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Intestinal immune responses in mice
infected orally with enterohemorrhagic Escherichia coli

Keiji NAGANO®*, Shin-ichiro Yokoyama®, Hiroshi Mori®

Abstract: The induction mechanism of mucosal immune responses was examined in mice infected orally with an intestinal
pathogen, enterohemorrhagic Escherichia coli (EHEC) O157:H7. Antibodies were evaluated as those specific to EHEC O157:H7
cell surface by enzyme linked-immunosorbent assay using EHEC O157:H7 whole cells as an antigen (Filtration ELISA). When the
EHEC wild type was inoculated intragastlically into ICR mice, the bacteria adhered on the cecal epithelia and colonized over four
weeks, and fecal IgA antibody to the EHEC whole cells markedly increased at four weeks after the inoculation. - On the other hand,
mutants deleted adherent factors of the EHEC did not colonize in the intestine and did not induce fecal IgA antibody. When the
mutant was inoculated repeatedly, fecal IgA antibody was not induced although the serum antibodies were induced. Furthermore,

" " the fecal IgA antibody was not induced even when the mutants resided persistently in the intestine of mice by treatment with an anti-

biotic. Thus, the adhesion of EHEC to epithelial cells was indispensable to induce the mucosal immune responses but not systemic
immune responses. '
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BT AHETOEKBEBECH Y RREDEEL IV
BAZFH TV D, KBRS O E B RS F IR
BICHW S5 IgA (secretory IgA, S-IgA) HLiET
H 5, S-IgA FiikIZBBIR O LR ~0BE 2 BE
THZ Lo THREEREZ R T EELOATEYY,
HIEE ORISR S-IgA ke HFETED LT
7 F IR EICE SRR L 20§D, LaL,

P FEEED & 5 REHHEREISE OFEHB IR
BREATND DR L, S-IgA FUkOEA 2 & TR &
SEOREEEII YIRS Ty, ToEHh
& LT, S-IgA FiEOEAZRT L O BREMET LB+

R SN TWWRWT ERRET BB, 2 AR T,

BERERLE CTHLIBETH MM KBE (enterohemor-
rhagic Escherichia coli, EHEC) % FV\T, ZREH O#% O &G
< T AETFNEBE L, T OREREIGE OFEEEOR
BEIT>T,

EHEC B i3 THPH MM RBRICE Y57 1L
BRLEmE CIEmMEREEEBESE (hemolytic uremic
syndrome, HUS) RRUEX##ER L. LT 56HH D7,
b h 2T D EHEC OBESuEs K URERRL, Fig. 1 O X
IZEXLNTWS, T2bh, EHEC ARSI D
ERBIZER LU TR L, BREMNRILT D, KEDEEIC
IIRBE E MR~ DOBEER LA TH D L SN, EHEC i3k
BAMICHMENICES L THBRENRHEET S, Wbwd
attaching-and-effacing (A/E) JRZ & FEIEN 2 MIRAEE % 5|
=Y, £/, BHEC iIIBBEATReER L bR
B/ FEFE, Stx (Shiga toxin) ZEA LAYWT 5>, S
i AT LTIl A MR, BR BRI RS K UURME &
#% L. EHEC BYMEICI T 5 HUS RIEL L OEE(ILD
FELBBERF L Ro TV B, ABRRAEICTHT 5 T &
DIEEIEDTIRIZE WV T Stx 18R & LR DOBRIZ
M T ABEOBRE LM ~0EE %MK U CRREHE
T B2 LEEMNE LY 2 F U EORBICET IR
bITbR TV 32,
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Fig. 1

diseases.

Enterohemorrhagic E. coli (EHEC) infection and

EHEC O _EEMlA~DHEE RS LV AE REDOEBIBE
HFig2DX 522 LNRTEY, ZOBRIZELLS T~
TO#EETFIL. locus of enterocyte effacement (LEE) & FE
A4 ) AEIC S AF— L LTHEET S, Intimin
1% eae BIGFIT L > Ta— F &4, EHEC DAMBRIZREL
%, —7. EspA IHEREICEET H=— FLERHEER
Z AL L C EHEC & 16 MR %28/ L .EHEC (3 Z D =—
RSP %@ L T Esp (E. coli secreted protein) ¥~/
237 ERERC Tir (translocated intimin receptor) 72 & DRREE
FEETMBIZBAT S, Tir IBEEBRANIZBASNL
OHLMAKREICEER L, intimin LEAT Y, Zokd
WL TEFMECHERREF2BAT 2883, type 11T 57
WHERS (type 111 secretion system, TTSS) &FREN'Y, £
< OIBREED TTSS #4 L UREMZHBETHZ L1H
BN T D, LEEICTFET 5 espd'”, sepLl'™), 1ir'?% 5
W eae VBIZFEERIED & in viro B I Win vivo
BV T EEHREA~OBEFRER KO AE RE DRAH
kT D,

pull ¢ Intimin TTSS .
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Fig. 2 Model of enterohemorrhagic E. coli{(tEHEC) ad-
herence to epithelial cells. TTSS: type I secretion system.

AR TIE, EBHEC BROBRPE~ U RETFTLOBEL LT
BENRESEOFTEBEOMITIC L VB LI
DNTIHERB,
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EORLEFARANHITE A, Lindgren er al ik,
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EHELTVS, LaL, I60HFRITVTNLBEM
BOFETR— bHDHVITE[FPIZ EHEC 2R T2Z
&2k > T EHEC OBENEZMEX 1l L TR Y . EHEC
By AOBE LEMBIICHESE LT AE REZ3&Z
TOEMIOWTITINE TITEEN LRV, F 2 CTHRIFE
Ti3 EHEC O157:H7 28~ 7 A& E R MR -7 7 F2
DOEHEFEIEF 2R TOENII OV TRF L,

<A : 4 BERO SPF M ICR <7 X% 1 DB
B RERICH L, w0 AIHE LS s L Ok %
52 BEHARICLIEBYEEZHSEDAT U LATALT
Ay ¥ a BCERE Ul MR ERILE RER R EHWERE
BUHABRPERANBYT A L—arFy i —
NTITR -7,

BEEE : 1996 F 6 A B CRA LEARTHE TH
MPEBR %2 RBAE L - BFORFELOHB AN Sx-1 B &
T8 Stx-2 EE4EME EHEC O157:H7 (GPU96MM #k) # v /-
¥ F 72, GPUISMM % Bibk & U THERR L7z espd RKZE
BEEED GPU9Y! 36 & W sepl KB EEED GPUII2 % AV
729, T L OEKITERICHT 5 F T-80°C ITRTF LT,

PERE OB | LR HIC T 37°C THHEREE L.
XTI & B % 2,000xg T 20 SRl ER L PBS
WEBEB L, U213 8 EEA%. 25 mgkg @
cimetidine ZMEIENHESE L. 0 15 S%ICHERBIRD
10 ml/kg % 4R B HERE L 72,

HEPHEHERORE : ~ U AFHEFEE 10 8D PBS
IR L CTRRAR L L7, GPUISMM D HITIE, 20 pg/ml
novobiocin 33 X ¥ 0.1 pug/ml cefixime MY L E b—sL-2 v
a % —EKEEH (sorbitol MacConkey agar : SMAC) %
vy, GPU991 I & T8 GPU992 D HIZIE, 50 pg/ml D47
<A 2 (Km) M SMAC & Az, BEGERIEZBEKL
T 37°C T24 BEIERZ ENRT 0 EEHAD o =—
FEHR L=, :

GPU96MM H:Hi~ U A BB DS ts : GPUIGMM £
B~y A0/NBLEHBS IOTE., BB, B EEBSLUT
AR LU THRE®, 4% 37 73V LT AT e KY »v
ERfiEEiE (pH7.4) TEE LKL, BBEWAFZ 258 ()
R LCEBRY ST ICcEEND L DI
SED L. —HIMERmE L E AL — Y — BN

(confocal laser scanning microscopy, CLSM) TH#I£ L.
b=, T T 4 AB LY ZER L, iR
D CLSMIC L 2B T, & W i % PBS THEHF L.
0.5% Triton X-100 /11 PBS T 37°C. 30 /yMIAE L7-%. 1%
FMFET VT I 5%EMIE. 0.1% Tween 20 33 LTV 0.1%
NaN; 2 & PBS T37°C, 30 o7 o v 7 &4Tio
720 & D% . 1 pg/ml O.FITC-labeled affinity buriﬁed antibody
to E. coli O157:H7 (FITC-anti O157) L TX0.5 pug/ml @
TRITC-labeled phalloidin (TRITC-Pha) & iR T 2 KK
hEE, TEEGERITRoT, PBS THHHK, BAL Y

A& FAVC CLSM TEE LT,
6 pm DS ILEEED F T FITC-anti 0157 3 L
TRITC-Pha CTEHf L, CLSM TEE LT,
GPU96MM, GPU991 3 L 1} GPU992 DIBEAER 10"
CFU/kg ® GPU96MM. GPU991 #3 L X GPU992 %~ 17 %
WCHR L EEFHEHERORRES 2 BE LT (Fig. 3),
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Fig. 3 Time course of fecal shedding of GPUI6MM (wild
type), GPU991 (espA-deletion mutant) and GPU992

(sepL-deletion mutant). The bacteria were inoculated intragas-

. trically into mice at a dose of 10" CFU/kg. Arrows indicate the in-
oculations. Data represent individual mice. Broken lines show de-
tection limits.

GPUYSMM {ZiT & A K D= 7 A THRE 28 A% ¥ THke
FoRH &N, #EE3S ARICEFLLEL LTTIRTO
< U X CREBELT (10° CFU/g feces) & 727 (Fig. 3
EB), GPU991 6 L UY GPU992 (3% 3 H % TIX
GPU96MM HEfERE & R OB EMRH E N2, 20
BABICHEL LT, GPUII BEREEIIEM 14 BRI,
GPU992 Hffiff I3 Hfl 21 A2 TO~ U X TRINIRE
UTF &Aoo, £7-. GPU9I % | BB & 12 4 EIHEREL
B E. IOBELEROERE 3 BRICIEREDCE IR
HaEhi=n, £hthe BZIZITHF LB L (Fig 3
TE), :

LUED X Hiz, =7 A2 espd (GPU991) & BT sepL

(GPU992) REALERKAZERETLIL. BEKTH D
GPU9OMM (Z b U CHEE R HEHH IR 23 4EME L7, EspA B8
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KU SepL 2 FNLFH LEE (28 5 espd 1 L1 sepL BIGF
DEWMTHY TTSS 2HET 5 L THERFFTHHS),
RBIZITRE RV, Zh 6 DOEELEIT Hela Ml ~DE
FENSELET L, ZORBIIMOBFFR#RE DL —
B35, =— MUK E LT 5 EspA X EHEC O L&
HIA~DOEEFIZB T A MOBEROESICEST5 2
ERBEINTND), sepl ZER¥KIT EspA & &ie Esp ¥
YRTBEBROZWHIMEHEND Z LIZ X o T EERHIIRA~
DEBENE LB THZ LR8N TS, ARk
iX. GPU96MM 3 TTSS (ZBE#E 3 2 #EE#M 4/ L T ICR
v U ABEICEETHZ LM RET B,

GPUISMM DS LRMR~DEEE : BT LR~
DEEB LV =—FERICOVWTRE LT, $hbb,
10" CFU/kg @ GPU96MM %= A CHERE L, M 1, 3,
5.8, 12, 18, 24 BB X U3 HEWCBEEZHBHL TR
ZYefa | GPUISMM DRFE ERMla~D#EEHR % CLSM
TEE L (Fig. 4),

Fig. 4 Confocal laser scanning micrographs of the ceca
excised from ICR mice ineculated with 10" CFU/kg of
GPU96MM (wild type). The ceca were taken 3 days (A) and 24
hr (B) after inoculation and double-stained with FITC-anti E. coli 0157
antibody (green) and TRITC-phalloidin (red).
three-dimensional image of the mucosal surface of the cecum (depth:

Panel A is a

33 pm, stack of 12 slice images). Panel B is a slice image of a cecal
paraffin section (6 pm) with versions in green (GPU96MM, left), red
(F-actin, middle) and both colors (right) of the same image. Arrow-
heads show the adhesion of GPU96MM to cecal epithelia and the ac-
cumulation of F-actin beneath the attached bacteria. See the original®®
(http://www.sanbi.co.jp/capj/47/pdf/F470202.pdf) for the color print-

ing.

GPU96MM (1H8f8 | FFRIZIZIIT TICEB B L UG
WRBICEEIN, UL, % 12 BEUATIE
GPU9SMM (IHEBICIITFET 2L 00, WTFhOBE
BALIC b EEMRA~OBEERIER I o7, Bl
18 ¥4 0 3 Bi% ik, BB LEMIa iz GPUISMM @
v 7nan=—pERIN (Fig.4A). BREELLLE
BHRTIEF-7 7 FrOBERAR LN (Fig. 4B), Z®
BRUOBEOEES LV ao=—HBRIZEB DV Mg

EBXUCZ0OBBICTBE IR o T, MR KU
T, BIHKE TIHBER IR, BRI~ 0ESIT
WO LBREI o7,

Tatsuno et al.'”iF. Caco-2 Hifa% AV /=& T, EHEC
OI57T:HT OWIEHOFEABEF T EspA FIC L VR EIN S
=— FABBEERIC L > TEREND N . ZTORD~A 7
0 au=—FEIZHE intimin & Tir OHEERAPSLETH
B5LLTWA, Z® intimin & Tir OMEERL F-7 7 F
COBEB LU AEREDEBRIC L LATH S BB L
RIS 3V C GPUISMM Dt =—FEk B L NF-7 2
FUOBRENBRINSZ L0, AEOEFIL intimin
L Tir DHEERZHSI LD THBE EEX LD,

AR &2 A5, GPUISMM 11457 4 Rk E CE
B, BRI CEEPICREBENT, LML, an=—f
RITEBHEREICOALBEEIN BB CiITBEIN )
ST fEBER L UHEETICEE 4 B% $ TRENICRIBE
L% GPUISMM i3B% 6 < B LR Mifaic#es LgmE L
EICHEE T b0 LB b, GPUISMM BEM EE
MBI D 183 U C OB L0 L B ABRRIC 38 L 72
WEBIIRATH B, vV ADOEBITIIARED TTSS @
REBIVEFR2EET I LS RERFVEETHH
EMNEZ LIS, T7ed% . EHEC 0157:H7 % DMEM
B CHER LA . LB KiHie © OB F O R E
HCHE# L7282 LT EspA =2 Tir D & 5 72 TTSS 2
BB L RN EREBEVSRIZEAINDZ EDHL
nTWa?P, g REBRMHE L X /o~ U AL EHEC
O157:H7 DEF /- ITHMIMEET D L OBENH B,
& 52, Sperandio et al®%. EHEC O157:H7 i quorum
sensing & RN AMBIC K > TIHBNTZ7 e —F 2B L T
WAIHRREERBE» S OERE T T TEENEENE
HETBEELTWR, INLOMRIIBENORED S VT
&AL & 5 ETEMBE OHIED EHEC D& LRl
~OBEZEAOIrORELRIETAHEEEZ TR T D,
GPUISMM MWEBHEREICOLEE T HHEHHB L L THE
FHREREICRBRLTWALES Y —DORHDENLE
263, $2bb, intimin IZFPR<EDL 5 20T
AR BNTE VXY, EHEC OBE EF WA
intimin DY 7 4 4 FIHKFT D & OBENH 572, KB
ZIZI T BREE TIE. GPUSSMM D= 7 R B b R iR
~OEEFZX TTSS IR T D 2 LS TBEnn, &
EHR DO Tir LA D intimin Lk 7 % —3% 5 3B E
35 94 5LV 8 kDa DAMEES > 7 B3N B X iha D
a—RFHRES /37 BYD L ) AeEFRTF A EHEC
DOFENBESEEZREL TWHHAEELH 5,

GPUISMM D E I L K MRS~ DB BE@ A RN S 12 B
METREEINE o2 & OFMITRETH 5 M, 5
WD X ST TTSS OB IR L 2 FHEHEEN
FEL BENOREICHES L CTEBTTREDREC250
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3. BEREAEEEOREICHT 2BEHNEXBED
BERFOMSIZ LT OB

EHEC 234 2 REEICE L. b M98 L udp™
IZOWTHEFER TR 2HLER 0157-LPS 1IZxt3 54
K72 Y OREPITHN TV B0, BRI OB AH» b BE
PMIZRIWEND IgA Hilkd 5 B EHEC @ ¥ OFURICRT
BHAENRED L D ICAEBEICREIZE T 55220 T
LA FBALMIIEN TV Y, LA L, EHEC &3
[B—0 LEE fEi# 5. EHEC & R OMAF CIHE L&
MR EE T BB RIRME KRGS (enteropathogenic E. coli.
EPEC) {22V, intimin (2% 2 #1FLF IgA Hi{A25 EPEC
? HeLa i~ DHEZEZIHIT 5 Z L BBEVIh T2,
EHEC B#iz % LT H HUR R B S-1gA Bk 3 R G 1o
L BERBFEICB W TEERERZE L D THEENE X
bhb, —F. MEGREOFEMEIC OV THLRBRAD
%<3, FERFMEEERBEICS LTI EE» SHRT 5 &
D e X EEFE INT RIRE IO L TIEHEERME
DYBRENFTEIN LY, ZoHEIZONTHNLD
DORBITRBY N ENATVE L OORELRRAIT L &S
TS, ETEHIE 2 Pk L7 WBER & L CREME
IR LTS EEANRIL TSI EHEZL LN BN,
— 5 TR R E O R R B 2 A It U CRES
WO RNYA— L0 HEOICHBERENBTEIN D AR
HHEZI N5,

FZTAHEITE, IEUHIC EHEC BORYE~ TV A DB
BAIC 1gA BIAEEPFTEI NI NEPEREL. KW
T, espA, sepL. tir D\ X eae BIGTFEREIEDHZ L
W& BE R~ OBEEE L B I ERK Y H
WD REISEOFEICB T AEEOREC OV TRE LT,

< A Hil & EEROFIETERE LT,

Bk LU A&M: - AV 2B Table | 127 d, =
O DOERITERICHT 5 £ T-80°C ICRIF L7, Sakai
2 Km fittE @+ %28 A L7- A2-F6, A6-E7. G1-E1l &
UAeae (X Km it % #9589 5 72 3 mg/ml Km % & {55
THIFE L, ERICH Lz, TRAOmEticv T A2-F6 (xt
BRER) 1XBFAERETd B GPUISMM 35 & OF Sakai & IS

HelLa Hil@ ~DHFETEN, a0 =—BRBIVF-7 7 F
DEEFENEZTTZ & 2R LI

e O F R - GPU9SMM., GPU991, GPU992 3
L TR IID5208 (1 @sEHE T, A2-F6, A6-E7, GI-Ell1 &
WAeae 13 1 mg/ml Km N @5 #CHE L7z, LAT, AilEl
ERBOFIE TR U~ U R TR L7z, GPUISMM il
BITHIL, FTEEREICFR L GPUISMM % 4 T ZHRIZ
FERAL., A— b7 L—THHE LT,

Table 1 ~ E. coli strains used in this study

Strain Characteristics Reference

GPU96MM Clinical isolate in Gifu (1996),
Stx-1 and Stx-2-producing EHEC
O157:H7
espA-deletion
GPU96MM
sepL-deletion
GPUISMM
Sakai Clinical isolate in Sakai (1996),
Stx-1 and Stx-2-producing EHEC
O157:H7

Control mutant of Sakai by inser- 19)
tion of mini-Tn5Km2 into the 4769

bp site in Sakai-VT2 prop'hage,

25,26)

GPU991 mutant of 26)

GPU992 mutant of 26)

19,49)

A2-F6

which is a pathogenicity-unrelated
gene
Mutant of Sakai by insertion of 19)
mini-Tn5Km2 into the sepL gene
Mutant of Sakai by insertion of 19)
mini-TnSKm2 into the tir gene
Aeae Nonpolar eae-deletion mutant of 19)
Sakai by replacing the portion con-
taining the eage gene with an
aphA-3 cassette
1ID5208 Nonpathogenic E. coli
C600 K12, laboratory strain

A6-E7

GI1-Ell

EEPHHEROHE | GPUISMM, GPU991 LU
GPU992 O EHIE X a1k & FERIZIT > 72, A2-F6, A6-ET,
GI1-Ell 3 & WAeae DEEHIZIE Km il SMAC # Uiz,

HFE» L OHFEOME : FRHEL 10 FEOBERER

(0.1% NaN; M 0.5 M 7'V o HRERR k. pH 1.8) (2%
BL, LEEZEOCHBECEZVER L, ZOLFEICERD
1.0M b U RIEFEAEER (pH 8.0) EBALTHML, il
A E i U7,

Filtration ELISA iZ X 2 BT T 2 HuikBIE : BifE
1D B RFUE DIRINES & O Filtration ELISA ik 8 3EH K
FEAEMFRE TR SN FEDICHEL TT- 7, 3742
bbb, BREEEZRINT 2725, 2X 107 CFU @ C600 Hi
B % 96 7 4 V#—T7 L — bk (MultiScreen®-GV, FLE
0.22 um, Millipore Corporation) IZEML 7 1 v ¥ K
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ISk, 5 ERR U EEREE 20T 20 (FHR L7 MiEk
ReArFa—FLlk, BRIEZEIRL, 2 FHRLT
Filtration ELISA (2t L 7=,

Filtration ELISA IZLAF DL 5124707, Hil L 254
BONESE_AL X7 —E 2 RIER. BARREERINL
oKL A ¥ aX— b LTz, iRk, A x¥F—+
B~ X IgM., 1gG » 5\ T IgA Hifk & R & ¥,
FEEYE (0.04% o-phenylendiamine 35 K U 0.012% H,0, &
&1 0.05M 7 = EEF LU 0.1 M Na,HPO,., pH 5.0) %%
ML, 37°C T30 A > F=2_—F L7, 2 M Hy80, T
RS iE 1k, 492nm (R 660nm) @ OD # |E L7=, OD
28 3.0 X2 7= ikIZ. ODfE#E 3 & LT,

MEEHALER : Bartlett BREIZ L W pBOB—HERE (P<
0.05) L., BALELDIZOWTIESEST 2TV, BERM
IEBEORD LN~ H DIZOWT Duncan D% EH R
FIC L » THMOKEZ1To 72, £, DROB BT

BEDHEIL /) VAT AN v IETRE LI T2bb,

Kruskal-Wallis BRE 21TV, BEMICEEENBO OIS
BIMEM T LT — #1225V T Duncan DREICL o T
HRDOHEZIT o7, TN TOMEFRITICEBV T, P <0.05
ERHEMICEE THD L LT,

A 0 GPUSBMM
8 & GPUS91
: GPU992

Number of bacteria shed in
feces (logso CFU/g feces)

)

Fecal IgA antibody titer against
GPU96MM whole cells (OD492)

Days after inoculation

Fig. 5 Fecal shedding of bacteria (A) and fecal IgA anti-
body production im mice inoculated with GPU96MM
(wild type), GPU991 (espA-deletion mutant) and GPU92
(sepL-deletion mutant) (B). Mice were inoculated intragastri-
cally with 10" CFU/kg of the respective bacteria. GPU96MM was
used as an antigen for the filtration ELISA to detect antibodies in the
fecal and serum samples of mice. Data show the mean + SEM of §
to 6 mice.

HAK (GPUISMM). espd REERB (GPUI) B
TR sepl REZERMN% (GPU992) HRICHITHHMEPHE
M & IgA AEMOKERFESD : 10" CFUKg O
GPU96MM, GPU991 35 L T} GPU992 %~ 7 A (ZHEfE L 7=,
HERHEH R L 1gA FUEMEORREETNIZ DOV T O
% Fig. 5 1T,

EEDPEFHBERIIANER (Fig. 3) L RIERIC. GPUISMM
BEMOHEMRA SN0 L, GPUM9L 5 L U
GPU992 i3ESLMZilk L7 (Fig. 5A), M IgA Bk
fliix. GPUIGMM % H:FE L7z355. B2l HE» L LR
L 28 BURBICEBEZR L=0ics L, GPUIL LW
GPU992 O TIXHUERMO LR ITH b Ad -7 (Fig
5B),

GPU991 5 & Y GPU992 {THHE N M LT IHE T D
ZEDL KRICABRZEZROHME B L LTEHOKV IR
LERORMEITo 7,

espA REE R (GPUSIL), B4 (GPUISMM) M
BIEE B L UIERBUEIBEE 11D5208 kD R UEEREIZ
L B®a 10" CFU/Kg @ GPU9SMM % 1 [E&H BT 1
Mids & (2 4 [EHERE L7-, F7=. GPU99I, GPU9I6SMM JfNER
FEFIS LU0 1ID5208 & R 4 EIHFE L, YIEHERE D 28
A% oML LU P HEE fIE L,

GPU96MM % 4 [EIHERE L7-35&, B8 11, 15, 20, 23
BIr26 A%ICENEN LT OET L, 28 HEDOAETF
BT 2B TH o=, LIzd->T, ZO7N—T 3L
DIFEFTMHHHIERLT-, GPUISMM % | BIERELZHE

(GPU9SMM X 1) B L' GPUI % 4 [EIHERE L7546

(GPU991 X 4) DFEFEh eI (Fig. 3) & Bk
2, GPU96MM X1 TiZ 28 B#% F THEAHBE DS
MBI OLNT-DIZHR L. GPUII X4 TiE 4 BIEHEOZNE
N3 EBICIIHENEREOHENL A LN ZThEh
O 6 BEIZIZE L <M L (Fig. 6A),

FED IgA FLAEMIC OV TORBEE Fig 6B IZRT,
GPU96MM X | o>#E%E 28 B #% > GPUYMM (Zxt3 % (&
HoIgA BUAMEIERRE (Normal) 2t U THEICEHVWVE
#R L7z, GPU991 X4 I L T8 GPUISMM NNEASERE % 4
HERE L7248 (killed GPU9SMM X 4) DZEF IgA HiiAfh
X GPUISMM X1 {ZtE L THEBIRETH o7z, E7-,
1ID5208 % 4 EIHEFE L7255 (1ID5208X4) O 1ID5208 %
PR E U TRIE L PifRffii: GPU991 X4 I LU killed
GPU96MM X 4 &L RHRICBRED LA R H LN DB E 22
277,

M 1gM, 1gG 3 & U IgA Fiiklio i % Fig. 6C (27
T, M IgM 3 K 1gG Huikflid 3 ~ T OHEREE TR
EOELENHZ LT, M igA HEMIZ DT
GPU96MM X | Ttk L T GPU99t X 4 F L T killed
GPU96MM X 4 TIEVMEAM 2 A L7238 LI BEF Uiz,
1ID5208 X4 & M. IgA HFLEMDOA LR ERBH LRI,
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Fig. 6 Fecal shedding of bacteria (A), and fecal IgA (B) and serum IgM, IgG and IgA (C) antibody productions in mice in-
oculated with GPU96MM (wild type), GPU991 (espA-deletion mutant), heat-killed GPU96MM and nonpathogenic IID5208.
Mice were inoculated intragastrically once with 10" CFU/kg of GPU96MM (x 1), and/or repeatedly 4 times at weekly intervals with 10" CFU/kg
of the other bacteria (x 4). Arrows in (A) indicate the inoculation of bacteria. GPU96MM was used as an antigen for the filtration ELISA to de-
tect antibodies in the fecal and serum samples obtained 28 days after the first inoculation, except that IID5208 was used as an antigen for those in

the samples of mice inoculated with IID5208. Data show the mean = SEM of 6 to 7 mice.

normal mice (11) and from GPU96MM x 1 (**) at P <0.01.

PED X 5z, GPU991, GPUISMM MERFEE I L UJE
JRFMERGEE 1ID5208 240 B LR L7-BE& b EED
IgA FilEfR D LRITIZE A EHR N7z, —F, @H
IgM., 1gG B & U IgA Hifkiz oW Tid, GPUISMM D A7z
59, GPU991 B k. T GPUISMM MIZAFEEE & 54 i3RI
HARBETH D ID5208 DVTHOERIZL > THHH
Nz, EHEC OFE ERMR~DOHEE L IS EOHE

Statistically significant differences were found from

OBRE S LIZRATID BV THAEDELE~ T R
FROWIEREEITo 7,
Km AE~ T R sepl ER¥ (A6-E7). tir ERE
(G1-E11) BEW eae ERK (Aeae) XEMLIZBED
B~ U ARHAYELE L TBNEEERD S
B4, EHEC OBERNESFEMEET S Z L3 mbhTn
BUB) 2T, #EERFOREERKE BENICRGE
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and serum IgM, IgG and IgA (C) antibody productions im
mice inoculated with A2-F6 (control), AG-E7 (sepL-insertion
mutant) and GI-El1l (@r-insertion mutamt). Kanamy-
cin-treated mice were inoculated intragastrically with 10’ CFU/kg of
the respective bacteria. Sakai was used as an antigen for the filtration
ELISA to detect antibodies in the fecal and serum samples obtained 28
days after the inoculation. Data show the mean + SEM of 7 mice.
Statistically significant differences were found from normal mice at P <
0.05 (1) and P <0.01 (71), and from mice inoculated with A2-F6 at P <
0.01 (**).
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Fig. 8 TFecal shedding of bacteria (A), and fecal IgA (B)
and serum IghM, IgG and IgA (C) antibody productions in
mice imoculated with A2-F6 (comtrol) and Aeae

(eae-deletion mutant). Kanamycin-treated mice were inocu-
lated intragastrically with 10'® CFU/kg of the respective bacteria.
Sakai was used as an antigen for the filtration ELISA to detect anti-
bodies in the fecal and serum samples obtained 28 days after the in-
oculation. Data show the mean + SEM of 7 mice. Statistically
significant differences were found from normal mice (f1) and from
mice inoculated with A2-F6 (*¥)at P <0.01.

ZERER (A6-E7, GI-Ell 38X UAege) ITEBRBIBZEL T
HRE (A2-F6) IFIFRERE DR AT LI,

FEED B LU P EMORE % Fig. 7B, 7C. 8B B L
U 8C TR T, M IgA iRk A2-F6 /Lo~
ATIIBRH &N, A6-E7, GI-Ell X PAeae 2
Liew U A TIIRBENRD o7, @F IgM BIV IgG
P A2-F6, A6-E7 XX GI-Ell OWFhOEEk%
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BEELEBEb LR L, Acae ERL7ZBE. P IgM
UMD _EFITRE Th o 725, i H 1gG FKMITEHIC
ERH UL, 9 IgA Huikflild A2-F6 O CI3ERL E
ANRH NN, A6-E7. GI-Ell B X UAeae DOEERE TIX
LT ERA LB LARNS T,

ULEOEE L Y Km LB~ v X Trixt Bk A2-F6 DA
267, sepl BRI A6-E7, tir ERE GI1-E1l BL W eae
ERMRAege DWTHOBEERTERKLEICHIE) X
FER~OHEIEERT D EBHLME ko, MADE
HRBED SPF ~ U R CIHEERF 2 H T 5 EvkiTsEss
Bge L BETAKMEO LR T 2RMICHEAT DO L
THEERFERBERIESCHICBEANILHET S, — 5.
KmAE~ U A TIEERFERKCHRRREL, &5
W EERFEAAETOEK TIRAEMAS LR L THLBERN
DHIEKL L2V, SEMIIRE TH B4, AEKBE OB AN
HEZXD EBEND EHEC OHRICIIRAOELDHR T
IR TUHBRICIIBENORERBEORFIbRE N T
LETHT B, —H. BENTO S-IgA HkEA OFHIC
BL Tk, Km LB & > TRGMICBENICHFEL TH
BEAERTERK T IgA FAMEO EFHIEZORT, Zhb
DAL, EHEC O TTSS #4r L7-#EER~ U ABBENT
DFFRKERE S-IgA HEOHBEIILATHD Z LM<
AT B,

EHEC (3 HeLa i8S Caco-2 MR/ & D153 F A MK IZ
BEL, ano=—%FRT 5, Sepl EREG (KRR
¥ % GPU992 B L TN A6-ET) IXTTSS Ik %% R0 EHD
DUWICEEERE LY, ERER~DOESENHEET S

180, Espd R (RBIRICET B GPUL) TIXH /%
JHEEFBEIMBICBAT SO =— FAEEEERITE
RENT, BEFESHETE, —F, tir EREK (RBFE
2815 GI-El1) B LV eae R RIFFRIZE 1T D Acae)
I% Caco-2 MERRICR L T=— RAKRMESEEIC X ABAEED
BEEIIRT A5, Tir & intimin (Eae) OFENTERVED
ar=—OERBIO -7 7 F U OBERAONRL R
B9, ZDBA . eae ERBKIZ TTSS %41 LT Tir 2154
NIZBATESZ EBHMLATWSEY, LT, Zh
B ORRBEILTTSS 24 L 7= EHEC DB LR ~DBIE
HOBEB LU T 2 L OBEMBA~OBADOHRTIIBE
PMICHLRS R S-IgA kO ELERZFHETE S, TOFHFH
{Z¢X intimin & Tir DFEEBLBETHDIZLERTH,TD
RBAEICELBR COEE LEMRIC RT3V 7T NRE,
HDINIENITHEI S EEMROY A b A U EAD
RSB OFHRIBEE T 5 AREM D E X b D, EHEC A3
EEMRA~ER LERE. BEMRANO T a7 £ %) —
¥ C % NF-kB DIEHALS D3 L UMIIAN Ca2 BED LR
Vi L ORIBN Y 7T IARERBEEILEN S Z & oA
vE—aA X8 OEABEMTSZ EXREVERT
W5, ¥7-, Ismmaili ef al*Vi%, EHEC D78 MM~ DHE

FIXINODL T FNGES A — FOEHILICUAT
HBE LTS, EHECEFRO LD X SRy 7 VingE
HBNEIYA A A VEEBRTFRRN S-IgA HFikoE
EHDVNT [gA EAE B MR~DT AV EFATAAL v FIZ
BoTWEANIZONTRHAEORNBUETH D, Fi-,
EOBE LRMR~OHE L URERY 1gA HUAEL B
HEROBEREEFTE~DFR— I Z7OBEKIZONTH
SHEORMBLETH B,

LEEEREISE L LToOmS IgM 18X 1gG Hiikid,
GPU991, GPU96MM MZASER I3 & UF 1ID5208 %4k ViR L
B LS8 L UEERFEREK (A6-E7, GI-E1l B&
Uheae) & Km i~ 7 RAICERE LILHEOWVThOSHE
LFEHEIN (Figs. 6C, 71C B LU 8C). ZOFHHIIEHDME
B ERMIRA~OERIRFE Lo lo, A Z AR L
DOBED U BRI REE R Lo TED
., Z IR EERCER Y At MRS TEET 5%,
EHEC D8 THMA~DBAEL, 1L A LENY) b
BUVHEWEIL &N TE Y| EHEC BSEBAGKNIZEA
LCeFMRFICELFET IERIMENLBbn 3,
¥ 7=, GPU96MM INFASEE 39 JtE KRB EE [ID5208 (2 &
STHRFTHERAERFTEINZZ L2 6, EikdkOH
B M HIRICE » TAKRNICR YA h, £EHaER
BEE2BETHREERELONS,

A IgA BUEIC DUV Tik, GPU991. GPU96MM JEASE
B3 L UID5208 % 4% vV ik UHERE L 7235813 M 4 IgA Btk
BFEEIhH (Fig. 6C), Km LB~ Y R CEERFE
£k (A6-E7, GI-Ell BL UAeae) 2R LB EIIFHE
Eh7zh o7 (Figs. 7C B X0 8C), ~ OEEOEMITR
HTh 203 BEAICBIT 2B OFERTE LU RE
BROMBIZ L 2TEESE X LB, B RE 20
B, Km &F~0 280 TH, FLBOEKE LRI,
BHIXEWEBICESF T L 2R LTWE, —J, &Y
ELUEEORAIX, TOMERFMI/MBICEL, BBAR
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