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HUE, NEePhmid O, BP0, B, B2 &, s 2lEgscirbncB Y, 4 F CHRIBAT R HERN
LEZ DN TWEROEELE L L CEREREY 505, BHEIEROESLERDS, HEIHHI O,
IEEHMREEOW R, TAHEAOM LR LI X VIR EAS>TETHAS, LeL, bEbEOManrso
FERIE, FERBIERRIC X D UTRE & 2 o 7278, FUAESUIEIIHIFI 2 NIk L 215 3R o w2 L IZEDL D 1d %
VL OB, SRR ORIER & U CRRESE, BUERAEN S D, Blitko QOL DT IZH D
D, FOMRES E RS 5508 LT, LSe35 TV A DH K- — 4R HER
JEEZHE A (donor-specific tolerance induction) Td 5. N —I|Ixf L TR REERYEX, N —
figae o 75 S, TOROERT —YLEE LR WEB R EEEZ HIEE LTI s Tns
A, BERICH T & 2 LB SN TW L VOPHIRTH 5.

Z T, RIEEREADO—EN e L, BEDIEBEIIZE) S ERANOISHAN COMES, *
TZHOCHIERETH 5 1 BIHRIEOGHE & L T ORI CTORIEEFL AN BT 5 FREih 2 HE T,
SRR L R RT 5.

*—"7— K :DST, $tCD154 §iufk, N —4REAHEIEEZE A, Donor-specific tolerance induction,
1 FUBEPR, TS FEAE.

Abstract

Organ transplantations are currently performed in various fields, such as heart, liver, lung, pancreas
and so on. This therapy occupies important position for the treatment of diseases that we had thought
lethal so far.  Although the graft survival time is getting longer by the improvement of
immunosuppressive drugs, agents for organ preservation and techniques of surgery, patients still suffer
from side effects of lifelong general immunosuppressive agents, such as malignant neoplasm, infectious
diseases, that lead to decrease in quality of life. Transplantation tolerance is researched to solve these
problems, but the mechanisms of tolerance induction have been unclear yet.

Here is the general concept of transplantation tolerance induction, especially using co-stimulation
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blockade, and the problems for clinical application from the research in rodents. And more, I explain the
characteristic islet transplantation for type 1 diabetes mellitus, and current issues when the treatment
using co-stimulation blockade applies to this disease which is caused by autoimmunity.
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transplantation.

Introduction

TR I AE, B4 e, BIZIE, 4%
PENEERRLOARRE N5 B DB AS A, s T
VRS B IR, FFREZS - BERF 2212 BT 5 T
FoMl, AN 1 RIBERRIR 04 2 Wliei - WS
BAl, BAEITT 2B BAL L, 128V T
—ORGEIRE G E L TEER MY 505
L o TE T, MEHEE TRAEICBY
T, BECTORBMIIARANDRZOMENSTE
TSR AL Z 34 2 & TE PhEE LD
BUIBR STV /225, 2010457 A 17 H s
BAEOWIED S ), KADFEAI LT E %
Ced, HHIOEZDS EREDORENHIN
&, WIEERE DS O A Re & 7% o 7z,
Atk Bilges N EOREIIE L I2TIED 55
RE L TV EEZLND, b ) —DDRER
LT, EgBiHEE )L ey M, B
%= T AR & 7o 7259015 B I S 1L
A%, B S N7zhgeRid HLA I A~ v F o[
FATHY, s ORRREZAEFFT 5 7201384
W27 B EMHF OMNIRIZ L %5 “general
immune suppression” 2MAETH V), BIVERIC
£ B RBRYFEDBNS, B EY DAL ED
Nl —EDEH > T DLENDH D WD
Fons,

TN OMBERZERT 572012, DEirs
BFEZ RS STV 5 DY, BRGRIEEALEA
Tob., FMOEHET N =G LTo
ASIEEANT L, BRGYE M 7 &1
LRI B R 5252 L %, BRI
xF LTI RE 2 S 91, BEALFL
X BEFREENDL T EDTMOBEL 7 5,

T, NS LTHRIBH SN TWS b
DIE w2, <7 A % non-human primates”
IZOWTIIREA BRIIFERB I bl TB Y, FE

BTN 25 CHRE T RIS SEBRAS LT H T
w5,

ZITIE, IEEREADERNLERT,
EEIZDN DO NORZETITONLTWAE < T A
TOWgE, & 5HITIFBIRTOFERIZAIF 720
DAL E BN L 20 S, 1 RERIFOH#
ThHHEEBBMTOMEN L2 50T, 4%
DIEE % iR 7\,

Immune tolerance

TSR AT & 1%, SRIBEHIH 2 ST iawn
WKETL DY MAD FF—Igaah 2 Olids
DIRREZAEFE L 2D OAFEL TR B IKETH S
B, RN TORIERICIREE TR E < 2 2125017
55, —DId “clinical tolerance” (iR E
w) THYH, b9 & 2ld “immunological
tolerance” (FRIEFHIEE) THAH., TD D
EAVE RIS IEE CIREETH 5 25, EARNTIE
KELBENDET B, BIRIIES & I ZAMEN
(2 N —iger & W 2 MR S AE S 5 28,
regulatory T cell RHPHIES A ~ 71 A > Z DA
DIFSEFRMWHXIZLY, ZOREFIZ SN
TEY, FF—l#asL v Ex s hONEE TR
BEATHERF CE TV AIREZ 5. UL T
TIESINER LI, LY ED Y FOEENT,
TN D B4 B —as 2 W3 2 g
HOFEEL R, 2FDIZEC LA S LTw
LIKETH 5.

FRIRI B, 79 Vo ERTARLETH
D, D LOGIEFEN NG Y ADREIT K —
HAF N OBEEAFREEAL S 1, —FUS il
DIFHNE DD S,

T cell activation

FERER 2 | 0 B AR D LU CE B 1]
R L TWBH DY, donor-specific cytotoxic
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Tcells (CTLs) TH%. FHTIHLTOT
cell OTEMALIZ, FEBRIZIZL YD LEMTIEH 5
A, MHZIRARS &, B2 1S - 7280k
#lE 7 & @ antigen presenting cells (APCs) 77,
HIFEAN CRLEE L 72 - —&HO—#% MHC I
|Z antigen % MHC-antigen &K & L CTIR
5. FOBERITHERT 7 donor-specific T cell
. T cell receptor (TLR) &fias 52 L8
T cell activation DA% — s & 72 % (signall). %
DFEEIZE Y Tcell 225 APC £ CD40 & #%
A9 % CD40 ligand (CD154) 23 s b,
CD40-CD154 DA% co-stimulation T 5.
co-stimulation |2 & ) APC 12 CD80/86 55t
SN CTL EDCD28 Li#fEdAHZ LT, walk
T cell activation 258 Z % (signal2). ZD5E4
IEMHALICE Y, SESEREST A M A
YOBIAB Y, SISO MEE 72 SIS A
525, (Fig 1A)

Co-stimulation blockade

T cell activation % FIJH 3 % 5 TORAERIE
BB AN D H. 2T, LD MFED signal
105BZ 57205 signal 2052 1§56 FTHOED
B ChH IS EHES 5 2 & T donor-specific
CTL OIEMHALIZASE S & %2 ) anergy/apoptosis
1Zfand 2 e EZFJHL TV A, HEREE LTE
IfFE ST B DI, CD80/86 IR IR &
L signal 2 % [H53 % CTLA4-Ig &, CD40ligand
Td % CD154 [ ZFERAYITHE A L co-stimulation %
[H59" % antiCD154 monoclonal antibody (mAb)
M5 (Fig. 1B). #NZEIGH L~ A TEZRE
AZAT)WBFEAr V2 — & LTIE, BHR4H
% day0 & L, antigen & L T donor spleen cell
% day-7 IZHHIRN$%5- 247> (donor-specific
transfusion: DST) , anti-CD154 mAb % day-7,
-4, 0, 4 \ZJEN$SE$ 5 2 £ T, CD40-CD154
® co-stimulation % [fHE, APC 75 @ CD80/86
DOFHEIZ, step2 TieZ 74\ 2 & T donor-
specific CTL % apoptosis |28 X, LI ¥ b
WTO FF—~OLEMIZ HK S5 (Fg.
2).

Mechanisms of tolerance induction
using co-stimulation blockade

FEPRIZ< T AZBWTIE, FFLo DST+anti-
CD154 mAb D5 T, permanent 7 FALLE
BHRE O HRAZENTE, $/-EH
\ZUED BRI OEBEDREE 257, 7272,
ZFOXHZ AL T, S FEF 20508
BIGbNTWAIZHMDLLT, LA %
L, EFIZBWT, IFN-y OLENY %,
co-stimulation blockade |2 & % donor-specific T
cell 7R =27 CD4"CD25" regulatory T
cell DEEMY | TL-4 % IL-10 % & & v o 72 H)i]
WDHA AL L DOBEY D, TNETO
FECTH LD EINTE TV D, F0EER
A O LCMV #4475 cross reactivity DB & 7
% donor reactive T cell D b # 8 % | iR
DIFHEN DA Z E RSN, FEREITERIR
ST 212720 TEFEAROL Y EL Y |
® clean room “DFFEEOEEMER, LY Ty
kD Z N F TOHIEFIED T OIREYE O BEAE
o EORBEDIRR I N T N5,

Co-stimulation blockade % Fj\» 7z 602 %525
B, IRMEEICER COFRESIIRES L
BH, FDIOIE, TRTDRAHZ AL %W
LMTT B 2 EHLER DIZHEV W,

Peripheral tolerance &
Central tolerance

b ) —ODRIEERDHEE LT, “peripheral
tolerance” & “central tolerance” &\ Z3%HDY
HbH, ORFECELTAH40 [FIMEREER ]
& [THRMESREER] 125 ). NMERDOEIEDS
EFICECERE LT, HCLIFACOKFD
BELEH 2 HO L, GRS ES N L)
#i7 CD4"CD8" Wik sifaid v o 72 AN )
IVv—hENDH, ZLTHRENTOECHE L

29 Z & T positive selection/negative
selection |2 £ ), HOOPURIZIT 5 54 7
T cell i apotosis (ZFa ) , ZDEMRANTIIAFEL
Hl B, KA BB TENDWE L BHC O
NOWEL RO L Z LT, BEE, BIREE
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B Co-stimulation blockade
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Apoptosis/Anergy

Fig. 1. Panel A, normal T cell activation
Panel B, co-stimulation blockade

B 1 RIBEIRTG 7 & o B OB MR B DO FIE IS donor-specific T cell %% apoptosis T & 7% < HiJ5
DURD., \ZxF L C anergy 127 % Z & T tolerance JIKHE|Z

Peripheral tolerance &, Z DN TD o TWh, 2F 0 FF—lggsld o ng12 3k
selection 258 & o 72 I KR ICHI T & 72 HOTHAH. ZUIH LT central tolerance &
BEL ) NERICHT A tolerance T V), AR RN C R — 1203 5 selction BB I % b
IZ K F — 12X 3 5 cytotoxicy 1 3FFAET 5 A%, T, B L 72 donor-specific T cell 25RAY LA 12
regulatory T cell RLEIHIPES A b A A > O X WEHTZHWIREETH Y, FrH—EgdEC
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Treatment schedule
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Fig. 2. Treatment schedule of tolerance induction using co-stimulation blockade

RS NEL ) T TAEET S, EBRWIZIL,
AEBE D vy A0 AR L7229 2 TR
FlEsE BHET A 2 LW R, FoBRIEIC X
Y IS SF A 5 % 4EA 2 & T central tolerance
BFHFEINLY, ABIZBWTY, EEICHT
% {678 Ca B REC KA el A A % 520 ) 72
BEIZBWT, ML FF—200lE0ESE%
BB ZEDNTRETHAS.

Tolerance induction using
co-stimulation blockade and
central tolerance

ML AFAY % A 7 5 donor-specific 7 central
tolerance % FFE L, N —HRE 2 BHILE S
BOEATE D L350 o TRD0, MR
1% A 7 X graft versus host disease (GVHD)
DLHET, LYY bOEMFIZOEDY | i
JLiE & LT OE G~ ORGHRERGT, g o
5., 78T 72 %)) % S O Mk
&2y ba—VARETHY) , EEOHH
ELTITONTN 225, BB 720 D5
BIALIERR T3 fThbh T, £2 T4

D7 WV—TF1L, co-stimulation blockade % v 7>
A F VT~ A 12 MHC 5248 mismatch
DF R 2 AT VI F A 7 OV ZAT -
72. C57BL/6 (H2b) % recipent & L T DST+
anti-CD154 mAb |2 X % {A# % 17\ BALB/c
(H2d) OB Hli% 50 X 10°EAH L 72356, 1% 42
JED N — HRANZA KA IZ 13T permanent
IZAFEL (Tablel), & 512 GVHD DJkfES 7
<, BALB/c D JZJi§ @ permanent D% % 780
7212 (Fig.3). #DO%EES T donor-specific T
%V, third party T& % C3H/He] (H2k) D%
JEIZEHIR T S LAY, Z U, recipient/
donor combination % % 2. T b [AlEk DAEFR T dH
"), DST+anti-CD154 mAb 7% GVHD O 7
ISR F A T 2T E, N —5RIC
TEHllE#e 0 permanent 72 427 12 HH R IGHETH
HZERRLTWA,

1 BIPEIRAR IC & 1T BRIER

1 BUBERR IR L BIER] slow progressive insulin
dependent diabetes meritus (SPIDDM) 7¢ &28
HDHDY, W p MBI T BPUEDS, BALDD
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Table 1. Frequency and level in recipient mice treated with tolerance induction 8 weeks after
simultaneous bone marrow transfusion and skin transplantation from MHC-mismatched donor

mice.

Frequency(%) % of
Group Recipient Donor BM cells of chimerism chimerism
1 C57BL/6  BALBI/c 50x106 11/12(91.7) 1.07+0.68

2 C57BL/6  BALB/c 0/9(0) <0.10
3 BALB/c  C57BL/6 50x106 8/10(80.0) 5.79+2.64

4 BALB/c  C57BL/6 0/10(0) <0.10

allo-skin graft survival time on mice receiving
simultaneous BMT and skin grafting
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Fig. 3. Skin graft median survival time (MHC) on recipient C57BL/6 treated with tolerance induction
before simultaneous BALB/c bone marrow transfusion and skin transplantation.

JERCESNL L)1k, R Mo WA v A Y RYT H—FAY Y N TOR
L EBITA R YWEDTRD, Ahive LAk HIBR 7 & CREaIZIE 2 > N B — L OZE(L
SDA A v HCEN % L CIEFDATTRE D% LTh, HEIOMIMAE, FibEcihE
IR BIREECH B, HAH—ELU LA VA V55 S, T - SRR — DG L 0 . 1
WA Db e, A~5EDA ¥ A Y HEE RIBEIRIR A9 2 AR ORI L, Bdas -
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FRRFEREDSILEE L 70 BB O ClE— H TR
HERETHD L, —R R T O RPN
kL LTSNS A7 04 25, [k LS
OEWER, B pHla~OEHN 2B TR T
VI ETHAH. FEEBHIZE L TORER
HEOBES AT DN IZAER:, 2000 4£124 F 5D
I KE Y 2 CShapilo 5AATE A FEMH
L 2 WS A s L, 32 B> 1 BUBEIR 5
BEUEEBM T WS OREES KIS
SEAc N 4 B s i L SVZ8 NVARI A w I B | R D
THRIIIAE Y, BIE T 500 BlE v EEE
ATz, DAETH 2004 12 HTHKF
TIRAAEE 2 F0IC, BEEORMFAHRS 71 b
I— VOB L2 HETERD S OB L &
17625 5bhsz. Lo L, EofREs<c,
COILRNEYbY-TOPI—VEHEHLTY,
U3 HE, RIEIHIRIONIRDPLETH 1) &l
ERORE» S Ik SN nwZ L F22~
3T B L RBNEE O WA Lilkga >~ b
O — VA EEZ A ¥ A V3R T { %
D, MAEOAZE S IIBMEAT L D EEESNS b
DO, FEA VA YACEHPLEL %52
EREDG Mo TETCWSL, T2z, A VA
YHUEN 2O S TH, SREEHIBINR
BRIENTEE 5 EIED Y IE e\,

72, VRBERRIROEEIS, — I RUE R A
5 DI 21T > THIFH S N5 2 L AvED
LHILN TS, COBEOFREE LT 1 AE
PRIGEZ DRMNICAEES 5, B g AR IR
7 auto-reactive memory T cell DFFED B 1T 5
N5, EEIZ1EERFDOETIVYTATH S
non-obese diabetic mouse (NOD) T, DST+
anti-CD154 mAb |2 & 2 {63 ISR H O 751
MZEIXTE WY, NOD IZBI LTI, & F&F
T I R DY o THB Y | auto-reactive
memory T cell DAIZ L B TIE VT L1
3o TWAHDS, DEDDIFMED X =X LT
H DT EILEEV 72, non-lethal radiation 2
DNOD (£ DST +anti-CD154 mAb |2 & % {G# T
AR F 2 7 DIER TS, B O4E b A
5N,

HOSEERETH S 1 HBRRN DR

fllZ, naive 7 donor-specfic T cell @ tolerance
induction 721 T7% <, FCITAENITHTET B i
BHIFZIZA} 9 % auto-reactive memory T cell D
tolerance induction b %% Td 5. BIFEH TIX
ERBTTEEAOP->TBLY, 4HROEER
WgERRE e 2 6 & L B2, BRSO K E 2
BEL 2 ZUTREMEASE V. L LENET D R
LI EPTENL, 1R THoTH A~
) YHEEN PO S ND L L bIT, RE
I 2 L CRAMBEE DS L, SOIHEDHEST
DFEND e ARFER T L EREOEEEEL 2 &
WCELEIHRDLDTH D,

Conclusion

A A PR BREEE, EAORER, Yt
EDFEHOENL Y bHPEOBREEEER
EL 2 NELR S WEED Z W, L L,
FEBRBAEERIIT b TB Y, FEEORHEEE
FEDOYIEIZ X ) 41 0 4 F CULLICBES
oM RAEND, SFSEFLENICLVE
EHEROUFEIIHET L., EIHHI O% R
ZFNCHFEG LT L DIEEHEV WV, LAL,
BRI ORE R IREZ R &, %4
DRRIEPHHN ONIRIZLEETH Y, ZOREIWEH
DARZE—HERE T L, BARIEEREAL
B S N 5 EEHD QOL 2 F 2 12856, ZORE
MO OMERITEELZBETH Y, HEEREA,
FNO FF—IERN 0 ERE AR R T
N5, BEFOESELHEETLVWLDONH Y,
Rttt DR | B 2 g O FE R T L O
AN ZA LI EDWFEDHHEATND, THD
FFeDES & & b2, RIEEFREALDOMES,
YEDWIFIND. F72 1 BIBERRIATE D v
)X ICHORIERETH Y, auto-immunity
ZHT B OWBRHEORE L, LTIl RoT
(A, bILbNOFZETIL, regulatory T cell D
WEAS, ZOMMFITOEEREE 2R L T
BLAHEW A RIE L TEB DY, WIZEDFEEAIARE
&N 5. %72, DST+anti-CD154 mAb O i #
TEAE A 7% v memory T cell D{E AL
R OFEM 2 MET 2SHEDIE, v 7 AD L9 I
pathogen free 72 IREE T3 72 Wik 4 A DOIRIZ
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F71E9 A4 72 memory T cell O cross reactivity
\Z & A JEHO [, auto-reactive memory T cell
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