIX T KOV IL-8 FEAM N Z ] L7z (Figure 3-5), Z D Z & H»
5. TLR2 D2 7 F/VisIGE N Y THREZIRICE G L TS Z LB L 725
72,

7238, TNF-ofEfli% Caco-2 Ml E. hirae, LTA $£7-13 PCSK M0 L .
B EFREOIGE EREMRIC ED L D B E 5 2 5 O et LTcfE R,
PCSK I & 0 o202 TER A FH- L= DD, E. hirae & LTA I3 TER
EC IL-8 pEAEIC 2L B A H 2 72y 7= (Figure 3-6), 2D Z L )25 E. hirae
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BLOZEODO LTA X, FHEEHCIIGE RIS EZ 5 29, RIERFICRE-> T
B U TR R TR L I L BOIIIE D7k A A A 4 S AT S L
TWD I ERREBIINT,

3.5 E. hirae. LTA ¥ X1 PCSK @ tight junction |2 & I1F 9 &%

%5 2 B C. L. rhamnosus IZ tight junction ##% % > /X7 & Z0-1. 3 L O tight
junction FAfiZ /X7 E MLCK ORELZHIHE L TWD Z LR LMNE o7,
% Z T, E. hirae 8 X% ® LTA bFEERIC, ZO-1 ° MLCK 72 ED &% /37 5
FEBLZ HIEH T 5 D TIHRWNE B X it 2k 7o, £ 2 b OFEHIZ TLR2
ST FVBNEGT D00 EBRHT 5720, PCSK OIEMIC W T S [REEIC AT
L7,

E. hirae % L. rhamnosus & [F£kIZ , TNF-alZ £ 5 ZO-1 OF B & #ii) L |
MLCK OFBHE N2 il 95 Z & R H & 2o 7 (Figure 3-7), AL, ZD
2 OOBERDOE N TREDRIZ. A CA D=L ELTND Z ERRES
Nz, F72. E. hirae DIEMER T E#E 2 5105 LTA S ER & REROREZ R L
7z (Figure 3-7), & 562, PCSK THFMROIRNEFOHNT- (Figure 3-7) Z
&35 E. hirae ® LTA %3, Caco-2 MifldiZ#8L L7z TLR2 ZJ1 L C ZO-1 B &
' MLCK O¥H &I LT\ 5 Z & AR S U7z, 728, claudin-1 X° occludin
IZOWTHRFT 2T o722, 2 b ORBEITITIE(EN A Sz -72 (data

not shown) ,

4 LK

Caco-2 Mz AW BRI . BE N Y 7IRERN R A 5 L. rhamnosus ®
TEMERC IFARE R TH VD . TLR2 241 L T Caco-2 fIZ/EHT 5 Z L AVR&
nic, 72 N FEAEFILEE E. hirae Z T2 32506  1EMR S O—>1 LTA
THhoHZENHLNE 57, E. hirae  =® LTA (X, L. rhamonsus & [Fl4
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IZ, tight junction #5% - FlHi % > XV ETH D Z0-1 B L MLCK OFEH &
AHET S L BHLNE R o7z, LTA X TLR2 DU B> RTHD Z b,
TLR2 > 7 F AN TREICBEG LT D Z L6 E 720 TLR2 &
7T N Z0-1 B L O MLCK BHEFHICHFE L TVD T LRI NI,
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Figure 3-1. Protective effect of L. rhamnosus (Lr) and L. rhamnosus-conditioned medium (Lr-
CM) on tumor necrosis factor-o. (TNF-a)—induced changes in A) transepithelial resistance
(TER) and B) IL-8 secretion by Caco-2 cells. Results are expressed as means + standard error
(n=3). **P <0.01 versus controls (none); #P < 0.05 and #P < 0.01 versus TNF-a alone (-).
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Figure 3-2. Protective effect of L. rhamnosus (Lr), actinase-treated L. rhamnosus (Ac-Lr), and
lipase-treated L. rhamnosus (Li-Lr) on tumor necrosis factor-a (TNF-a)—induced changes in
transepithelial resistance (TER). Results are expressed as means + standard error (n = 3). **P <

0.01 versus controls (none); P < 0.01 versus TNF-a alone (—); P <0.05 versus TNF-o+L.
rhamnosus (Lr).
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Figure 3-3. Inhibitory effects of anti-TLR2 antibody (0.1-10ug/ml) on the protective effect of
L. rhamnosus (Lr) on tumor necrosis factor-o. (TNF-a)—induced changes in A) transepithelial
resistance (TER) and B) IL-8 secretion by Caco-2 cells. Results are expressed as means +

standard error (n = 3). **P < 0.01 versus controls (none); #P < 0.05 and #P < 0.01 versus TNF-
o alone (-); %8P <0.01 versus TNF-a+L. rhamnosus (Lr).
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Figure 3-4. Protective effect of E. hirae (Eh), actinase-treated E. hirae (Ac-Eh), and lipase-
treated E. hirae (Li-Eh), and mutanolycin-treated E. hirae (Mu-Eh) on tumor necrosis factor-a
(TNF-a)-induced changes in A) transepithelial resistance (TER) and B) IL-8 secretion by
Caco-2 cells. Results are expressed as means + standard error (n = 3). **P < 0.01 versus
controls (none); #P < 0.01 versus TNF-a. alone (-); *P <0.05 versus TNF-a+E. hirae (Eh).
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Figure 3-5. Protective effect of E. hirae (Eh), lipoteichoic acid (LTA), and of Pam,;Cys-Ser-Lys,
(PCSK) on tumor necrosis factor-a (TNF-a)-induced changes in A) transepithelial resistance
(TER) and B) IL-8 secretion by Caco-2 cells. Results are expressed as means + standard error
(n=3).**P <0.01 versus controls (none); P < 0.05 and /P < 0.01 versus TNF-a alone (-).
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Figure 3-6. Effect of E. hirae (Eh), lipoteichoic acid (LTA), and of Pam;Cys-Ser-Lys, (PCSK)
on Caco-2 cells not treated with tumor necrosis factor-a. (TNF-a). In this experiment, the cells
were not exposed to TNF-a to mimic normal (uninflamed) conditions. TER (a) and IL-8
secretion (b) were measured after 48-h incubation. Results are expressed as means + standard
error (n = 3). *P < 0.01 versus controls (none).

50



(A)
o1 WS . . S . —

None (-) Eh LTA PCSK

TNF-a
157
£
2
E 1.0
K'S T
~
o 0.5 -
N
0
None (-) LTA PCSK
TNF-a

(B)

None (-) Eh LTA PCSK

TNF-o
c 15
3
0
2 10|
3 .
S 05|
.|
=
0
None  (-) LTA PCSK
TNF-a

Figure 3-7. Expression of A) zonula occludens-1 (ZO-1) and B) myosin light-chain kinase
(MLCK) in Caco-2 cells. The expression of ZO-1, MLCK, and a-tubulin was detected by
Western blotting of the cellular lysates. Images are representative of 3 independent
experiments. Results are expressed as means + standard error (n = 3). **P < 0.01 versus the
controls (none); #P < 0.01 versus TNF-a alone (-).
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04
WHE /N T IRGEN R & 516D D FLIR R G R E D fife ST

1 Jrim

% 3T TIL, IEANY T IRESNRITE D 2 I ETEMER 7y D—> & LT LTA
ZFE LTz, LTA 2887 A af@ld, TOMEDEWIZ L VRN RR D Z L
DEESITWD, BT, 71 2 EEIg41% D-alanine (D-Ala) < D-glucose |Z
LV EMShTRY ., D-Ala ERiDOESWVAR, HOAA 47 4V LEHKEG6), L
B~ 255 (87, 88), 72T R EIRERE(8I- 92T E AL H- 2 5 Z L s
SNTWD, LL, 74 afgo p-Ala BN E N TIREDRICED L D
B HZ D0, ZHETITRF ST,

Z ZTCARETIE, 74 20 D-Ala B4 & e TIREDNR & DBIRMEZ
AT L7z, 61T, BoNfRE b &lc, BENY TIREDREZERIED
FLEA B Ao O fRHT 2 3 T2

=113

i

I

2 MERIOT5E
2.1 FLEEE OE

Streptococcus thermophilus ATCC 192587 1% 4.5% M17 broth (Merck) T
37C. BFRSME T o L, Z Uk — R by LTOWEARES M17 B2
(SRR, 18 RFR] ORISR 21172 > 7o, WHiZEEZ OD600 = 104 & 725 KD
IZAIR L, REEEZIT /-T2, WL OO ERTIE, FEEE MgS0s (50mM)
& 5\ I L-alanine (L-Ala) (3mM) Z#RINL7C 4.5% M17 F5#t, E 721357
HEFHRE (2%, 10% MI17 H5H#) CHEEE (30°C, 37C) THE LK, W
L, HIEEIROWOCEZRNET 2 Z LIC X W HEH L7z (OD600 of 1.0 = 2.82 X
108 cfu/ml)
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2.2 7 A =afEHD-alanineD iE &

FLEE B URE (ZAF(E T 2 7 A 2 OD-Alald, Kristian &(87) D HIEIZHEL
TER LT, Bl L 72 S. thermophilusZ JF /K T2 . 1043 1AW L7,
# &% 0.1M NaOHT37C, 1A > F 2 ~<— kL, 7 A afg oD-Ala%
SHT, BmOoEEE, HCITHM L BiEEZ v e Lie, 20X 5 efgen
22T NI U MRGIRGAE T ClE, A7 F 27U B o HkOD-Alas KB LT, =
ATAER TRA LTV D7 A 2 kR OD-Alad A 2 filiH T X 5(93),

L =Y 7V F7213 500nmol/ml O 7 X FEE#EYAHEZ (D-Glu, L-Thr,
L-His. L-Arg, L-Ala, L-Lys. 33X U'D-Ala) % 1% Ne-(5-Fluoro-2,4-dinitro-
-phenyl)-L-alaninamide (FDAA) &iE& L. 40C, 1 FFflA > Fa_— KT 5
ZETT R BOFEEN - T EE TV, HPLC s3#ricfit L7z, frici
Inertsil C18 7 7 A (4.6mm X 150mm, GL Science) % fv 7=, B#EhfH A (20mM
U g vV oA pH 5.7 EBENEB 20mM U g Y U A T =
Uv=2:3) &M BEIE BIREZ 0~100%2Y =7 77 VT NI 40 43T
ZAb s, fitd 1 ml/min TR 21TV, 340 nm OWIEE TR L7z,

2.3 Real-time PCR

BRI 215 & DRNAprotect Bacteria Reagent (Qiagen) % W/l L. HRNA
DAL ZAT 5 Tz, LB LV EEREZEIL L, 10mg/mlY V' F—2 (Wako
Pure Chemicals) &50U/mlAa % /U (Sigma-Aldrich) T L7z, Total
RNA!Z. RNeasy kit (Qiagen) %\ CHif#d%, DNase I (Life Technology)
THLEE L 7=, ¢cDNA(Z. High-Capacity cDNA Reverse Transcription kit (Life
Technologies) % MW THK L7z, Real-time PCRiixid. KAPA SYBR Fast
ABI Prism qPCR kit (Kapa Biosystems) % V), Applied Biosystems 7700
Sequence Detection System Zffiffl L CfT->7=, FH L7774 ~—LZDR
5%z Table 4- 127 L7z, FEBUATICIE, FXTERTE & L TAACHE(9) 7z,
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BT ORBEIL. WEEZ Y Fr—LTHH16S rRNARKH & CHiER%. o
v b — VBT DAERME TR LT,

2.4 GENY T IREN RO

F2FEOFIEICHE LT, Caco2 Mg % Transwell EToHfbsH®H7=, S
thermophilis DINFFEER (2x10°cells/well) % Transwell @ apical HIIZHAN
L 12 K7 LA % 2_X— h %, TNF-a (20ng/ml) % basal liziisin L. TER
Bz JE LTz,

2.5 WRHLE

FERIT R CTOEIEHAERERE TR Lo, FHED A | one-way ANOVA |2
L VATV, post-hoc test (1% Tukey E4 H 2, pfEZDY 0.05 Kl O%E . #iat
AR L LT,

3 MRIBIOBLR

% 3 E Tld, & LT L rhamnosus Z# F\WTHRET 21T > 72, Ziuld, g
\ZH 7z Lactobacillus J& 4 BERR DO T i b IE /N U TIREN R S0 o 7o h
5TodHo7= (Figure 2-2), L2>L. L. rhamnosus IL, I —27 )V h A X —H —
& LTIE. L rhamnosus GG MKk ZBRE . HE VB STV,

Z 2T, BEREME RS~ DG Z BT 720, RKFETIX S. thermophilus % >
72o S. thermophilus 1% Lactobacillus bulgaricus & & $123— 7L FEEICH
WHNDEETH Y BEREMREMOBFEICHERIZE L TV D, FREHIBW
T, AERIZATE £ TSV L. rhamnosus X° E. hirae & [R50 /8 7 {5#
IREETDHZ L EHER LTS (data not shown),
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3.1 HPLC I(Z X % D-Ala DEE

Marfey(95)73#5 L7 FDAARIETT X VA2 T AT LA~ —iHERAL -
T L, FORIGAERY % WA HPLC 12632 Z 12k v, DAL LIKD
TR BBEMEERBIL T TE D LB, £ T, 7T AGHEOMIEER
72 EEL L CHI BN D D-Glu, L-Thr, L-His, L-Arg, L-Ala, L-Lys, 3 X
D-Ala ZJE& L. FDAA &S SH72, Figure 4-1. AIZ-R L7 X 912, FDAA
TYT AT VA~ —fFEHR( - TV LT 2 BITEN TN DU
TSN, D-Ala &I1F-o& D LT HZ LA TE T, £72. D-Ala OJRE
EE—7 RICE D BREBERZ AR L7oRER, MmO HBIRE (12=0.995) 2R L7

(Figure 4-1 B), > T, Z® HPLC &8 L U E#H 2 A\ T D-Ala OE &
ZITH Z&liT LT,

3.2 BHRFEEMOEVNT L DT A 2l D-Ala EOEAL

I OFNBEERSE L, BT R AR IR E R 2% T 5(96), €2 T, 7
A AR D D-Ala {ERH O HEIEH PR IEE (KT 50, BRtaiTo72, S
thermophilus % 3551, *EI. EFHBITH. EFHY. I L OFEHEINICEY
L (Figure 4-2A). 7 A 2o D-Ala B2 E&E LT, TOEE, D-Ala &
I DRI L, EH BTN R RIEZ R L2, EH N HIE
BN TF T L7z (Figure 4-2 B), Z Of53R1X. Bacillus subtilis %
T2 E OGRS & — B L T 5(93), RBFZEIZIIT 2 E I L% O D-Ala &
PITH FARRO AT =X LBEE LT D00 L,

WIZ, S. thermophilus Z{XiE (30°C), @R (37°C)., E7=iLmiR (43C)
TH;#% L., D-Ala B2 F& L7-, S. thermophilus Z{&iE T LT-56 . iR
THEE LSS L RWFEH AR L2, EFH COMIREIZWThogk
HTHRICTH -7z (Figure 4-3 A), S. thermophilus % & CHi#E L7256
D-Ala &EIIPHFICHD L7z (Figure 4-3 B), IKIETHEELZLEL. ABREIX
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BOLNRNE DD, D-Ala EORMMEM A G 7z (Figure 4-3 B), &iRks
BIZL DT A 2k D-Ala BEOWA I, D 7T ABGMER T bR ST 5 (97,
98),

NS DOFERERSE 2 T LIB DO EERTIL S, thermophilus % 37°C TH#E L,
R BT Z EIN T 5 Z &I LT,

3.3 T A afED D-Ala & & IHE N T IRES R OB

T A RO D-Ala B DGE NV TIRGEN R E L 5 2 D0 B0 T
5728912, S. thermophilus D7 A 2% D-Ala EZ b S, ZIUTEED HEN
U 7 RN R DA w2 BRHT LT,

T4 gD D-Ala (EH#ilX. dItA, ditB, ditC, ditD, ¥ LU\ ditX % & el
BlZa—RFEn=Z o780l Ens(99), ditA, ditB, ditC, 721
ditD % REAL L7286, 7 A 2l ® D-Ala FE A KIET 25 2 & 225(87, 90, 100,
101)., 74 2D D-Ala (Bl 2N D DOBIETHNRMETHDL EEZBND,
S. aureus |23 T, MgSO4 L dIt BA=T-#£D mRNA FHELZ Il 2 = & A3

h

HENTWAH(102), S. thermophilus 2BV T, HEHIIZ MgSO, 2N+ 2 =
LT Xk v dItA, ditB, dItC, ditD, 1 X O dIitX ® mRNA & H & 238/ L 7= (Table
4-2), 723, MgSO4 RN &V S. thermophilus D HEFEZ L 10K T L7223
(Figure 4-4 A), BAEREHMHITRED bL7en o7z (Figure 4-4 A), dIt 851
HEDO mRNA FELRA L AHRE LT, MgSO4 RN XV D-Ala £33 BEITHD L
7= (Figure 4-4 B), KIZ, MgSO04iZ £ % D-Ala DK T2, BE /Y 7I#%D
R EE 5 2 D 0a LTz, Figure 4-4 CII/R L= X 212, 3TCTER B
1T E TH5#E L7z S. thermophilus 1%, TNF-alZ X% TER IR T Z #0ifi] L 7=

(Figure 4-4 C, control), L7>L. S. thermophilus % MgSO4 #SINEEH#h THE 4%
L7284, TER EIK T HHIZRITR o> 7 (Figure 4-4 C, MgS04), =

56



IO DFERNG, T4 2l D-Ala O, S. thermophilus DRGE NV T {7
ENRICBE B 25 ENRB ST,

3.4 T A 2fED D-Ala (EEHEIZ K B RGE NV 7 ERFEN R OHETR

FREOFEBRICEY . T4 2D D-Ala & L IHE U TERES RSB 5 Z
EMNTRIBES T, LT 5T, 74 2@ D-Ala (Effi xRS EHZ LI2L D,
S. thermophilus DR E /N TIRGEN R A IR T E D REMENZ 2 bivic, E
WY DA EERE E IS L ORI 1T, Bk oy DB A =T %, £ 2C, M17 Kt
DTN T A Al D-Ala EOEI, 35 LN S. thermophilus DiGE NV 7 R
RO G- 2 0G0 E Rt 5272012, FEZ2 R 5 3REO M17 K5t
TH:#E L. D-Ala 835 L OV TER B #2058 2 4 L 7=,

M17 B -2 FE DEL, S, thermophilus DYEFEIZ B A H 2 7p o 7=

(Figure 4-5 A), M17 BsHDPRE % 4.25% 05 2%\ SET-5A. 74 =2
e D-Ala BIXBAE 12D LT (Figure 4-5. B), F£72. D-Ala O IZLEW,
2% M17 i CTRs# LU7= S. thermophilus TiZ TER fEK F I I A S 7
o l- (Figure 4-5C), —J5. M17 FEHEE 2 10%(Z8 NS 7=54., 74 =
iz D-Ala #3 KX OV TER fEAR TN RITAZICHE M L7z (Figure 4-5 B, C),
PLEDFRERING . M1T 5580 O3 7 A 2lig D-Ala 248N EE5 2 LR
SNz, EBIT, T4 =g D-Ala BEOINZLEW., S. thermophilus DGE /X 1
TIRENEIR S D 2 EDRB XN,

RIZ, M17 55 o L-Ala 37 A @ D-Ala BHINICHES L TWH O T2
W ERE L, 3mM L-Ala % 4.25% M17 85U TSN U TR 21T - 72, 4.25%
FBEU10% M17 55 - O L-Ala JREEIL, 22 2.35mM 8 L O*5.563mM T
HY ., ZTOFEIF3.18mM Th b, > T, 4.25% M17 H5HIZ 3mM L-Ala % i
422XV, 10%M17 it o> L-Ala JEE S 2T L 7 b, T O
F. M17 5510 L-Ala 23035 Z &2 LY. S. thermophilus D YEFEIZ 5%
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EHZFICT A afiE D-Ala BEHEMSE5Z N TE- (Figure 46 A, B), &
512, L-Ala @I & v 8. thermophilus @ TER fEIK F #0120 8 & HiE S -
(Figure 4-6 C), /EMIZIH VT, D-Alald Ala © T ¥ LA S 5 HEE T
& 7% Alaracemase (Alr) Z/ L CEKIID, S aureus O alr Bfn1 % K1E
SHIGE. TA Ao D-Ala NRIT 2 Z EAHE SN TN 5(103), 20
Z &b L-Ala ZHE & L7 D-Ala RN T A 2l ® D-Ala (EfIICHLHATH 5
LEZ L, LrAla I X 5T A 22 fig D-Ala OB, Alr 24 L7z D-Ala
BREOHEIMIfED O LEREBI LD,
U EDORRND, LAla ISINIET A 2 fiZo D-Ala Effi # 2 L, S
thermophilus DIFE /N TR REZIGIRSIE L Z LIRS,

4 EH

LTA & 17 A 22D D-Ala EffiIE, EOMRIEN ., FRIEE 2 & Loth R i
[CREREBEEZITHZ NP LNE o7, MgSO4IZ &V 7 A afEd D-Ala
&% il L7354 S. thermophilus D& /N TARHEN R RN BAD LTz, ZD
ZEinb, T4 afE® D-Ala BN S. thermophilus DRGE /N VU T 1H#E8h B\
HHEREHERC L TWDL Z R En, £70, L-Ala 2RI L 72 E5 1T
S. thermophilus %#¥5#% 32 Z LIZ XV 74 2 B0 D-Ala EfiMEE S, 15
AV TIRENR AW RT 52 N TE T,
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Table 4-1.

Primer sequences used in this study.

Gene

Sequence

ditA

ditB

ditC

dltD

ditX

16S

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

Forward

Reverse

5'-GCTCAATCACAACCCGACTT-3'
5'-CTATCCGAATCGGCTTTCAA-3'
5'-TATCGAGATGCGTGATGGAG-3'
5'-TCAATGGGACCACTTGTGAA-3'
5S-ATTCGTGTCCCAGTTTCAGA-3'
5-CTCCGTTACCCCTTCAACAA-3'
5-ATGGCAGATTTTGGTCCAG-3'
5-TCATTCGTCAGCGTACTGC-3'
5“TGTCCTCGTCTTTTTAGGACA-3'
5-CTTGACCTTGTCCTAGGTAATTG-3'

5-AGCGTTGTCCGGATTTATTG-3'
5'-CACTCTCCCCTTCTGCACTC-3'
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Table 4-2. Effects of MgSO4 on dIt mRNA expression.

Control (1;%?1?43
ditA 1.00£0.07 0.34+0.08"
ditB 1.00+0.11 0.3840.11°
ditC 1.00+0.13 0.3440.11°
ditD 1.00+0.02 0.56+0.10°
ditX 1.00+0.29 0.27+0.08

Levels of dIit mRNA were normalized to 16S rRNA, and expressed relative to
the sample incubated in control broth. Results are expressed as means + SE

(n =3). *P<0.05 versus control, and **P< 0.01 versus control.
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Figure 4-1. Quantification of D-Ala by HPLC. (A) The standard amino acids (D-Glu, L-Thr, L-
His, L-Arg, L-Ala, L-Lys, and D-Ala) were coupled with 1% FDAA, and the mixture (500nmol
each) was applied to HPLC. Peak 1, D-Glu and L-Thr; peak 2, L-Lys; peak 3, L-His; peak 4, L-
Arg; peak 5, L-Ala; and peak 6, L-Lys; peak 7, D-Ala. (B) The regression line was constructed
with serial dilution (100, 200, 400, and 800nmol/l) of D-Ala coupled with FDAA.
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Figure 4-2. D-Ala content was growth phase-dependent. (A) S. thermophilus was cultured, and
the growth was measured spectrophotometrically at 600nm. Representative growth curve was
shown. The bacterial cells were harvested at five time points, indicated by arrows (1, lag-phase;
2, exponential-phase; 3, early-stationary-phase; 4, stationary-phase; and 5, death-phase). (B)
The bacterial cells were harvested at the five points during growth , and the D-Ala content was
quantified. Results are expressed as means + SE (n = 3). **P < 0.01 versus lag-phase (1).
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Figure 4-3. D-Ala content was growth temperature-dependent. (A) S. thermophilus was cultured
at 30°C, 37°C, and 43°C and the cell growth was measured spectrophotometrically at 600nm.
Representative growth curve was shown. (B) The bacterial cells were harvested at the early-
stationary-phase, and the D-Ala content was quantified. Results are expressed as means + SE (n
= 3). **P < 0.01 versus S. thermophilus incubated at 37°C.
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Figure 4-4. Effects of MgSO, on D-Ala content, and barrier-protecting activity of S.
thermophilus. S. thermophilus was cultured in M17 broth or M17 broth supplemented with
50mM MgSO,. (A) The cell growth was measured spectrophotometrically at 600nm.
Representative growth curve was shown. (B) The bacterial cells were harvested at the early-
stationary-phase, and the D-Ala content was quantified. Results are expressed as means + SE (n
= 3). **P < 0.01 versus control. (C) Caco-2 cell monolayers were treated S. thermophilus and
TNF-a.. TER was measured 48h after TNF-a treatment. Results are expressed as means + SE (n
= 3). **P < 0.01 versus non-treated monolayers (None).
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Figure 4-5. High concentration of culture medium increases D-Ala content and the barrier-
protecting effect of S. thermophilus. S. thermophilus was cultured in 2, 4.25, or 10% M17
broth. (A) The cell growth was measured spectrophotometrically at 600nm. Representative
growth curve was shown. (B) The bacterial cells were were harvested at the early-stationary-
phase. The D-Ala content was quantified. Results are expressed as means = SE (n = 3). **P <
0.01 versus S. thermophilus cultured in 4.25% M17 broth (4.25%). (C) Caco-2 cell monolayers
were treated S. thermophilus and TNF-o.. TER was measured 48h after TNF-a treatment.
Results are expressed as means + SE (n = 3). *P < 0.05 versus non-treated monolayers (None).

;P <0.01 versus TNF-a alone (—); TP < 0.05 versus S. thermophilus cultured in 4.25% M17
broth (4.25%).

65



(A) (B)

OD 600nm

(C)

Normalized TER

—O— Control % 200 - %

—@— L-Ala >
(3mM) <
©

1 - € 100
Q
£
[
S

0 : : : A 0.

0 55 10 10 15 Control L-Ala

Incubation time (h)

1.
1.1 - ##
]l =T

1.0 B
0.9 -

Xk
0.8 - _—
0-7 T T T

None (-) Control L-Ala

TNF-a

Figure 4-6. Effects of L-Ala on D-Ala content, and barrier-protecting activity of S.
thermophilus. S. thermophilus was cultured in M17 broth or M17 broth supplemented with
3mM L-Ala. (A) The cell growth was measured spectrophotometrically at 600nm.
Representative growth curve was shown. (B) The bacterial cells were harvested at the early-
stationary-phase, and the D-Ala content was quantified. Results are expressed as means + SE (n
= 3). *¥*P < 0.01 versus control. (C) Caco-2 cell monolayers were treated S. thermophilus and
TNF-o. TER was measured 48h after TNF-a treatment. Results are expressed as means + SE (n
=3). **P < 0.01 versus non-treated monolayers (None).
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FLIRTE N X D RIEVE T M o5 L i 25 2R

3

1 Jrim

HIBEIZ LD E R AT AZ TV AMERIA D=L E LT, BENY TIRE L
&b ITIHE REMRR ORI AT Hivd, FrIZ IBD 72 EDOGE RIER BB
TIX.Thl <° Th17 7 & O RIEME Th M OTEPELAERICEES B G- L T\ 5,
D ORI NIEMEAL S D RIK 72 SIE R AR RS < SN TS A, Thl
R Th17 BNEAT DRIEVES A S A T E N THREOK F 25545 &
E BT, MRRORIERIEAARET D, 16> T, T ORIAEN Th MIEOIEHE( L
ZIHIT S 2 L1, IER AL ALY VAR B W CIERICEETH D,

VSRR D A TFSEIC & - T, Bifidobacterium longun subsp. infantis (LA
~ B. infantis) 735 Th17 MildZz 6+ 25 2 & 2 R 2SS Tin5(104), L
ML, ZOAN=ZALIZONTIIARARENEZEINTND, £z, 5 2-4
=Tz lactobacilli X° streptococei (Z kX, bifidobacteria L KABICEF -
ARLRTWETH Y, KIBRO T - BEfIC, KV #ETITIIRnnreE R,
% ZTAETIE, DSS FHEMNRET L~ T X & W T, Thl X° Th17 #ifao
TEHEAL A 1 = XN EfT9 5 & & U2, B. infantis |2 £ 5 KGRI H O,
i, # ZOWE Th17 MO A T = X 5O %A 72,

2 MER XL OU5A
2.1 FLERH DR

B. longum subsp. infantis JCM1222T |3 GAM broth (H /K#ZK) < 37°C. #f
SRR C 16 REfHIRE 2R L7z, B{K4 PBS T 3 [\IWEH#. 108 cells/ml & 72 % X
ST PBS IZIBHE L. ABRICH WD £ T-80CTRAFE LT,
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2.2 B IBR

F2EOFIBHIZHET T, DSS HHIC L VIGRERIET D~ AET VEVERK
L7z, 6-8 DM BALBle ~ U A% 7 X LT3 DDV )—7 (n=4-6) T
/35 7=, Group 1 (None) (2, 0 HH25 5 HHIZ PBS (BikDnbD) Zf%
A#5 L7z, Group 2 (DSS) (21 3.5% DSS #fkAk L LTHx ., PBS ##
N5 L7, Group 3 (DSS+Bi) (21%.3.5% DSS # A7k & L CH x| B. infantis
EB (107 cells/mouse/day) % ZhZHufk H b L7z,

REREZEBR CRFRAIAT- 72, DSS&E L5226 5 HBIZEHMEMHIZ LY <
U A% BRI 21T o7, BB OEGE TORBREEZRL L, RIEOHE
EELTRBORSZME LT,

2.3 KGO A oA o &ERE

~ 7 ADFEIGETES (bem) &V A E LCHWE, FEilGEAET I &,
RN 2 B RV 2 #1012, 100IU/ml =3 U >, 100pug/ml A b L7 k<A
Y. BXO 50ugiml 7B~ A v EEAT D PBS T LIZ, REiBE
Smm (EEDUIFIZH v b L.24 well 7 L— kT 24 BERijEE#E Lz, 55, 10%
FhafriiFi (ICN Biochemicals, Inc.) . 10mM 2- AV 7 h =& /) —/L (BH
{b5). 100IU/ml <=V >, 100pug/ml A h L7 k<A 2>, 50mg/ml 7>
A<wA vy, BEU0.0IM4- (2-8E Fef o P AF)0) - 1-EXT VX AL
W (Wako Pure Chemicals) %% 9 % RPMI1640 (Invitrogen) # H\»
7oo 24 BRI ICEEH EyE A 0N L, IFN-y, IL-17, IL-4, B X OV IL-10 A E A
ELISAJECHIE Lz, £7o. EH LEBEMEkO # o7 BEREZNEL, %
YU TNEOY A NI A AR Y N7 B RE TRIIE LTz,
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2.4 KW bR HIRE o HipE

FREE RIS~ U A ORI M A - BEF L. 1mM DTT 2% ¢ PBS 11 C
SRR, 10 Sy EHR% S 7, #5542 30mM EDTA #5463 % PBS I L. 37C,
10 3fA > Fa_X— b L7z, 1 FRLVT v 7 AL T EEMBEFEEL, o
TR T A LD B\ 2, 13 BT BRI A PBS T 2[R %, 2mg/ml T
4 Ax—7F (Life Technologies) 35X 50mg/ml DNase I (Roche) # & A7
% PBS ([C iR Lo, MBI 4 2 /0B &I 10 BEALT v 7 A L72Rn
5, 37C, 30 oA »F aX— b L7z, ERMIZ 772 2mg/m]l 7 1 A/N—
T LU 50mg/ml DNase I #5H 3 5 PBSICFHEE L, FkOBEEZ S 5 —
JEME Y X9 Z & THMaL L., G o7 ML 20% /3 — =2 —/L (GE
Healthcare) [ZH&E L. 40%/ 35— —/ L FICEHEH%, 600g T 15 HE 0%
HEL 72, 20%/40%/3N— 21— /L DB R0 HRFR S 7z BRGHE 2 [ L 7=,

2.5 Pilads X OV T #lfe o> HEE
6 Ml OMENE BALB/e ~ U A 2 SHHELFH TR L. Mgzt Lz, Flgz
WHEF A m Ay v aTHRA, 5ml @ RPMI 22T v yor 70y
¥—EHAUZHWTH LS5 L, 5672l Z red blood cell lysing buffer
(Sigma-Aldrich) ([ZFH&#E L, K L C5 pfIfFE T 2 2 & CIMAE 21T > 7
%, M PBS T2 YL, MY 7 e U TR IRV,

JEARAR 2> 5 0 T AR EEEIZ 1%, pan T cell isolation kit (miltenyi) % Vv 7=,
~ =2 T UCHE o TR OIE T M2 e — XTI L, BISICRRE L
o7 HZETZET, THIlZRXT T s 78V v a B X 0BT,

CD4* T #lifads L O CD8* T o> iz 1L, CD4* Microbeads (miltenyi)
W co =2 T VITHE> T T Hifd o CD4+ T #ifid 2 5 B — X CHERk L
WS\ ZRRE LTo 7 DB 2 LT, CDA* TRlflaA R YT 4 7 L7 va Uik,
CD8* T fifa X HT 4 7 L7 v a R LD ZnENGi,
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2.6 JLEaE

FREO XD ITHEE L 72 KNG EECGHINE 2 | Msia, T #ifid, CD4+ T, £7-1% CD8*
T AL & ks Uz, KIS BRI 2x105cells/well L 72 K Hic, £, M
A, T #fE, CD4* T, &5 M% CD8* T Mifaix 1x106 cells/well £ 722 X 51
TRZRARTL, 96 well 7' L — MIFERE L 7o, HiHhid, ERLo RPMI Btz H
Wiz, THEML, CD4* T, F£721% CD8* T iz HW\ 25613, MBI
CD3e Hifk (miltenyi) % HHIEE bmg/ml & 7225 K HICHI LTz, W< D0D
LTI, K ERGHIE 251 CD80 #Hifk (10mg/ml; Abcam) #7-13#1 CD86
Pk (10mg/ml; Abcam) T 37°C. 30 sr[HATALEL L7-1% . CD4* T fifa & 5%
LIz, £z, o FEBRTIL, CD4* T Mifid 251 CD40 Hi{f (10mg/ml; Abcam)
T 37°C. 30 HfAIRMALEL L7, K bR & 6538 L7z, 5 AMILRE#R%,
e ByE 2B L, IFN-y, IL-17, IL-4, X OV IL-10 fEA &% ELISA 1 CHlE
L7z,

2.7 7ua—Y% A FA MY —

FREO L IR L7 K ERMIRZ . 1x108 cells/ml & 725 K 512 2%k
frifEZ= & A9 % PBS 2 Lo, Ml EEd X OWEmLE X, IntraPrep
#A# (Beckman Coulter) Z#H\W\\ T~ =2 7 /WIZHE-> TTo 72, Mlld%x [EE%,
phycoerythrin (PE)/ Cyanine (Cy) 5 #t CD80 #t {& (eBioscience) .
allophycocyanin (APC)#it CD86 #if& (eBioscience). F7-13 APC $it CD40 it
{& (eBioscience) % FEfRM@IRIZINZ 4°C, 30 3 A > F o2X— h LEmHUR
B U 7=, fR A @ AL #% . FITC #1 pan cytokeratin 1A (Sigma-Aldrich)
NSRBI SN 2 4°C, 30 flA v Fa_— K~ LA hrTF o (LR
D~—H—) Zifak Lo, £, MlRZ&HEOT AV 2472 hu—Lf
RCRERICEE L, 2> ha—P T E LTHWE, 7a—H A A —%

— (Guava EasyCyte HT flow cytometry systems, Merck) % T, HEEL
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7= BRIl OREEIEE . £ 7213 CD80, CDS86, L 18 CD40 FHLHLDE & % fif
Mrii=,

2.8 in vitro Mk EEk

~ 7 ARGE E LA T 5 colon-26 1X. AL KPS E SR £ H
MlEgREy ¥ —XL 0 AT L7, MIEEEHOEE LT, 10% M.
1 %FEVZET X /., 100IU/ml <=2V > 100pg/ml A L7 h~A T
BELY50mg/ml 7 Z~A 2 EAT 5 RPMI1640 Btz vz, Ml
T5cm” DAAFEHETE 7 7 A 2 TH 70~80% 2> 7NV T AT/ D £ TH#E L,
5x104 cells/well & 725 X H1Z 24 well 7L — MIFEME L7, —BuiE&E%,. B.
infantis (EE) % 1x105 cells/well &2 L HIZHIML, 2 K7 LA U F =
NR—hk L7z, £O%, 100IU/ml X=+VU > 100pg/ml A b7 h~A T %
WHNL T B. infantis O¥FEZ4E 1 S, IFN-y (20ng/ml) Z#0L. 6. 24,
48, BX O T2 Fffj A > % 2_X— K L7z, Trizol (Life Technologies) Tififd%
B L, 7 %-80°C CIRAF LT,

2.9 Real-time PCR
EROIIICHER LK EEMAE 5, pMACS mRNA Isolation Kit
(miltenyi) % AV, ~== 7 /LIZHE> T mRNA Z L7, Trizol TEIL L
7= colon-26 M S, ~==2 T MIZHE- T total RNA Z i L7=,
cDNA DA RLFS L O real-time PCR KL, i 4 D HIEIIHEL TT o7z,
R LT T A ~—&Z DS % Table 5-1 (278 LTz, FEBUERNTICIT, IR E &
B LTAACE AW, FBETORBEIX, NEE2 ha—LTHD
B-actin FHLE THIER, = b — L BEICKT SMHXHE TR LT,
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2.10 EFEHALEE

FERIT A TEIMEHFERERE TR Lc, SEHED I A | one-way ANOVA |Z
L VATV, post-hoc test (Z1% Tukey E4 H\ 2, pfEZDY 0.05 Kl D%E . #iat
AR E LT,

3 MRIBIOBLR
3.1 B. infantis \Z X 2 M4 Mih 5

% 2 % T, L. rhamnosus 7 DSS #FEMERGR A T2 L &R LT, B
infantis b R G7AMHINHIZNR 2 A+ 50, BEteiTo7-, TORE,. B
infantis & NHE35Z 12X 0, DSS 12 XA RERED B X OKIGOZEHEH
il sz (Figure 5-1,5-2), 2D Z &5, B. infantis b IFRINEIN R 24
THZEBNREINT,

Caco-2 #lifid zz IV 7o 8 /8 U 7 B Rest iR 12 F\W T B. infantis 135 2~4 &
THWEMOEKIZ &S TER EAR FHHIZN R %4 RS 25 -7 (data not
shown), F7-. AHFEIL, Escherichia coli 0157 12X 2 & U THREDIK T
ZIHITE RN EHHE SN TN A(105), S 512, AREEIE Th17 MlasspE
A3 % IL-17 OFEARM A IG5 2 L BHEINTNDH(104), Zib DMK
725 B. infantis (2 X 2 BERINGIRIRIZT, EASY TIREIC L D b O TIE <,
PAEME Th ML OIMENZ L 5D TH L L PRI,

T, U ARG OY A N A VEAREEZRIE LT, IFN-y, IL-17, ¥
LKV ILA4 1%, Z9EME Th #il2 T % Thi, Thl7, 3 L O Th2 flRA 2 ZHEE
BT DRERYA N4 U ThD, £72, IL-10 i Treg Ml (Fl#HE Th #HAL)
WEAT DHTE LY A N IA U ThDh, DSS HHIZ LV IL-4 pEAREICE(LITA
S oT=m, IFN-y & IL-17 OpEAENEM L= (Figure 5-3), £7-. #t
RIEVET A M A IL-10 AR BN LTz (Figure 5-3), Zi#LH OfERIT
WEORE L —B L T\5(106, 107), f€-> T, DSS FEIZL Y, KT Thl
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BELOTh17 fiRAE LSz R S iie, £70, IL-10 FEEANEIM L T
722 D RIERS & W3 5 72912 Treg AR FHE SN 7- A REMENE 2 6
N7z, —J. B.infantis Z 5 U7-FEClX, IFN-y & IL-17 OREA TN AN HH] <
Nz, ZHUTfEW, IL-10 EAE S IHl Sz, 26 OREEN S B. infantis
RGO Thl B X O Th17 Ml OFEME(L 2 695 Z & 2R S iz,

3.2 JEERMINEIC X D IFN-yB L OV IL-17 EA 5 E

3.2.1 M5 o IFN-yE L OV IL-17 pEAFE

IBD BHE DOE ERARIE, RIEMET A B A 20 T Ml R s+ % 2w
FELLTHY, SIS ORIEMWT A b I A VEAEZRET D 2 & BHRE
STV 5(32, 33,108), & Z T, DSS #FHEMRICIIT D IFN-y & IL-17 FEAE
BN, KB ERHIIEAREE L T DO TRV EE L, it 27,
P~ 7 2B XN DSS #& 5~ 7 26 KA E Rl 2 Bt L, AL~ o
A SO A & R U, MR T i, B MlE, BhRHIae~ 27 a7
7=V E | EREME L FEEOMIER 2T 5, Zhbd 5 HHELRE
%12 IFN-y & IL-17 pEA R ZHE L7/ER, DSS #5-~ 7 A ko K LR
fe X, BRAmAE 2> & O IFN-y & IL-17 O pEA B 2 #1 & 7= (Figure 5-4 B, C. ®),
—J7, B~ o AHSRO K ERMIEIL, RS O TL-1T EAZHE L
7223, DSS &G~ v AH kRO K EEMIICH SR, ZOREBIT/ NS ol
(Figure 54 B, C. @), ZIHDOFERNS, DSS H 52X W RIEIRTEICH D K
15 B R AR S a2 5 D IFN-y & IL-17 BEAZFE T 5 Z LR S v,
WA RIE_ A K 5 IFN-y & TL-17 BEAERRE A 1 = X L DI 2 ik 7=,
AB=ALE LT, RIE MNP EAT DA NI A 7 & OWRMER 2568
5352 mEZ LN, K EEAE & PAla %z Transwell b Tt
L7, Figure 5-4 A. @D X 9|2, K ERMila % Transwell O 7 ¢ /L% — |2,
A Y =L IR Lo, ZoE, KM LA & k0 i e sk
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THLZEEFETERWR, A "I A 72 EORMERFR LI LV AT S
Z L3 TE D, Figure 5-4B,C. @T/RLZ L 91, Transwell b THEEHT 5
Z kv, DSS #E~ v AHKK EEMINIC XD IFN-y & TL-17 AR E
DRHEI N, 2O L0 b  RIE EEZAMEIZ L5 IFN-y & TL-17 EAFHEICIT,
SuE A & DEERA DS VNHTH D Z ERHA LN E RS T,

3.2.2 CD4*T fifa7> 5 d IFN-yd L N IL-17 pE/E ik

FATR 7 o0z, IR T Mifd, B Aifd, Bk~ v 77—
72 ERk e e R MFAE T B, F 2T RIE LRI & D AR AE
L., IFN-y= IL-17 FEAE 2B 5 O et Lz, BB~ 7 X B sk oo i
a7z T Mifd & 3F T Alfa & 1251, BRE & RRRIC, S~ 7 236 OV DSS #&5-
~ U AHROKEG LRI & LR Uiz, R ERMin A IE T Mifa & L5 L
e, WIhot A S oA VEAELEILITAR OGN 572 (data not
shown), %7, EALEE~ 7 X 3 (None-IEC) & DSS # 5.~ 7 23k (DSS-IEC)
DR ERHIREN G DY A N A U FEAREIZEITR G20 - 72 (Figure 5-5)
DSS v v 2¥h~ v 2RO K ERG#aiE, T Milds oo IFN-y & IL-17 pE
A BTN S ¥ (Figure 5-5 A, B. DSS-IEC/T), IL-10 {225\ T b A4
DA RS- (Figure 5-5 D. DSS-IEC/T), —J5., AL~ 7 XHKD K
W EREEMIRIE, SO A NI AUPEAICIZEANERREE IR0
(Figure 5-5. None-IEC/T), Z D Z & 26  RIE BRI T MiEH> 5 O IFN-y
& IL-17 PEAZHET HZ e oTz, £, 26 OFERITKIGH
kDY A M A EARE (Figure 5-3) L RBROMEMZ R LIZZ &2, DSS
Be 5 KB KGO IFN-y & IL-17 O FEEA NN KM E R A e »3 B 2 7 2% 8] %
7L TWAZ EDNREST,

Wiz, T #ifdz CD4*T fifg (~/L 3—T (Th) #ijz) & CDS8'T fifz (%=
—T ) (23, Rt & FERIC, A~ T 238 LUNDSS &5~ 7 AH kD
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KRG R R & 538 U7z, DSS &5~ 7 ZAH kD K EEGMAIE, CD4*T
fo & CDS8*T FB O 55 IFN-y & IL-17 EA % #HE L= (Figure 5-6.
DSS-IEC/T), —F ., ALE~ v ABkO KRB I, ZnbovA FoA
VAT E AV EEEE 5 2 727072 (Figure 5-6. None-IEC/T), 7. DSS
B~ o A RO K RIS CD4T #ijE/ 5 o IFN-y & IL-17 pEE %
FHETLHZENPLERY . Thl BXO Th17 Ml z2iEMELT 25 2 & AR
Iz,

3.3 B.infantis (Z £ % Th1/Th17 #HAEmHZh 3

FROMEENSG . DSS &b~ v ZHRORIE FRZIX, CD4*T Ml & AHAAEH
L. Th1/Th17 ffa 2G5 2 L DR 7z, B. infantis 132 D X 5 725
iE R OVERZHIT 25 2 &1 L0 DSSFHEM KGR Z M3 2 O Tidlevi»
EEZ, R EITo 72, B~ T A DSS R~ U A, BELODSS %k T
B. infantis & A 5-~ 7 A0 6 Z N E KM FRGHa 2 HEE L . CD4*T #if
L IEER 21TV, IFN-y & IL-17 pEA R ZWE L=, B. infantis D& 51250 |
RIE EFZ D TFN-y/IL-17 PEAFFERNBEZE I L (Figure 5-6. DSS+Br-
IEC/T), ZDOfERMG . B. infantis 135E L O Th1/Th17 iEMALRE 2 Ml 3
L LR RIGRZMEIT 2 Z EARB@InT,

3.4 B. infantis \Z X % JHf oy 1R BLO il £

RIE LRI K %D Thl/Th17 iEMEARICIE, BEGHIn & CD4+T Hifid & oo B s
DMETHDHEEZOND (Figure 5-4), THEOME - IEHEIZIZ, A
B4 v Ofz MHC 43 TR0l o 12 L D v 7 T g a 5. %2 %, MHC 47
TR T3 F TR 72 & O PRI RS I L THH, 2 b
AIREAS T Al & Bt 5 2 & CTHIRRICS 7 F A BB D, ZIVETIT,
Th1l X° Th17 D434k - {EHALIZES D 2 RS F V< OB STV D
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(109-111), IBD & OMGE ERGHEIIZ. MHC 203y 2 SR B L
TRY  FURRRRMIO X O 2eBrE 2 A3 5 2 L 23R STV 5 (32, 108, 112,
113),

Z 2T, g~ 7 2 (None-IEC), DSS &5 ~7 X (DSS-IEC), BLDV
B. infantis & DSS #5.~ 7 2 (DSS+Bi- IEC) 75 K LR HIlE %2 2 2 H
L. MHC 2y 3Ll sy mRNA S BLE A i Lz, = OfE%E, DSS #
Hizk v, K ERE#Ro CD80, CD40, CD54, B7-DC, 33X O'B7-H3 72 & d
P57 mRNA BELEN N L T\ (Figure 5-7), ¥ 7 A MHC 431 T
& % H-2Ab1 & H-2Eb1 ® mRNA FH &I & & /e 2o 7= (Figure 5-7).
S 512, B. infantis D# 512 Y DSS #4512 L % CD80, CD40, CD54, ¥ LWt
B7-H3 ® mRNA FELE&H M2 =7z (Figure 5-7), Zi b OILHIH S+
DI B, bR TS CD80 B LN CD402ICEH L, 7r—H A
ARV —ZE 0 X R ERB BRI LT, £ O, mRNA BHA(L & [k
(2, DSS 512 L KA ERHIE CD80 38 LT CD40 # > /X 7 BB HAN
L7- (Figure 5-8), F£7-. B.infantis %5250 2o OFEBEEINIENHE] S
72

WIZ, B. infantis D& ERE~OEBEIEAZRD7-01C, <7 A IHE
- Fi#% colon-26 #li & FV T, B. infantis ® CD80 & CD40 F&BLi 0 H %
Uz, RIEMY A R A v TH D IFN-yI5E LR CD80 & CD40 3
BEBMESE5 2 ERmEShTn5(32, 113), Flifaf & LT, colon-26
faz IFN-y CHllE L, CD80 & CD40 @ mRNA FE Bl &2 b 2 Rl E L7
fE, CD80 & CD40 @ mRNA FEi &I, IFN-y#li% 6 REf% 5 L O 72 Hef
wizENZENEIM LT (Figure 5-9), & 2 C., IFN-yfili# 6 FEfi]f% 3 LN 72 If
M#% > CD80 & CD40 =i Zi?® mRNA RIHEZWE L=, TOFE, B
infantis 1% IFN-y#[i#%i2 X% CD80 & CD40 X Il ZAEICHH L= (Figure
5-10), 2D Z L6, B. infantis |35E LEAGIAIZEH/EM L, CD80 & CD40
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R ZMEIT 2 Z E RSN o T,

3.5 CD80 & CD40 %4 L7z Th1/Th17 Mk DiEMAL

FROMENS . B. infantis 13K EEGHRO CD80 & CD40 F&EBLHE N 4 #1
fil42% Z £12& Y Th1/Thl7 MR OEMHE L Z G2 O TIZRW LB R T,
CD80 /%, T MIEIZFEELT 5 CD28 LifiaT o2 Licky Tz 7Lz
ZiET 5(29), CD40 1%, T MiRIcFI T2 CDAOL OLEFZ—ThHV .
CD40-CD40L OAHAAEMIC LV BRI o~ 7 F A MBS N 5(29), £ 2 T,
RIE BRI K %D Th1/Th17 Mg ofEH iz, CD80-CD28 ¥ L U CD40-CD40L
FAEAERADBE ST 5 ONE T LT,

DSS 4~ 7 26 K LR (DSS-IEC) %, #EALE~ 7 2725 CD4*T
MRz T HEE L, EE®R 21T -7, ZTOBIZ, CD8O0 HEHIRZRML
CD80-CD28 tHEAEM Z# N HE L=, ZOfEHR, CD8O0 FHEFIRIIRIE
R & % IFN-y & IL-17 PEAEFRE 2 ] T & 7222~ 7= (Figure 5-11), CD80 &
[FEEIZ, CD86 1, CD28 LfEa7 5 Z &, CD86 FHENIADEEIZONTH
Rt a1t o7z, ZORER, CD80 FAESIAL CD86 FRLEHUAZ FRIKHZIRM L7z
Yt RIE FRIC X % IFN-y & IL-17 PEARE R IH S 7= (Figure 5-11),

DSS # 512 & %5 CD86 mRNA B NIIMER T X 72 o 7223, 1% LRGN
ITEFHIC CD86 ZHBLL T D Z &AM SN T 5H(114), 1€~ T, CD80
FHEHUAT CD80-CD28 FHAMEM ZHEH L Th., CD86-CD28 HAEMIZ XY
CD28 v 7 FARNEHR LI EB 2 b D, CD28 ¥ 27 F /L1 CD4*T Hifidd
TEMEbIZ IV C R & H 2 72 LT 0 (115), Fit CD28 Hilkix CD4*T Hifw
zZ Wiz ex vivo BRBIZIE W TEME(LR L LTS TV D,

F7o. RIEERIZE S IFN-y & TL-17 pEAREIL, CD40L FHESUAOUSINIC
LV S iz, CD40-CD40L AHA/EAIE, Bhflaic X 5 Thl7 fMifao st
FEICBWTHEREEZRIZ L TWDL Z ERHE SN TE Y (116), SEIOKS
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RPD ., RIE ERITBWTHARROEE 2R LT\ D 2 &R S L,

INHDORERMNS, RIEEFICE D IFNy & IL-17 pEAE E 21T,
CD80/CD86-CD28 & %\ % CD40-CD40L O EAMEH O N EETH D Z &
D ONE RS T,

3.6 CDS80 & CD40 %41 L7z Th1/Th17 fifRIEME(L A B = X L D fRh

CD40 > 7' F VIR D TL-6 FEA 23538 L, FEE S 17z 1L-6 3 Th17 #f
fD b & FHE T 5(116), IBD BEOBE EEMIZEB W TE, CD40 2SR
FHLLTND Z ERERINTVA(13), LU, IE ERMIIEIZEIT 5 CD40
VITTNUNED LD RIERZR SO, RIEH LN > TRy, £ I T,
RIE LRITEIT H CD40 & 7 Fuid, BEGHIf S @ IL-6 pEA 2755 L C Th17
AROSILZFET 5O TIE RN EE X, Tzl ilz, BOAHE~< T X

(None-IEC), DSS #45~ 7 % (DSS-IEC), ¥ LU DSS & B. infatis ¥ 5~
v A (DSS+Bi- IEC) ORI ERMilaEZ = 2 HEEL ., CD40 7 F =X MM
KIC &Y CD40 & 7 F VA IEMAL LTz, 24 Refflf2 10528 RiE & L, B3+
D IL-6 FEAREEZRNIE Lz, CD40 7 2= hMiikiL, DSS &5~ 7 AHKDK
% bRzl (DSS-IEC) 76 @ 1L-6 FEAZBHEIZHIN S ¥ 7 (Figure 5-12),
—J7. L~ 23K (None-IEC)., BXUDSS & B. infatis &5~ 7 A
k (DSS+Bi- IEC) O KRG EEGHAIX, CD40 7 2 =X MUAD B L2 \T 72
o7z (Figure 5-12), ZHHDFEENG, CD40 3B L 7= 20 I
CD40 v 7 FANEMHEILES N D Z LTk IL-6 ZmEAT D Z & LT
272, CD40 ¥ 7 FIWVIEMHAIZ X D RIE BB @ TL-6 PEAERINA Th17 431k
FHEIZHG L TND I EBNRIBE T,

—J7.CD80 & CD40 %41 L7z IFN-yEEAFHED A Jj = X LDV TIEH 57
(ZT&E R o7, Thl MifaDIZ. RIEWES A P A > IL-12 IZ XV FES
N, LML GE BRI IL-12 23 BL L 220 2 & B3 STl 0 (117),
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IL-12 JEMRAFHI 72 A 1 = X AW E LT D ATREMEDN B 5, 4R IFN-y & IL-17
O i % AT 2 CDA'T My 7 & v h3EE SH(118), KIBRET LB
DIFEICBNTH, K7 &y NOBWMAHEE I TWAH(119), > T, KIE
Iz D CD4AT flifa s & @ IFN-yEAEFEE X, IFN-y/IL-17 double positive
CD4*T M DHEIEIZ X 5 6 D h L7y, ZAUT DWW TIEE 7R Dty 75 432
TH D,

4 ZH

DSS FHEMRGRET N~ U A& HWIZERIZL Y. B. infantis [Z5E O
Th1/Th17 &ML ZMHIT 5 Z LIC X > TRIBRZREMT 5 Z LRSI,
DSS ~ U 2D K FEHIIEIL, CD80 <° CD40 72 & DILHIE /7 F A =38 L T
BV, CD4T Mifld & AR EAEM LT Th1/Th17 MlE Db 2583 5 Z L35
72 o7z, B. infantis 13 20 5 ORIy 7 O FEHIEIN A M#H L, Th1/Th17
TEMALZ 65 2 EAVRIR SNz, ZD X DI, B. infantis 135 AR E
BEAERT 20 TiEe < KRG EEGMIRIC/ER 3% 2 & ¢ Th1/Th17 #ika 2 #ii
TDEWS | HBEE O REI I 2 A 2 LT E T,
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Table 5-1. Primer sequences used in this study.

Gene Sequence

CD&80 Forword 5'-GCCTTGCCGTTACAACTCTC-3'
Reverse 5'-TTCCCAGCAATGACAGACAG-3'
CDS86 Forword 5-GGGTGGAAGAAAGGTAAAGC-3'
Reverse 5'-AAGGAAATGAGAGAGACAGGTG-3'
CD40 Forword 5-GGCTTCGGGTTAAGAAGGAG-3'
Reverse 5'-CCAAAGCCAGGGATACAGG-3'
CD54 Forword 5-TTCCAGCTACCATCCCAAAG-3'
Reverse 5'-CTTCAGAGGCAGGAAACAGG-3'
B7h Forword 5-GTTGGCAGCTACAGCAAACA-3'
Reverse 5'-GGCATCAGGGAGACCACTAA-3'
B7-HI Forword 5-TGTGGTTTAGGGGTTCATCG-3'
Reverse 5'-CCAGGTTCCATTTTCAGTGC-3'
B7-DC  Forword 5'-GCAATGTGACCCTGGAATG-3'
Reverse 5'-ACGGTGTGGGGATGTATCA-3'
B7-H3 Forword 5'-CCTGAGGCTCTGTGGGTAAC-3'
Reverse 5'-GGTCGTCTTTGCCTTCTTTG-3'
B7-H4  Forword 5'-ACCTCAGCTGGAAACATTGG-3'
Reverse 5'-GGTCGTCTTTGCCTTCTTTG-3'
H-24b1  Forword 5'-TCCGTCACAGGAGTCAGAAA-3'
Reverse 5'-TTCGGAGCAGAGACATTCAG-3'
H-2Ebl  Forword 5'-CCTGGTCTGCTCTGTGAGTG-3'

Reverse 5'-TCCTGTTTTCTCCTCCTTGC-3'
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10 1

Weight change (%)

(Day)

Figure 5-1. Changes in body weight of mice with DSS-induced colitis. Results are expressed as
means * standard error (n = 4). *P < 0.05 and **P < 0.01 versus controls (none); #P < 0.05

versus DSS-treated mice (DSS).
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Figure 5-2. Changes in colon length of mice with DSS-induced colitis. Results are expressed as
means + standard error (n = 4). **P < 0.01 versus controls (none); ##P < 0.01 versus DSS-
treated mice (DSS).
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Figure 5-3. Levels of IFN-y (A), IL-17 (B), IL-4 (C), and IL-10 (D), expressed in pg/mg protein,
in the supernatants of colon tissue. Results are expressed as means =+ standard error (n = 4). **P
<0.01 and *P <0.05 versus controls (None); *P < 0.05 versus DSS- treated mice (DSS).
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Figure 5-4. Ex vivo coculture of colonic epithelial cells and splenocytes. Experimental design of
coculture (A). Secretion of IFN-y (B) and IL-17 (C) were measured 5 days after coculture.
Results are expressed as means + standard error (n = 4). **P < 0.01 versus controls

(splenocytes alone).
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Figure 5-5. Secretion of IFN-y (A), IL-17 (B), IL-4 (C), and IL-10 (D) from coculture of

intestinal epithelial cells (IEC) and T cells (T). Results are expressed as means =+ standard error

(n=4).**P <0.01 versus T cells alone (T).
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(A) CD4+T cell (B) CD8+T cell

g T
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Figure 5-6. Secretion of IFN-y (A, B) and IL-17 (C, D) from coculture of intestinal epithelial
cells and CD4*T cells (A, C) or CD8*T cells (B, D). Intestinal epithelial cells were isolated
from control mice (None-IEC), DSS-treated mice (DSS-IEC), or DSS- and B. infantis-treated
mice (DSS+B.i -IEC). CD4*T cells and CD8*T cells were isolated from control mice and
cocultured with IEC for 5 days. Results are expressed as means =+ standard error (n = 4). **P <
0.01 versus T cells alone (T). #P < 0.01 versus coculture of IEC from DSS-treated mice and T
cells (DSS-IEC / T). %6
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Figure 5-7. Relative mRNA expression of costimulatory molecules (CD80, CD86, CD40,
CD54, B7h, B7-H1, B7-DC, B7-H3, and B7-H4) and MHC molecules (H-2Ab1 and H-2Ebl)
in intestinal epithelial cells isolated from control mice (None-IEC), DSS-treated mice (DSS-
IEC), or DSS- and B. infantis-treated mice (DSS+B.i -IEC). Results are expressed as means +
standard error (n = 4). **P < 0.01 versus control mice (None-IEC). #P < 0.01 versus DSS-
treated mice (DSS-1EC).
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Figure 5-8. Expression of CD80 (A) and CD40 (B) in intestinal epithelial cells isolated from
control mice (None-IEC), DSS-treated mice (DSS-IEC), or DSS- and B. infantis-treated mice
(DSS+B.-1IEC). Freshly isolated IEC were analysed by flow cytometry using antibodies
specific for the epithelial cell specific marker pan-cytokeratin and costimulatory molecules
CD80 and CD40. The quadrants were drawn based on isotype. Percent values in the figures
indicate the proportion of cells that were CD80* or CD40*/pan-cytokeratin double-positive
(green plots) . Results are representative of those obtained from 6 independent experiments.
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Figure 5-9. Relative mRNA expression of CD80 (A) and CD40 (B) in colon-26 cells after IFN-

v stimulation. Results are expressed as means +

0.01 versus untreated cells (Oh).

&9
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Figure 5-10. Suppressive effects of B. infantis on mRNA expression of CD80 (A) and CD40
(B) in IFN-y-stimulated colon-26 cells. Results are expressed as means + standard error (n = 4).
**P < (0.01 versus control (None). ”P < 0.05 and P < 0.01 versus IFN-y.
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Figure 5-11. Effects of blocking antibodies for CD80, CD86, and CD40L on secret ion of IFN-y
(A) and 1L-17 (B) from coculture of intestinal epithelial cells from DSS-treated mice (DSS-
IEC) and CD4*T cells. Results are expressed as means + standard error (n = 4). **P < 0.01
versus CD4*T cells alone. #P < 0.01 versus coculture of intestinal epithelial cells from DSS-
treated mice (DSS-IEC) and CD4*T cells without blocking antibodies.
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Figure 5-12. Secretion IL-6 from intestinal epithelial cells stimulated with CD40 agonist
antibody (CD40 agonist Ab). Intestinal epithelial cells were isolated from control mice (None-
IEC), DSS-treated mice (DSS-IEC), or DSS- and B. infantis-treated mice (DSS+B.i-IEC).
Results are expressed as means + standard error (n = 4). **P < 0.01 versus control mice (None-
IEC). #P < 0.01 versus DSS-treated mice (DSS-IEC).
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ABFFETIE, AMEOME N 7 IR#ERFZFE L, COEMA =X L%
RIS L e bic, BEANY TREDRZRO D EERIELTE L, £z,
W BRI 2 S U CHRAENE T A 24 9% & o7z, FLEREE O 7 a9
AR 2RI L7z, LUTIS, AE TR D IIZRE R 2 #iE T 5,

%

1 L. rhamnosus |2 X 2 G RINEIZHE (G 2 &)

KIGRET )V~ AT L. rhamnosus &0 #% 53252 12X 0 (KERD.
RIGZEHE. X O MPO iEHEOHEIN B Mmfl <7z (Figure 2-3, 2-4, 2-5), 27l
SITRIBROIETH Y | L rhamnosus #5512 X 0 RKEGRBZIHI SN2 & %
AL TW5, ¥£72, L rhamnosus DHHZ LV | B8 OWE SR METTHE D B
iz (Figure 2-6), Ziud, BEANY THEBIKTEAEMLIZZ 4R L TEH
D, ZOWFIIGRMENICRELS TET D LBER LD, BRINHIZNIRITAER -
B & BICHER SN Z &b, HITHT LHAZT TRICE S BEITRWZ &
RSN, D KREKZ VBt R S 2 AR 2 B8, NV B JL B
ZLTHBRRITMFRFSND B X DIND, Fo. KRERROTEMER S 1M fa B
5D LTA TH5Z b, BRI BET 2 HEITLVWEEI NS, L
L, MRS 2 & D - RRFE R OB L VIEENET 5 Z b EZ B,
ZDORIZONWTIES B R DFEMBRRF D LETH D,

2 L. rhamnosus O /Y TIR#EA 7 = X 5O (5 2 &)

& 1 Rakk Caco-2 #if 2 VT, L. rhamnosus D& bR ARG~ E 1)
IRAEFNZ DWW TRENT LTe, IBE N TIRENR OFE e A 1 = X W& RN 5
7=, Caco-2 Ml tight junction #pk « FAHI & o /7 BR B R A ffAT L 7o
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F. L. rhamnosus 1%, TNF-ofil#{ic £ 5 ZO-1 OB 2 Mifl4 5 Z & 235

Sk otz (Figure 2-7), IBRET L~ 7 ZOHKG EREMICE N TYH, ([
RO E e S 7= (Figure 2-8), X 512, tight junction FAHi ¥ v /37 '&
MLCK DR BIZAb Z fifHT L7 fEF. Caco-2 MlIZ B\ Tik, TNF-afilific X v
FENEEIML Ty (Figure 2-7) . BRET LV~ U 2R LRI
TiX, MLCK OXHEN A LTz (Figure 2-8), MLCK D% /0 1341
JADT R b= RZEND Z b RIERFO MLCK O#&EIT in vivo & in
vitro & CEIRN D Z LRI T, WTALUZY K. L. rhamnosus (%, in vivo
& oin vitro EHHIZEBWTH, MLCK ORBLEZ IEFICROE VW) T ENTX
5o ZNHDFER NG, L rhamnosus X, W& /N THE A R#ET HZ & TH
B ERAMROBR AT AL AR L, EDAN=ALD—>L LT, ZO-1 &
MLCK B EDOFE NG L T\ D Z ENREB I T,

BxIZ o OfRE £ &, in vivo MR IZI T 5 FLEEE O tight junction
AL - FRE 2 o} BB R 2 | U Se BT Tty L72(120), £ D%,
i DFLERERE b in vivo T tight junction % « ST~ o /37 B3R B &2 HIH T 5
Z LA SN TV (121-125), 4% BRIRRBRIC L 2 B MR EEn o,

3 L. rhamnosus ¥ J OV E. hirae DI /N Y 7 RN R BI O D 1E MRy
(%5 3 %)

L. rhamnosus O 3 7 {REN FAZ B HIEMER 77 D [RIE 2l ATz, & D
FER, TEMERO BB ES B CIdR < BRBD PICHEET 2 2 L 23 &
L7p ol (Figure 3-1), /-, BERAUHERBROMERNL, BERYTHDHZ &
ARIE SN (Figure 3-2), & 52, TLR2 fHiAIZ L W L. rhamnosus O
NRPAEEINTZZ b, {EHERSIE TLR2 VAT RTHADH Z ENREBS I
7z (Figure 3-3), TN ODFIEMND, 7T LGMHEMIEEEDIREMR 2 TH Y |

TLR2 U T FTéb % LTA BNEMERRS D —D>Th D Z L VR SNz,
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LTA MILEEHE OIGE N ) TIRED R OIGIER Y T D Z & ZHEs T 5712012,
E. hirae % LTA % H\WWCRBR %17 -7, E. hirael¥. L. rhamnosus & [FItk
WZIFE N TREDRAEA L TEY (Figure 3-4) . IEMER T IZ OV T HIRERIC
fEE RSy T D 2 LR Stz (Figure 3-4), E. hirae Fi3E LTA OGS
TIRFEN ROV TR LA R, R L REROIEEEZ AT 2 Z LR b e
72->7= (Figure 3-5), £7-. TDOA B =X LITHEEKL FEREIC, ZO-1 & MLCK
DFBLEZHIET 2 2 Lich D Limma i/ (Figure 3-7),

LTAIXTLR2 DU H > RTHDHZ BB TS, TLR2 AU # KT
% PCSK (%, Hifkd 2\ ML LTA & [FEEIC ZO-1 & MLCK F8i& % i3 %
ZEICRVIGBEANY TIREDNREAT LRI EN Lo (Figure 3-5,
37 ZNHDFERNG | E. hirae \Z X DM N TIRGEDTEMER Sy DD 70 < &
t,—2l%X LTA ThH V. LTA (ZIHE LA LICREL L7 TLR2 4 L CTIEMA
THZENRBINT,

Cario 5%, in vitro \Z8\C TLR2 &k VU #> K TH 25 PCSK % ZO-1 -
MLCK #HEAHH T2 Z LICKVBENY T2 RET L LDHRLT, K
ERET NV~ A PCSK 2#% 5325 2 L2k 0, &Y THEREIR T 288
L. BREZWEIT 2 Z & 28WE LT 5(65), AFERERE o, TLR2 &
U CE ERAIRICER 95 2 L RN CTE DILBEIL. BROEICIHEFICEH
MThDHEERD, —H LTAILY T LGPEEMIEED EEA S DO —D>TH Y |
77 NGHEE S & D RREDOGE N TIRENREZHT 200 Livken, &
B, SR E CTd D Staphylococcus aureus ¥ LTA & TER X FEHIzh R %2 H
LT\ /= (data not shown), & HIZ, Fex OEWA(126)IHEVT, MMOFLEEE b
TLR2 Z 4 L TIHE N 7 IREZNIR 2 585 T L A lE ST 5(123), L
L. LTA &A%, LTA #iE, F72ITMEBEREOEWIZ LY | A HEKD TLR2
FITRREIT SR 72 5 & PR SN D, TLR2 RITHEE & N U 7 IRERDN RICHHBEME DN R S
DI, BRI EAT O MWER D D,
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S B2, LEBREHRD 7 L DNA R W7 F R IGE AN 7T IREI R = H
T5ZLBRHESNTIEYG61,127), WEREOBHE N TIR#EA =X LB LT
TEVERIE 1 S EIER ST, EEOMRSNEHEOREE 2t L T EEGHIC/EA]
LTWHZLEREBEZDBND, 5%, TNENDIEMEMIIZ OV TR 2R 2
T9 281280, BEANY TREDROEWVIBEKROFHEZHIET 5 2 &n
TEHEEZALND,

4 HBEOBE N TIREDRE @D HREE (5 4 %)

TR & UCRGE L7z LTA OfF#AE b 12, JLBEORE Y 7 RiERR
i HEERIE AR Lo, LTA 25107 A 2D D-alanine (D-Ala) {&
fiEE GV, BEOREFEHREBICRESSEET 22 LMo TND, 202
LB, TA Ao pD-Ala EEINILEE OBE N Y TIRGEDRIC L REL 5
ZDARMENEZ bivlc, T 2Tk, Bt ~DISHEZ BN E T 5720,
I — 7L MGEICR D —RAIZHV B35 Streptococcus thermophilus % Fu»
CHEMT 24T > T2,

S. thermophilus O7 A Ak D-Ala 8% HPCL TE& L= %, D-Ala &I
O, B L ORERIEE G U Tk Lz (Figure 42, 4-3) . MgSO041Z &
DT A 2 D-Ala (EffiICEAD 5 dit BInFHEAZINE L7256, S. thermophilus
DIFE S TARED RN LTz (Figure 4-4), £7-, HIEEICHWD M17 £
L 4.25% D3 EEARIRE Thd 508, 2% D725, 8 2 W T 10%I2H < L7cks
#1C S. thermophilus %53 LTc 6. 7 4 2% D-Ala &ITEHR BEIKAFAYIC
L7z (Figure 4-5), & 512, S. thermophilus D& /N TAR#ERN FILT
A 2fg D-Ala m& L<HBEL, 74 2 D-Ala 2N 5Z 22k, S
thermophilus DFE/NY THRHENEP R E D 2 & &R L7z (Figure 4-5) . 1%
I L-Ala 2R LT S. thermophilus #3538 Li=L 25, T4 2l D-Ala &
PHEINL . S. thermophilus DBE /U 7 ARH#E TR S 7= (Figure 4-6),
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INHOREEI S, EORAER, REZ Rl L, EEEE - FEEEFIC L-Ala
WG 52 &1k, S thermophilus DFE /N TIR#EN R ZEDDH Z L8
TELEBZ2 N, I, WBEOERENEL mOL7-0IC, B2 HE
BROBAFEN D S TR Y | HREMEOFHE 1T TV 5(128-131), ZFUITKE
L. Fex DRET 2 FIEIL, Bz 21795 2 L BEANY TIREDR
DI ENTE, HREMEREL~DISHNIEFIZES ThHhbH, S HIT, o
FERERIZOWT S, RO L9 RS ORI EZ 2 Z LI XV IBEA
UTRENREZEmD DL ENTE L0 LV, ZAUT XD e S

WD DRk % RFLEREROIGE N ) TIREN R Z D D70 & RO FEE
BT R 2 AN T & D ARt & 5,

5 FLEAEIC L D KJEME T MM A (5 5 &)

WHFIEEE DA THIZEIZ K U | Bifidobacterium infantis B RJENE T #ila TH 5
Th17 MfROPEAT D IL-17 PEAZIHIT 5 2 L 2 AH L T 5(104), ABEE
D KGHRINHIZN R 2 5t Lo 3. B. infantis &0 #5322 L2k v DSS
B X 2R EED B K ORBZERE Il Sz (Figure 5-1, 5-2), S HIZ
B. infantis 1% DSS EHUC & 5 KEG#AAL T IFN-y & TL-17 FEATTHEZ il L 7=
(Figure 5-3), Z#NLHDY A M A id, £ Thl fifdds KOV Th17 fifa
DEICHELET DRIENEY A N A 2 ThHD, £Z T, B. infantis D/FH % —7
v LT, Thl Ml L Th17 MifaicEB L, thz o2 Ll L, L
2L, DSS #FHEMGRET L~ 7 AZEBIT 5 Thl/Th17 MfRiEE LR IR
AR RN Z WD, ZDA = A LENT 1T Z LT LTz,

5.1 DSS#HEMGRTT L~ A28 5 Thl/Th17 MilaiEMEL A B = X A
DSS i~ U 2O KM ERAARIL, ME s BT &1L,
IFN-y/IL-17 pEAEZHE L= (Figure 54), S5, Z ORIE bR AL RAR
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fih > CD4*T Mifa & FHEAERA$ 5 Z & CIFN-y/IL-17 A2 FE$ 5 Z & 3
e RIE BRI Th1/Th17 M Z2IEMHLT 5 2 &R R ST
(Figure 5-5), DSS i~ 7 A H RO RIE LML, CD80 <° CD40 72 & D
EHL Y+ % E 5B L T (Figure 5-7, 5-8), 72, FLEHIIRZ 7258k
(XY b ORI T RIE EEGIIC K % Th1/Thl7 Ml OFEEIZ 4
BTHDHZ ENHABLMNE 72572 (Figure 5-11), TD A =X L LT, CD40
TV E ST T2 RIE _ ERNEAY, Thl7 fMilafbic 27 1L-6 2@ fElpEAE

HZ e Einie (Figure 5-12),

5.2  B.infantis {Z £ % Th1/Th17 #HENH] 2 B =X A

B. infantis ¥ 5-~ v A HRO KN F RGN, Th1/Th17 Ml b 2558 T
&2 o 7= (Figure 5-5), B. infantis 1% DSS Z X 2 K5 ERGHnO CD80 <
CD40 ZEEBMZMH L <P v (Figure 5-7, 5-8) . ZUC X Y. Th1/Th17 #ifa
EHEAEDFFEE SN oI LB DN D, ~ U AME LR colon-26 #ific %
VW72 in vitro iBRICEBW T H . B. infantis 13 IFN-y#li#i2 X 5 CD80, CD40 %
Bz L7z (Figure 5-10), ZHUHORERNN G B, infantis 13K R
HMIfIZ/EM L. CD80, CD40 FEHFEMZ M+ 2 Z & T, &KIEM: T Milln oiE M
b, S HITEFRGRZIMHIT 2 Z LRI,

HLEEE O KNG ER &I LT JENE T Mlamsl sz, ZhE e
72 BT HBEORBRIMGEIA D=L ThH 5D, IEMHENTDOREZ SO,
Lt EBRD A= ANEHRRD b D,

6 FLOBIUOAKRDOREL

W AR AT AL ATGHEL, B DIRITOFRIEIZIEN D LB BIND N,
RINTh, IBD I3GE R AT AL O AGHENE G T ORENRIKETH D, €
ZTCARMIZE TR, FMEOBRMFIIR LMD L &b, TDAD =X 4
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ELTUBE N Y TR S (Figure 6-1) & JHEME T M2 0520 (Figure 6-2)
IZE B LTI 21T o 72,

IBD {28\ T, B8N TR I3 T MifliE b a2 72 5 L i,
RIEME T MRS PEAT DA A I E AN TR FICKRE B o T
Wb, E- T, b DOFEKRERE M4 5 2 &%, IBD RIETH - #Ef
(EFICAR TH D, KL THWZEKD 5 5. B. infantis 13/ME LD bR
BIZES - ARTLDRMERH Y . KIBROTE - ML TnoH BN
%, B. infantis |ZZIEME T MIRIHIDNRZE A+ 525, ZOMGE Y 7T IRER
I OERR L W HAKA - 72 (data not shown), L7273-> T, B.infantis & &
NY TRENR DO E N L rhamnosus ZflA-EDEDH 2 EIZL 0 KRBRITK L
THENRNREEZEDL Z LD TEH0E Lty

W8N ) T RN R RIENE T MM R 46 3 5 FLEEH & H 7o FLFEEE
BT, BEMICIBEHBEO R AL AL AR D2 LN TE, BBEOM
FHZIEFICADITH L EEZ BN D, Fio, ARBEREMNITZMN OO TL4A
PERRWELTH D7D, HERICERT 2 ETRriETH D, 2D &ik, IBD
BEOHIZRE SN, T ICRZ 2 AZBWTH, JRETRICEM e KIE
FEZVGELIOTHY, 2O TR - REIEE OO B E RIS HLERE 2 B I
L5281 BETOANIBOYWTHELWZ ETHDLEER D,

Z D& D RIBRINEN R R D @O FLIEE R ORI 1T, RO E VAR &
MWD BENRDH D, LarL, Tk THLEBEOMBRIE N SCE OEM A T =
A LTI AR RN <. RO WILERE ORAEATF IZREETH > 72, A0
FEIZ F o T, HERE OTEMER Y D —> & LT LTA AAE S, % ERGHAL -
O TLR2 Z/ L THERT A2 Z LGN L7 o7, 72, 74 2 D-Ala &%
HWINSELZEICKVAMEDONRNEESLZ L, S 62T D-Ala BEZHENS
HOEEREZHONIC LI, ZRUCE D IBENY TIREDRO & VILEE
DRI L 70 MBEBIEDH IR DEEZOND, 5%, HLEEEO LTA &
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AEBIOT A 2 D-Ala & & BENY TERGEENE & OB &% S BT
THZELICLY, BT T oMt T o2 <, LTA EFEB X
O7 A afED-Ala &0 L ANREREZRK T 5 2 EBNARBIZAR 5000 LILRWY,
AT KM LRI Z AT 2580 T MBSz Ri%, FLERE OFE G
HHgFCTHY ., 5%, ZOERBFEY—7 > FE LT, KIEME T MRamHIgh
ROBWEKO AT ) —=v 7R EHiIfREI D,

U bED XDz, AFRITHBE OBRIMEIA D =X LR LTcDHIT L E
F o, PERIICIZ IBD IZxT 5 7 1A AT ¢ 7 ZFIEOFELIC BRI F
b3 peE206N05, 4%, B MIBWTHAIEL FfED 2 1 = X A THEE
EOMERT 200, S HRIBHADEIFEND,
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L. rhamnosus, E. hirae, S. thermophilus

p-alanylated LTA\W I%

TLR2 intestinal epithelial cells

O N TN\ |
Tight junction —= “=—

increased Tight junction integrity
(increased Z0O-1 expression)

normalized MLCK expression

decreased IL-8 secretion

Figure 6-1. Mechanisms by which lactic acid bacteria (LAB) protect intestinal barrier function.
LAB increase Tight junction integrity by regulating expression of ZO-1 and MLCK. LAB
decrease IL-8 secretion from intestinal epithelial cells. These protective effects of LAB are

mediated by D-alanylated LTA. TLR?2 signaling is essential in mediating the protective effects
of LAB.
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B. infantis
N @

inflamed epithelial cells

L

AY b -
CD80 CD40

IL-6
CD40L

CD4* T cell
\u IL-17

@ @

Th_i _éell ThH? cell

IFN-y

Figure 6-2. Mechanisms by which lactic acid bacteria (LAB) downregulate Th1/Th17 cells.
Inflamed intestinal epithelial cells express increased levels of CD80 and CD40. CD80 and
CDA40 interact with CD28 and CD40L expressed in CD4* T cells, respectively, and these
interactions are essential for inflamed intestinal epithelial cells-induced Th1/Th17
differentiation. LAB suppress the expression of CD80 and CD40 in intestinal epithelial cells,
resulting in downregulation of Th1/Th17 cells.

102



3 3CHR

1.

10.

Fagarasan S, Honjo T (2003) Intestinal IgA synthesis: regulation of
front-line body defences. Nat. Rev. Immunol. 3:63-72.

Khor B, Gardet A, Xavier RJ (2011) Genetics and pathogenesis of
inflammatory bowel disease. Nature 474:307-317.

Madara JL (1998) Regulation of the movement of solutes across tight
junctions. Annu. Rev. Physiol. 60:143-159.

Turner JR (2009) Intestinal mucosal barrier function in health and
disease. Nat. Rev. Immunol. 9:799-809.

Fanning AS, Jameson BJ, Jesaitis LA, Anderson JM (1998) The tight
junction protein ZO-1 establishes a link between the transmembrane
protein occludin and the actin cytoskeleton. J. Biol Chem.
2173:29745-29753.

Itoh M, Furuse M, Morita K, Kubota K, Saitou M, Tsukita S (1999)
Direct binding of three tight junction-associated MAGUKSs, ZO-1, ZO-2
and Z0O-3, with the COOH termini of claudins. J. Cell Biol.
147:1351-1363.

Ulluwishewa D, Anderson RC, McNabb WC, Moughan PdJ, Wells JM,
Roy NC (2011) Regulation of tight junction permeability by intestinal
bacteria and dietary components. J. Nutr. 141:769-776.

Shimizu M (2010) Interaction between food substances and the
intestinal epithelium. Biosci. Biotech. Bioch. 74:232-241.

Berkes J, Viswanathan VK, Savkovic SD, Hecht G (2003) Intestinal
epithelial responses to enteric pathogens: effects on the tight junction
barrier, ion transport, and inflammation. Gut 52:439-451.

Al-Sadi R, Boivin M, Ma T (2009) Mechanism of cytokine modulation

103



11.

12.

13.

14.

15.

16.

17.

18.

of epithelial tight junction barrier. Front. Biosci. 14:2765-2778.

Salim SY, Soderholm JD (2011) Importance of disrupted intestinal
barrier in inflammatory bowel diseases. Inflamm. Bowel Dis.
17:362-381.

Piche T, Barbara G, Aubert P, Stanghellini V, De Giorgio R, Galmiche
JP, Neunlist M (2007) Impaired intestinal barrier permeability in
irritable bowel syndrome: Role of soluble factors. Gastroenterology
58:196-201

Perrier C, Corthesy B (2011) Gut permeability and food allergies. Clin.
Exp. Allergy 41:20-28.

Pike MG, Heddle RJ, Boulton P, Turner MW, Atherton DJ (1986)
Increased intestinal permeability in atopic eczema. J. Invest.
Dermatol. 86:101-104.

Bruewer M, Samarin S, Nusrat A (2006) Inflammatory bowel disease
and the apical junctional complex. Ann. N. Y. Acad. Sci. 1072:242-252.
Schmitz H, Barmeyer C, Fromm M, Runkel N, Foss HD, Bentzel Cd,
Riecken EO, Schulzke JD (1999) Altered tight junction structure
contributes to the impaired epithelial barrier function in ulcerative
colitis. Gastroenterology 116:301-309.

Gassler N, Rohr C, Schneider A, Kartenbeck J, Bach A, Overmuller N,
Otto HF, Autschbach F (2001) Inflammatory bowel disease is
associated with changes of enterocytic junctions. Am. J. Physiol.
Gastrointest. Liver Physiol. 281:G216-G228.

Marin ML, Greenstein Ad, Geller SA, Gordon RE, Aufses AH, Jr.
(1983) A freeze fracture study of Crohn's disease of the terminal

ileum: changes in epithelial tight junction organization. Am. J.

104



19.

20.

21.

22.

23.

24.

25.

Gastroenterol. 78:537-5417.

Poritz LS, Harris LR, 3rd, Kelly AA, Koltun WA (2011) Increase in the
tight junction protein claudin-1 in intestinal inflammation. Dig. Dis.
Sci. 56:2802-2809.

Mankertz J, Schulzke JD (2007) Altered permeability in inflammatory
bowel disease: pathophysiology and clinical implications. Curr. Opin.
Gastroen. 23:379-383.

Kusugami K, Fukatsu A, Tanimoto M, Shinoda M, Haruta JI,
Kuroiwa A, Ina K, Kanayama K, Ando T, Matsuura T, Yamaguchi T,
Morise K, Ieda M, Iokawa H, Ishihara A, Sarai S (1995) Elevation of
interleukin-6 in inflammatory bowel disease is macrophage and
epithelial cell-dependent. Dig. Dis. Sci. 40:949-959.

Woywodt A, Neustock P, Kruse A, Schwarting K, Ludwig D, Stange
EF, Kirchner H (1994) Cytokine expression in intestinal mucosal
biopsies. In situ hybridisation of the mRNA for interleukin-1 beta,
interleukin-6 and tumour necrosis factor-alpha in inflammatory bowel
disease. Eur. Cytokine Netw. 5:387-395.

Plevy SE, Landers Cd, Prehn J, Carramanzana NM, Deem RL, Shealy
D, Targan SR (1997) A role for TNF-a and mucosal T helper-1
cytokines in the pathogenesis of Crohn's disease. J. Immunol
159:6276-6282.

Yamamoto M, Yoshizaki K, Kishimoto T, Ito H (2000) IL-6 is required
for the development of Th1 cell-mediated murine colitis. J. Immunol.
164:4878-4882.

Juuti-Uusitalo K, Klunder LdJ, Sjollema KA, Mackovicova K, Ohgaki R,

Hoekstra D, Dekker J, van Ijzendoorn SC (2011) Differential effects of

105



26.

217.

28.

29.

30.

31.

32.

33.

TNF (TNFSF2) and IFN-y on intestinal epithelial cell morphogenesis
and barrier function in three-dimensional culture. PLoS One
6:€22967.

Al-Sadi R, Ye D, Said HM, Ma TY (2011) Cellular and molecular
mechanism of interleukin-1 modulation of Caco-2 intestinal
epithelial tight junction barrier. J. Cell. Mol. Med. 15:970-982.

Suzuki T, Yoshinaga N, Tanabe S (2011) Interleukin-6 (IL-6)
regulates claudin-2 expression and tight junction permeability in
intestinal epithelium. J. Biol. Chem. 286:31263-31271.

Xavier RdJ, Podolsky DK (2007) Unravelling the pathogenesis of
inflammatory bowel disease. Nature 448:427-434.

Zygmunt B, Veldhoen M (2011) T helper cell differentiation more than
just cytokines. Adv. Immunol. 109:159-196.

Hershberg RM, Cho DH, Youakim A, Bradley MB, Lee JS, Framson
PE, Nepom GT (1998) Highly polarized HLA class II antigen
processing and presentation by human intestinal epithelial cells. oJ.
Clin. Invest. 102:792-803.

Campbell N, Yio XY, So LP, Li Y, Mayer L (1999) The intestinal
epithelial cell: processing and presentation of antigen to the mucosal
Immune system. Immunol. Rev. 172:315-324.

Nakazawa A, Dotan I, Brimnes J, Allez M, Shao L, Tsushima F,
Azuma M, Mayer L (2004) The expression and function of
costimulatory molecules B7h and B7-H1 on colonic epithelial cells.
Gastroenterology 126:1347-1357.

Nakazawa A, Watanabe M, Kanai T, Yamazaki M, Yajima T, Ogata H,

Iwao Y, Ishii H, Hibi T (1999) Expression and functional role of a

106



34.

35.

36.

37.

38.

39.

40.

costimulatory molecule CD86 on epithelial cells in the inflamed
colonic mucosa. Gastroenterology 116:A782-A782.

Mosmann TR, Cherwinski H, Bond MW, Giedlin MA, Coffman RL
(1986) Two types of murine helper T cell clone. I. Definition according
to profiles of lymphokine activities and secreted proteins. J. Immunol.
136:2348-2357.

Rahman A, Isenberg DA (2008) Systemic lupus erythematosus. N.
Engl. J. Med. 358:929-939.

Langrish CL, Chen Y, Blumenschein WM, Mattson J, Basham B,
Sedgwick JD, McClanahan T, Kastelein RA, Cua DJ (2005) IL-23
drives a pathogenic T cell population that induces autoimmune
inflammation. J. Exp. Med. 201:233-240.

Park H, Li ZX, Yang XO, Chang SH, Nurieva R, Wang YH, Wang Y,
Hood L, Zhu Z, Tian Q, Dong C (2005) A distinct lineage of CD4 T cells
regulates tissue inflammation by producing interleukin 17. Nat.
Immunol. 6:1133-1141.

Olsen T, Rismo R, Cui G, Goll R, Christiansen I, Husebekk A,
Florholmen J (2011) TH1 and TH17 interactions in untreated
inflamed mucosa of inflammatory bowel disease, and their potential to
mediate the inflammation. Cytokine 56:633-640.

Schmechel S, Konrad A, Diegelmann J, Glas J, Wetzke M, Paschos E,
Lohse P, Goke B, Brand S (2008) Linking genetic susceptibility to
Crohn's disease with Th17 cell function: IL-22 serum levels are
increased in Crohn's disease and correlate with disease activity and
IL23R genotype status. Inflamm. Bowel Dis. 14:204-212.

Elson CO, Cong Y, Weaver CT, Schoeb TR, McClanahan TK, Fick RB,

107



41.

42.

43.

44.

45.

46.

47.

Kastelein RA (2007) Monoclonal anti-interleukin 23 reverses active
colitis in a T cell-mediated model in mice. Gastroenterology
132:2359-2370.

Leppkes M, Becker C, Ivanov, II, Hirth S, Wirtz S, Neufert C, Pouly S,
Murphy Ad, Valenzuela DM, Yancopoulos GD, Becher B, Littman DR,
Neurath MF (2009) RORgamma-expressing Th17 cells induce murine
chronic intestinal inflammation via redundant effects of IL-17A and
IL-17F. Gastroenterology 136:257-267.

Sartor RB (2008) Microbial influences in inflammatory bowel diseases.
Gastroenterology 134:577-594.

Miyauchi E, Xiao JZ, Tanabe S (2010) Chapter 8: Interaction of
bifidobacteria with the intestinal mucosa with a focus on
immuno-modulating effects. Bifidobacteria: Genomics and Molecular
Aspects, (Caister Academic Press), pp 145-162.

Joos S, Rosemann T, Szecsenyi J, Hahn EG, Willich SN, B. B (2006)
Use of complementary and alternative medicine in Germany - a
survey of patients with inflammatory bowel disease. BMC
Complement. Altern. Med. 6:19.

Fuller R (1989) Probiotics in man and animals. J. Appl. Bacteriol.
66:365-378.

Salminen S, Ouwehand A, Benno Y, Lee YK (1999) Probiotics: how
should they be defined? Trends Food Sci. Tech. 10:107-110.

Uronis JM, Arthur JC, Keku T, Fodor A, Carroll IM, Cruz ML,
Appleyard CB, Jobin C (2011) Gut microbial diversity is reduced by
the probiotic VSI#3 and correlates with decreased TNBS-induced

colitis. Inflamm. Bowel Dis. 17:289-297.

108



48.

49.

50.

51.

52.

53.

54.

55.

Gaudier E, Michel C, Segain JP, Cherbut C, Hoebler C (2005) The
VSL# 3 probiotic mixture modifies microflora but does not heal
chronic dextran-sodium sulfate-induced colitis or reinforce the mucus
barrier in mice. J. Nutr. 135:2753-2761.

Foligne B, Zoumpopoulou G, Dewulf J, Ben Younes A, Chareyre F,
Sirard JC, Pot B, Grangette C (2007) A key role of dendritic cells in
probiotic functionality. PLoS One 2:e313.

Bai AP, Ouyang Q, Xiao XR, Li SF (2006) Probiotics modulate
inflammatory cytokine secretion from inflamed mucosa in active
ulcerative colitis. Int. J. Clin. Pract. 60:284-288.

Schlee M, Harder J, Koten B, Stange EF, Wehkamp J, Fellermann K
(2008) Probiotic lactobacilli and VSL#3 induce enterocyte
beta-defensin 2. Clin. Exp. Immunol. 151:528-535.

Caballero-Franco C, Keller K, De Simone C, Chadee K (2007) The
VSL#3 probiotic formula induces mucin gene expression and secretion
in colonic epithelial cells. Am. J. Physiol. Gastrointest. Liver Physiol.
292:G315-G322.

McNamara BP, Koutsouris A, O'Connell CB, Nougayrede JP,
Donnenberg MS, Hecht G (2001) Translocated EspF protein from
enteropathogenic FEscherichia coli disrupts host intestinal barrier
function. J. Clin. Invest. 107:621-629.

Anderson RC, Cookson AL, McNabb WC, Kelly WJ, Roy NC (2010)
Lactobacillus plantarum DSM 2648 is a potential probiotic that
enhances intestinal barrier function. FEMS Microbiol. Lett.
309:184-192.

Resta-Lenert S, Barrett KE (2006) Probiotics and commensals reverse

109



56.

57.

58.

59.

60.

61.

62.

63.

TNF-o- and IFN-y-induced dysfunction in human intestinal epithelial
cells. Gastroenterology 130:731-746.

Donato KA, Gareau MG, Wang YJJ, Sherman PM (2010)
Lactobacillus rhamnosus GG attenuates interferon-y and tumour
necrosis factor-a-induced barrier dysfunction and pro-inflammatory
signalling. Microbiology 156:3288-3297.

Gomez-Llorente C, Munoz S, Gil A (2010) Role of Toll-like receptors in
the development of immunotolerance mediated by probiotics. Proc.
Nutr. Soc. 69:381-389.

Coombes JL, Powrie F (2008) Dendritic cells in intestinal immune
regulation. Nat. Rev. Immunol. 8:435-446.

Akira S (2003) Toll-like receptor signaling. J. Biol. Chem.
278:38105-38108.

Gribar SC, Anand RJ, Sodhi CP, Hackam DJ (2008) The role of
epithelial Toll-like receptor signaling in the pathogenesis of intestinal
inflammation. JJ. Leukoc. Biol. 83:493-498.

Seth A, Yan F, Polk DB, Rao RK (2008) Probiotics ameliorate the
hydrogen peroxide-induced epithelial barrier disruption by a PKC-
and MAP kinase-dependent mechanism. Am. J. Physiol. Gastrointest.
Liver Physiol. 294:G1060-G1069.

Hamer HM, dJonkers D, Venema K, Vanhoutvin S, Troost Fd,
Brummer RJ (2008) Review article: the role of butyrate on colonic
function. Aliment. Pharmacol. Ther. 27:104-119.

Wirtz S, Neufert C, Weigmann B, Neurath MF (2007) Chemically
induced mouse models of intestinal inflammation. Nat. Protoc.

2:541-546.

110



64.

65.

66.

67.

68.

69.

70.

71.

Krieglstein CF, Anthoni C, Cerwinka WH, Stokes KY, Russell J,
Grisham MB, Granger DN (2007) Role of blood- and tissue-associated
inducible nitric-oxide synthase in colonic inflammation. Am. J. Pathol.
170:490-496.

Cario E, Gerken G, Podolsky DK (2007) Toll-like receptor 2 controls
mucosal inflammation by regulating epithelial barrier function.
Gastroenterology 132:1359-1374.

Lee J, Mo JH, Katakura K, Alkalay I, Rucker AN, Liu YT, Lee HK,
Shen C, Cojocaru G, Shenouda S, Kagnoff M, Eckmann L, Ben-Neriah
Y, Raz E (2006) Maintenance of colonic homeostasis by distinctive
apical TLR9 signalling in intestinal epithelial cells. Nat. Cell. Biol
8:1327-U1327.

Laemmli UK (1970) Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature 227:680-685.

Murch SH, Braegger CP, Walker-Smith JA, MacDonald TT (1993)
Location of tumour necrosis factor o by immunohistochemistry in
chronic inflammatory bowel disease. Gut 34:1705-1709.

Schneeberger EE, Lynch RD (1992) Structure, function, and
regulation of cellular tight junctions. Am. J. Physiol. 262:1.647-1.661.
Struyf S, Gouwy M, Dillen C, Proost P, Opdenakker G, Van Damme J
(2005) Chemokines synergize in the recruitment of circulating
neutrophils into inflamed tissue. Eur. J. Immunol. 35:1583-1591.
Geier MS, Tenikoff D, Yazbeck R, McCaughan GW, Abbott CA,
Howarth GS (2005) Development and resolution of experimental
colitis in mice with targeted deletion of dipeptidyl peptidase IV. ¢J. Cell.

Physiol. 204:687-692.

111



2.

73.

74.

75.

76.

7.

78.

79.

Vowinkel T, Kalogeris Td, Mori M, Krieglstein CF, Granger DN (2004)
Impact of dextran sulfate sodium load on the severity of inflammation
in experimental colitis. Dig. Dis. Sci. 49:556-564.

Kitajima S, Takuma S, Morimoto M (1999) Changes in colonic
mucosal permeability in mouse colitis induced with dextran sulfate
sodium. Exp. Anim. 48:137-143.

Araki Y, Andoh A, Tsujikawa T, Fujiyama Y, Bamba T (2001)
Alterations in intestinal microflora, faecal bile acids and short chain
fatty acids in dextran sulphate sodium-induced experimental acute
colitis in rats. Fur. J. Gastroenterol. Hepatol. 13:107-112.

Matsuzaki T, Takagi A, Ikemura H, Matsuguchi T, Yokokura T (2007)
Intestinal microflora: probiotics and autoimmunity. J. Nutr.
137:798S-8028.

Ma TY, Hoa NT, Tran DD, Bui V, Pedram A, Mills S, Merryfield M
(2000) Cytochalasin B modulation of Caco-2 tight junction barrier: role
of myosin light chain kinase. Am. J. Physiol. Gastrointest. Liver
Physiol. 279:G875-885.

Ma TY, Tran D, Hoa N, Nguyen D, Merryfield M, Tarnawski A (2000)
Mechanism of extracellular calcium regulation of intestinal epithelial
tight junction permeability: role of cytoskeletal involvement. Microsc.
Res. Tech. 51:156-168.

Feighery LM, Cochrane SW, Quinn T, Baird AW, O'Toole D, Owens
SE, O'Donoghue D, Mrsny RJ, Brayden DJ (2008) Myosin light chain
kinase inhibition: correction of increased intestinal epithelial
permeability in vitro. Pharm. Res. 25:1377-1386.

Vetuschi A, Latella G, Sferra R, Caprilli R, Gaudio E (2002) Increased

112



80.

81.

82.

83.

84.

85.

86.

proliferation and apoptosis of colonic epithelial cells in dextran sulfate
sodium-induced colitis in rats. Dig. Dis. Sci. 47:1447-1457.

Fazal F, Gu L, Thnatovych I, Han Y, Hu W, Antic N, Carreira F,
Blomquist JF, Hope TJ, Ucker DS, de Lanerolle P (2005) Inhibiting
myosin light chain kinase induces apoptosis in vitro and in vivo. Mol.
Cell. Biol. 25:6259-6266.

Connell LE, Helfman DM (2006) Myosin light chain kinase plays a
role in the regulation of epithelial cell survival. J. Cell Sci.
119:2269-2281.

Choi CH, Il1 Kim T, Lee SK, Yang KM, Kim WH (2008) Effect of
Lactobacillus GG and conditioned media on IL-1 beta-induced IL-8
production in Caco-2 cells. Scand. J. Gastroenterol. 43:938-947.
Ginsburg I (2002) The role of bacteriolysis in the pathophysiology of
inflammation, infection and post-infectious sequelae. APMIS
110:753-770.

Granato D, Perotti F, Masserey I, Rouvet M, Golliard M, Servin A,
Brassart D (1999) Cell surface-associated lipoteichoic acid acts as an
adhesion factor for attachment of Lactobacillus johnsonii Lal to
human enterocyte-like Caco-2 cells. Appl Environ. Microbiol
65:1071-1077.

Albiger B, Dahlberg S, Henriques-Normark B, Normark S (2007) Role
of the innate immune system in host defence against bacterial
infections: focus on the Toll-like receptors. J. Intern. Med.
261:511-528.

Fabretti F, Theilacker C, Baldassarri L, Kaczynski Z, Kropec A, Holst

O, Huebner J (2006) Alanine esters of enterococcal lipoteichoic acid

113



87.

88.

89.

90.

91.

92.

play a role in biofilm formation and resistance to antimicrobial
peptides. Infect. Immun. 74:4164-4171.

Kristian SA, Datta V, Weidenmaier C, Kansal R, Fedtke I, Peschel A,
Gallo RL, Nizet V (2005) D-alanylation of teichoic acids promotes
group A Streptococcus antimicrobial peptide resistance, neutrophil
survival, and epithelial cell invasion. J. Bacteriol. 187:6719-6725.
Abachin E, Poyart C, Pellegrini E, Milohanic E, Fiedler F, Berche P,
Trieu-Cuot P (2002) Formation of D-alanyl-lipoteichoic acid is
required for adhesion and virulence of Listeria monocytogenes. Mol.
Microbiol. 43:1-14.

Deininger S, Stadelmaier A, von Aulock S, Morath S, Schmidt RR,
Hartung T (2003) Definition of structural prerequisites for lipoteichoic
acid-inducible cytokine induction by synthetic derivatives. J. Immunol.
170:4134-4138.

Grangette C, Nutten S, Palumbo E, Morath S, Hermann C, Dewulf J,
Pot B, Hartung T, Hols P, Mercenier A (2005) Enhanced anti
inflammatory capacity of a Lactobacillus plantarum wmutant
synthesizing modified teichoic acids. Proc. Natl. Acad. Sci. U. S. A.
102:10321-10326.

Morath S, Geyer A, Hartung T (2001) Structure-function relationship
of cytokine induction by lipoteichoic acid from Staphylococcus aureus.
J. Exp. Med. 193:393-397.

Duncker SC, Wang L, Hols P, Bienenstock J (2008) The D-alanine
content of lipoteichoic acid 1is crucial for Lactobacillus
plantarum-mediated protection from visceral pain perception in a rat

colorectal distension model. Neurogastroenterol. Motil. 20:843-850.

114



93.

94.

95.

96.

97.

98.

99.

100.

Hyyrylainen HL, Vitikainen M, Thwaite J, Wu HY, Sarvas M,
Harwood CR, Kontinen VP, Stephenson K (2000) D-Alanine
substitution of teichoic acids as a modulator of protein folding and
stability at the cytoplasmic membrane/cell wall interface of Bacillus
subtilis. J. Biol. Chem. 275:26696-26703.

Livak KJ, Schmittgen TD (2001) Analysis of relative gene expression
data using real-time quantitative PCR and the 27 **CT method.
Methods 25:402-408.

Marfey P (1984) Determination of D-amino acids. II. Use of a
bifunctional reagent, 1,5-difluoro-2,4-dinitrobenzene. Carlsberg Res.
Commun. 49:591-596.

Shockman GD, DaneoMoore L, Kariyama R, Massidda O (1996)
Bacterial walls, peptidoglycan hydrolases, autolysins, and autolysis.
Microb. Drug Resist. 2:95-98.

Novitsky TJ, Chan M, Himes RH, Akagi JM (1974) Effect of
temperature on the growth and cell wall chemistry of a facultative
thermophilic Bacillus. J. Bacteriol. 117:858-865.

Hurst A, Hughes A, Duckworth M, Baddiley J (1975) Loss of
D-alanine during sublethal heating of Staphylococcus aureus S6 and
magnesium binding during repair. J. Gen. Microbiol. 89:277-284.
Neuhaus FC, Baddiley J (2003) A continuum of anionic charge:
Structures and functions of D-alanyl-teichoic acids in gram-positive
bacteria. Microbiol. Mol. Biol. Rev. 67:686- 723.

Boyd DA, Cvitkovitch DG, Bleiweis AS, Kiriukhin MY, Debabov DV,
Neuhaus FC, Hamilton IR (2000) Defects in D-alanyl-lipoteichoic acid

synthesis in Streptococcus mutans results in acid sensitivity. oJ.

115



101.

102.

103.

104.

105.

106.

107.

Bacteriol. 182:6055-6065.

Debabov DV, Kiriukhin MY, Neuhaus FC (2000) Biosynthesis of
lipoteichoic acid in Lactobacillus rhamnosus: Role of DItD in
D-alanylation. J. Bacteriol. 182:2855-2864.

Koprivnjak T, Mlakar V, Swanson L, Fournier B, Peschel A, Weiss JP
(2006) Cation-induced transcriptional regulation of the dlt operon of
Staphylococcus aureus. J. Bacteriol. 188:3622-3630.

Kullik I, Jenni R, Berger-Bachi B (1998) Sequence of the putative
alanine racemase operon 1in Staphylococcus aureus: insertional
interruption of this operon reduces D-alanine substitution of
lipoteichoic acid and autolysis. Gene 219:9-17.

Tanabe S, Kinuta Y, Saito Y (2008) Bifidobacterium infantis
suppresses proinflammatory interleukin-17 production in murine
splenocytes and dextran sodium sulfate-induced intestinal
inflammation. Int. J. Mol. Med. 22:181-185.

Fukuda S, Toh H, Hase K, Oshima K, Nakanishi Y, Yoshimura K,
Tobe T, Clarke JM, Topping DL, Suzuki T, Taylor TD, Itoh K, Kikuchi
J, Morita H, Hattori M, Ohno H (2011) Bifidobacteria can protect from
enteropathogenic infection through production of acetate. Nature
469:543-5417.

Egger B, Bajaj-Elliott M, MacDonald TT, Inglin R, Eysselein VE,
Buchler MW (2000) Characterisation of acute murine dextran sodium
sulphate colitis: cytokine profile and dose dependency. Digestion
62:240-248.

Alex P, Zachos NC, Nguyen T, Gonzales L, Chen TE, Conklin LS,

Centola M, Li X (2009) Distinct cytokine patterns identified from

116



108.

109.

110.

111.

112.

113.

114.

multiplex profiles of murine DSS and TNBS-induced colitis. Inflamm.
Bowel Dis. 15:341-352.

Dotan I, Allez M, Nakazawa A, Brimnes J, Schulder-Katz M, Mayer L
(2007) Intestinal epithelial cells from inflammatory bowel disease
patients preferentially stimulate CD4+T cells to proliferate and
secrete interferon-y. Am. J. Physiol. Gastrointest. Liver Physiol
292:G1630-G1640.

Bauquet AT, Jin H, Paterson AM, Mitsdoerffer M, Ho IC, Sharpe AH,
Kuchroo VK (2009) The costimulatory molecule ICOS regulates the
expression of c-Maf and IL-21 in the development of follicular T helper
cells and TH-17 cells. Nat. Immunol. 10:167-175.

Katzman SD, Gallo E, Hoyer KK, Abbas AK (2011) Differential
requirements for Th1l and Th17 responses to a systemic self-antigen. oJ.
Immunol. 186:4668-4673.

Harris NL, Ronchese F (1999) The role of B7 costimulation in T-cell
immunity. Immunol. Cell Biol. 77:304-311.

Mayer L, Eisenhardt D, Salomon P, Bauer W, Plous R, Piccinini L
(1991) Expression of class IT molecules on intestinal epithelial cells in
humans. Differences between normal and inflammatory bowel disease.
Gastroenterology 100:3-12.

Borcherding F, Nitschke M, Hundorfean G, Rupp J, von Smolinski D,
Bieber K, van Kooten C, Lehnert H, Fellermann K, Buning J (2010)
The CD40-CD40L pathway contributes to the proinflammatory
function of intestinal epithelial cells in inflammatory bowel disease.
Am. J. Pathol. 176:1816-18217.

Framson PE, Cho DH, Lee LY, Hershberg RM (1999) Polarized

117



115.

116.

117.

118.

119.

120.

121.

expression and function of the costimulatory molecule CD58 on
human intestinal epithelial cells. Gastroenterology 116:1054-1062.
Debabov DV, Kiriukhin MY, Neuhaus FC (2000) Biosynthesis of
lipoteichoic acid in Lactobacillus rhamnosus: role of DItD in
D-alanylation. J. Bacteriol. 182:2855-2864.

Iezzi G, Sonderegger I, Ampenberger F, Schmitz N, Marsland BdJ,
Kopf M (2009) CD40-CD40L cross-talk integrates strong antigenic
signals and microbial stimuli to induce development of
IL-17-producing CD4+ T cells. Proc. Natl. Acad. Sci. U. S. A.
106:876-881.

Kagnoff MF, Eckmann L (1997) Epithelial cells as sensors for
microbial infection. J. Clin. Invest. 100:6-10.

Annunziato F, Cosmi L, Santarlasci V, Maggi L, Liotta F, Mazzinghi B,
Parente E, Fili L, Ferri S, Frosali F, Giudici F, Romagnani P,
Parronchi P, Tonelli F, Maggi E, Romagnani S (2007) Phenotypic and
functional features of human Th17 cells. J. Exp. Med. 204:1849-1861.
Feng T, Qin HW, Wang LF, Benveniste EN, Elson CO, Cong YZ (2011)
Th17 cells induce colitis and promote Th1 cell responses through IL-17
induction of innate IL-12 and IL-23 production. J. Immunol
186:6313-6318.

Miyauchi E, Morita H, Tanabe S (2009) Lactobacillus rhamnosus
alleviates intestinal barrier dysfunction in part by increasing
expression of zonula occludens-1 and myosin light-chain kinase in vivo.
J. Dairy Sci. 92:2400-2408.

Mennigen R, Nolte K, Rijcken E, Utech M, Loeffler B, Senninger N,

Bruewer M (2009) Probiotic mixture VSL#3 protects the epithelial

118



122.

123.

124.

125.

126.

127.

barrier by maintaining tight junction protein expression and
preventing apoptosis in a murine model of colitis. Am. J. Physiol.
Gastrointest. Liver Physiol. 296:G1140-G1149.

Chen HQ, Yang J, Zhang M, Zhou YK, Shen TY, Chu ZX, Zhang M,
Hang XM, Jiang YQ, Qin HL (2010) Lactobacillus plantarum
ameliorates colonic epithelial barrier dysfunction by modulating the
apical junctional complex and PepT1 in IL-10 knockout mice. Am. J.
Physiol. Gastrointest. Liver Physiol. 299:G1287-G1297.

Karczewski J, Troost FJ, Konings I, Dekker J, Kleerebezem M,
Brummer RJM, Wells JM (2010) Regulation of human epithelial tight
junction proteins by Lactobacillus plantarum in vivo and protective
effects on the epithelial barrier. Am. J. Physiol. Gastrointest. Liver
Physiol. 298:G851-G859.

Liu ZH, Zhang P, Ma YL, Chen HQ, Zhou YK, Zhang M, Chu ZX, Qin
HL (2011) Lactobacillus plantarum prevents the development of
colitis in IL-10-deficient mouse by reducing the intestinal
permeability. Mol. Biol. Rep. 38:1353-1361.

Khailova L, Dvorak K, Arganbright KM, Halpern MD, Kinouchi T,
Yajima M, Dvorak B (2009) Bifidobacterium bifidum improves
intestinal integrity in a rat model of necrotizing enterocolitis. Am. oJ.
Physiol. Gastrointest. Liver Physiol. 297:G940-G949.

Miyauchi E, Morita H, Okuda J, Sashihara T, Shimizu M, Tanabe S
(2008) Cell wall fraction of Enterococcus hirae ameliorates
TNF-o-induced barrier impairment in the human epithelial tight
junction. Lett. Appl. Microbiol. 46:469-476.

Ghadimi D, de Vrese M, Heller KJ, Schrezenmeir J (2010) Effect of

119



128.

129.

130.

131.

natural commensal-origin DNA on toll-like receptor 9 (TLR9)
signaling cascade, chemokine IL-8 expression, and barrier integritiy of
polarized intestinal epithelial cells. Inflamm. Bowel Dis. 16:410-427.
Steidler L, Hans W, Schotte L, Neirynck S, Obermeier F, Falk W,
Fiers W, Remaut E (2000) Treatment of murine colitis by Lactococcus
lactis secreting interleukin-10. Science 289:1352-1355.

Steidler L, Neirynck S, Huyghebaert N, Snoeck V, Vermeire A,
Goddeeris B, Cox E, Remon JP, Remaut E (2003) Biological
containment of genetically modified Lactococcus lactis for intestinal
delivery of human interleukin 10. Nat. Biotechnol. 21:785-789.
Vandenbroucke K, Hans W, Van Huysse J, Neirynck S, Demetter P,
Remaut E, Rottiers P, Steidler L (2004) Active delivery of trefoil
factors by genetically modified Lactococcus lactis prevents and heals
acute colitis in mice. Gastroenterology 127:502-513.

Vandenbroucke K, de Haard H, Beirnaert E, Dreier T, Lauwereys M,
Huyck L, Van Huysse J, Demetter P, Steidler L, Remaut E, Cuvelier C,
Rottiers P (2010) Orally administered L. lactis secreting an anti-TNF
Nanobody demonstrate efficacy in chronic colitis. Mucosal Immunol.

3:49-56.

120



A

ABFIEIE,. IR REREGAEYE R MOl —E4E0 T80 &
TTSNE L, LRV ESHEILE L LT ET,

ML EDDICHTZY |, A0 THE - THE 2 W& £ LILNERT
REGAEWBBEOER P R=sed. ZRKREZEAE, R EAE, R’
HHESEAE (B, mURRRR R RGeS R | PR e e (B, AAREREE
A E RIS AEMBLTE) . RO NCHAEAEL IR BB L ET, £,
WHIEH 20 £ Uiz, JEKMIEE CRORRFR R AMBAER) | &
FSRISEA (AT R BRI ZEED) « 72 B NS IHTBFLERR At WFIEASHT RhRE
AT ORI ZEALE L BIFE 9

G LA IR E DO FZEA . FTERAEDERRICIZ, AR KREBHES

(Z20 E Lz, DRVEFILE L ETET, &R, AEAEEE KA T uizghk
INFIRITEHHE L £,

121



