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bFGF BB & K y7 Xt /MR Bl6 # 48 J& /Y 1 [5) #0711 FA

G ae G2 ER T LER IRl BAKEWES —ER WEA, S & M 510632;
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[/ E] H 1 RSB B AT 4R 4 Bl PR 2. 78 BE BT basic fibroblast growth factor monoclonal antibody, bFGF-mAb VBT
X/ NG B16 BRI (MR . 1+ 45 T4 4/ L BFGF-mAb , 227 47 B16 S 26980 /I8 BUBE 280 31 B AL 43 A %ok BR A1 L iy
2 bFGF-mAb IR AIRITH . SHLHBIRYT R, A AR 1697 20 d JRARFE/IN B, OB A# 988 B o i, TS
#, TUNEL 146 0 B M I8 4 08 1~ 28, Sy 4 ARG I R ARJRE 41 20 bIRGE | L Y B2 A= K R F( vascular endothelial growth factor,
VEGF )y 33528 K I8 S 1l 45 2% B2 ( microvessel density, MVD ). 45 s bFGF-mAb 87 T VB 8 T7 1 00 33 3 N
30.49% \12. 17% 1 48.76% , kA5 167 2 (M9 R W] 1 T IHAWZH(C P <0. 05 ); 57 20 AL, BRG1A 97 4 UM B B0R Ry
2,37, BRAIRYT LR AT A0 M IR T 40T 41 . bFGF-mAD 21 K X B A1 B S 3% 2 ( 58.56 £6.47 )% ws (17.21 +2.86 )% ,
(28.45+5.47)% ,(10.62 +1.73 )% ; P <0.05 5 P <0.01 ], H: bFGF . VEGF &3k /K ¥ F &, MVD B B3 0( P <0.05 ),
L1 bFGF-mADb BEATHT X BI6 FS LR EA YR R0 , 38 5L W (R 41 2 bFGE A1 VEGE 3k 40 il 297 28 G2 0
B T v T U

[ C8EIA ] DB 220 2T 4 20 i B 7 B 5 B BT AR ( bRGF-mAD ) ; BCSFE T 5 M4 N B2 A= K B T-( VEGF )5 Jif 98 190 1, 4% % &
(MVD)
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Synergistic inhibitory effects of bFGF monoclonal antibody combined with radio-
therapy on B16-transplanted tumors in mice

ZENG Shi-bin', XU Meng', PAN Lan-hong', XIANG Jun-jian’, DENG Ning”, LI Dan’, WANG Pan-pan’( 1. Depart-
ment of Oncology, First Affiliated Hospital of Jinan University, Guangzhou 510632, Guangdong, China; 2. Research
Center of Antibody Enieering, College of Life Science and Technology, Jinan University, Guangzhou 510632, Guang-
dong, China )

[ Abstract ] Objective: To investigate the inhibitory effect of basic fibroblast growth factor monoclonal antibody ( bFGF-
mAb ) combined with radiotherapy against B16-transplanted tumors in mice. Methods: bFGF-mAb was prepared and puri-
fied. B16-transplanted melanoma tumor models were established and the mice were randomly divided into 4 groups: con-
trol group, radiotherapy group, bFGF-mAb group, and bFGF-mAb combined with radiotherapy group. Tumor volumes
were measured in different treatment groups. Twenty days after treatment, the tumors were collected and weighted, and the
inhibitory rates of tumor growth were calculated. TUNEL staining was used to detect the apoptosis rate of transplanted
tumors ; immunohistochemical method was used to examine the positive expression of bFGF, vascular endothelial growth
factor ( VEGF ) and microvessel density ( MVD ) in transplanted tumor tissues. Results: The inhibitory rate of tumor
growth in the combined treatment group was significantly higher than those in radiotherapy group and bFGF-mAb treatment
group (48.76% vs 12.17% , 30.49% , P <0.05 ). The radiotherapy sensitization enhancement ratio of the combined
treatment group was 2. 37 times that in the radiotherapy group. The apoptosis rate of transplanted tumor cells in the com-

bined treatment group was significantly increased compared with those in the control, radiotherapy, bFGF-mAb treatment
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groups ([ 58.56 +6.47 1% vs [ 17.21 £2.86 1%, [ 28.45 £5.47 1%, [ 10.62 £1.73 |% ; P <0.05 or P <0.01 ),
with bFGF, VEGF expression and MVD being significantly decreased ( P <0.05 ). Conclusion: bFGF-mAb combined

with radiotherapy have synergistic inhibitory effect on the growth of B16-transplanted melanoma tumors, and it can increase

the radio-sensitivity of tumor cells by reducing the expressions of bFGF and VEGF, decreasing angiogenesis, and promo-

ting apoptosis.
[ Key words ]
( VEGF ); microvessel density( MVD )

BRI T B A v B G R, 2 H i
KR ARG K I AR b 2 — . BRI RZ
BoAeyy 25t 25 BARBURAG Y, WU KAE, LIV
Wi 5 FAEERIT 10% . MR 2584 A
J7, AT AR B — 67 5 g W 8 A4 T 4 52 5
Ho HAET, 5 5 F JE (imatinib ), R $7 JE JE ( sor-
afenib ) DU BAHI( bevacizumab ) %54 [0 25136 7
R T R0 2 2R s J o B WL i 6 . 2
P B T 4 41 2R K R T ( basic fibro-
blast growth factor, bFGF )7 K Z 45 22 290 4 s &
Rk, HBAT (e ik R 2R A A G R ST A I
BB E R . BFgE S R WA, bRGE B 5 e i A
( bFGF monoclonal antibody,bFGF-mAb )YE& N & 4%
HORIPE T, B 10] F bFGF/FGFR F 4t 38 it # ) bF-
GF 7 A 35 (W I8 200 . A WE 58 B TE 4% bFGF-
mAb [ 1) FIAE F 5 T80T A H e A A I
E R E B AR T SRR A TR

1 #MREFZ*

1.1 &Rk

BALB/c /MR 16 H, ¥ M4 5 CS7TBL/6 /N R
32 H eSS . NERIREEZ) 18 ~20 ¢,7 ~8 JHiE,
W R 7 BB 22 5256 sh ) rh o0 SESG S ) AT IR
5 :SCXK # 2006-0015 ). B16 225 40 i i 5
REFHUR TR ST PO RAE . 9B R 58 A7 H
F[E Sigma /A Fl, Protein G #E:1g H & [E GE A A,
VEGF( C-1 )( Sc¢-7269 ). FGF-2( Sc-79 ). CD31( ZM-
0042 itk A sig 414k 7 £ PV-6005 ) \DAB I {1
Ha5R ) ( ZL1-9032 ). TUNEL 40 it 95 1= #6 3% 77 &
( ZK-8004 ¥y F At st i A2 & i AE B R A IR A
Ao ECFAEREEE I H T BN AR I 7 E Y
[ /A= 8
1.2 #)& #2032 46 bFGF-mAD'©’

55 IO 58 2 4/ 7 il S % BALB/c /MR, 0. 33
ml/ H o KI5 FiFRARE O @R bFGF-mAb 4258
JeR 2, BBORH R A U 40 R o A 2 % 10°/ml 119 441 ffg

melanoma; bFGF monoclonal antibody( bFGF-mAb ); radiotherapy; vascular endothelial growth factor
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B E SR 7 d B/NELL T ml 2L TS
bFGF-mAb 2253418 7 ~ 12 d J5 B KTE L, T BUIE
K, GATR-RIR A 264k , F5- L) Protein G 4lifk, BCA
I E bRGF-mAb ¥R JE , - 20°CHA7F&H .
1.3 Bl6 R AT@AEA 0932 5

B16 78 298 4 e 52 75 J 35 3%, O B K 40
Jitg, JH PBS W14 A 2 x 10°/ml 4l B, B 32 H
C57 BL/6 /INELL K5 0.2 ml/ B Bl 4 x 10° 4> )40 i
WS T /INRAT T BARES R W I A KB
HATEEMEA 2 d, BRERERESER T ~8
mm B3 2HIRTT .
1.4 3784 bFGF-mAD 777 ) & B16 A%

W 32 HopmrJgg /N BB AL 43 %o BRI T
2 \bFGF-mAb JGY74H KB IRIT AU . X RRZEAS
VEAE o kb 3 ; bBFGF-mAb 26 9% J& K¢ F 7% 5 bFGF-
mAb,900 peg/ H, &3 d S 1IR3 3 WG T AR
FH X B BRI A, 5 B 435 L B R R 0T 5 Bk
EVRITHIEFR I iR bFGF-mAb 1897, %5 9 KJ5 52
Jiti RO o /INBR X S 4 IR G B 0 25088 R
205 mm. HUTSE6 MV, X SHEIE IR 45
PR GHUR K7 #5100 em, FFEF 6 em x7 em, 1 K/d,5
Gy/¥K,5 /8, 4 8 ¥k, MFilHE: 40 Gy' 7',
1. 5 #7834 bFGF-mAb 497 B16 #4175 69 77 5
ML

F AR /NRAE 2 d R DR R KK AR LA
B W IR F V =3/47 x(W/2 ) x L/2,3t
FA AR It m AR 2. %520 X
S FEAardEd /I BROTRUBCR AR, PR B i, TR A
S SR R, TR % ) = (1 - LI AT
9o JoT it/ o BRZH PR T i ) x 100%
1. 6 #5734 bFGF-mAb & 77 #7869 Bk 3 & K
3E R B ) Bk 4 S A R

T 5 38 f R ( sensitization enhacement ratio,
SER )28 g U675 Ah 38 B0y
ALBE R /N H8 AR R A K SE 3R B JE] ( tumor
growth delay, TGD ), f8HE-GAYT 2  HAA T 20 bR
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PRI R B S2BTF LR 1K) 10 45 9 s ZEmtE] D1.D2 5
Xof FECZE e 18 4 22 R R K/ /5 BF ] DO 1Y 2246
SER = BRAIRITHI UL TGD/ T4 TGD.

1.7 TUNEL k4 B16 A4 JE 20 27 4m i 64 8 =

Fi H8 TUNEL 20 At 08 T 4 I 377 &2 ( ZK-8004 )
VAT SRR, 8 T 200 PR R A2 R B e AR B (. B AL
PRI 10 A g IR, THE 1 000 A4 iy 48 it v fH
PEANEEL, TP BT R, TR % ) =(HT- 4
B AALSEL ) x 100%

1.8 o J% 48R40 5 ¥ 4% 44 5 41 4% VEGF . bFGF
Fo fib 7 1 o % 5% E( MVD )

K S-P kit AT e g A Ak e o ALY A B
fEARA BUEAE S B AT, 43 B A St B —4T bF-
GF .VEGF ¥.3i( 1: 100 ) L X i i/ A CD31 Hiik
(1:200),4 CHWH L7, DAB B4, [AIFLL PBS ¥
WA —HUVEBAPEXT RE

VEGF .bFGF %] 2 b1 #f : VEGF . bFGF LA U, £
I e 240 A 5 ] J 240 A B 5T G v (e AR B A PH M .
IRAR B 40 A% )T 258 R PH 14 41 i d 2 461X, SR 5 7E
200 fEFAET R4 1 000 A2 A, 13 BRE 20 A o5 i
TeA AR MY 43255 7E = A B T (400 A5 ) WL 52 4t At
R BN MRS ARG Bl M.

MVD bR E . CD31 Y abric M55 9 B2 40
DAL 3 G 3 €8 AR 0 R PHE AR 5 PO R A 2 450K
AR NFRIRBTCAE I SRR R 1 AR, T4k
TFEE R Veidner PEH| 7K
1.9 %itszan

EEGHAELL « + 5 FRon, R SPSS13. 0 #F4¢
T, Dy R 7 20 it A7 410 B, LA P <0. 05
5 P<0.01 FnEFAGITEE L.

2 # R

2.1 %47 B4 bFGF-mAb 7657 2 % 47 4] B16 #4
AR

IRITHT A 2 Blo B AHJE AR FR C Inb EME 22 7
MIBIT RIS 12 KIFUR , X RE LR AR I S 2 AR I
KT bFGF-mAb 20 R A 1R97 41, 5507 41 e ik
AR B 355 B A VAT 4L B AR L bFGF-mAD 41
Ry AR .45/ P <0.05, 18 1), S5 idd
HOAE IR AR YT AL 0T LA R R PR R K 31 S 56 T
LRI 10 f5 /9 TCD 4054 5.7 d.2.4 d,SER A
2. 37, BVRAIRYT 4L ARG 7 U 2 By
iy 2.37 15,

IRITES 20 K, X REZH P 3498 T i LA, bFGF -
mAb 41 YT A WA IR YT AR 3 R 4 5 R

30.49% .12. 17% .48. 76% , ¥k &6 )7 415 bFGF-
mAb 2 T AR 2E R A G E (P <0.05,P <
0.01,112), &5 RULW], T HEA bEGF-mAb 577
W] Bl6 2 4H 8 19 4= K, bFGF-mAb 1] #2 &
B16 F& IR X IO A0 S

THHE |
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B 1 MyTEA bFGF-mAD ) Ble &M@ 4 K
Fig.1 Radiotherapy combined with bFGF-mAb
inhibited growth of B16-transpalnted tumors
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B2 bFGF-mAb B & M Xt B16 7 1E 8815 58 A0 ] I
Fig.2 Radiotherapy combined with bFGF-mAb
therapy inhibited proliferation of B16-transpalnted tumors
A: Control group; B: Radiotherapy group;

C: bFGF-mAb group; D: Combined group
"P<0.05, "*P<0.01l vs D group

2.2 bFGF-mAb F&&-30 77 W23t B16 #5 4 J& 20 i ¢
B

TUNEL yE 4 8% T ] WLYR 720 i B S8 1 4 , 2%
O RYL AR A R e H AR, 242 R
PERZ SR s AR 08 T4 B A R i (B 3 ). xR
Bl6 RS A A =% M ( 10. 62 = 1.73 )% bFGF-
mAb 20N ( 28. 45 +5.47 )% JIITH M(17.21 =
2.86 )% JEAIRITHL N( 58.56 +6.47 )% . BEAIA
7L bFGF-mAb 41 K ity 20 B16 R Ay A A 1
B @M P <0.05 ).



178 -

Fp [ b A IR T 28,2011 4E 4 A ,18(2)

B3 DbFGF-mAb BXAHFT R B16 BEMMAET( x400 )
Fig.3 bFGF-mAb combined with radiotherapy promoted
apoptosis of B16-transpalnted tumor cells( x 400 )

A: Control group; B: Radiotherapy group;

C: bFGF-mAb group; D: Combined group

LCamntrod Hlivaherapy

2.4 DbFGF-mAb B &7 & 77 /& Bl6 #AHg AR
% bFGF .VEGF & MVD # % 4%

SEERE 4 E 1 s, Bl6 AR 41 41
VEGF \bFGF =2 %2 3 15 F i i, 52 b 0 €0 19 9k,
Y R Z A R 0 B R P AF FHE B sR HME . 5
X HEAH L3, T 4 A i R 40 41 bFGF L VEGE %
KK FFE( P <0.01 ); bFGF-mAb 4 bFGF ik
KB B R R P <0.01 ), 1 VEGF 3k K- TG i
WA P >0.05 ); B G IR YT 41bFGF . VEGF ik
TR BpIGTT A A W TR P <0.01 ).

CD31 GL i A& P B2 40 Ml bm i i i 6, s
FEAEIRE N (00 I 45 8% B ; BFGF-mAb 2 I 45 %5 JiF 4%
R BT AL IR Z 5 A IR YT AL AR, SR AE X T (5 e
B K5 0 X B o AR R 2, o R
(El4), 4531 88R, BA BT AT A R &l Ble
FEL IR A 007 A i o

I CFF-mAD Coitabingd therepy

4 bFGF-mAb BX & KT M1 A LR b bFGF.VEGF RiAFIMEME £ MK( S-P, x200 )
Fig. 4 DbFGF-mAb combined with radiotherapy inhibited bFGF, VEGF

expressions and tumor angiogenesis of B16-transpalnted tumors( S-P, x200 )

3 it

RERDEANER R S BRI R R E FARY)
B AT U —E AT R, T B Y AT A
RCRARAE, SR A AT 010 . L P MR 5 10 T
1) 25T R BRI T R

bFGF 75 54 238 4t M 38 2 55 43 WA 51 [ 43 WA AL
il 5, 5 VEGF \PDGF | 1L-8 25 b3 [ {12 2 Jifr s 21
JBETE 5 KO E A TR A > . bFGF 5 VEGF
AR g 1A A, P PR R AR I P R 4
( vascular endothelial cell, VEC )3 %4 iT%2, I 4k
MAGZE M Fa e ), bFGF BT 1 346 F T VEC,
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AT A B AR i 5 X FE VEC i VEGFR #9 3%
3K, W) R AR A B A VR o7

F1 &% Bl6 BiEBHR
bFGF.VEGF RixZ%E K MVD
Tab.1 bFGF and VEGF expression rates and MVD

of B16-transpalnted tumors in different groups

Group bFGH( % ) VEGF( % ) MVD

Conrtol  67.3£9.4"" 57.2+7.1"" 68.5+17.2""

Radiotherapy 34.3 +6.345 28.5+4.7°%% 42,8 +6.244

58.5+13.4 2
24.7+6.5

42.3+5.1 2
17.5+3.4

bFGF-mAb 0.6 +4.64

Combined 11.4 £2.4

“P<0.05, ""P<0.01 vs combined group; AP <0.05,
424P <0.01 s control group

bFGF-mAb BEA] th A 25 (1) bFGF, AR ZH 41
bFGF ¥ , thn] 5 B 48 [F 32 (4 25 5 19 bFGE/FG-
FR B&Y454 LI bFGF 5 HAZ K 254 K &
YALE S S, T bEGF 175 5 114 i Jeg 40 it 154 8 &%
BRI AR AT PR AR L
B4R A 40 MY DNA, AR F ik R 4 i &% VEC 34
T SRR A YT IR 4 L
FE 1Y bFGF \VEGF %541 g PR 7~ RE 44 5 H 25 4 59 4
Btk 246/, T P FD bEGE BE D | bFGF 5 S 11
VEC 3851 , i ip B AR SHE VEC JHT-/EH .

ASZE  bFGF-mAb &7 4130 i I8 J8 B2 S
bFGF-mAb 252, TEAR N HRFEL & 15 h FJE N bFGF (1)
YEA, BHL I H: 5 bFGFR 454, fff bFGF Jo 3k & $5 42
AT A R g A A B PRLT 7= A 2 v 4
RN ( 30. 49% )0 ST AR FH KR = 4 BT
SFIERIR 40 Gy, GYT )58 N bFGE Fl VEGF FRikK
V- R (HAMIE AR 12.17% ), 3R B R
A — BT BEAIRYT LR AR
ST bBFGF-mAb RF£E i R M bFGE , 76 I HE il 1
B O i — 25 B AIRbFGF . VEGF %5 41 il (Al -7
FeiRIK -, BUE N bFGF I VEGF 28 35 7K - 45 HoAth
S ZH FBH B RRAIG, BE5E X B16 40 At S 1A N Bz 4n
MR R PR o S AL S IR 245 B S, IR A LB
R PR PGB AE LA /0, MVD S5 {1, b b < LAk ™ R
255 TENUL Y& {8 5578 B16 A 40 M 05 T f o 27
PRI 7 A o i 5 ) IR R A ( 48. 76% ), AT 3 4
Rik2.37,

bFGF-mAb & BT i A8 VA T7 32 = DR R T
SCRALA T AR JL Oy A5 B (1 )R

B0 A= B PR 2 20 L PN T R R 5 (2) I A
DA 2 240 X L 2 A S 1 SRR D T P X B 1)
fgURRAE 5 (3) MR = SR BT P BN K (4)
X AT H1RATE P e 98— A0 198 A R AR 2 1 5 A i PR
¥ B, bFGF-mAb 5 U7 B A W HITE B16 441
Je /1N BRAAR PN 7 A 25 PO I 08 255007 () BT A 4 2 1R
A A R BE IR T B2 A8 98 N bFGF L VEGF ) 3%
IR A R I AR £ R A R T, A e TR
AT UM . bFGF-mAb FHCT B[R] (4 43+
B, Rl e H 5 2R = IR B T 40 i AR Ak i
K R EAFIE— L5
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