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1%, Galili FIPA$235 % 2% 8 - BAR S R R A=
WrkESC Bl Ti%EUA R E ko 8. anti-Gal & 5| % = Ff
BarkHE R R EERE, BRRILENT FH
B RMARE TERZINR, SRBHEPR
PG5 F Bz

(7o) FRYE% MY EE (20 tH22 90 AR5
£4)

23t 100 RAEMES, SFRBHEPIIEA T
RIEM B, BT AABRARL, —EPPREOR
G R Ya R 1 TR RBIR, R EFHmIEARK
kP T 5.

SRR E.OHEMREE L HHE. i, A
RESTHARE “DABE AL , ZEREIN R E
F AL — L, TR A R 5 DB AE SR
A, 7ESRPEBHL I RIT R B 2 AT, T
#iTE B, RN RRE EAEETERE. KK,

SRR IR 1 A 22 4 ARG AL 8 N\ AT TR b i e PR AR
W, BeOh, o T, SR TREHE R GR
RIE, A Re B A s S m Ak HsoE, R
Bh RR R A E R, X SR R IR R A
(O ) R RS . SRR R RS NS B,
WE k4.

ERR . SRR KK G 2R P
BRI 28 Bk IR, A BN ERGR B 5 H LS
RS E L T A%, SARMFBRERE/D, B
DAHAR (28 iR A BEIhREIT LT A2, STRATE Ttk
HER R PR AR AR . (H R T i a2 P fa B Fne
FRAEHBREN, LA R BT R R e A (R O B
Rk, dEARK I E B INAAE T HOM kK 5
FREH G0k 3% T AR IR, (B 5 N o BEAR{DLME fE 3K
F R B DL RE o A F S AP R AL S R B FER R B . B
B 5 B EINA AR A R KL EE T A R
SFBHEMMA, Ty, BRAREZHE
thth. OFFEER, MHMIEHE, 5 THEFEHEA Ol
etk hiaE, BAORAEESR: OB L
bR AR, BEFREATERScEfEN, @ ANEHk
B9 % E T REME IR/ s O U K I Zh i R4S B
) AR R A0 (BB 1 O B 28 B ORI 3 KRR
3. — RS RERL AT, “RHBZEITTH
G ERIRE T va R s =R TR AR ] A B A
REREAT, AT, LU FE R AR ER ST
OB E B, SRR R R T
Ei—%, HatEHERR R, B2 A 5 A
9 4 ) P PR S RS R K e

=, BERBEESHBETHNLA

i, PHAG SRR HE 90 K R 1) b SRR ) A
B aaHER R M. BT REEDEAN BRI
o-1, 3-Gal {9 5 Bk KRB, " ARG
ZERETHMAENKME LR o-1, 3-Gal U, B
IERME RN AN, SEBk M R L, (ESr PhE
B/ INGE A B R o, K PR I AR TR A
FEEIPEAaMHER KM (hyperacute rejection,
HAR) , {EEER WA A, SRR
R B ECh T % 8 & Fhil i AL B G BR o -1, 3-Gal,
XNA HAmil s &ML G HAR 4%, 1988 4,
Copper i it HT (A W B 25 B b b i N BLRE XNA J5,
B DR A BB B 35S, AU EA ThREAFiE 5d,
HAR J 7 B e Bl (. 0k42 . 1993 4E, Leventhal E37%% -
I 00 IO A A R RO I, P R B e 7 TR 470 1) 2 0
MAMERIEYE, BB HAR, (EBE.OMEAFET
68h, 1994 4, Pruitt ¥ 55.OMEFB M BRI, 7E.OMEMK
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SPFHECE AT, 2B A S A el P TR A MR 2 1K
il T HAR KAz, &5 B 76 Al ik 90h, X7
LR A R 2 NIERRCR, E2 240%| HAR, &
T ET B INUMIIT B . 20 fih2d 90 A, Bl
HREN TR R, B T &RER TR
EHI/NRE, (ETIP HAR J5 S T EKED,

(—) a-1, 3-FAEHTFHEEE (a-1,
3—galactosy transferase, o-GT ) K&K il
3 (GTKO %) {esRiEr PR

2002 4, Science i Til#ii& T FEFEE NFHF KM
R 550 ok A% A 2 A8 T Bl O 1 2T Mk AR e 0 A7 R FE
M, BRIIEE M T GTKO ¥, b {8 it [ &
WA AP IRE KT g RA L o -GT & H K
i, RiEdd B AR S AR S5 T
BRI B A &, LR BB E T, K
B o -GT — AR R KIGIRIRTE . BARIZHE
DRl R B o PR R BR T O R B — A o -GT 2ERfif
R HATLLERR R RARDURIN RS, Ak
i HAR 47 & 7 22, 2003 4£, Science #i FI| X % & %
[E] PPL Therapeutics 2y [ Phelps 45 A9 #F %5 F PA B,
I T R RARDUFE R o -GT Gahil S5 {7 2 RO
BrigsabEss, BN4ifA F GTKO ¥, X &Pk & HL HAR
HFE ESC R, WE B EBe SP P Cooper PEIR 1L
“1X A A SRR R BT 2 e A A 1k e K T
BIRX AT REAS 23 A FRATT T R D ) R i 2 I A
£, HRRER R ATRER AL FHI T, X&—Kk
KELHIATdE, CHRDEREENTHR R,
FEL 2% B B Z AR A mT DL ot 3 2% B (A Bt R i 13- 3
T MR ettt IrR T —R5IEL GTKO 3 A fik ik,
Wb h A A B S R O R B R A SR 08, R T4 ANk
FEMIMEITEE R, 2005 4R, 36 [E K & S B B Y Kuwaki
% GTKO #5.U e A R 5 8 Rk, IRt
a-1, 3-Gal fRE BB OIS 2 RBBkN.
Ja#& {E 20min N % 4= HAR, 1fi$%% GTKO 5.0 ME/)
WA AERERBaEatiERm kA, E8 R
%5 GTKO .U IER b, 3 & Ol
{EH ), Bl TRk REmEi ., Rt i, 5 57E
16d, 23d, 56d e LA & IRFE, A 5 BRI
FLONEAATE T 59d, 67d, 78d, 110d. 179d, P %,
BT Ji DAL Ay i A P G 1 57 95 5 B A 8 AL O P J 0 ke if
PEHi{5 . Yamada 451 F (IR 70 H A4 GTKO $ E 4 A
BN, [RIRH IR FSHE T A0 i 48 16 Mo R 20 40K 1
T T 4l szmt sz, wieatkmEEHER RN, i
BB KAFE T 83d, BIHRER L, WEHEER, &A
HEAHERIER . st /N R B A 3ot FRZE 4 1)

5T At B P HE R ORL D 2 4R G i HE R RO

HhG¥#EMRE, BR a-1, 3-Gal HiJEsh, LA
HAbAE Gal Bl S bR eS| % GTKO ¥4 - B4
IR SR R, BrABHE S 7E 8 ~ 16d
B HER . (B4 T iz hmblfg, babdHER
B R AT SE AT A, X 1 B GTKO 5 ' Ik i kR wT
fee H T Nk itk i B e S/, 0 T 40k
R SET T il i vl kR e R . BT A
MFZAEA R KL RN TAA KR ERIE o-1,
3-Gal R&Pufk, {44k Gal PR fndEdi Gal $i
RIEIMGI A R, A2 B AT SRR A B2 e
IR PR

C 2 B ARMATA Vi F1AE /RS 1 5
FRE R

B FFR R ZE S, EiMEREIR A A
REfEAE AN R KLtk N R AEVER , Rif T B4 B bR

FMAE R GEAE AR AT 0 S AP HE R B R b R
B g% i e, R RIBR PR 5 RERPLIRSE &
BOEZ A RGN, HAMETATE R (complement
regulatory protein, CRP) ANfgKifE R K 2K a4 th ik
By, e X@HAEZ—, BRIKAWHIL,
fJ %2 2% hn# K] + (decay accelerating factor, DAF,
CD55) . &7 & [ (membrane cofactor protein,
MCP, CD46) Fi[&lJE4IK - (homologous restriction
factor, HRF, CD59) 5 AfJfMA ARG HAMZ: —H
ZAMAE RGLELE, SENFE AT A i R MA T TR
AREKIEFMEEE , &Y il .

W4E L ERFREEE R, 1995 4, McCurry JF 44 B
54 hCRP Zfd 2k (A 5 A /N BYSE IR R, A 2o it 2
PRl R A (o /N B 5 2% 0 AR A R AR N P 4 AR B 0 1y
fie 1. McCurry #9870 I N B 41 i % 15 hDAF i1
hCD59 R AR/, PRz R RO A 3
BiEN, RIGAHBZEMEIZS, Hd 2 GO
A&l AHGE LA /N, B R T, H81%
AR, 3 GBS HL.OIER R 05 R iR, Bk
KB HAR k4, R4, SE S KF /) White /v
kT T AL BFZE 45 . b ] 5% Th Hb K hDAF 45
MO AN IR BIFRIE, DAL R R.OE
IO I 55 7 A S0, SRR B O NI i 1
PR T HCE KA R GEx if E N B di R 55 I RE ) .
2000 4, PEPEY Ramirez &5 White &1, LL% hDAF
RS A bR, SChE T 2 (505 X 3 b 1 J5 6 S b T A 4L
298, ARG 2h BT 7R b A L e A 0 B 5 ) £ 4k
BEHE, RHEBBOEMIGEEAKE, H4ERER
HEREER, BHEFES JIFE4dF8d, K



KA att RIS, ZMREY, ARK
2§ 5 Wy F5 H #% hDAF 2[R 3% WO IT A & £ HAR, H.
FEHE I U w76 50 9t N 47 3 72 0 RO BE M Th REFN R B
K. [Al4E, Cozzi % ¥k hDAF fy#% Ak R % & I
WA BRI B R N, RIGRA “Ifa s A+
Rk + BT MRl R, Bk K AEE
78d, 2001 4, Adams F[1 Diamond # 4~ B %8 /)N 40 15
B LAFE hMCP Y5 B R3S A Z R A =
OB LY, BHE.OMERKAFE 16d F123d, ¥/
HERERIAAEEZR T 8 EME. 2002 4,
hn4 K WesternOntario k2% & | 24 {5l %% hDAF 3t
A% B B 0 B B M L 08, BB ' B K A1 75d,
10 FlsE T 2 tEHER B, 14 BIZE T H b Kk 5. 12
it A5 P48 ¥ # & & 4 HAR, [Al4F, Schuurman 5 i
11 7T KA LY, K T 234 il ¥ hDAF 38Xt
RN RS A L, RS 11 B E % 2
AR, #E R4 T —F k£ HAR, mixt 4
I RAERA27%, EEKE SEREQHEST T 10 F
% hDAF £ [R5 .0 S B B 4 k38 . Raim2Br
Ptoo-1, 3-Gal frJi, ARfFMA “Kolg Bat + REEkE
#[H - +MMF+anti-CD154 #Lf + 3 + FFHE" B
ITHE, BHEOMERKAFE T 139d, 2003 4, XH
MayoClinic [ [z i McGregor [ ifi % hDAF % [R /)
OB A 10 BRI BEES, B 5L S Fh R L0
WA, RIERM “ATGHTAC+ B\ EE + =+
P CD20 ¥y +NEX1285” HILi & ok il €. %
HLOIEE 1716 76d, Bk A 113d, X 2ecib 45
ZW, EHRAENREANMERTREORMERIDER, &
AT HAR & AR 1735 0% .

=) #AZFHIENE GTKO /MUSE{E
SRR PR

GTKO %% e hCRP 4 [H] 5% i) tH 3L ¥ 6 A {1148
&, ®IEAEMR HAR oA AL, (HAEXMIEARKSE
AP ER SR T R, X PR DR 8 T 3 X S
P2 HE S A 400 551 2802 18 oKk B B AR KO . S RS A TR
GEHE R XA MR, W REL 7R A GTKO 5 it —

PR ESGE. Blan, UL GTKO #ohE R, ElbH
Bt b AT 2 R0 N R 2R R 0, Ak TR & B g2
B, MR EARDERES, B Rtak
MHIATT w1 REAR REF 5 b 52 A7 175 I ) A 0 IE
Z—. MIXFBRN K, 2ROMITEILERGET
R RBAFE IR G, HAhhiE i £ R E GTKO
¥k N A hCD46, hCD55, hCD59 % A b {4 I
R 4RR9 3 K, 2010 45, Mohiuddin % 4 i UL %%
hCD46 £ F ) GTKO 5 Ak, Bk A2 A H 22 fi
Sl OERE LR, RS %4 “ATG+anti-
CD54+CVF+MMF+CsA+Rituximab” {1 % 5 11 %l /5
21 “Heparintketorolac+PGI2” L &E1EIT H £,
PO M o A7 B (8] 24 60d,  if B A7 17 Bt 1] >
195d, % A& H #f GTKO % - 4k A R K % Zh ¥ i) 5 Fh
O NEFREHE ARG B A B K ik, R 1-1 B8 TIEMN
AR, AR R B /N R g 3 E N RK 2K 304 5 b
S EBHEM R R, BT RN, FHEREOIEE
B R NG R A B EE K, (BT, BAFERM
SRR R, WEHER . A THE P %
S HER, 15T ST 5% SOBE G R] 3¢ UG, WLAEK
NI T — LB R R KA, fBil4n, Phelps %
il TN IZd ik CTLA4-Ig A R, H4ah
K Hif) CTLA4-Ig n] 5% f& % 7% 4 K K 1 A9 CD80/
CD86 43 AHELAEF, A i BELIKT bk L 4 R 36 1L BT 46 75
H 3L RS SR s, 0T 4HiR A S R B,
Weis 98 T N 40 i %3k HLA-E F1 B 2- (k&
EEEREE . XA FH6E S A NK 40 A4 il
%2 & CD94/NKG2A £5 4, PFHIE A NK 40/t 5 4
K9 46i1% . Peterson S5 ARIIM A2 AT & H . hCDS9
F1-hCD55 Hy gmpd & F R S A SN, UAREDUEE
i FnHL R HI1EF . Choi %% A FasL & K 5 A /N FE
AN, & EE S FAS/FASL /v SRy 4ae R T b, 410
il A CD8'T #fiffa Fn NK 41 iz i 4 i & /£ FH . Dieckhoff
%5 %1 Ramsoondar %, 5 5% N i 1 [ e e i % (Porcine
endogenous retroviruses, PERV) fJ/hF4 RNA &
A/NEVEGR N, LABHLIE PERV BYus2ik, & 1-2 F15 5
S5 T AR B R SR 2 R B A W2 T RE

F1-1 HEEE - FARKEIVRMNBEBEMRER
WFRE Zz Zk E: g friEmtE (d) RIEIHNETT HE i‘iz
Ekser % JE AL GTKO W 2/ <1, 6 ATG+TAC+MMF+CS PGI2
oA ‘
JR L HF GTKO/CD46 %4k 8 {3 <1l,<1,1, ATG & Cyp+TAC+MMF+CS, Heparin,
B 4.75,76;,. 6,7 €L, CVE ketorolac,
PGI2




