Transplantation Now

it AFEFE

2004 vo17 No.s
Japanese Journal of Medicine
BAR(-3-5-7-9-11&[/10R) BE 1028

Al &l

HEEH L
T I8
a2 4 b

— 678 —



SHOBHE VOL17 NO.5 SEPTEMBER 2004 625
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DNA vaccines in controf of infectious diseases

DNA 77 F itk sz 69, MRAMGEZBNICERTELI ENE, BEEY
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FOFRATFEES LU Y 4 L ADBERRORICIIERERENLRELDIOT, &
e DNAZZFrOfSEns. AT, DNA V7 FrOEEE REEERT,
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1912 4 A & o X [E @ CDC (Centers for Disease
Control and Prevention) @ 7 7 F {EfEATfE O R |
FERFERDOLENC I NIE, B+ (BHIKEER)
3T A5 100%, Y72 FUT, BRE AV
TA, BEBIIHTAIHRIO%ULE, LT,
BEOMIHTA2SRIZI%LETHE. L2L
ahit, 4 X, I )T REOERRRYESE
TR rFridnwEiREE LIRS, T
BHOTFHICER SR TWS BCG DB AIBH
AFHMIBEMA I TY S,

L), TollBEHEMNIIO(ONRTELTZF
vEHEET Ty, PRI IF R E)LRIE
OB, BEMHAELYBRILSELDI
GBS e U TIFR L 227 2
FUA IV HFHA T 7 F R E)VHFRRS
naECIZRELE LALERFEELNE B
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F1 BAOUSEIZI0T D DNA 7 2 F 2 O R CEBR)

ikl DNA 7 F A s’)tﬂf CTL® &M&
2 ¥ S fcdid 73 [Fegil]
17N LR NP, HA. M1 + + +
mv env, pag. ey + + ND
e RN PP S Il T § o + ND +
HXWT AR gp. NP + + +
R i) CcsP + + +
JV—=2%av=7 an63 + ND +
LS AL HSP65. Ag8S + + +
BRIBFRY A LR HBs, HBc + + +
CRIFR> A LA A2V ATYF + + ND
HEiAL~RA L LA gB. gD, 1CP27 + + +
LI AN A L1 + ND +
HTLV-! env + ND ND
U NIRRT A LR NP + + +
Bacillus thuringiensis PHE% o+ ND ND
Mk~4La7sXv ND + ND +
BF7AH OmpC porin + ND ND

ND ® not determined

#£2 DNA VY FrOBEREBEEIITHR T R

mEE DNA 72 F s3a—FTaHKE PifkEE CTLOE N
HIV{FB5) env, gag. rev @ + +
HIV{(i&#F) env, tat, nef 7z & + +
B RISF4e £ v A (FBY) HBs + +
B2 A LA (FEE) gp. NP + +
4 7L 4 X (FE) HA BT Firp
25 TEB(CFH) A4 FFEEEH(CSP) ND +

ND : not determined

ETRRBECERENSTF LAV TG,
IZENRTWAIIEdb 6T, ThodiRidwy
TR F B aERIR TR E RN
25,

HIV, CRBIF#74 VAHCV)ZEDY f VA
DB KR BXUREE R EoMERN
FHEAORIIIINT AL, Mtk
HTHL. LaL, BEfRShTnwarFr
O THRERELASTAL0IBCGND L
ARFPHEED IFVICELATEY, ThiksE
EFLEIRICOUREEE DTS, k2
RESEOFERTCRERLEEELRZILAD,
Ty F oMkOHENBIR OGO HERT & v,
Y, AXTADF LY A ERBHBEEOR
KitAbARTR LS &3, TAEBCHL

vy,

FEE, DNA 7 7F koAl 53 ket
RIERRINHETERI LG, BHETSF
VI RbLERTRERT I F L ELTONREE
H£HTW5S,

DNA 77 F ri3& L OREHLER LRI
BRRERENL. Waff 543, BB~y ¥ —%
YRV -LETKEBEFGBICHEAL, RASHE
HIEERANL. ZOEE arviuo—kL
TR & — D& (naked plasmid) EHE L= &
25, FRIERLTIADPHRICRE~N, ¥—H
ROBZTRAPERLE. ZOHRZZT, w
LODDHIRT M—Th59 4 W ABEERBIT B
TZAIFEROABETLILET, £Ov A4
NALHTIHAOAZ L TAREEETAR
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(CTLYFiFST ook, BIUIRICE D RIRE
ML ENTEDLEF4LYY, DNAD2ZF Y
s A vt

DNA 7 7 F OB O A 6, N
P OMYENS O TR IThRTwa ., ART
B, ERRGICIN LI R RIS, BRERA
fibhTwatmerk2izi o
LRL7:3 512, DNA 74 F Ofefuddil
TEREDE LRI Z 0T, HRNFAEREDE, +
ThbHbHY, ##% <70 7HLMAT A%
HIEFIZE v, FIZRETiTdR T SRR
B(RD*ADE, HKOZ ELHHHIVEY
BIZLISE - WRARLEVY, ZO4YT
RO, “FEE-7—A b @Ik higf e
HREFELETELZEMHPILEBERT WS

{prime-boost heterologous immunization) .
DNAT U F I SRERNORE

DNA 7 7 F v DREFHE OB T T 0 EIE
WD RLB. EHEEIAE DT, BikikL
WEFHRICLHEREMIEND S, LD DNA
T FEORROFEEL Y, —BMICERTE
AL ABIRRA STV,

o ANIHET A A, KBEMUTAR £ Ao dRT
HEmiciEET 5. Zold, % bupivacaine
(RFTREFR) T3 AN T b3 w2 WGl
720, BEM(25% sucrose) I8 F R 3 FE2GR
LTHETHIET, 75X FOFEFHARA~K
NAABFLERDA2TEETTE. Shbiivwih
LAMEAEN S, TOEE DHIRSEAY
LEBTDNA(TIAI F)Z LMY AL EE
ASNRTWD, BiFEEIE—HEMBICIAZ 2, &
TR RSB F 220 2 2B, o7
LbEERESEY S Shiwn, 28203 6
HEMEVSTPATICTEST L 7202 9 A%, Mg L2
HENH 2007 A3I FORMYARAML W,

PLEDXSIIDNAT 7 F - OWPIRIEIEI
BEL T, BERERLAITbRwELWEREILE
v, & L < &, DNA Vaccine.com (http://
dnavaccine.com/) E EI 3 hizve,
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Sgpecific Lysisi(%)

Specific Lysisi(%)

E: T ratio

B1 Sk MEFHRECISTDNAY
SFrEREENRLTYADCILS
HiEtED H B

BALB/c ¥ 77 A {2 p9Im(LLO91-99)DNA 7 ¥ F
YS0up 3MERIELA(a). T RIZTHT
HUDNAT 2F v &2 g MIZFHRTHMELL
(b). B GHE2AFEIIGERAREEITL,
LLO%I-99 TS BMEBRTARML, hitx
77 ¥ —M, LLO91-99 %+ /50Z L7: J774 48
F(H-2) 2150 L LT @l Eis s it

BEFEETE, ERFIEE L m)IZT I A
IF&FTI—FL, WENTAHZAERAWTER
RORNTERCRLAL. ZoBE, %38
FLIw Yy ABECEETS, $C0CL 56N
TWARETHEOERZ, iEEceL T,
1100 ~ /1000 D75 R I FPRTCFA%SO%EF
BTEILHHE, —F, BIETHEIDETSH2
M,oF BHENLHREREN 2 RIAL -
T(Th) MR RES ML SXEFRE L ThHiTS
hat,

$HELIE, MBEASLENE T D Listeria
monocytogenes( LT, ) A F 1) 7 ) @ listeriolysin
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a: g &
FZAIF CD4
o
e )
o,  cps
po— ‘H\\* <> _ fggﬁ
*®

TR F— 1A BB Y o

b BIEFEH

O F5RT R

O e ﬁ

IL-12
MHC
CD40
CD80/86

BB

\ * R
/o FRY v :>0&5 CDs8
] ~B { !ﬁa
S5V N AR

c:CpGEF—7

\ 0 cD8
é T

Thl
CTL

2 DNAZ2F o THRI NSRS RELE O

O{LLO)91-99 # M+ 5 77 A 2 F & BALB/c
7 A (50 ug) L BIZTF SR pg) TR
HL, FHshacTLE#EEL: B
HRoNBEH, BHEETRBERIND CILIE
B X RO LNEDIIH L, BIZTFHE
TREZELTEHVWEEZF- A CTLAABRETS
Y. IoOREFLOFRANTI I F O TRLE
EThbI M Elw. LdoT, BE
L5i, boldOB/ETHRIZLIVDNATIF %
EWLTW5,

1. BRECLDIBEOARIZT A

MRSV -DNA T 7 F i X B Bk
2, BREHEIIR IR MR (APC) A A 1 %
HoTwa I LHMHELTWw5(E2a).

Cor 623, FIT7AHANEMEBIL,
JHEFOFIFHF ATy AERERLE Ch
LOITAIDNAT 2 F rapiELiLI A,
FREhACILIEESFF—OH2I R Eh
Twi F/ SIOMETDNAT 2 F v i
EE 10FURIHERONAEYRLTIR
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EEERBEEINLILFREIATHEY. &
iz, PR L desmin BRIZFOTUE
— ¥ —OTFHICHBs BIETFEHRALLRERE Y S
AIFEHELAES HRAMEBTOGRL
HBs idB AL T &7/ APC(HILMINR - DCHZ X B
mbhATh, A4 bATOIANA - TOE-F
—%BW/-DNA 77 F v EREOMRERES
BRTELY, Zof FEHDH I LW, Thik
OHEHT, CILLBHTE, wbw3 “cross-
priming” DINLEAED LR

IO A, HIETIGAME, SRR
FlIZRh AT AT T AR FREFOMBPNCHE
BAZELEL, ThEHANIKCEALTERDC
MBIy ARG, TR VAEFRI LARERER
HIFL% DC A*EL D AL A LT, HFEIE DCATY
bHWAHLMHC 7 9 A TEBEALT, ThElllz%
BiETALEZORAE. £/, cross-priming DR
FFRizE h CTL AR &, T @ cross-priming
X DCICHFREIT. {bd APCIZIZEED H Lk,
ZORRII TAP- IR EKFHRETH L EHBMOENT
Wwh,

DNAZZ2F (75 A3 F)ix, #hBHEH CpG
EF=T L EERBT T any MR ERTHEE
BH %o Twa, T4bh, [EHMEO DNA
12 CpG RRBMHENRL, LrdbIbrrDR
FAEIRAsBIZTMELh TS, JhiIHL,
BHSMOY /) ATIECpG DRBMEIRNA S
RTHEY, LELY Py i3 70~50%EAF0
LEhTns,

LI RSTHAEREZEMRL, DC B#,
w077 — Vi EIEIL-12, TNF-«, IFN-2/f %
Yo¥ {4 AL vEELAL MHCZ 7 X1,
CDR0/86, CDA0 DFEBLAMIMT 5. T DA,
Th#IfIE Th 25 s i, CTL @5 Eas s % {2
FTrEi6hB(E20).

EREA ) TDNA 2o BIFEIZ L D, CpG E
F—7 & LTHETDIRHELATNE vV7AT
11 GACGTT, B FTIRRIGTCGTT THLH I &dh
Mot Fh I TR AR Mo
Fickh, CpGEF—ZIIHT AMREEIZR
Toll-like receptor (TLR}9 2SMfR L TW 2 Z &A%
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HLTw3Y,

2. BEFEEICLIBEFOA D=L

BIEFHRICEIADNAT 2 F Yy OBRETIE, #
BIZTEET A APCTH D T w7 vy AR
EHEDNATZFyHHRAENRDLD, F57N
Ny AMBITRB LR Y ¥ EICRBTL, &
BRATTHRRIRERE2T2L:E20605(H
2b).

LCit & & % & CC chemokine receptor (CCR)
ERBLTWARYD, REFIF /44 FAF
BEETACCRDY F Y FTdHDHMIP3ail &
DREICTZM—FENRDB. LIL, woltA
“danger signal” (ZL DEIRTHE, ST
AR CCRT # AT H. TOVH Y FTHD
MIP-38(B X U SLC) i) ¥ N OB E /N
BIRICRBLTV 270 Y Y 3mcBirs s,

BIEFH TR Th MBEINRRMICEESh S
ki LS. CoBRRE, FFAL RN
HES 7Ny AMRICEASR, TLROIZ L
AEENRANRATILDLEEZ GRT VS,

CEER=FONATYFL T

74 W AOBM S (FRNER), #SEd, v
AT, YLELTFREOHBATAEHEICLS
B, EUHOREACKT Ak N T
b, BRMEEORAFLEE LRSI LR EL
Mo TWA, F7o BRI LERREL
EOEMOMBEROFEBUILL>TRED. ¥
ANR, Wiy FT7, Bl EOBRENIITE
T 54O LTIHCIL 2%, N, YTt
5, LYFE9EORBAICETFET S b0
LCiETh EB5MGEE LTI Embh
Twna, bHEAAERBL XSz, REMCHFE
L 7298 RS LT it cross-priming @ A # = X
LT, CTLOLATHTH b,

b oAtk REOREHBRIEO LS
LLOTHHH M

Thl1 fifald, ~27 07—V ORBREL [FNy
LETHEDAILICLD, ARAIIEHFE LMK
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a
DNA CTL epitopes Restriction
vaccines molecules
p9im LLO 91-99 GYKDGNEYI H-2K*
p60 217m p60 217-225 KYGVSUQDI H-2K*
p60 449m P60 449457 IYVGNGQMI H-2K*
B13 JAFYTFIHTECTLHH
b RDNATZFreEohbitloaT
Naive '———i 1 Eﬁﬁéﬂ%ﬁﬁkﬁiﬂﬁﬁ
4 a: YRAFY 7 OHK R
L.m.imrnunized} CTLTY =7 LI nZRBBT S
) . DNA 77+
PO1m/pB0 217m/p60 449m D——I b:3fimCTLAERBDNA 72 F
d kBN RF) TIRRERERE. )
pim |—-| AF)TEEIHEOMRICEITS
- . B (CFU EMEL .
pe0 217m [ | Naive : BFRET T A
- L.m. immunized : Y A7) 7TEB R
P60 445m ::)—u - 7Y X
: *P< 001 *'P =002

CFU / Spleen

T T T T T T T T
0 10600 20000 30000 40000 50000 40000 70000 BOOGO

(Yamada Tetal, 2001 L b))

Rt atELLNTWS, CTLOT AL
ARBAARI T AR RIZOVWTREFLZ ST,
ey 4 L AOWFOYTH L EMN BT
niE, TANABOWEL LY 4 v AHLER
HOSH, BIUFho2E4 LY A VAT
o LI EIATREE 2L, UL, HIBOBHE
BREITHD )

R 2 R LTI IR 2, HOTE
FHRCRATATRENR S L. CTL DHF T
LTz o0WitEdsH 5. —oHI, CIL
WEAETE o542 MENEIEHE
CRITL, ARAFEERERETS L) Bk
THaY, ZoHW, CTLICL b REAR 2w
FTAHZET, HHTECVEL, fHRICAR &
HEERBETHL. 0L HMERNTER
IBELTWANIZOWT, EHGRES A—
Vv IR THIRSTH 5.

HE 51, BMORFESICE CTREBHIZL
FEaCTL I Th M EEEICRETEL T
¥ F—7DNA72F vOEx{To7. T}
— 7 DNA 72 F o gidiEsic, sz
2= FFTADNAZZF I bENICHNRE

AERNTILE(ChREOHMBR T oL
Yy rERAEFvTL, HFI{ZEIN-TOHE
ol HnkELZLRE), BXUHETRRAL
LTHWLEELRELHRTEL L EEHITS
ha EiokBEELTIE, MHCHLA)Z A 7
KIG LAY P72 HELZFIUTE ST, |
Hidtiixdd,

T¥ b —7DNA 77 F DR EITI 128,
MPANSERE LTYAF Y 72w 208
ML, OB ORREFHICI CTL & Th #182
DB ERTH 520, FattREL By
BT FYONBCHLTVEINOTHS. YA
FU7IREEMROGRIZAL L, LLO 2 45U
TAHZ L) EREHEE LARA~BITT A
MafFoTWwh, ZORDHCTL & Thl MHOW
FHBEELLNS,

1. CTLEEEEDNAT 5>

CTLIHEMDNAT 27 F 2 EBT 72012
i, BEHHEEOS B MHC 7 F A LA~ TF
FERRBTAL27IA3I FERHETRIEL W Y
A7V T OBEHIEE L TIHLLO, p60{murein
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hydrolase), Mpl(metalloprotease) A% &1 & #L T W
S X6k, B3alifdy ) e H2K i
DNA T Fr&ER L7, BEANZI-LLT
i, CMV 70 E— % —/ T N —% 352 pCl
3 1AYAS

T, EHOAMELAMEIE, MEEMA
BEoaFroOfAHEORWTH 7 p91 7
F A3 FTLLO9-99 % 2— F§ % DNA R
FAFEROL D (Eolw) & 2 F v A (ML
BIIEA S5 0(poIm) 2/E5 L, BALB/
T AMH)EELALEZS, IFVEESS
b DN CTLERERT ChTwa I e
ML, 5602, p9lmid CD4'T MBHLIEIREE
IS CTL 2/ HT 22 Ldthh o2,

E3aizix, VAFYTIIT S 319D DNA
FrFUBRLTHE RS FMEFHRTE
L, CTLAEEELZEBELZEZS, pIIm>
p60 217m > p60 449m TH o7z, ZOHRLY,
LLOS1-99 2 b S A ¥ =7 TH Y, p60
9457 HHBRIV  V—TThHLI ENFNHEL
Fo. STEFLEBMELY, K F—-TIH
T2 CTLHOTFHRIFEL I Edbhoiz,

¥ 7:, CTL A58 RRIIRSBABIRE & — 3 L 729,
BleEkh b2 &2, Tho3MEODNAT 2+ %
FIEFIZRIEL T, FOREMHAER p9Im Hish
OLOEBA P72 (R3b). O LI,
CTLAHE T 2 F 08, mLEHLZIE R
— 7RI T+ EESAE oD T L 2K
T 5.

2. ThEEBRIDNATVF 2

CTLEMRI s+, CTLZE F—7D 3
Frémieipicfia s, BIANRY ¥ I
ATAERNTHR TOH-7:. THIZH L, Thil
RS UK DNA 7 2 F » OfFSUI T 2 8 /2.
MHC 7 5 ANEEHOThZE b =7 DAL R
BtA75AI FCRTVERE - (5T
Ehhols, THIZMRITATIE =742
R A28 KORGTho7. FI2C, ThT
Ll N A WP o VRl e i B o 5 5 18 1
2L, MHCZ 7 ANEEMICHELELZLE2L (A

SB®EE VOL17 NO5 SEPTEMBER 2004 631

ARHERIIED . BENICTAEHGH) %
4= Ve LTHVSLZ LT ThRIBROREE
BRIy L 7.
FESGIHAMmMLERNTMHAC 2 7 A I 45312
SELTHY, HFITOCLIPHIBIIMHC 7 5
ADRFORTF FEGHEIEEG LTV, &
T, FELHIE, COCLPHEREThIY =7
EEHBL, TV b—=TEBHNCY S A TFTIC
HEBSRHILFFHAELLT. R4atls, ThEH
HMDNA Y 2 F rOfE%RT. REHpsl)
&) CLIP fHiR % H-2E* # &1 @ LLO215-226 i<
Bl Zh# C3HMHe w7 A (H29ICHIEFH
THRIELZZE TS, IFNy 2 EET L5 RE Th
MR E ST A LN TATY,
COREIHLVRTFEER LS. 2¥L
b, A LALH)ICHEFHIZEADNAT 2 F
ORI Th MR 2 BRMICER T L L 3f
MLERTVELLTHE BELIRDNALIE b
—~ T F RN EREFRATLA7 2 F /K
L.APCIZE o> TRRENERFF ¥ /MHC ¥
DEVPENEEFELTVWE THRBLEL 7Y — D5
VRIEIE, Th ~0 Y7 PR ET O Lt
Z @ Thl Ml AN —FLT, DNAT 2 F
(pCI-mlip41-LLO215m) iE Y A 7 ) 7249 % 1%
HeBHEIRE R U A5 ) 7 LW RIE (Listeria) & B 45
DUALECHERT LI EHTEL(E D).

3. I +—7"7749F - (polyepitope vaccine)
MR LRI IRZE P —FDNAT 7 F YOR
FiE, FHMHCHLA) ¥ 4 JIZIB Lz E b
—FOrFrEREL HEMTOHLA AT
#REL, MSLTZ7FyFERLLTE L
LhnEnHS PRI SHL. IhERBTSHE
LLT, BV =TI F v HH B,
chid, ETEF—7DNA % ¥ »F Lzt
LTREBEXZ S —IIFALLLOTHE., @
BE, ST br—7HREBEZECLIUHEEN
LABRRIZHAT LS H5vEE{ZD
TEERFEFEFET Y b= T RIEEET B HEN
ha Fl EXEI=TIIF UG —ED
MHC # 4 FIIHIBEL2EH A VADIE b~
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PKSAKPYS QGMRMATPLLMRPMS
| CLIP region |
1 \ / 192 255 279
' e
NH2—| lip41 . coo
a LLO215-226
SQLIAKFGTAFK
Spleen Liver
8
10 108
. $ to . : $o
1674 H [ ]
. ? ? . 107 ] ? . §
. *
31 UG- * . [108? ° .
1w Y ?
© . . s
105- : 3 105- [ ? *
: * $ . -
1047 » .T F 4047 'Y r
[ ]
10— 10 %
2 1 5 3 H g g & £ &
T & =z ke T & Z 5
T (o] ~ & Q pur}
g 4 g 3
3 I
E E
b 4 ]

Ha ThikHBMDNATZ F ¥
a: ()49 CLIP Hil % LLO215-226 (H2E' i) IS L7 DNA 7 2 F

¥ (pCI-miip41-LLO215m).

b: TODNATZF¥Izk3 ) A7 PREESEEOCME, FRCHT 28N

pCl: N2 & — -

Naive : k=2 A - 2 FO—)b. Listeria :

TDNA Z AL TREESSIFEIHREINT
w3,

4, IV R—FDNAJIF DHR

MHC FF~OARATF FOMEHNELED
7DIZ, MECHFXRT LTV A— E%%mﬂ
b DIEBERT ARAITHOATHE. Th¥
ATTHIRTIE Fb—7E L ThEiddis, T
HiBL 7y —~0EMEETD, THROKRIE
HEBmHBERABTORTVEY
HEOFEEMHCHTOYATIZLOT VA

ar b=, pClmlipdl : RENRS 4 —2 03> FO—.

VAT THEERE

—BEIHHLTwEzS, RBEHERIZITI
ENTELY, BEOHBERIAITHEFLETDH
n, fTE-CE2v.

ey

;UR7U7%Eﬁ%#¥UTtLi :
VB DNA OF L

DNA 77 F 2 3E L EERRA~NEAT
A2, MEAFEBHORGEHRTFYVTELT
VB HENRR SN T WD, Shigella flexnerit®
B X U Salmonella typhimurium®™ 0 32 F 2R bR
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L MHcou, 0
4 T Class!

it

G kS

o e T/

B fIRNFSEESF Y TELADNATZF ¥
33tV EAT, 3b, ICRYAFIT, FARAIILL DNA 77 F OB RT.

A ORRANRS ¥ —%ffis/zDNAT IV F
ZH/AL, BWIEETLZIOTHEL(RES).

FLEFTEZESYYTIZLSER, BEQ
faoRRIZCIYATH, THOA XL
LTHIRAAN, £LTHRICBITLTDNAY 2
FrOREFRANXTbOhAZEELLNDL. —
K., DAFIT, FEHERER>CHRIIZ TR
=TT LENTFsTwL 0, £ZTDNA
Do rERBTLEELZONS, FEFHLIL,
S. typhimurium ¥ x ) T EL7ZDNAT 7 F ¥
FEBL 228, MiREBYOBRRGOR LD
7z

% & D S. typhimurium (145 F O APCIZELY 3A
Fhizoh, ARATHEL DNATZF Y2
¥ a0, &5, BRICKEY & TRt
HEH Fh FILEHNEXYYTELTAHY
BELPSHTTAIFILDOEHEAREMET
LA HENEA S B,

FIT, EHEGE o ABMHMRATEY
ThHhHVATF)T7ORIEKREF YV T ELT.
DNA 72 F 7 & FHMAPCIPRICHEAT A Z
EEEBLZ. VAFYTIRERISHBEITIAA

BIITLIEDS, TrUTELTOHENRIW
EEZOGNL GFHEUVAFITHRELTHE, LY
F— ¥ - F VY (npl, actd, pleB) # REL T
FEVAFUTHERAVE, JhIZYVAFYTE
MRz (U AFITFIERTET 7 —-TDY
T EF(PLY1S) O LFilZ actA 7B E—§ —
PELZTSAI F)ICHEHEOETELR W
TH 5 Apg85A, Agd5B, MPT51 % a2 — F¥ 24ft
ZFEEAL, Ty boRL—Ya Y TillAL
7o TOHEIBEIV AT THRE CSTBLI6 T A
RS Lo E oA, AHEIERA Th HikE
DFIRI LA,

/o, MELILIZ, Thooy s+l
nbEBEHIcHT SRR MELFT AL
12, MPTSI BAEBEHEMETH L L EHEEDS
MELHTHRALL. 0775 REOKSET
T, HMEEOBRREIIEREEEZ ChAHE
F—I TSI A T2 B o
FHIITHTHATREELH L. WD LB,
I TAENT 2T ThHABCGIREDE
BEIOWTERHMD D, RETREHAIATY
v, BCG ORI 2wWT—F L - BRI,
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ANRETO AN & i T () Ok A
Thbd, LIPoT, BCG L hdHEHLRT 2 F
CORRBREELRMO—DTH 5.
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INFLAMMATORY BOWEL DISEASES

Evidence for the critical role of interleukin-12 but not interferon-y

in the pathogenesis of experimental colitis in mice

KOTARO TOZAWA,* HIROYUKI HANAIL' KEN SUGIMOTO,* SATOSHI BABA,}
HARUHIKO SUGIMURA,S TAIKI AOSHIL' MASATO UCHIJIMA,' TOSHI NAGATAT
AND YUKIO KOIDE?

*First Department of Internal Medicine, tDepartment of Endoscopic and Photodynamic Medicine, *Second
Depariment of Pathology, SFirst Department of Pathology and \Department of Microbiology and Immunology,

Hamamatsu University School of Medicine, Hamamarsu, Japan

Abstract

Background and Aims: The imbalance between helper T (Th)1/Th2 cytokines has been observed
in human inflammatory bowel disease and various animal models. Because interleukin (IL)-12 and
interferon-y (IFN-Y) productions are known to be a hallmark of Thl-dominant intestinal inflammation
such as 2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced colitis, we strictly addressed the roles of
IFN-y and IL--12 in the development of colitis, employing knockout mice with IFN-y receptor (IFN-YR)
or IL-12 p40 gene disruptions and mice administered with neutralizing monoeclonal antibodies (mAbs)
against JFN-y or IL-12.

Methods: To induce colitis, 2.5 mg of the hapten reagent TNBS in 50% ethanol was administered into
the colon. Two milligrams of rat anti-mouse IFN-y mAb, rat anti-mouse IL-12 mAb, or control rat IgG
were administered intraperitoneally into mice before TNBS administration. Change in the body weight
of mice was evaluated and the degree of inflammation of the colon of these mice was investigated his-
tologically. Immunohistochemical and immunofluorescence analyses were performed to detect CD4™T
cells, macrophages and IL-12 in TNBS-induced colitis lesions. The profile of Thl and Th2 cytokine
expressions in colonic tissues was examined by cytokine-specific semi-quantitative reverse transcription-
polymerase chain reaction (RT-PCR).

Results: Single rectal administration of TNBS developed significant colitis in IFN-R™ mice and anti-
IFN-y mAb-pretreated mice, as well as control wild-type mice, Conversely, administration of TNBS
produced no signs of colitis in IL-12 p40™ and anti-IL-12 mAb-pretreated rnice.

Conclusfons: 1L-12, but not IFN-y, plays a pivotal role in the pathogenesis of TNBS-induced colitis.
© 2003 Blackwell Publishing Asia Pty Ltd

Key words: interferon-y, interleukin-12, 2, 4, 6-trinitrobenzene sulfonic acid-induced colitis.

INTRODUCTION

Inappropriate CD4 T cell response in mucosal immu-
nity is considered the cause of two forms of inflamma-
tory bowel disease (IBD); ulcerative colitis and Crohn’s
disease."”” CD4 helper T (Th) cells have been divided
into two functionally distinct subsets; Thl and Th2
cells, according to their cytokine profiles. Thl cells
primarily secrete interferon-y (IFN-Y) and interleukin
(IL)-2, while Th2 cells predominantly produce IL-4,

1L-5,1L-10, and IL-13. The difference in cytokines pro-
duced by Thl and Th2 cells is believed to play a pivotal
role in the development of IBD.! Accumulating evi-
dence has suggested that Thl cytokines predominate in
Crohn’s disease,** whereas Th2 cytokines predomi-
nate in ulcerative colitis.!

Recently, various animal models of chronic intestinal
inflammation have been established.®® One of these
models is based on the local exposure of murine colonic
mucesa to the conrtact-sensitizing agent, 2,4,6-trini-
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trobenzene sulfonic acid (TNBS),® which is a covalently
reactive compound that artaches to autologous proteins
and stimulates a delayed-type hypersensitivity response
to the hapten-modified self antigens.'” This TNBS-
induced mouse model of chronic intestinal inflamma-
tion shows several features that are consistent with those
observed in human Crohn’s disease. First, both exhibit
transmural and granulomatous inflammation with
infiltrates of macrophages and T cells. Second, T cells
responsible for both diseases secrete high amounts of
Thl cytokines such as IFN-y, but low levels of Th2
cytokines such as IL-4. In addition, several mice in
which the genes for IL-2, IL-10, or the ¢—chain of T-cell
receptors are inactivated by homologous recombination
have been shown to develop spontaneous colitis.”® An
imbalance between Th1/Th2 cytokines has also been
observed in these models.

IFN-y production is considered to be a hallmark of
Thl-dominant intestinal inflammation because IFN-y

may function in numerous ways to affect inflammation, -

such as augmenting the production of pro-inflamma-
tory mediators by activated macrophages, inflzencing
cell trafficking by regulating expression of adhesion
molecules, and altering the permeability of the intesti-
nal epithelal barrier.'! The potential importance of this
cytokine in the pathogenesis has been further suggested
by the finding that neutralization of IFN-y by using
anti-IFN-y monoclonal antibody (mAb) significantly
attenuates colitis development in both young IL-
107" mice'®!? and scid mice reconstituted with naive
CD4*CD45RB"# T cells.!*

As IL-12 has been shown to drive naive CD4" T cells
to Thl differentiation and IFN-y production,''® a
direct role for IL-12 in promoting T cell-mediated
colonic inflammation was investigated in two different
models of colitis. Neutralizing anti-IL-12 mAb has been
demonstrated to abrogate TNBS-induced colitis®!’
and prevent 2,4,6-trinitrophenol-keyhole  limpet
hemocyanin-induced colitis in IL-2"" mice.®

Taken together, these reports suggest that both IL-12
and IFN-y play pivotal roles in the pathogenesis of
TNBS-induced and other Thl cytokine-dominated
inflammations. In the present study, we strictly
addressed the role of IFN-y and IL-12 in the develop-
ment of TNBS-induced colitis, employing both mice
with IFN- 7y receptor (IFN- yR) and IL-12 p40 gene
disruptions, and mice administered with neutralizing
mAbs against JFN-y and IL-12.

METHODS
Animals

IFN-YR™ mice and the wild-type littermates on the
126/5v/Ev background were provided by the Institute of
Molecular Biology, University of Zurich, Switzerland.
IL-12 p40™ mice on the C57BL/6 background were
purchased from The Jackson Laboratory (Bar Harbor,
ME, USA). C57BL/6 mice were purchased from Japan
SLC (Hamamatsu, Japan). All mice were maintained
under specific pathogen-free conditions in the animal

579

facilities of the Hamamatsu University School of
Medicine, Japan, and handled according to the ‘Rules
of Animal Experimentation’ and the ‘Guide for the Care
and Use of Laboratory Animals’ of this university. Mice
used were between 9 and 11 weeks of age.

Induction of colitis

To induce colitis, 2.5mg of the hapten reagent TNBS
(Sigma Chemical, St. Louis, USA) in 50% ethanol (to
break the intestinal epithelial barrier) was slowly admin-
istered into the lumen of the colon via the catheter fitted
onto a 1 mL syringe under pentbarbital anesthesia. The
animals were then kept in a vertical position for 30s.
Control mice received 50% ethanol in phosphate-
buffered saline (PBS) using the same technique
described above: The total injection volume was 100 pL
in both groups. All mice were killed 7 or 8 days follow-
ing the TNBS enema.

Grading of histological changes

Colons were histologically investigated on microscopic
cross-sections. The histological changes were graded
semi-quantitatively from 0 to 4 according to previously
described criteria.® Briefly, these were: 0, no signs of
inflammation; 1, very low level; 2, low level of lenkocyte
infiltration; 3, high level of leukocyte infiltration, high
vascular density and thickening of the colon wall; 4,
rransmural infiltration, loss of goblet cells, high vascular
density and thickening of the colon wall.

Neutralization of interferon-y and
interleukin-12 7r vivo with monoclonal
antibodies

Hybridoma cell lines producing neutralizing rat anti-
mouse IFN-y mAb (R4-6A2) and anti-mouse IL-12
mAb (C17.8) were purchased from the American Type
Culture Collection (Manassas, VA, USA) and donated
by the Wister Institute (Philadelphia, PA, USA), respec-
tively. Ascites were prepared in nude mice according to
the standard procedure, and antibodies were purified
using the E-Z-SEP purification kit (Amersham Phar-
macia Biotech, Piscataway, NJ, USA). Two milligrams
of rat anti-mouse IFN-y mAb, rat anti-mouse IL.-12
mADb, or control rat IgG (Cortex Biochem, Sanleandro,
CA, USA) was administered intraperitoneally into mice
1 h before TNBS administration.

Histological or immunohistochemical
analysis

For histological analysis, tissues were fizxed in 10%
formalin and paraffin-embedded tissue sections were
stained with hematoxylin and eosin using standard
techniques. For immuncohistochemical analysis, tissues
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were freshly frozen in Tissue-Tek optical cutting
temperature (OCT) compound (Sakura Finetechnical,
Tokyo, Japan). Five-micrometer cryostat sections were
fixed in ice-cold acetone for 10 min and dried. To inac-
tivate internal peroxidases, sections were incubated in
0.3% H,0,-PBS for 30min, and washed with PBS.
Sections were then incubated with biotin-conjugated
rat anti-mouse CD4 mAb, GKI1.5 (PharMingen,
SanDiego, CA, USA) or goat anti-mouse IL-12 p40
polyctonal IgG (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) at 4°C overnight. After washing with
PBS, the sections were visualized with streptavidin-
peroxidase (Organon Teknika Corp., West Chester,
PA, USA) and diaminobenzidine (Sigma) for CD4
staining, or with Histofine Simple Stain MAX-PO (G)
system (Nichirei Corp., Tokyo, Japan) for IL-12 p40
staining. The sections were lightly counterstained with
hematoxylin.

The immunofluorescence staining of Mac-1
(CD11b) was performed as follows. Sections were
incubated with fluorescein isothiocyanate-conjugated
anti-mouse Mac-1 mAb (PharMingen) for 1h at room
temperature. After another washing with PBS, the sec-
tions were mounted in a Vectashield mounting medium
(Vector Laboratories; Burlingame, CA, USA). A Zeiss
Axiophot epifluorescence microscope (Carl Zeiss,
Oberkochen, Germany) equipped with an HBO 100-
W/z mercury lamp was used.

Reverse transcription-polymerase chain
reaction

This method has been described previously.!* Briefly,
after extraction of total RNA from distal colon tissue by
the acid guanidinium thiocyanate-phenol-chloroform
method,? the RNA was converted to cDNA using ran-
dom hexonucleotides in 20 UL of reverse-transcription
(RT) reactions and then used for PCR, The primer
pairs used were as follows: B-actin sense, 5'-GCACCA
CACCTTCTACAATGAG-3'; antisense, 5-AAATAG
CACAGCCTGGATAGCAAC-3', IFN-y sense, 5'-TC
TGAGACAATGAACGCTAC-3"; antisense, 5-GAAT
CAGCAGCGACTCCTTT-3’, IL-4 sense, 5'-ACAGA
GCTATTGATGGGTCT-3"; antisense; 5-GTGATG
TGGACTTGGACTCA-3, IL-6 sense, 5-TATGAAG
TTCCTCTCTGCAA-3; antisense, 5-CTTTGTAT
CTCTGGAAGTTT-3', TNF-o sense, 5'-AGCCCAC
GTCGTAGCAAACCACCAA-3; antisense, 5'-ACAC
CCATTCCCTTCACAGAGCAAT-3"; TGF-§ sense,
5-TGAAACGGAAGCGCATCGAA-3"; antisense, 5'-
GTAACGCCAGGAATTGTTGC-3', 1IL-12 p40
sense, 5'-GGGACATCATCAAACCAGACC-3’; anti-
sense, 5'-GCCAACCAAGCAGAAGACAGC-3.

Statistics

Statistical significance was determined by the Mann-
Whitney U-test. P-values of <0.05 were considered
significant.

K Tozawa et al.

RESULTS

Role of interferon-y in 2,4,6-trinitrobenzene
sulfonic acid-induced colitis

In order to clarify the role of IFN~y in TNBS-induced
colitis, we performed a2 TNBS enema on 129/Sv/Ev
wild-type and IFN-YR™ mice. TNBS enema resulted in
body weight loss in 129/Sv/Ev wild-type and IFN-yR™
mice (Fig.1). Administration of 50% ethanol without
TNBS showed little effect on body weight in both mice
groups (Fig.1). Consistent with these observations,
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Figure! Wasting disease in 129/Svw/Ev wild-type and IFN-

YR™ mice given a 2,4,6-trinitrobenzene sulfonic acid (TINBS)
enema. {a) 129/Sv/Ev wild-type mice were treated with TNBS
in 50% ethancl (M) or 50% ethanol alone ((J). Some mice
were treated with TNBS after intraperitoneal administration
of rat anti-mouse IFN-y mAb (@), ot rat IgG as a contrel (O).
{b) IFN-yR™ mice were treated with TNBS in 50% ethano]
(M) or 50% ethanol alone (). The change in body weight
over a 7 or 8-day period of observarion was expressed as a per-
cent of the original weight at the start of the experiment. Seven
to 11 mice were used for each group. The data shown repre-
sent average values. The weights of mice treated with ethanol
alone were significantly higher than those of other groups on
day 3, 5, and 7 (indicated by *; P < 0.01).
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Figure2 Histological evaluation of the colonic tissues of 2,4,6-trinitrobenzene sulfonic acid (TNBS)-administered IFN-yR™ or
anti-IFN-y mAb-pretreated wild-type mice. Hematoxylin/eosin-stained colon cross-sections of TNBS-induced colitis in 129/Sv/
Ev wild-type (a) IFN-yR™; (b) anti IFN-y mAb-pretreared wild-type; (¢) mice. The magnitude of inflammatory changes in the
colons was analyzed 7 or 8 days after TNBS administration. Original magnification was 85 x. Differences in inflammatory activity
were confirmed by histological grading of the colen sections. Colon specimens in 129/Sv/Ev wild-type or IFN-yR™ mice treated
with TNBS or 50% ethanol alone were taken on day 8. Each filled circle indicates an individual mouse. Data were pooled from

two independent experiments.

pretreatment of wild-type mice with neutralizing anti-
IFN-y mAb failed to prevent body weight loss as com-
pared to the control IgG-treated mice (Fig. 1a).

Histological analysis of the colonic tissues in the
TNBS-administered mice followed. Administration of
50% ethanol alone produced no or mild colitis in both
mice groups {data not shown}. The pathological fea-
tures of TNBS colitis in 129/Sv/Ev wild-type and IFN-
YR™™ mice were revealed to be essentially the same
(Fig.2). TNBS-administered wild-type and IFN-YR™
mice showed moderate infiltration of mononuclear
cells, frequent cryptitis and crypt abscess, and moderate
to severe loss of goblet cells (Figs 2a,b). Pretreatment of
129/Sv/Ev  wild-type mice with anti-IFN-y mAb
(Fig. 2¢) failed to prevent the development of TNBS-
induced colits as compared to the control IgG-treated
mice (data not shown). The major colitis lesion was
observed in the distal half of the colon.

As shown in Fig.2d, IFN-yR™ mice treated with
TNBS showed higher histological scores than ethanol-
treated control mice. Similarly, TNBS administration of
129/Sv/Ev wild-type mice pretreated with anti-IFN-y
mAb, as well as control IgG, gave higher histological

scores compared with conrtrol ethanol administration in
the same mice groups. We also examined whether a
TNBS enema induces hypertrophy of colonic patches in
both 129/Sv/Ev wild-type and IFN-yR™" mice. We per-
formed a TNBS or ethanol enema on 129/Sv/Ev wild-
type and IFN-YR™ mice and examined the number and
size of colonic patches in colon cross-sections. As shown
in Table 1, we did not observe significant differences in
the number and size of colonic patches in colon cross-
sections after ethanol alone or a TNBS enema in both
129/Sv/Ev wild-type and IFN-YR™ mice.

Role of interleukin-12 in 2,4,6-
trinitrobenzene sulfonic acid-induced colitis

Next, we analyzed the role of IL-12 in TNBS-induced
colitis. C57BL/6 wild-type mice showed significant
weight loss, diarrhea and severe colitis after TNBS
administration as did 129/Sv/Ev wild-type mice (data
not shown). Administration of 50% ethanol without
TNBS showed little effect on body weight {data not
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Table1 Number and size of colonic patches in colon eross-sections after ethanol alone or 2,4,6-trinitrobenzene sulfonic acid

(TNBS) enema in both 129/Sv/Ev wild-type and IFN-gR* mice

Rario of colonic patches
observed to no. of

Cross-sections

Size of colonic No. colonic patches

Mice type! No. mice examined (%) patches (m)* observed
IFN-yR"*+ Ethanol 7 10739 (25.8) 844327 4
IFN-yR**+ TNBS 16 18/71 (25.2) 102+20.9 7
IFN-YR™*+ Ethanol 7 6/35 (19.2) 114+24.2 4
IFN-yR*+ TNBS 20 18/108 (16.1) 103420.9 7

*Colon specimens from 129/Sv/Ev wild-type and IFN-YR™ mice treated with 50% ethanol alone or TNBS; *mean + SD.

shown). As shown in Fig. 3a, C57BL/6 wild-type mice
pretreated with neutralizing anti-IL-12 mAb showed
only a transient weight loss upon TINBS treatment. On
the contrary, control IgG-treated mice showed signifi-
cant weight loss, In IL-12 p40™ mice, administration of
TNBS, as well as ethanol alone, appeared to induce
only a small effect on body weight (Fig. 3b).

The histology of anti-I1-12 mAb-treated mice
showed less severe TNBS-induced colitis compared to
that of the control IgG-treated mice (Figs 4a,b). TNBS
administration failed to induce colitis in IL-12 p40™
mice (Fig. 4c). In addition, inflammatory activities were
confirmed by histological grading of the colon-sections
(Fig. 4d). TNBS administration of anti-IL-12 mAb-
treated wild-type mice and IL-12 p40™" mice gave sig-
nificantly lower histological scores compared to TNBS
administration of control IgG-pretreated wild-type
mice.

Infiltration of CD4*T cells and macrophages,
and expression of interleukin-12 in 2,4,6~
trinitrobenzene sulfonic acid-induced colitis
lesions

Immunohistochemical staining of CD4 showed that
CD4" T cells were increased in the colon of TNBS-
treated 129/Sv/Ev wild-type and IFN-YR™ mice on day
seven (Figs5a,b). In the colon of mice treated with
ethanol alone, CD4* T cells were barely detectable on
day seven (data not shown). Thus, TNBS-treated wild-
type and IFN-yYR™ mice appeared to develop the pat-
tern of colitis characterized by CD4* T cell infiltration.
We also examined infiltration of macrophages in the
colonic mucosa of TNBS-administered 129/Sv/Ev wild-
type, IFN-YR™ and anti-IFN-y mAb-pretreated mice by
immunofluorescence with anti-Mac-1 mAb. As shown
in Fig5c-e, Mac-1-positive cells were significantly
increased in the colonic mucosa in these mice. Few
Mac-1-positive cells were observed in the colonic
mucosa of ethanol-alone administered mice (data not
shown). In addition, we performed immunohistochem-
ical analysis with anti-IL-12 p40 mAb to examine the
expression of IL-12 in TNBS-induced colitis lesions. As
shown in Fig. 6, we observed IL-12 expression in the
colonic tissues of TNBS-administered C57BL/6 wild-
type, but not IL-12 p40™ mice.
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Figure3 Wasting disease in C57BL/6 wild-type and IL-12
p40” mice given a 2,4,6-trinitrobenzene sulfonic acid
(TNBS) enema. (a) C57BL/6 wild-type mice were treated
with TNBS after intraperitoneal administration of rat anti-
mouse IL-12 mAb (@), or rat IgG as a control (O); {b) IL-12
p40™" mice were treated with TNBS in 50% ethanol (W) or
50% ethanol alone ((J). Change in body weight over a 7-8 day
period of observation was expressed as a percent of the orig-
inal weight at the start of the experiment. Six to nine mice
were used for each group. The data shown represent average
values. The body weights of mice treated with anti-IL-12 mAb
were significantly higher than those of mice treated with
rat IgG on day 3, 5, and 7 (indicated by *; P <0.01). In IL-12
p407" mice, no significant difference in weight was observed
on day 3, 5, and 7.
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Figure4 Histological evaluation of the colons in 2,4,6-trinitrobenzene sulfonic acid {TNBS)-administered C57BL/6 wild-type,
IL-12 p40™, and wild-type mice pretreated with anti-IL-12 p40 mAb. Hematoxylin/eosin-stained colon cross-sections from
TNBS-administered anti-IL-12 p40 mAb-pretreated C57BL/6 wild-type (a) wild-type; (b) IL-12 p40™; (c) mice. The magnitude
of inflammartory changes in the colons was analyzed 7 or 8 days after TNBS administration. Original magnification was 50 %, Dif-
ferences in inflammatory activity were confirmed by histological grading of the colon sections. Colon specimens in C57BL/6 wild-
type or IL-12 p40™ mice treated with TNBS or 50% ethanol alone were taken on day 8. Each filled circle indicates an individual

mouse. Data were pooled from two independent experiments.

Cytokine mRNA expressions in the colonic
tissues of 2,4,6-trinitrobenzene sulfonic
acid-administered mice

We examined the expression of several cytokine mRNAs
in the colonic mucosa of 129/Sv/Ev wild-type, anti-
IFN-y mAb-pretreated and IFN-YR™ mnice treated with
either 50% ethanol alone or TNBS. As shown in Fig. 7a,
the expression of mRNAs for IFN-y, IL-6, and TNF-¢
was up-regulated on day seven of TNBS administration
in these mice. Interestingly, expression of IFN-y mRNA
in the colonic tissues was detected in both ethanol-
treated and TNBS-treated IFN-yR™ mice (Fig.7a).
Conversely, IL-4 mRNA expression was under the
detection level in all mice examined. TGF-§ mRNA
expression was somewhat reduced in all the TNBS-
administered mice (Fig, 7a).

Furthermore, we performed RT-PCR analysis for
TGF-f and IL-12 p40 on the colonic mucosa of
C357BL/6 wild-type, anti-II.-12 p40 mAb-pretreated
wild-type and IL-12 p40~ mice treated with either 50%

ethanol alone or TNBS (Fig. 7b). Interestingly, TGF-f
mRNA expression was increased in TINBS-adminis-
tered anti-IL-12 p40 mAb-pretreated wild-type and
IL-12 p40™ mice. IL-12 p40 mRNA expression
was strongly induced in the colonic tissues of TNBS-
administered C57BL/6 wild-type mice compared to
ethanol-alone administered wild-type mice (Fig. 7b). In
contrast, [L-12 p40 mRNA expression was not induced
in TNBS-administered anti-IL-12 p40 mAb-pretreated
wild-type and IL-12 p40™ mice (Fig. 7b).

DISCUSSION

IBD is characterized by the imbalance of regulatory
cytokines. IFN-y mainly produced by Thl cells is
thought 1o provide the main damaging effects by facil-
itating macrophage secretion of inflammatory cytok-
ines, because TNBS-induced colitis has been reported
to be associated with increased mucosal IFN-y produc-
tion .%%! A critical role for IFN-y has been demonstrated
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by neutralizing anti-IFN-y mAb in spontaneous colitis
in 1L-10" mice'? and in colitis of CB-17 scid mice
received CD4*CD45RB" T cells.!* However, we
observed that IFN-YR™" and anti-IFN-y mAb-treated
129/Sv/Ev wild-type mice developed TNBS-induced
wasting disease as wild-type mice (Figs 1 and 2). Dohi
er al?? first reported that TNBS colitis develops in the
absence of IFN-y in BALB/c genetic background. They
also reported that treatment of wild-type mice with anti-
IFN-y mAb did not prevent the development of wasting
disease. They showed that the TNBS-induced colitis
lesions were characterized by an enlargement of lym-
phoid follicles in the colon and that the inflamed colon
in IFN-y"~ BALB/c mice was accompanied by hypertro-
phy of colonic patches resembling Peyer’s patch, where
Th2-type cytokine responses are prominent.

We also observed that intracolonic administration of
TNBS was able to induce body weight loss and colitis in
IFN-yR ™ mice. However, we did not observe expansion
of colonic patches in the colonic ussues of TINBS-
induced colitis of IFN-yR™ mice. In addition, we were
not able to show the Th2-type cytokine responses in the
colitis. TNBS-treated IFN-YR™ mice exhibited Thl-
type immune responses in the present study: IFN-y
mRNA, but not IL-4 mRNA, could be detected in

K Tozawa et al.

Figure5 Infiltration of
CD4* T cells and macroph-
ages in the colon of 2,4,6-
trinitrobenzene sulfonic acid
(TNBS)-administered 129/
Sv/Ev wild-type and IFN-yR™
mice. Detection of CD4" T
cells in the colon of 129/8v/Ev
(a) wild-type and (&) IFN-yR™
mice on day 7 of TNBS treat-
ment by immunohistochemis-
try using ant-CD4" mAb.
Original magnification x 100,
Detection of macrophages
in the colon of 129/Sv/Ev
wild-type;  (¢) anti-IFN-y-
pretreated; (d) TFN-YR™; (e)
mice on day 7 of TNBS treat-
ment by immunofluorescence
using anti-Mac-1 mAb. Orig-
inal magnification x 100.

colonic tissues (Fig. 7). This discrepancy is possibly due
to the difference in genetic background (BALB/c com-~
pared to 129/Sv/Ev) rather than the difference between
ligand and receptor knockout mice. In fact, it has been
reported that BALB/c IFN-y ”~ mice induce Th2-biased
immune responses to Leishmania major infection,?
whereas 129/8v/Ev IFN-YR™ mice induce Thl-biased
responses to the same pathogen.* Dohi e al.?® reported
that the number of colonic patches in TNBS-induced
colitis in C57BL/6 mice were smaller than those in
BALB/c mice and no hypertrophy of colonic patches
was seen in TNBS-induced colitis in IL-4" C57BL/6
mice. Therefore, the increased number and hypertrophy
of colonic patches may be associated with the Th2-type
cytokine responses, but not with TNBS-induced colitis
itself.

Qur results are in agreement with those reported by
Camoglio et al.?® which demonstrated that 129/Sv/Ev
IFN-YR™" mice showed elevated Thl and undetectable
Th2 responses in TNBS-induced colitis. They showed
augmentation of expression of TNF-oo mRNA in splenic
cells and caudal lymph node cells in TNBS colitis-
induced IFN-yYR™ mice.

There exists the possibility that mice with IFN-yR or
IFN-y gene disruptions show immunological compen-
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