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[ E]1 86 WERFER IR cyclophosphamide, CTX )WAN IR A 5 Gy © Co MR Y21 AH 4 bk EL 40 i 5 1 hap-
loidentical lymphocyte infusion, HLI )X /I SUFFHE R LR (M BIVE T . 2 & = LU T 457 Hepal -6 JIT#i 2 ifi i BABL/c x C57BL
38 F1ARMEM /N 6500 H2" )32 B, LA BALB/c x C3H 2438 F1 1R/ BR( 2B H2Y% )28 MHC 404 Mk, 4
PBS 21 .CTX 80 mg/kg +5 Gy M5 HLI 1 .CTX 200 mg/kg +5 Gy M} HLI 0 .CTX 300 mg/kg +5 Gy St HLI 215 Gy MR
HLI 40, 520 5 HU/INER s R4S A /IS BRURS B 2B ORI RN, Al 52 BV P 9 8% B RS BB AR 970 1 2 6( graft-versus host disease,
GVHD )R Kl , % & :80.200 mg CTX 14 HLI 41/ FUB AR /NT PBS ZH[ (1.25 £0.24 ) .(1.38 £0.31 ) vs (2.03
0.24) em®,P <0.01 ], /NRAFEIE) B 2K T PBS 24 48 d(39 d,55 d) .40 d(35 d,48 d) vs 35 d( 18 d, 39 d),P <0.05 ;80
mg CTX B4 HLI 4 A9 /E A5k T84 HLT 20 (1.25 £0.24 ) s (1.76 £0.40 Jem’ ,P <0.05 13300 mg CTX B4 HLI 411
ol HLT AT BAR/E R . 4387 41/ R I B GVHD, 80,200 mg CTX B4 HLI 21/ Rt A4 % T 300 mg CTX Be4y
HLL 41, BRI T B B e . #8 e IR CTX T4 1 20 B A0 K B PR 355 T 1 400 JH T A5 e O /N U I %
FESRE R VE T, CTX 3R B S B E 1 FH IR AR 358 .
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Inhibitory effect of cyclophosphamide combined with irradiated haploidentical
lymphocyte infusion on transplanted hepatocellular carcinoma in mice
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[ Abstract ] Objective: To analyze the effect of irradiated haploidentical lymphocyte infusion ( HLI ) following different
doses of cyclophosphamide ( CTX ) on hepatocellular carcinoma Hepal-6 cells. Methods: Female ( BABL/c x C57BL )—
F1( CB6F1 H-2"") mice were subcutaneously inoculated with Hepal -6 cells to develop a solid tumor model that was taken
as recipients. The irradiated haploidentical lymphocytes were from the female ( BALB/c¢ x C3H )—F1( CC3HFI H2").
All the mice were divided to five groups: group PBS, group CTX 80 mg/kg + SP/ir( spleen lymphocyte/5Gy irradiated ),
group CTX 200 mg/kg + SP/irr, group CTX 300 mg/kg + SP/irr and group SP/irr. The tumor size was measured every
2 -3 days. The chimerism was measured after HLI, and the graft-versus host disease ( GVHD ) was assessed. Results:

The tumor was significantly suppressed in group CTX 80 mg/kg + SP/irr and group CTX 200 mg/kg + SP/irr compared
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with group PBS ([1.25+£0.24 ] cm3, [1.38 £0.31 ] em’ vs [2.03£0.24 ] cm3, P <0.01), so was the survival time
(48 d[39d,55d],40d[35d,48d]ws35d[18d,39d], P<0.05), of which, group CTX 80 mg/kg + SP/irr got
significantly different antitumor effect from the group SP/irr ([1.25+£0.24 ] em’ vs [1.76 £0.40 ] cm’ ,P<0.05).

GVHD was not found in any groups. The chimerism of group 80 mg and 200 mg CTX combining with HLI was lower than

group CTX 300 mg combining with HLI and the disappearence time was shorter. Conclusion: Transplantation of irradiated

haploidentical lymphocytes following low does of CTX can induce antitumor effect on hepatocellular carcinoma of mice.

Higher doses of CTX may not increase antitumor effect.

[ Key words ] hepatocellular carcinoma; haploidentical lymphocyte; irradiation; cyclophosphamide; chimerism

Kolb 45 "B YR HGHE T #E 74 BETAL HE 1 T, R
FHAE 5 bk B 41 i % 13 ( donor lymphocyte infusion,
DLI IR 1 I+ 20 i B 0 Jm 52 2% %) 48 14 b 200 i 1
ML L 7 A2 T & RS A I BE 1 I A FIC graft ver-
sus leukemia, GVL ), AP EI{HE bk 7 41 o Sy 4 5
R R L 200 R A o 8 S RS AT R A
(o AH T BE AL BEAE A M E R AH DG REME I
JO7 AN v A L T 8, R T BB A I T 40 i £ AH( non-
myeloablative allogeneic stem cell transplantation,
NST )z A5 A bl A Bl ™2 b 1y 3 i 0 5% ¢ I e e
SR B IR IT . Eo 45 & B, R P I R
( cyclophosphamide , CTX ;200 mg/kg )15 FHJ NST $it
/NEUVEHERAE P A0TSR 142 S T807( total body ir-
radiation, TBI ) i &b B4 J5 =X CTX 7] DAAR 4 Hb 5
R AL 0 R TR ) B 0) 32 2 1 SN T A A A2 ok
VR ET RIS 1 SN T 40, il LAE S —Fh i e
IR G ik B IR ( mixed chimerism, MC ) 1 4 32 Tiif
o BRIRAEHISE KB, AR CTX( 80 mg/kg)
AL A4 2500 R R A 2 R & ik B 40 1
( haploidentical lymphocyte infusion, HLI ) [A] A 2k
PR G BT/ U B9 P, g EL AT LS 78 A )
ifE Eim( graft-versus host disease, GVHD YV &
HETOCT CTX AL R ) i A7 7R 5 30, A SR
ANJRIFR & CTX AL BN B 25 7 B3R HLL A9 4¢
e VE R, LU SRR /Y CTX P4 B0

1. R 5 7%

1.1 S hFe 54

2 BN B T P 38 R 2% 38 CBOF1( BABL ¢ x
C57BL/6 M3 F—A%, H2" )M/ B At B 7
TP F 4238 CC3HFL ( BABL/¢ x C3H [ 4238 T
—fR H2Y /N NPT 8 ~ 10 TR, A A
e gim AL s AR AT BRI S G s uE S
R SCXK( 3 )2006-0009 1. T shiy ¥ 7 TAm i =
RIS E S 0. Heapl-6 20 flkk( H-2b )1 T
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iR 2= B A i FE( H SRS TCM30 ), B5 5% F &
10% G4 175 9 DMEM 155323 . PE ARic 9/ R
H-2K" BHLA FITC Fric /M B H2K" B4TF BD
OS], CTX 1 5 W F 90 7548 B 2450k 22 7. FACS
Calibur JizC4HAL T 3£ E BD 24 7], T-1000 % Co
BT TN K B 8w o
1.2 ZRERBERGE L

Hepal -6 Y ff 5 7% UCEE 5 T I3 () DMEM
FEFRRIL I 4 x 107/ml ZH LB, 0. 1 ml/ HA%F 3|
CBOF1 /INRATMIME ST B2 T, 55 2 ~3 d bR R R
I e i e KK AR S 2 3l B S AR R AR BT
AR V=172 K2 xmE(mm’ ),
1.3 AR a0 B el h) B A= PR 4

JBE 4k B8 CC3HFL /)N B, 75% 9K H i il 5
min, T#8 4  H B /N BROLIE | SR B AL 1035 i 45 G
BB, SR I Zead 8 3 JIEC BD Falcon 2350 ), il
A 0.16 mol/L f Tris-NH, Cl 2%, 5.0 i H &,
AN E E 6 x 10° A/ml, 5 H. BE BL40 i 8 5
TR AS Gy, BGTEFE 2 10 min, & 3H
0.5 Gy/min , BT 10 cm x 10 em , HS IE 5 20
MfEI RS 50 em JRE 1 ems,
1.4 ZE DRSS 54

FRIT TR B0 T s THEMIBE A MG 56 4 K
CZRENFES -1 KRG TIER CTX fby7, A
JE55 5 RET RIS 21 AH G125 00k 0 20 Bt A (3%
FREDHITESR 0 K 9 x 107 4~/ H ), Bk K
5 ZH: PBS #1.CTX 80mg/kg +5 Gy MR} HLI 41
[ CTX 80 mg/kg + SP/irr( B& 5 2 #H & 9 bk L 410
Jfg) ].CTX 200 mg/kg +5 Gy H&HH HLI £H( CTX 200
mg/kg + SP/irr ) \CTX 300 mg/kg +5 Gy FR&} HLI 4]
( CTX 300 mg/kg + SP/irr ), 5 Gy B&HF HLI 4H( SP/
irr )o 25 HUNE M FHBEHLE 73R 1%, 0 5 4, B
A5 H/NR. Sridebrkeil /N 60 H, e BT
RN E S M, A 12 B/, AP 545
B2 NI, 4 ) FH o iR A7 2% A i A A0 R I A
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1.5 DE—EE L A A E A GVHD 69 ULR

AFZEA R 4T 4 RS/ USRS A R O
IR NRA TS BT R BHEER B
RICEE T AT ETE RE N REARAER,
I GVHD i &AM B2 ~3 d i HiiEhs R R
D o i e KK AR N 5 2 e B AR, e A T
BRI, IF il s/ RAE AR ]
1.6 #AX @Rt m CTX T4 2B A HLI &40 )
R

S TR A 1.3.5.7 .10 KEUAS 41/ BRUg
U, il 2 J 240 AR 7 YA T ), 43 5 A PE FRiddt
/N H2K" A1 FITC AR Pt/ H2K, 3=t
PRSI /1N B 5 1A o
1.7 H-E $ &K CTX LIS HL &40 K
PE b i

SRR 1.2.3 .4 K, B4 HLL 4119/
L JHE T i N B R R AR IR T 109% W
B A SE VTR 5 /o HAE et WL/ R,
TR MO L
1.8 41 fn 2 03T 30 B AR 2 5T 3%

TR -2, -1.1.3.10.12 KEAMAE
120 w1, A 380 wl PKRESAERH, &I 15 min, $&
JE G T B 20 A s A0S BRI L C
HI D, 68 Tt
1.9 %itsam

THEFRNES ML « + s FR RS0 AR
Bm LA 2 Se/IME, B KAE ) 3% 5 THETE B
FRFIR, T SPSS13. 0 #eff. 4% 45U 4T
F2ZFFEER K Levene K756 ) M IE S ERIG( F K
55 ) A7 B IE A 0 A K 22 55 M # R One-Way
ANOVA 438, 4 [ P L3 s TR A IES i L 2R
JH Kruskal-Wallis H #:5 , ZH [8] b 8% A Wilcoxon #
FIKEE ., P<0.05 8 P<0.01 FTnZRAFS ¥

2 & B

2.1 A& & CTX B4 HLI A 8 5% 69 3 5 45
SEEE RO 1) R, CTX 80 mg/kg + SP/irr
2. CTX 200 mg/kg + SP/irr 215 PBS 4041 LA M
SABUME AR (1,25 £0.24 ).(1.38 £0.31 ) vs
(2.03+0.24) em’, P <0.01 ];CTX 300 mg/kg +
SP/irr #H . SP/ire 415 PBS ZH A0 Lt JC Bt i 7
(P>0.05). iR, CTX 80 mg/kg + SP/irr
24 .CTX 200 mg/kg + SP/irr 41 BT Ifeg 1 F JC B

#5(P>0.05),CTX 200 mg/kg + SP/irr 2 .SP/irr
MBI AE I TC W] 22 (P >0.05),CTX 80 mg/
kg + SP/irr 41 SP/irr ZHMZH Z [B] () 25 A Gt =
S(1.25£0.24 )em’ ws (1.76 £0.40 )em’, P <
0.05 Jo &R R, MR & CTX Fikb 2 B ] 3R A5 4L
WHUMRA/ER 8K CTX FI S BE HLI 408
VI AAH R HE 51

3000 ~*PBS

- —&— CTX (80 mg/kg)+SP/irr
“° | —* CTX (200 mg/kg)+SP/irr
E 2500 erx (300 mg/kg)+SP/irr
= —e— SP/irr
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E1 AREF=Z CTX HiE#ES HLI BihEER
Fig.1 Antitumor effect of HLI following
different doses of CTX
**P<0.01 vs PBS

2.2 A& CTX B4 HLI 3 K 2755 s R A 4 0 1)

CTX 80 mg/kg + SP/irr 41 . CTX 200 mg/kg +
SP/irr P A A7) 5 PBS 4HAH L, 4 B @ SE
[48 d(39d,55d).40 d( 35 d,48 d) »s 35 d( 18 d,
39 d),P <0.05 ];CTX 300 mg/kg + SP/irr 2 SP/irr
AR AL AEAEI 43 ) R 35 d( 21 d,45 d) .40 d( 18
d,47 d),5 PBS 4lAHELTCHA 2250 ( P >0.05 ).
2.3 CTX B4 HLI #9 %28/ K69 GVHD L

CTX 200 mg/kg + SP/irr ZH . CTX 300 mg/kg +
SP/irr A FALIFIE S 2 R IR H BUE B AR |
BRIOCE WE LERR AR EIE TP <
0.05, &1 2 )AFHEAR ; A 45 41 R UL B 8 iR i it
R, FGERA KA s, CTX 80 mg/kg + SP/irr 4H .
CTX 200 mg/kg + SP/irr 2 .CTX 300 mg/kg + SP/irr
20 SP/irr 4 5F 4 4 /INER I IDE DL A B K ik, A 20
IR AR  BiE AT R s S O, K R
JEERASE AT R Bk N B SR A TE W R 2D
R ANMIREC 18] 3 ). S54RI, CTX 200 mg/kg +
SP/irr 2 .CTX 300 mg/kg + SP/irr 2H Wi 2H /> LA
TR I TR AR
2.4 CTX B&4 HLI J& &40/ 564 # AR T

F HLI #iiEJ5561.2.3 4.5.7 .10 K5I R
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Fig.2 Body mass changes of mice in different
groups after combination of CTX and HLI treatment
" P<0.05 vs PBS
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AR I 4 HLL Fy e i A1k, Z & /R
1) MHC 2 74 o H-2", i35 /N B MHC & Bk
H2YE Sl A H-2b H2k R R FRIL, K T it
T HZHE MBI AR GER(E 4.5) 5
7~ ,CTX 80 mg/kg + SP/irr 2 ,CTX 200 mg/kg + SP/
irr 2 .CTX 300 mg/kg + SP/irr 41 .5Gy M AHE
HETERE S 1 RIERA B3 5N 1.36% 4.51% .
11.08% .0.78% ; Hif 2 Mk & FE B M MR, T4 d
PR A 1A 42 B3 25 5 CTX 300 mg/kg + SP/irr 41 T
HLI 555 5 Ktk &N 6.24% , B3] HLI fiE )5
857 RAWRCEIEA BN ). 45 R UL, s Ly7
ToAh BEAY R AN 4 BETH T, R B AR AR I ] 2
K.

Intestine Skin

B3 CTXEK& HLI 4B FEHEA/NR GVHD 155 H-E, x 100 )
Fig.3 GVHD of mice in different groups after combination of CTX and HLI treatment{ H-E, x 100 )

Arrows indicate edema

2.5 CTX &4 HLI & &2 R oM A b & 28l di A
P20 B B 84 AL

W R A 1 R&ALYT 4/ B A0 BT i R
W, 55 3 RFEZ B, 115, CTX 80 mg/kg + SP/irr
ZH .CTX 200 mg/kg + SP/irr 41 W3 £H % 41 o %504 4 |-
T PBS 4N A0 i C I ARk . TETESS 12 d,
AN I AT I B T PBS 4A[ (32.9 £5.98 ) x 107 4~/ml

vs (12.2 +3.2) x 10" 4~/ml;(25.3 £6.02 ) x 10’
A/mlws (12.2 £3.2) x10" 4~/ml , P<0.01 ],
e -1 d fRIF A A B TR OR T BE, E E
553 RFF 25 AR; PBS 41 140 B P A8 fk . fi
WA H 12 KA WL CTX 80 mg/kg + SP/irr ZH 1 41
MuE Il A&, 5 PBS AAHIL Z R A St E X
[(7.6+1.52)%x10° 4~/ml vs (2.9 £7.23) x 10°



i, 55, BRWRTBERZIBC A R IS A R L 0 0T /N BT P88 R AR TRR 9410 o £ 49 -

A~/ml,P <0.01 ]; CTX 200 mg/kg + SP/irr #H .CTX
300 mg/kg + SP/irr ZAAXT PBS [ (1.9 £0.35) x
10° 4/ml vs (2.9 £7.23 ) x10° /m;( 0.4 £0.08 ) x
10° 4~/ml ws (2.9 +£7.23) x 10° 4~/ml, P <0.01 |,
F O T AL AR 2 A 2L/ B P G 4 % 1 4 ek
SRR, HF RS 12 d A0 A S A1 i 1 4 e B
BT

A B
z 2
- 1.36% - 4.51%
= =5
O
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é Mo Rl Ao
S S SR R
S LAY . < ’ *\:‘ Pl
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BPE BPE
C D
s 5
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4 CTXBX& HLI 432/5 1 d SHNRE#HREE
Fig.4 Chimerism of mice in different groups
1 d after combination of CTX and HLI treatment
A:CTX 80 mg/kg + SP/irr; B: CTX 200 mg/kg + SP/irr;
C: CTX 300 mg/kg + SP/irr; D: SP/irr

Wid [ sd
E3d 104

Chimerism (%)

(=)
CTX (80)+SP/irrh-|

CTX(200)+SP/irr
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B 5 CTXE& HLI REESEHMRWRE
Fig.5 Chimerism of mice in different groups

after combination of CTX and HLI treatment
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S R i o T 40 R A e B 7 YA P I
G 38 L R AT B TRIAL 3, AT AR K
1 MPE AL, SR J5 SR AT B A5l 50 4 AH FIAY S 44 B
ROt , IR A 0 i R 58 R R it 1 ik
AT5 8RS BE A IS 3 B F IS AN B, PR A R R A
B RS RN B B R A7 AE GVHD, {H ]
i, 8 3 WA T e 52 R e T 2 A AR B
YN T 9 G g8 S5 0 kS ) B ek g 4 L RIVES A4
FEHEPU IR AVE I graft versus tumor, GVT ),

Kolb 2 VB0 42 %2 1) 48 7 4006 11 15 6 2
SR FH L5 T E08 40 L i 3 o 7 R0 PR RGA B 8 2 2 i
( complete response, CR), ELFZUEIH T GVL II/EH
TE ML SERE b % JR2 A Sf A [ AR 38R 32 A0 TUAh 7 il
T AT AL B A 3 0 T A MRS R, B BUE T R
BIFRUR . 2000 4F Childs 25 '3 NST 3497 i
F£ CTX( 200 mg/mg ) il kb ¥ Y 3E 7 B8 4 744 T, HLI
BT LT AR A A AR, AR T g R A AR
ELERARIEREOT AT WA B R BT
JEAE . A FoE 7 B2 AH G B CC3HFL( R A
H-2Y%)-CB6F1( & H-2"" ) /)N B FE A5 780 rpr g, 1Y
BT R ERG  , AS SRR AR S I g
HREIRYT SRR R A T BN R A FilAb B L 45
R AR A BEARASARAC ik 6 B (R A1 2
AU A CTX 80 mg/kg + SP/irr 4 . CTX
200 mg/kg + SP/irr 2L 41 ), A= A7 301 I I ZE 5 AH
52 ,CTX 300 mg/kg + SP/irr ZH3545 T 1R & Btk S 44
(A BEN 11.08% ), HIJCHT B g (14 1 1T, /I B
AR A . 7S50 s 251K 400 mg/kg CTX Ab
BN (HZH B/ NERAR PR A2 FE T, AT DL 400 mg/
kg Y CTX X /N BRUZ BB 9 700 2 2508l & B ).
[ Bsf B A 30 Sk R 14K, i /0N BRURE 4 it % 471
I SRR A NS SP/irr 2H A W EE S 4 i es 4
JH . CTX 300 mg/kg + SP/irr 415 SP/irr ZHHLIPRE1E
HZENTGIT L XEEE IR (1) XT
IF AU, (21 B a7 Wb B4 HA B
JEAEFT, CTX( 80 mg/kg ) 191 Ak B AT L & 2 15 48
5Gy “Co MRS HLI MYPLMEVE . (3)7EF 3L
o RE AN HLRS A TG 5 1 20 it S 5 ) IR 7 o B g
IKOF % A AT EAS & W A1, FE 480 A AR T 2R 1 1
NATBER S BB R VR, B 1 B RGBT
IR 1 AR A T2 B g8 RS R WK 52 % 5% i LA Bt
R EENE,

£ GVHD W< & B, CTX 200 mg/kg + SP/irr
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ZH .CTX 300 mg/kg + SP/irr AWILH THIEF 1 K
WA T R 5 3 R R 2 BRI, (R B A
% B S A A kg L 40 B, B R R
8 S TREMLITIIE. Strair 25 " HE, A2
TALEE (022 25 Gy B4R IR 5 I 59 A\ 25 1 4l i bt 5
( human leukocyte antigen, HLA VIS4 A A AN E 1B
A AN 6T 5 % BRI A I B
SEHL 15 R E 3 B B G A [ B R R
GVHD. Edmund %5 '#ff55 % B, T 42 5 Gy M8
SRITT e L IEn A A7, WA B AR ifE F . HRom At
WAL 7.5 Gy BT EAHMOR B GvT, 1A
M GVHD'*!, Zhao %5 %) & PR 25 SP/irr ALK T 21
HLTE L BR B 4 FH R st R HE B . GVHD . AR
SRR B FIBE LS, 25 5 Gy BRI (214
A T IRk B 40 A A 1, T AR B R GVHD i &
IR R 5 e A

SRR AR A AL B RTE AR T i
A EEL A0 L 3 O 7 2B A B GVT fE B 415 )
P RIIESE Y, Waller 25 5iE ST, £ JE 3 B s 1
YIS AT SCAE Th it CD4 " T )32 3% CD8 ' T
A EEMEM . Rubio 45 P e IR BETALEE + 32 % i
EL AR A T O S WO AR B A2 1Y CD8 T T 4 it i
FFHUNIRE ALY o i R S R PR AR L A0 A T DA
S/INERAR PR bR L 40 K R TG AR B B, PR AR R T
RINH K F~( TL-2, TFN=y ), 5 5 /N B B Bob 988 1
PV R KRR A AR, AT AR/ B P AR TR
B IR E 4 Vi ( mixed lymphocyte reaction, MLR ),
V53 A M R KU 7 AR K Th g R TL-2,
IFN-y ), - FPUMEAE R, X e mse 2, 15
THHSS5 THUMEEN, F HRE E2ER.

ARSI CTX T4k B 20 15 35 9 e eIk
AW B R R T g V8 BB, T 6 CTX fii4b
PR W AL BB bz 1R T, T R R Sk AT Ak 3
J 45 L TR L AT M — AN A7 9 2 R) L AT LS A
E 440 i 2 A TR 5 U 8 40 s 1z, SR8 Fi 3 bk L 4
JL R BB, PR A R Y T AR R i S bR
VEFH ; RIS F0 2 1Y CTX 364 ok 20k #0384 O IR 07
T ARS8 908 290 6 1 b gRg 2L 4 PP B R/
FARNIY Treg 4", B 17 M 2% 3% Bt bR 48 FH o
R AR Y CTX FiAL B 4 vE 5 Gy “Co RS
T A2 A A TR L 4 B T DA B R B AR 1
LM EAGIE GVHD . %7 2 HA R4 A I A Y
FHRG R o SR 32 G RS B i A 3 bk 2 400
(B X IR VE & A S, R T5 i — R R .
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