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The Progress of Genetic-modified Pigs as Donors in Xenotransplantation
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Abstract

organs is the most serious impediment to the development of organ transplantation. Xenotransplantation opens the

Organ transplantation is an ultimate method for treating terminal organic disorder. Lacking of

door to solve this problem. Pigs are the most ideal donors whose anatomy and physiology are remarkably similar
to human. Genetic-modified pigs play key roles in xenotransplantation. This paper reviewed the researches about
the mechanisms of pig-human xenotransplantation immune rejection and how to overcome immune rejection, the
physiological functions of organ after transplantation, as well as the possible risk of virus infection which provide a

theoretical basis for xenotransplantation.
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1 RMREBENRERELS
AT RS B R A, e as B A M e f R I
NN 2%, FEAFE: BAEHEFR XY (hyperacute
rejection, HAR). S HE/+ 5 WV (acute vascular
rejection, AVR). P EHHIPEHE R RV (acute cellular
rejection, ACR)FI2VEH /%< ¥ (chronic rejection,
CR)%.,
1.1 B2 HER K& (hyperacute rejection, HAR)
TESE R 2% B A S e R b, Mg R AR
T B K P S HE R Y. (HAR) . Ji 1 2 e
SN, JEFRREARY) S 52 A M eI 5 £y #4224 h
PR AE IR e SO, RS R A4 Bk i O 25 D ER
PR AR e S 2 BH 2 AR A TG A AR IR B
SRR PR K PO IgM . TgGA) N 10
U 5 LR 88 B L A S 0 3 T R FE DR &5 5,
WomAMA R 28, T C5b6789 5 454 R FIT i 1) i 14
& & & (membrane attack complex, MAC). MAC
P oY o N AN T2 2 e N e > 4
YIS e R E E2Bv 5 Ul OY -0 (B =g S 0 i S N e s |
ML M bt A RN BIE R, W
B An MOy il . /MRS R B E Rl A% 1T

B EIREE 1) B T AR RSN, 45K 2 %
(RIIES L3 A0 40 P 2 TR AT EH - 1,31 FLBH 17 5 75 1
(alpha-1,3-galactosyltransferase, GGTA 1)1k = A4 1)
GalftJZ R A7 . BRIk, 0% (1) & B B R 3 AR N I,
GalHtJ5 R A7 Gal B HTAR TR 2 5| Ak S S s HE
¥, FEREA I

S HE R B Y S R A I B KBRS, H R
T A TR FUSs ik, T e R0 72 e 4y
ARG HEAT B DAME M, BE W] LAAT R0 BRI Bk S e
HEF SO, (R I AN S SE MR s B I D RE . BEAT Ak
PRI M FR 4 T AR A7 O B R AN i e e
W A8 7 10 R PR AR S S e R e ) i AR 22— AE
PR 35 NI AMACT 9 8 B AR B, AR ) AR
BN M R G U < AR A B, B ik
SN A . AMACTE 5 2R FH (complement regulatory
proteins, CRP) = £ i LU ] ¥ 11 sl 5 45 5 8 :UA7
fEv Z 5 AMAE A — 2R E A i 1, AR
K&z C1EY. I CcasiaEH. H
PRI SERF . Sp40/40 LUK 4 Ji JI5 % 1 F) 56 232 i ikt
I?(decay—accelerating factor, DAF, BICD55). fix 4

5 I (membrane cofactor protein, MCP, H[l CD46).
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Fig.1 Schematic diagram of hyperacute rejection (modified from reference [5])
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I S5 I P ¥ i 147 (membrane inhibitor of reactive
lysis, MIRL, RICD59)% . SEiEBH, #4545 7IrhDAF#;
FEDRE ) 4 B R A RN R KRB AR I, Bt
AL A K T IE 2] 139 d, 7R T SRR AR I 2
PEFE R SO, RSN SEEGIE I, [F] N ik hCD46 5
ANZK A 41 iP5 E(human leucocyte antigen E, HLA-E)
(1) o-1,3 -2 LK T i 7% I 5k AT e [ 5 T LA W 5l b
e T S s R SO AR RS A TSR
485 B, 45717 hC D46 KL U IR /O JIE A2 0 4k 9 114
IR AT AT LLA S 109 d'. o, 75 3 4%
A P (] BN 2 325 50 72 o T PR - AR s I v A A )
Y 72 v MRk Sk S e R A R B, T Menoret
AU SRR, [F I 258 hCD55/hCDSOf 5 K 4%
{100 JUE A 8 A A8 FH S o SR PR 25 A1 m) AR A
RN AFIE 6 d; Ramirez 25 1) SLB6F 5, #RIA hCD55.
hCD39H1 H-transferase ) % Hk s 10 I R AH 20 M 14
AR SR T Sk S SOV (R 1) 6

T R S s HE R RN 1) ) — N I AR R
o-1,3- 2 FUHE 11 5 7% B 55 DRI R 53, AT A8 I BFELIBT Gl
PR B A pe B ST )5 25 20 044 40 i %
B BARIRAT T 0-1,3- 1 FUBE 17 54 4% il o 45 47 55 A
i o P Bt DR o 1Y, i i SR AR R A TR Il
(zinc-finger nucleases, ZFN)k & & s J0id K14
2N IR T 4% T i (transcription activator-like effector
nucleases, TALEN)E A 45 & 7R 40 B i # hl £ A 7
AT 01,32 FUBE T i B I UL o7 5 DAL R Bk 1) e e
FEUO 2 S AR A A SIS — BUIE B, Gal$i i3k
P2 BR W K T A8 E AR TS IR, OF A
PR 2 S e HE R g2 AE GalBi R R A 23
ik 11 2t 5 DR o B b 608 N (1) CDS 5l [ I 0k
CDS55-59/CD39 AJ LAWY FEAR S Bl e Se 220, i
1T, Chen®5*4F GTKO/hCD55/hCD59/hHT#: 1 K%
BRI S R AL A s BT AR R,

PEHE S s B AL AR Im PR N AR AL T BEAR LA
1.2 2 EHE K &K (acutevascular rejection,
AVR)

AP I A HE R R VAV R) ORR 2 PE AR 1
i ES AL HE & 2 W (acute humoral xenograft rejection,
AHXR), — ARG JURERER W Rk 2B, M -R
KRR A B IS 1) 3 2ERErG™T . Ak
B HEF OV E 2 anti-non-aGal ik g &Pt i K AL
SRR R B A0 MBS A DU 73R8, RS A
W I A )T H I S 2 4 25 TR A AT R L
PRI A BRI, BB AEY) 520, b, Bk
Z RIS U], RSP Rl AT RES
TN B AN RS R

o IR P L HE R S N VAR 2, et gt
PRAS B N IR NP HTBEARE D, ol AR T 1, AT P
ISR ML R o0 a8 B 0 . Linf5PS R0, 7E%%
PR E — A N PR, &8 B A 5 wT
DRI ENIRANTE 5 SRRTE 3l k 2 2 K7/l R e Y
) o AR AR A I HIF 5 S s A 0,
031 5 0 P PRI R M I A R SR R T2
—, Bhn: CD47/215 5 75 2 a(signal regulatory
protein o, SIRPa)FJECAA, PH# 456 )5 REA R a4
JRL R M, 35 N CDAT (1) 36 BE DRV () 40 1 L7~ v] A
SEASHRHT LR AT R A TP R SEaG IR ],
XA REAT BE RS M AT LAAT 250 B3R ARR Sk i 1 e
JNE, [ IS AN SE RS 28 B D RE, S BRI R RS A e % 1
JFIR) AN I (1) S
1.3 2ZABaT%HE R K S (acute cellular rejection,
ACR)

Sk g e HE SR S Y (ACR) A F8 5 8% B RS AH
Jro R4 T ) e N . CD4A™ TR L& 1Y
ZEHE A AN M, 177 CD8™ T4 M AN 05 40 o e de 24 11)
BUN AN A . CD4A" T4 A 1 6 0 ff 7 A4 70 23 )

R E-RREHMFMBERIEER

Table 1 The results of pig-to-primate xenotransplantation

S W Z Ak TR I ] 222 SR
Donor Organ Recipient Time of graft survival Reference
hDAF transgenic pig Kidney Monkey 78 d [8]

hDAF transgenic pig Thymokidney Baboon 30d [7]
hCDS55/hCD59 transgenic pig Kidney Baboon 6d [12]
hDAF transgenic pig Heart Baboon 139d [9]
hCD46 transgenic pig Heart Baboon 109d [11]
hCDS55+GGTA1 KO transgenic pig Heart Baboon 28d [23]
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HE TP R A0 M A i F R B S N AR — R KR )
Vs rah, EVEAN 25 T g M S B R
VR AN R SO, B BRI B A At B
[F) 2T Ak, BKIULPA BG4 8K I BEA T 40 I A
R 4 O PR R

H a7, Bk g B e HE s s N 7 vk
e Rl S AR, IR R A PR
B 2% AT DU T AN MR vis 2 B2 T 40 M B 7= A2 1) H 8 I
N, S SRR B G RE ) . SRR, R ER
A 2% A A S0 5 4 259 — i A n] DARE K A%
T 3 R AL S WA A A B I R A7 35 N TR B2, —02
E S 28 B A% AR 11 ] IS B A T IR 20 21, mT BLAS
SR T M52 . YamadaZ:PUF: GGTA1 KO
(180 " U R f i 28 ) B R A BB B A P, 2 OB 43
SIAERE T 81 dFI 83 d, Ifixf AL K& T 20, 30, 34 d,
MORARH B . =R AR AT IR B i A itk
¥ ik 235 N ¥ FasL/Fas4y 1+, ] LARAAR S HE 7
SN, [ EANSS sEmide s B () Dhfg . WFFTIER, Sepp
SR B CDS 0 i B3 L TIbk 2 41 il (cytotoxic lym-
phocyte, CTL)4H ffd #5:4F H 1) & A= L2 CTLAH f 3R
T (1) Fas L5 $E 41 i 2 THI 1¥) FasAH B iR 51, 3@ ik Fasfi
IR AR 0 P S PR O TR, A0 R A M A A R
JIZET . Kawamoto S5 IR R R 5 40 i 3 1 ik
N FasL#l Fas7r 7, T T 1842, AifiHkt CD8 4
O EEVET A A= ) 4l e 2 A
1.4 2%HE/F K (chronic rejection, CR)

P& VEHE R ON(CR)— /e ds B M 5 8 &2
BAERA . R ERRAE RS AEAS B 10 B0 1M
Fe AN A, ()T Eqb, At . P2k
5 NAE [R) R B % HE 2 e R R A K R D
RE PR 2 B PRI R S 8 B R AR ISR D,
FAR RS AN 4

2 FMREEBEBNEIEDIGE

B T S B HE R BN A, I A Y ) R
W BB AR REEAE AR N IEH AR DIfE . JE I
JB BEHE B RS RS — R A R SEA I W, 4 (4
B AT LURHE IR DI fE, FEAH L R
firis Ko W LeeSEPIBFFUR I, K4 B B 2 d 21 1E
T R, B B D e R, AR AT IR i 52 € ) 48
51 SoinFFPI KIS IE W, % EAS FE R DI fE LA, K
AR B IER S AN R KA, ATELEEA

YEFF 2B I I H AR, (BT — SN R D RESfE, Wik
PR e B A 7 T 1 10 AL, AT 7 Bk — 2B 9

3 RMBREBREAENLRERE

b A B RS R AR B R A AR A L Y
o) L, A 22 4 o) RN 25 2 o ey e A N R L A
T8 LA B4 3 G 8 FA) PN 050 s 7 R 5 B N R DR 2
X NP A5 T A8 ) U SR VA AR O, R 4 B RS R
S AR N AT B M A

YA M E A9 7 (porcine cytomegalovirus, PCMV)
SR LN F L0 7 . Mueller55* T 58 A 3,
TEXE AR A T, Rl 2] T PCMVIFE G, 3
BRI h T Bk N w3 B ik A,
Z0AE TG 78 995 )i (specific pathogen free, SPF) 444
BIRpeiksh Y, BIFR A B . TR TG L R
PAAF R I AR S P i AA, DAORAIE A4 2
JAYLA

e N B IR as S AELAD VR B AR N TR0 B,
AR IR L 5599 B (porcine endogenous retrovirus,
PERV), PERVF%4U$5PERV-A. PERV-B. PERV-C
=R, AFAE T A A B A A SIS R B, AR
SIS A H SR NOD-SCID/M A A I T PERV
O, (HEAE M AR N B ARSI, B
R, Clémenceau 5 IR AT UL, B2l #E 212
B G AR PERVIFIEGY, 1H Specke?s 1)
SCRAIEY], PERVAEARSM NS E RN T LU N
HIANAL. PERVEMR N IE A5 2l g N A0 b w221k
—DWSIN . AT HCR RIS B RAR I 24k, W]
DA RNAT-PLH) 7 iR PERV (R IAH0, - Ak,
FIFJ ZFN, TALEN. CRISPR/Cas(clustered regularly
interspaced short palindromic repeats/CRISPR-associated
protein) S FE B A MR K PERVIRTE5E
DRIZHL AR, g X I SO PO U RS —
ARG RS o

4 HESRE

AR, A B MR T A% B ik
Jie, AERE 2 NP 2 R IE A IR K 1) — Bk 2k .
ZFN. TALEN. CRISPR/Cas®:f Ik K& T 211
L, R TR RE M RCR, A E G T8
B RS IR A L R v B A T RE TR I TE B . HLT, S
REHEF RNV ATI AR A 57 Bl 2 o RS A 1) dee KRR, TR Ik
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M55 2 SIS — AR R S AR Ty S e A
— MR R e e PSR B A . SRR RS R o
—ANHERE R S s R IR A . HT, B
AT DIESE L W1 (1 PO 5 AN B IR 41 1,
N T RIS 2, f s PR
SR AU BOARSKAS I (1 NP 75, sl 8 3 A
PRI Rl LR SR, JE - AR s
B HE R BEH R AL AR B ) AN A, AHSCHT
[INAZN K S T R AR R R 2 A% D) S, RN AR T
T AR RN, S S b s R AR A0 e PR DR 25 57 A
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