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Abstract

AIM: To investigate the effect of infusing ex vivo
isolated CD4"CD25" regulatory T cells on the rejec-
tion model of DA-Lewis rat liver transplantation.

METHODS: CD4'CD25" regulatory T cells were
isolated from Lewis (RT1') rat splenocytes and
peripheral lymph nodes by magnetic cell sorting
system (negative selection and positive selec-
tion), and co-cultured with mitomycin-C (MMC)
treated dark agouti (RT1°, DA) rat splenocytes
for 3 d. The suppressive efficiency of fresh or ex
vivo stimulated CD4"CD25" regulatory T cells on
the proliferation of CD4'CD25 T cells was eval-
uated by cell proliferation assay. Four groups (12
rats for each) of orthotopic liver transplants (OLT,
DA into Lewis) were established by modified
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Kamada two-cuff technique. Group A: without
any treatment after transplantation. Group B:
lavaged with FK506 [0.2 mg/(kged)] from O to
6 d after transplantation. Group C and group D:
fresh or ex vivo stimulated CD4"CD25" regula-
tory T cells were injected intravenously into the
penile vein of each Lewis rat, respectively. Six
recipients were sacrificed 7 d after transplan-
tation in each group, and the blood and graft
samples were collected for serum biochemical
(asparate transaminase and bilirubin, AST and
BIL) and histological evaluation. The other six
recipients were left in each group to observe the
survival time.

RESULTS: The purity of isolated CD4"CD25"
T cells was 90.2%+1.8% (86%-93%, n = 10),
and both the fresh and ex vivo stimulated
CD4'CD25" regulatory T cells significantly sup-
pressed the proliferation of CD4"CD25 T cells in
mixed lymphocyte culture (7 681.7 + 1 004.9,
6573.3+£1722.7 cpm vs 24 918.7 +2 276.3 cpm; P
= 0.000, 22 = 0.000). The serum concentrations of
AST and BIL 7 d after transplantation in group
C and D were respectively lower than that in
group A (AST: 8.1 +2.0, 84 +1.4 pkat/L vs 17.9
+ 3.8 pkat/L; P = 0.000, 7 = 0.000; BIL: 45.8 + 9.0,
44.7 £ 12.0 pmol/L vs 98.4 + 21.2 pmol/L; P =
0.000, 7 = 0.000). The Banff scores of grafts in
group C and D were lower than that in group
A (P <0.05). The rats in group C and D survived
longer than those in group A did (21.7 £1.7, 30.3
£1.7 d vs 12.8 £ 0.5 d; 2 = 0.000 1, 7 = 0.000 4).
Furthermore, the rats in group D survived lon-
ger than those in group B did (7= 0.001 7).

CONCLUSION: Both the fresh isolated and ex
vivo stimulated CD4'CD25" regulatory T cell
have the potency to alleviate the acute rejection
and prolong the survival time in the rejection
model of rat liver transplantation, and the ex
vivo stimulated CD4'CD25" regulatory T cells
are superior to fresh isolated CD4'CD25" regula-
tory T cells.
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BH: KT =#CD4'CD25 A T e st X
BT AS AL 2P HE R BB 64 %5 v

FiE: BBk A R Sk Lewis K R IE
BE. SFREIHE L REICD4 CD25 A TH
Ja, »EEWmiS LR B ECAIETHDA
KB R A 3EFR3 d. B a0 7H 5L 3
PR 8 o B Ae ik P32 5 $9CD4'CD25 A
W T an fa 3 C D4 CD25 T4l ¥ 54 84 3 H) 4
. ADAKX R AR, Lewis kK R A 24k, &
SAWJRALAT A HAAE AL, B4 1245], 2484, A
20 R )G RIATAEATF71; B K J50-6 d FK506
0.2 mg/(kged)#E H; C4L. DAARAT] dZE A £
BB A B AR DA S B . RN ER
J6#1 X 10°49CD4'CD25' Taa . KJg7 d42a
FEALAL 56 2, M AR dn A AR fo i R A RUBR &
JL 45 7% Bl (asparate transaminase, AST). #J2
¢1 % (bilirubin, BIL)¥ml, B JEAR AAE B2
FHed A E6 R A G

R »>ikjG9CD4 CD25 T th A
90.2% =+ 1.8%(86%-93%, n=10), #k & 48 it
MBI FEHRTIHF S, BRI REY
CD4'CD25' T4 L34 T #74]CD4'CD25 T4
BB 3H(7 681.71+1 004.9, 6 573.3+1 722.7
cpm vs 24 918.7%2 276.3 cpm; P = 0.000, P
= 0.000). K7 d, #&F a0 0= dir 4L A B ARSI
I tm e i LA STAK T 2T FR48(8.1+ 2.0
pkat/L vs 17.943.8 pkat/L, P = 0.000; 8.4+ 1.4
pkat/L vs 17.9 £ 3.8 pkat/L, 2 = 0.000), BIL 7~
A& T 2+ BE4(45.8 + 9.0 pmol/L vs 98.4+21.2
umol/L, P = 0.000; 44.7£12.0 umol/L vs 98.4
+21.2 pmol/L, 2 = 0.000). v9 48 69 Banffif 4 b
25 A B e 4l 5 3T IR AR AR A it R £
F(P<0.05). 54820 it =) i 40 2 7B 1R) 39 KT
xFPE2A(21.7+£1.7 dws 12.84£0.5d, P =0.0001;
30.3+1.7 vs 12.840.5 d, 2 = 0.000 4), 4k 5}3%
I 4w 0L i 48 & A B IR) KT BF 4 L ) 40
(30.3+1.7dws 21.7+1.7d,P=0.0017).
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JEF A% RS A 97 B I % R 195 05 1 i — A 2%
TF-Be, HRHE 5 1 G HE e SN AT A& 56 w7
G 7 280 2 R A, DALk S0 S R 1)
G e it 52 2 AT A R ) B 4 H bk 4210 ask,
CD4'CD25 5 E T4l Jifi(CD4"CD25 ™ regulatory
T cell) I BHAE 4E RS o i i 52 ke 4 B
FEME NS, Bl AR L RS IhRE IR 5T
BRIIRN, T EL A5 TR0 250N T4 i Fr ) Ty
BE, (15 AATTBEARIZ FH i 40 M R 2% 5 B8 b
JE HHER RN 5 e B R A S 1) S i 2
20024F, Cohen et a/ FTaylor et al'4RiEi 1]
CD4 CD25 5 PET4H Ma [y v 97 7 B A% A8 S
R R HEAE N, IS 32 P 2R 40 i T
A E NS IR S L PR I S R i, G
e RER A TR AN A R R TR b A A
PO I AR AE K U R 52 ASE R AT 5 v
IR, VRS PET A0 M 25 TS A 52 ek
MR, HAZ R0 i 4 35 i 52 (¥ D) fie 7 2 4 8
(RS R PLIE R BRAT R [P S 2 AR A
AR B I C D4 C D25 I 15 P T 40 o X K
JH R SVEHE TR B 1 52 0.

1 MRRTSA

1.1 A 1288 TS RDAKNR(RTL, 4
JUE230-250 g) AR, TG IR B RER
. 8JHIRIE AT RLewis K RU(RT1', i
§200-220 g) A A4, T b 5t 4 R A S 5
YA WA AL IR TIL IR A LR 3P b
TS RSEI A ZORAT12 WA, A4EK, K
JE AR K. TR A B B B (I
BD Pharmingen). # & (cock tail)Hrik" 1
#5: 0X-7(CDY0.1, 1gG,), 0X-8(CD8a,IgG,),
0X-42(CD11b/c,IgG,,), OX-33(CD45RA,IgG)),
10/78(NKR-P1A, 1gG,). %)aPifk: HTCD4-FITC
(IgG,,), JTICD25-PE(IgG,). $1CD3 ¥y (G4.18/
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1 BIRSBHERDERIGIVARTVMRAENESR. A: HERICD4 CD25™ T 4IiEfIELE]; B: 55—F ANk fFCD4 40

MEMOLERE; C: 88 2B FHME 1R fFCD4™CD25" T 4RO,

G,, 1gG)). g fuflisy 5 & % (W H Miltenyi Biotec):
Goat anti-mouse [gG(H+L) Microbead, anti-PE
microbead, MidiMACS 7}#£2%, LD. MS 4rik
FE. AR5 7730 58 ARPMI-1640, 77100 mL/L
G4 1ML3% (FBS, Hyclone), 50 mmol/L 2-5% 55 2.1,
1.5 mmol/L L-A2 Btf, 100 kU/LE %2, 100
g/ 2 (W [1Sigma), 41K RIL-2 200 kU/L
(Recombinant Rat IL-2, rR IL-2 , Il [ Cytolab). 2
FFFC (MMC, I H Sigma).

1.2 ik LA N B KM T &5
JBEVERR LG, NN PB ST (pHT.2, 5
mL/L FBSHI2 mmol/L EDTA), HF B fil il 4 i
Wi, Ficoll-Hypaque(1.083)% & 1 /& 20015 51 22
AN, A A% AN A T S RS R
RFRIC M Goat anti mouse 1gGEER, £LD
Oy AR ISCIR B I IE HR S IfCD4” T4, He1o*H
PLCD4-FITChrid Ja, it =X 4H M AR il 7 25 4l
FE. SRTFHICDA Tk 40 i, $TCD25-PEHLIANR
iCJE IMAPIPERLER, M S/ Bk B, 43 HI
FKCD4'CD25 T4 i RICD4"CD25 T4 M. HX10*
FPT CDA-FITCHRIE, 44 A3 AR X BH 1
MO AL, PA2 mL/L & Wy 50 3845 1) 4 o 33k
T, WS MAATE . FEERIICD25" T
AN HE S50 X 107/ LIRS, FFL100 nL'E
NAJEI6FLAR H1, FEFLIIAS.0 X 10°/L MMChbk
FIRIDA RN 100 pL, L5383 d. B
HJE, DAPBSY#IE3M, f:1 X 10°F & F1 mL
IPBSHY, TRHIAT1 dZ8 B 255 ik 9] 46 52 74 4
. SR TR A5 VB 2 4 i 5 SR S 00, 0o B 73 2
PRANEE % 5 1R 4 i AR 441 C D4™C D25 T4 i
RO T T 40 M) 384 5 1) /8 ) 1R AT % . #2 X 10°
CD4°CD25 T4 I AR ER96ALEG Foti, A
AATEHICD3 A HI(5 mg/L)FI1.0X 10°4MMC
Ak B PR AN AR, 4 S N2 X 1O (BT 6 43 25
RANEFRIIC DA CD2S TANMY, bR AR &3 E
FL, 45 FEIL P, AL P R 4L R RE 13
AL SEUNFE S E 1750 mL/L CO, [1137°C
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PRI 7R3 d, BELINA1uC "H-TdR, 4k&:55
7718 hJ Al HI 35 41 A 0 4RSS 40 i, 5 5 H
WAL (Beckman LS 600)5E cpmfi. K B K
KamadaRUli2 104 7 K BT T RS AR AR AL 1),
ARPFIARJG3 d WAET 3R SRR AL BE, Aigse
TF. L2 ARBENL S U2 AGLCWRAL, n = 12) K
Jei AN G g5 A7), BAL(FKS06KEH4, 3% 5 ]
2, FujisawaA 7], n = 12)KJ50-6 dHIFK506 0.2
mg/(kg-d)HEWH, CHCH I BRI, n =
12)FIDZH (AN RE TR G Al Rl 4L, n = 12) KTl
dZE B 25 ER Ik MT46T 1 X 10° CD4"CD25 T4 L. A
7 dREHBENLAESE6 I, WA AR AAE LIS AST.
BILABEATIN, OB e T2 23— 13 LA40 /LA %
FFVES [ 502 0 B2 A 2, VP HE TR A 00, g 24
Wik UES AT LR R )V BanfebrifE! ),
REALA- B 6 HUM AR A7 301,

it AP B Si i S TATA 7.0
BAEREAT ZE vl 24 A0 B 20 M 35 5 92 56 i cpm
B, M¥EALTME . BILAE M L H R AR A 56,
Scheffeiksr b 4] 22 55 #% 2 9 B 2% b HE
J¥ IV Ban £V 43 1) LG5 R AR RS 362, SR
NemenyiVAuEAT M LLEL AEA7 70 41 H SRR AR B
% (Kaplan-Meier VE)PEAA7 4k, FLog-rankik:
BEAT W MR EG, A 56 /K o = 0.05.

2 B8

2.1 CD4'CD25 T 4m it 69 4k 5h 5 B 4 B B Ak
S R8I AE Lewis KRBT A A0 JE ik 2 &5 o
(AL AN Y, 2240 LT 53 15 R St (magic cell
sorting system, MACS)¥I 14 in BH 4 9 1k 73 ik
J&, $AFMICD4 CD25 T 4L ) 490.2% +
1.8% (86%-93%, n = 10), &1k — kit
20 SRS 00 2 L. A 8 B S O B ) S
RSN 55 5 1 C DA C D25 TN i ¥ n] W]t 41
HICD4 ' CD25 T4 MUty B4 (24 918.74+2 276.3
cpm vs 7 681.71+1 004.9 cpm, P=0.000<0.01;
24 918.7+22 76.3 cpm vs 6 573.3+1 722.7
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Wi LR x1 ABIBEELEN
1 Asakura H,
Takayashiki
T, Ku G, Flye 55 A AST ( pkat/L) BIL (umol/L )
MW. The means = SD 95%TSXIE] (%) means + SD 95%TSXIE] (%)
persistence
of regulatory ISR 6 17.9 + 3.8 13.9-21.9 98.4+21.2 75.9-120.9
cells develop- g
ing after rat FK50628 6 7.0 £ 1.1 5.9-8.2 6.8+0.8 6.0-7.6
spontaneous Pl mr= 5 8.1+ 2.0° 5.9-10.2 45.8+9.0° 36.3-55.2
liver accep-
tance. Surgery raracii alElEAERd 6 8.4+ 1.4% 6.9-9.8 44.7 £12.0° 32.1-57.3

2005; 138:
329-334
2 Asakura H,

Ku G, Kataoka

M, Flye MW.
Regulatory
cells develop
after the
spontaneous
acceptance
of rat liver
allografts.

Surgery 2004;

136: 532-536

2P<0.01 vs WIRZH; ©P<0.01 vs FE¥MiROiaa.

30 000~
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CD25 CD25*  CD25/fresh CD25* CD25/cultured CD25*

2 SESHEMIEEFMIRIEIASLL. 'P<0.05 vs CD25 ™.

cpm, P = 0.000<0.01)(/&]2).

2.2 RJGHF o f fo i A AL AR89 T AL (K1) R
Ja7 d, BEEAN M IRl A DA R A AR R 5% 4N i B ]
ASTICF X HEZ1(17.9 + 3.8 ukat/L vs 8.1 =+
2.0 pkat/L, P = 0.000<0.01; 17.9+3.8 pkat/L vs
8.4 +1.4 pkat/L, P = 0.000<0.01), BILJME X
20 (98.4£21.2 umol/L vs 45.84+9.0 umol/L, P
= 0.000<0.01; 98.4+21.2 umol/L vs 44.74+12.0
pmol/L, P = 0.000<0.01).

2.3 WL AR AT R L 40 L LR X IR AR )5
7 I EER U XK E RN A R, JF
RN A, NS R R, A Rk
I PRAE. FKS0640 3 20 (17178 X /b &
R BRRZ A0 s, AR AR PSR 0T, R 3 M B
HULAE . WY 20 [ 2 FR o B 27 R A T 0 AL
FKS064FEZH 2 [F](F3). PUZH I Banff Y743 Ehig
(3R2), W4140 M lal i dl 550 B AL LU A gt
272 7(P<0.05).

2.4 A BRI SLE RS 14, %
A3 dW LT A E I HR R RIFE T3
(3/51; M P H I X 2, I X 1), AL,
HLIRAFI RS2 AR TR A8 I, DU A A7 B E) 43 A
(G23). P 4L40 N [9] 4 4 A6 A7 s TR) 40 K 0o B 4
(21.7£1.7d vs 12.840.5 d, P=0.000 1<0.01; 30.3
+1.7 vs 12.8 £ 0.5 d, P = 0.000 4<0.01), #A&~h5%
7 4 0 [ i 21 A A I 1) KT 37 6 40 i [ i 4
(30.3 £1.7dvs 21.7 & 1.7d, P=0.001 7<0.01).

®?2 BEBEG7 d NBEYRELR YRR NBanf]

WO

AR n | &% Il 4% Il 4%
WiRA 6 0 1 5
Fk5064H 6 6 0 0
MEMROEE 6 1 5 0
IKINBFARA 6 2 4 0

P<0.01 vs WHBA.

3 1Wie

ST RS A ) IR S PR 52, RS2 AR B A )
FEAR LT B G2 RAS, A E R i
A H bR, 19954 Sakaguchi "MRIECD4 CD25 T4
JH 7 2 4 D (R i 52 R AR . B S, e
"B B R (A TR} 52 A5 25 v A1 512 12 40 PO 7 4 8 8 i
G B i 32 ok AR UL B RT R SIAh
CD4 CD25 YA TET AN Xt T [ 5 Bt Ji sk 7] B
SEARBURBEOEICDAT. CD8 T4 AT B 41
T RER . 76 B8 e B A S R v T S P
—EANF R B R G, BEAFEHE R,
NAFAET 2R 2 P 4: DA—~Lewis4 &
S AMEHE R, MiLewis—DAZLE N2 158
MR} 2R AE Lewis—DAR bR B, (ERSAE T
FH 2 0 RO 2 U Lewis KRR, FREELAT
IR D AR, B HIAT R HE . i B K 3
1235 L ewis— D ASZ A I 40 g n] 3 4 3 P
S5, MTHEZR 5P T A0 M AR 5 5 I I s i 32
Tl VRN T L BRI, FeA
YEDA—Lewis @ PEHEF B A, SR 8 i A4
I i 3L 5 R R I C DA C D25 R T4 i, 7
BRIATL d SN2 RN, A A P
PO RN R TN, P CD4"CD25 15 PET
0 MR B G s N APET M, DR e 4] [
I} 5 52 AR N SRTFKIAELE IR, X B R TR
L2 EC D4 CD25 W AT T4, TE Sl T
H G i 52 i 52 45 5, AT 5 5 52 4 1) A 1 A7
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e B L DR I miAEE
o e %3 % AR & B
& D B ler T8 o 3%, A — %8941 9
v o v'-' . i Y

3
[k

BAARG7 d FFIEARAIRIE (HEZRER, 20015). A: AL, B: FR506 ZbHIZH; C: sy Bamltlalfase; D: (R NSiE i

xR3 BAAGEFNE

4B3 4158478 (d) 4756 (d) 95% 1S X8 (%)
SHRE 12,12,12,12,14,15 12 11.8-13.9
FK5068ME2H 65,67,69,76,79,89 79 74.2-83.8
FEEAR O 15,18,22,22,24,26 22 17.5-26.5
FapacAiil o) Bl 25,27,28,32,34,36 28 22.0-34.0

*P<0.01 vs WHBLE; *P<0.01 vs EF4iRON L.

TR AL 45 o BRI 4) B A
ARSI A M, 7RSIk g s 7 h
HICD4"CD25 T MU g 5E AR, [l 5l BAAE
BRI LR RHE R RO, KSR AE
TE N[, ARFIBUR Ze A0 B Lewis—~ D AHE R 57
IR 2 RAH L, P AN REAE A AR R i v
B2 AIKINAE, R RERE: (1)
S PET A M = S I () ) @ A2 (indirect
allo-recognition) K S HLAS FH A (1) 5215224, i 7
SRR R NI, ik B A (passage cell)
MR BB I& 42 (direct allo-recognition) &
P R AR HE R SR 1) 3 BEHLEI, BB B RN
To 5% A 2R A 1 E T B 5 B 4 il (antigen
presenting cell, APC)FT A, MR IRIA &
AR A . A TR B Ak B HE R R
vh, SR N R I S AN TR U 2 B, [ i
PETAN M AR A AT AR ALK R
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A I A e ) G B A P SR 8
THH M R, AR AR AT P Rk
IS IT d), W AT R EAPCI
W HIBONETANM. R RIA ST d, #EZH4n
MR ALITIh g B2 VP2 1 L P e St
SZESE, MAEAAE ISR b, SRS MIEASTR
I (R T M T A0 ] i 4L 1 A7 3 K O A
20 M P15 2, 3K AT e 2R AR AN BT 1 4N L 1) f i
FHIThRE, BORTEE Sy B SR, EREAH
5. (2) CD4'CD25 i1 PE TSN T B & 4% 2L il
o 24 1] £ A S B 20222 R AR IE 5
TIE I FLA I Th REAE — s 13 BBl P 5 LR
FHOG, DAL S 38 B AR T PIRICR 5 2 — 5 1 4
B R AR TR B e AR
HAE10°LL |, M3k %5 24 f1CD4'CD25 " T4
P — P T AT — LS Ak, BRI R B AR 4 1Y

P, 4R RAR N S
B3y, EXLEA
B, RREZAA
CD,'CD, 'A%
TemfnasAE A e
EEZ S S
3¢ B A5 ML HE R
B oy VR R A T,
% 5 5FK506
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AF, SEBIZAN ARSI T REMEY 14, 42 H s 4
HEAREAT T TPEF SR S B2, AR YL I 5T 3
fili b, MRl g i i) £t g, 2 T A — 2
GER AR EAE I, Sy A Z 40 B ) AR b
BT TP R BATHMM CAREE 5 ()4
PRGN, B R E TR RIL-2 (rR 1L-2,
200 kKU/L) 75 CD4"CD25 T4 g 247354k «
PHE. A0 A AR AN E 5 CD4'CD25 T
SN A EEZENZ 19 22, TS Ak 210K i 5T 75 1) (1)
LECD4'CD25 TANMI ZE K. 764 witIRFFRIN (/] P 2
SR R L. &Y AR 16
f5 LA b, 7488 )5 1R 40 e LA R 1 40 i 3R R R A
REDNReCER A & 2%). HT H e T 40 i [m]
B JE AR 2EAT A ) T AR R, (1% S i 4
MRS R AR W E— 04 152 25 T LAOR A —30
SICAZPETANM? [Pl 5 4 i e 5 — e 1)
T, AR T B L IR ) 4 I, 7 2 K
) el — 2 BB iz FH A 3 JU0 751 2 75 AT LA B
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