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Abstract

AIM: To establish the allogeneic animal bone
marrow and orthotopic liver transplantation
model in rats, and to investigate the feasibility
and possible mechanism of immune tolerance
induced by allogeneic animal bone marrow
tansplantation.

METHODS: SD rats (donor, &) and Wistar rats
(recipient, ¥) were randomly and averagely
divided into three groups and conditioned by
three methods. Group II Wistar rats (recipient,
%) were induced with sublethal total body ir-
radiation (TBL 11 Gy) and group III with TBI (7
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Gy), followed by infusion of SD (donor, &) rat
bone marrow cells (8x107) within 4 h, then rats
in group III were administered intraperitoneally
with cytoxan (CTX, 50 mg/kg) 2 days later. Then
three groups were performed orthotopic liver
transplantations using modified Kamada's two-
cuff technique in rats 28 days later. According to
the GenBank, the specific primer of rat SRY gene
was designed. Recipient rats were detected for
donor origin cells in the peripheral blood lym-
phocyte on day 10, 20 using polymerase chain
reaction (PCR). PCR product was analyzed by
electrophoresis. Delayed type hypersensitivity
(DTH), survival time and the histopathologic
changes in liver after liver transplantation in rats
were compared.

RESULTS: Chimera of SD rats was found in
the peripheral blood lymphocytes of the Wistar
rats in Group II and III. DTH results showed
that Wistar rats were specifically tolerant to the
SD rats. The DTH in group II or III is obviously
lower than that in group I (0.22 + 0.028 mm, 0.23
% 0.032 mm vs 0.71 + 0.026 mm, P < 0.01). The
rats in Group I died 4-5 days later. The survival
rate in Group II or III were significantly higher
than that in group I (8.14 £ 2.53 d, 8.33 £ 2.11 d
vs 3.79 £0.83 d, P < 0.01). According the Banff
scores, the rats in group II and III showed lighter
pathological changes than in group L.

CONCLUSION: Treatment of 7 Gy TBI and the
injection of CTX (50 mg/kg) plus donor bone
marrow transplantation (BMT) establishes a rat
chimera model successfully and enhance the
survival time of liver transplantation model in
rats. Infusion of the bone marrow cells might be
an effective method for maintaining the tolerant
state and for prolonging survival time of liver
transplantation model in rats.

Key Words: Bone marrow transplantation; Liver
transplantation; Rat; Immune tolerance; Animal
model
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Wi £#E

% EPittsburgh X
F 8 Starzl HF &
NS G E
2-22F 4 I A AL
TR BB
e, B AR
8 bt 3|
AR R B R M AT
BGmp, ¥ s
A A My AL 4
HEYZHARR
M g R84 K & AR
A CEBART
FR B s
w7 YA AL
S JE W oz 6 K
Fh, E T AR A
MM RIE B
(GVHD)# /= % .

SRR, AT AL AL FIT B AS IR
i % 6 7T AT R T A L)

FHik: HSDRK(S). WistarK A (%)%
= 1. NTaaflla, [AWistark &
(2)TBI(11 Gy), 4 W& Hr ASDX S 8 )BMC(8 X
107), M £aWistark (% )TBI(7 Gy), 4 ha A
SDX ( 8)BMC(8X 107, 2 & CTX(50 mg/kg)
MRS, =239 728 d5Kamada “ —4hE
%7 47SD—Wistar K RAT 4. 4% TBMT/E
10, 20 didiZPCRu &AM 11 40 4= [l 42 Wistar
KRR A HSD K RIRALY F & R4 FHE B
FRER=ZARATBHEARAE] wkEAFE, £
BRI A B R, VA RAS ML I 64 9% 22 AL,

HR: Nafella X KA wffkn HSD
KRFRBHE AR DTHRELERE = A
M2e XK A xFSDX A= A& gk dtz, Mafll
ADTHRERE £484 1 404:(0.22£0.028
mm, 0.23+0.032 mm vs 0.71+0.026 mm, 3%
P<0.01). IFBHAERET: 14/ Wistar
KEBAAMNSDR TS H G HErr i [ AKX
ST B ALY B & At A B 238 K (8.144+2.53 d,
8.331+2.11 d vs 3.7940.83 d, ¥P<0.01). 13
Banff £m#E %4, NafllabhizE(l
&), 1284 FE(MR).

#Zit: ©A7 Gy TBIHCTX+HEARBM T a2
3 SRR SR K RS R R, i T4
AR, TR ST BHEARE KR EFRIVA
2 A i)

X BREBE FRIE KR, REWZ; s
R

BfER, TUR, &I, SH, PETF, PR RE. B&EIK
ARSEBESSHBESAMS. BRENEIAE 2009;
17(9): 867-872
http://www.wjgnet.com/1009-3079/17/867.asp
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H#r, FFERE A (liver transplantation, LT) 2L A
TRIT BRI AT B ik, AR, AR ek
He 7 R N AR s B R R ) T B A, RS A
ARG BEHE R RN R A FRAT 0] ik 12%-34%.
N TR A B Z KSR, AMTEs
BN T S i AR I S A R Y o
T L [ 05 AL 47 1 B B8 40 P vo] DL B gt S AR 1) 95
ARG, 2 G AT R AL RS AR, 70T S 0

PR HLH.

1 #RRTSE

1.1 A 128 R A#E 8 SDRFR60 (8 fh4),
? Wistar K60 (¢ 521k, gLt sy
FEAL), MR RH250-300 g, fEAAAT AL T 52 4
20-50 g, RRT12 hak €, REAK.

1.2 7%

1.2.1 %48: ¥ SDR B M Wistar X i BEHL 5> 4
34, [A20 5, FEr g, WSDAR T 411
FHESDI.1, Wistar Kl [T 4485 Fxw2.8. 141
KiKamada “ —#iEL” {TSD—Wistar K
ST AL, 1T 4IWistar K RL( )4 5 A (Total
Body Irradiation, TBI)11 Gy, 4 h/5 i ASDA
(8)(Bone Marrow Cells, BMC)8X 107, 28 dJri
Kamada “ —#%&y:” 17SD—Wistar KR ATFE
Fi; 120 Wistar K f.(2)TBI 7 Gy, 4 hjmfii ASD
KE(8)BMC 8X107), 2 dJi B (Cytoxan,
CTX)50 mg/kghJfEii i, 28 dj5Kamada “ 4
7 47SD—Wistar K fl TR Y.

1.2.2 ‘B #agm e (1)KL S E 1750 mL/L
LFEFR10 min, JoEAAE R 00 H-i
fE, HIRPMI 16401056 H-HE R, 200 H H9 57 i &
JSC LA R, 250 R TC S RR2 X 10P AL, HLE
JRNACUKFATRAT. ()TERHE 2 R K Wistar K
F1100 g/L/K&58£0.2-0.3 g/k g1 115 s v S bR e
J&, ET20X20 em® U Py, SR Co yiTk 4
SR, T4 011 Gy, K% 40.9 Gy/min; 11141
K7 Gy, FEH40.5 Gy/min. (3)P54] Wistar K i
BT WS4 b AR ER KR AR N i 5 SDK
BB 40 B8 X 107, 2 i IIZH A U s oAy v S
CTX 50 mg/kg.

1.2.3 FF#44: KM Kamada “ — 423k B7) [
R R IS EE K (infrahepatic vena cava, IVC) 5[]
itk (portal vein, PV I EE W&, THE
By, R RS K (suprahepatic vena cava,
SVC)E M A 7 vk, (DARBTHES: RarnEs
WPV, IVCER, 73l K H 5 LR vk o hl gt
BRI, K244 mm, 4ME5 5 42.1 mmAl
2.7 mm, ERGEWEY, EARPBINEZ] T %
i, DA I b i i T A R T [ e 45 4L 4k
IEL 5 6 470 7 SR P REE A BRI 4, K493 mm.
K TR0 B AN RS,
Satinsky£H, 5-0. 7-0F=H Liifhge 544k, £F
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ARSI IRAETE B (2)BEH SR Ak
K100 g/L/K A &#0.2-0.3 g/k gfF I8 i 5 R
M A EWME, TR FEFNT
JeERITK, 25 LA LRI, DI B K.
JIGEIRE T 7 1e it 29 O B 04, A O 5 L 0T 2 ke
SN ER K, 45T DI A I 2 R A L A
S, U B I A IR IR AT IEAE PN A5 N SR A T[]
SE, L1 TRK T 10 S A A e 1 5 TH R 50 U
(114°C FLERARME 10 mL, 17 FFAEAHERE. MFIE
AR AN, A FENT A BN AR B 0T JH R R
VK, T BORET v HhE, AERRIL E T Satinsky £
BRI BT R K S A IR UL, T BT
K, ENREVE ) R J7 1 em/ZeAq D) W IH R,
BYIKT I [T B0, IR E DIk, Rt
JFECH, T4 CFLRRAR AR I IR A7 & H. (3) it
JHAE BY e 558 22 e WG IR LA BT 25 IR LK~
LA ESVCAMRNIAZ, SR IRIVLER. SVCAit
PN 7-0 o 1 4 26 5 4% 1 i 1B HEIVC PV, 71
4°C FLIR PRAK I B 110 055 JHE R T s e ik B
AN, 3 AR AR 2R O 5 b, FHS-042 2838
LI, SEAh S, ()RR RS K
B SRR N BRI 5, ERESRE DI ONAE, RH A
P, WM 787y 2 e T ARET. 70 i i S AR T
JUE, i B 50 B R R 2 AR T IR IR . Kt 4 C
FLIR PRSI LRAF I T U B T2 AR B A7, kAR
PR ER K 20 AT 78 5 A, I 1) 07 FH 0K AR 3 SR K
VERFIERTH, 7-0 M & I by TSk,
WA, B R EERIK N4 CAEBRER K,
O HH I R S IR SR WA S, AR K )
HERT N HEVEACLEBEERIKS mL, HEBRITF IR 22
FUIRARAE I, ST R IR, H BT
EE N ZARITRIK A, FETB07] # kA H L
K B e, g AR . TR R I
W) J7 V25 T T KR TR, 5 i K FA A R 4 N
ZARNRAE G P, A A R N TG H i i
38-39°C AL B #h /K20 mLA . AJE AT LR iR
3h, AHHRE.

1.2.4 WA AR (DARFT A A FHFE,
ARG R W EL R H Wistar K BAESEIR DL S ATTE
B, N A AR IR SR, B R RS PR |
il BERKE RBTR. BN AL I
B, A0SR S N . TR AT R, A
TR, (2)ARJE10. 20 dg HIELAM & i il
FEDNA, KrillSD LR IEY G 0 44 (1R S v v
B, SRHPCRITE, 51751k H K SRY 2
J%E: Sry F17: 5'-catctctgacttectggttgcaa-3', Sry R16:
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5'-atgctgggattctgttgagee-3'(_LIF IR ALY TR
PR H] B ). PCRF=4) 4241 bp, X8 F K filsry
BEDK273-51407 s 2 (8], [R]I LAWistar K BL($ )

JH i £ K SDOR BRI B 1-200 H AN i I, 355
TR 28 N ST B, 2120 B 4 v L PR ar dn e,
50 mL/LEK K% ZRPMI 1640337632k 38 i i B
S0 LR, FH R BRI 2 0 R 2 v G s R R
T R AN B AR S X 10°/L. (4)IR R AR
MN.(DTH): %4 Wistar K RAZBA B g1 X
107(50 pL)SDK RUM4l s, 7 ds T4 kG
A 51X LOTRH TR] F) 4 B, A i JA A3 55 50
p LB B ER /KA L 24 i I e 7 B A R R
UL ZE (AR DD THIR bR, (5)FFE HE A7 35 I 8] 1)
ML 141K RAFR28 d, TT4URIIA T 5840 i
%t (bone marrow transplantation, BMT)28 dJ5,
KM Kamada “ “HhiEyE” TR RS A, W
SRR EAE 0], (6B EG A T 4LiT
BHAE4 d, T4RII4RF AT d93 5k
HE3 KR, B ATARLLZ, B AT R, 6B
N CEHE R SOV DL MR RS R SR I
MRS W 5 2> 9 (I Ban fEbRAES Y HEF: I
IR AR TR RIS 98 41 Bust i
I 2 FUA AR AN 98 AN IR R R ARk F
SEHE R L W bR, LR REHERR Sl 4 ;
BRPECT ) H etk 2 40 s it /> 00 X IR JIH
AL, R4 AR, AR BRI X (A
Bitehs hRE(TI200): HERPE R 40 i Je 2 $heli 4
PSTLAEY DXRR) R AL R R (L) £ v R g e
filh b, 28 40 BRI A5 DX B, A v - T R e ik
RIFY BN, 5 DR K R 40 iR e, W
SR L 2P PR A SR TR LS I A
it HF Dimean+SDFE R, AH
SPSS10.0Zt H 4R A 43 Hr, P9 LU AR A 6

2 B8

2.1 RAAEAFAEL THRKRFBE, REIET2
B, BRI b R K A E i A
T2, K45 dETs; TABMTHEA2 d)E T
GRS R, W Bl A K B, 10-12
Aoy KRBT, HRIG . Sl s &2 AN PE
HILF D), 15 dfaiRigds, EEikE, s
h25%(5/20), FEREAEA G H I AE 2241, |1k
AR 1, 1 WhATE %K 80%(12/15); TII4IBMTHS ke
JErRER BN [R5 e LA A, ISk, BET
HA5%(1/20), JHLIESS H IR, HA AR

mi:A2E

FIBEHAL
FHoat A BT
T A,
fift e B A AL HE
Fe Z R T ik
Hob S AR
R BB AR
8 F B R, HOA
H RGN
For w8 R
e AR Tk
& 5 R AP TR K
KB B BT B A
# Bt AL B 5
AL S B F TR
HERZESL, B
AR S A IRE.
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CEESK ¥ A Markerwistar SD T4 41 B Markerwistar SD 1141 IZH 1 BMTRENEERE
LR {KAMLER. A: 10 d; B:
(GVHD): & # 20 d.

# A (BMT) G

W) % RAEME
(M. BE. R
W RS )6 4
F kR, Lk
RATHEER
Hz—. F&k
(aGVHD) #2112 1
(cGVHD)Z %, &7
# X AEBMT )&
3 mol, BHAE
4 £BMT 3 movA
&

2 AEENBEMINRENESER
FHE M X JH T2
AR 5ElF
+& 1 DTH, FFRBEIHER
448 Y DTHREEE H-Hzﬁ
Z{E(mm) H15048E)(d)
|<SD 20 0.71+0.026 3.79+0.83
l<SD 15 0.22 +0.028° 8.14+2.53
h<SD 19 0.23 +0.032° 8.33+2.11

°P<0.05vs | 4A.

S th M AE T 1, B 148, TRk AR 1451, 1 wk
TR0 % 84.2%(16/19). 1T 4LFITIIZH ) 2 ¢ o 4t it
2R (P>0.05), (HE T AWK EREH R #E
X(P<0.01).

2.2 #kAkAm BMT 104 20 dJi, Wistar K fL(2)
AbJE A S DA R (8 )Mk &1k, WRILTY
Pt AR el R B G AR TS 2, 710 dInF T
21 EETTTZH W &, WS 2E 7620 dinke B B X i (&1 1).

ARG AN, AR A, rERRlE, R R R 2R E I E X,
; B: ME ARG (R HTR), IS EE BFE); C: LEX TR AR, D:

2.3 DTHR & BMT 20 dJ5, DTH& W 45 5 W4 1.
I ZHANTITZ XS SDK UM 40 BuD TH s W 1) AR 51
K, ZE gt m 3, (AMdl s T ARz
FEA G E X (P<0.01).

2.4 WA AR A E R A I 4LAIIZH Wistar K BUG
SDK B AR A7 I [R], 22 g2 5 X,
B T 20K SRR A A7 1% N TR ) S A, 22
FAFE R X @P<0.01, E1).

2.5 B mEA SR 1 H: BEEAIZ)%
S P VA DX B, A - B R K A T
JEE R IF S0, 51 R KR T4 Hu 3K SE (512 A-B).
ITZH AT : B2 T 90 HE R 1k 98 40 v v 2> 44
TEE X IR RIS, 28 40 R o b, AR R
LRI DX [E] B2 (812C-D).

>

w
(&)

Wy

e

=

JRME S AR 5 AT Al 52 A AR AR
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SRS T N A R RS S T
T R 8 AR 52 A ik 5 A, 52 AA T 7= AR 0] ok
i) — LA 1) 5 2k 2 B R A i 320 B R
Fbne 22 (Al ST S L DR R ik 15 1 5 5 S s i
5, AR, DUAE G STk A R T N B2 AR AT 2o
P PR AL B (L 05 B BT L DR A R 1 2
WI5E), T BRIk e A, X R VR S R DL
Tn g A G DA R RS A P i (graft versus
host disease, GVHD)I1 & A= A4, 1 AN
PR e CAHET B . DR, JRATTSR T BRI AT
FHP Y, AR R TBIEAERCTX,
HETE R e e i ik o . ARSI g i Bk wg
FhOTVEES, JETBMT 10 dRI20 dJ5 K52 44
Wistar K fl( 2 )&MNE ML(PCR), %K BL T f44SD
KBS )Y R e et B, BB T A 72
AL TR A AT K. £E10 disf 1T 41 ERITT4l
5, PALTE20 AT G 2 X S AHL ] Bt 0 5%
B, WA K ROESBUETBI 11 Gy)EAEA5 0 A
W7 Gy TBIHEEHEHS50 mg/kg CTX), 4t
T2R1K25%, BRI S5% &, X R & LU R
JEP: (D) ITATBIRIRACR, B fE b, o5
FU, FHIHR AR G T, AFR 25 5 5 |k St ik
S, B R I D) R R, S — A
BET O A HHATH A, 52 AR P R 2T R
RN, FHEGVHD, #50 ZAAANGE K 2 BUL;
(I TBIFER /N, T3 S8 o] fE A8
7845, (HBEE CTXRIEMEH, CTX ] LGRS
IR S N 1 T 40 P T sk 5 G VHDY Y, 75 52 44
T RS E IR B 1. A IR SE 0 R B, AR )
FTBIEN A BLRA95% LA 1 (R 4 F bk £ 40 g,
IR T /DS 1 B PRI B 40 B, XA IO e e ik
BN RS A, T RS E IR A A, TRk T
GVHDI KA. JE—DF9EIESE, Z A Wistar K
BB SD K B ™ A S Pk i 52, R WD TH X
N S NPIRAS, TARAT B B AR K Wistar K U6
SDK B SR E0 SN . L3 S 5 45 SR W T 52
R A AR — i R e G R

FE 7 A S A K B R ST R S B LB )
RS B A S g2 22 A A IR I R X, H T iE
BE AT HRIE . 55 A% T A S 0 I A R
(1) G 5 1 52, A R s T B M AR S e e 1K
P 0 SARRE R A I B G, e Th E#E S IR
RESIREAL, JETRATTSE 0 2 H 1. A
TE AT B T3 M B A 48 B A7 35 2, IR A
WO BN K 2 B2 3. SD—Wistar
KR R 0 e e 4G, T AR D RS AR HE
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T RN IR GRS RSB i ORI, T 41
KT FAE G T4-5 d BT D e e st hi iR o
FET, o BRSO S HE R RN T 1T ALANTTTA
BM T AL AT RS L, A3 5 MU 35 I [ B
RIEAC. IR, E S A AT A R R
SE AR, RO T 8 R %2,
TR AR IR G e R GER A E R ROR, 524K
L5 QAR 10 38 T A0 AR P AE S AR TR A AE,
XFEPEGVHD A A AT R, [N )ik 2137
TIFMERF R A AR B YN 32, A AT RLAF
(1 115 A L T 5%

B, il Bk, R S T[]
Tob S K S 8 S TP IR RS RS TR, O 4
JERIE AT AR A RS T 52 (10 & R SR T A7 28 1)
FR, PR SR A T BE iR LAl A n FE 4K B,
A FRPR SRR R SR A T — BT ik, I
FEIR R _EA3EI R H.
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