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bFGF B Hith[EE S BHIH iE Lewis HERIEE LR B EBME A

RER G RAEX L IR, ARG, T, M Enni(1l. Ba Ry WES—ER WEA, & SN
510632; 2. Bk A FRRFR WA ET S, &R 7N 510632)

[ Z] H T 4P 44 K 7 basic fibroblast growth factor, bFGF ) Bi4( 5% 7 H( gimeracil and oteracil porassi-
um, SOFR S-1 ). B2 AR SIS Lewis M 40 HOI 58 FEARR AL K B 6B IR A 37 2L B BRI . 5V : COK-8 i
Kl bFGF B3 K% S-1 % Lewis 4 M358 po3m I/ . £57 C57BL/6 /N Lewis i A & H AR RL, 32 HU/INBUBEHL 20 12k
FERK( NS )ZH . bFGF Hibiidl (S-1 L1 bFGF Bbii +S-1 20, A4 8 Hs M mmygi oAk, 22 il 26 4 il 4, Bk I e I 1 3 g o365 114K
AL T RS RS SS 1 5 CD31 FRIC LA A B2 40 , 31550 B 988 MM A 5 E( microvessel density, MVD ). 45 2 : bFGF #i4it ,S-1
FIRARAGAEINH] Lewis ZHABHETE( P <0.05 ), BE-G FH 2541 H 3B 5 THR 24 2H( P <0.05 5 P <0.01 ). bFGF Hhidl .S-1 4
LI BEGF BAFT + S-1 A%} Lewis 55R2 T NI R 4> B 37. 8% 47.7% .65.9% , A IR R B i 75 F 225 4H( P <0. 05 BY
P<0.01), BRAMIFRMEHE R 4T S & I B TR 254(2.71 £0.76 vs 6.57 £0.98.4.71 +0.76;21.6 +2.9 vs
33.4+4.9.41.926.3;P<0.05 5 P <0.01 ), 518 :bFGF BAHIEA S-1 X4 Lewis Ji R A0 LA B k0 T L JCHLE] 540
il 20 A3 5 K A B A K
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Synergistic inhibitory effects of bFGF monoclonal antibody and S-1 against pro-
liferation of lung cancer Lewis cells and angiogenesis of transplanted tumors

ZHANG Guo-jun', XU Meng', ZHAO Jian-fu', WANG Hong”, XIANG Jun-jian’, DENG Ning’, ZENG Shi-bin', WANG
Pan-pan’( 1. Department of Oncology, First Affiliated Hospital of Jinan University, Guangzhou 510632, Guangdong,
China; 2. Research Center of Antibody Engineering, Life Science and Technological College, Jinan University,
Guangzhou 510632, Guangdong, China )

[ Abstract ] Objective: To study the synergistic inhibitory effects of basic fibroblast growth factor ( bFGF ) monoclonal
antibody ( bBFGF mAb ) and gimeracil and oteracil porassium ( S-1 ) against proliferation of Lewis cells and the growth,
metastasis, angiogenesis of the transplanted tumors. Methods: CCK-8 assay was used to assess the effects of bFGF mAb
and S-1 on proliferation of Lewis cells. The spontaneous Lewis cell lung metastatic model was established, and thirty-two
C57BL /6 mice were randomly divided into 4 groups: normal sodium ( NS ) group, bFGF mAb group, S-1 group, and bF-
GF mAb + S-1 group. Tumor volume was measured and tumor growth curve was drawn; tumors were weighed and the in-
hibitory rate of tumor growth was calculated ; metastatic nodules on lung surface were counted; and the vascular endothelial
cells were stained with CD31 to examine the microvessel density ( MVD ) of transplanted tumors. Results: Both bFGF
mAb and S-1 inhibited Lewis cell proliferation in a dose-dependent manner ( P <0.05 ). The inhibitory rate in bFGF
mAb + S-1 group was significantly higher than those in the single drug treatment groups ( P <0.05 or P <0.01 ). The in-
hibitory rates of transplanted tumors in bFGF mAb group, S-1 group, and bFGF mAb + S-1 groups were 37.8% , 47.7% ,
and 65. 9% , respectively, with the combination group being significantly higher than the single treatment groups
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(P <0.05 or P<0.01 ). Moreover, the metastatic nodules and MVD in the combination group were significantly lower
than those of single treatment groups ( 2.71 +0.76 vs 6.57 £0.98, 4.71 £0.76; 21.6 +2.9 s 33.4 +4.9, 41.9 +
6.3; P<0.05 or P <0.01 ). Conclusion:bFGF mAb and S-1 have synergistic inhibitory effects on Lewis transplanted

tumors, which is related to the inhibition of proliferation and angiogenesis.
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B 38 KO A7 245 1) 1) Tk 245 i A6 B8 1 ) o 2 )
PRI T A 5 g 1 2R R A U 5, T
AL ML AR A B )69 75 A 7 25 B 5 o 24
e Mg KA A BT B, RS LA A R TR A
VE FHALN KA 56 25 0 ) B 9 3 it 70 Bl i
2 2k 41 i 45 K BBl 7 ( basic fibroblast growth factor,
bFGE )WE Ry —Fi i 2 Je 4 1 7 A2 Jof e 1t 587 A=
8 2 K DR 1, A il e S 22 O P iR b Rk,
bFGFEAHT A F Gl 0 ) i o 7 B A 3 ot
( gimeracil and oteracil porassium, S-1 )J& 5-FU [ [
IR A2 , 3= A i s B s 5 A7 1 IR
FI2h BT R NI o ARSI
1L bFGF B4 5 S-1 WA R i Lewis ZAL
PRER G 1) U3 [ 400988 A S CHC AL, S bFGF BT
RO T Y67 Mg B2 fE SR

1 #MeEFZ*
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1.2 EEZRXFNAANE

BRI SE 27 A 3£ 18 Sigma 2\ F], DMEM
3 IR A AL AR S IR B A A A BR
ARRAF, CCK-8 50 & H VL5 138 = KA
BHEAE]. S-1 BEHE M F L AR B B AR 250 A BR 2
Ao RPLE/A CD31 Pk S 4t b 5y 41 ki
& A RS AV B ARG BR A F, DAB {4
R A b RARBH AR A FRA T B3l B
25 2% Multiskan A 7o bFGF FHT4HEE MabF7 A4S
ENiE- IR AN
1.3 Lewis A& 2m B3 78 4 4] 52 36
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bFGF; monoclonal antibody; S-1; Lewis lung cancer cell; microvessel density; proliferation
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2], JF R A 50,100,150 F1 200 pg/ml;( 2 )
S-14H, %% S-1 % DMSO H A e i B4 510,20
pg/ml,DMSO 4 1 ml/L;( 3 ) bFGF ¥yl A S-1
A, PR E R 100 pg/ml [ bFGF FAHT/ 515
5.10.20 pg/ml 1y S-1 BEEVER, Bl S-1 A itk
JE5 S-1 AR ;(4) BIEXTIRAL, A
1 ml/L B DMSO 100 pl Brffi5 IR (5 ) 25 FRIE
H AU 100 wl F538W . Hi9: 72 h, A 10 wl/
FLIY CCK-8 5, 4k 235 97 1.5 h, F B bR AL
Dol BRI 3 NS, LI EE 3 K. 4

FEINHR( % ) =[ ( BITEXTRRLL D - 25 (AR R D ) -
(S D - 25 ANHIRL D) 1/ PEXT IR D - 28
FXTIEZH D) x 100% .

1.4 Lewis A&/ N A B HBREAE IR B %

WA Ab F X A K I Y Lewis 20 I, 9713 46 fifg
BN 5 x10°/ml, 7E C57 /NEUA FROR TS E8 2 T
R ,0.2 ml/ H R il S g i BEAIL 43 1 4 2H(
H8 H ), NS .44 T NSO.4 ml #H,1 K/d;S-1
21 - S-1 A A PRER K rh S AT 27,10 mg/kg 0.4 ml
S-1 5,1 W/d;bFGF By 8 Ji K2 RS S mg/
ml bFGF B370.2 ml, 1 ¥X/3 d;bFGF By +S-1 4 .
S-1 5 bFGF B4 H WG 2. S A EL 457
16 d, %5 18 RALFE/NER, Il 45 WG b o
1.5 N RAIP9E R m B SR A K L

H 22555 1 R bR~ RO B AT R 96 R 1)
KAL) iz w), 1 /3 d, 366 kG ARPEA S
(V=mxLxWxW/6) iR ARAE mm’® ), 25
bR AR AR fE 2R . 45 18 b/ INERALBE , By 24
2 PR TR R, IR R % ) = (O BRZH P
Y9 I et - S 20 P 1R B e )/ %) REUZH - Y 9 o
x 100% . HUMZH S, figt ) S G0e T WL %< i 3% 18 b
TR LSRR TR RS AT 3
1.6 %97 AN Lewis 45 M98 20 S o 4 55

IR MR L H Y R L) R, Bk R R 2
4 ~5 pum, BEARY] 3 Ko AU 2K KD A
Ji pH 4 6.0 BIFFIERRZE thil Hh = iR B S 6 min x4
W, IR S AL YD B RET 5 min. FeiUH) S Ui B
Fict i AT, 3 e L 2R N 2 ~ 3 i EA T 104,37 C W%
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B 1 bR BAE B 1:200 B9 CD31 HUAK, 4 C
BRI 49137 CIEE 30 min; DAB 0, &L |
B JEE A, WA WS,

CD31 FHME R A0 1045 31 205 0 #%2 B8 Hara
A2 LR A 1% AT AT A R BB € A B P B 4
i PN B AT A%, DA 2005 AT A R vk 440 e A
JE| 145 45 dH 253 S0 FE AR — A Ui S 155G H
BEGER RIS  FLor S B AR — A AT
FETE R T 8 A4, A HENUZ B A5 8 5
HH BE I e 1 2 A i 40 PR T S HERR . B T
JEAE 100 5 ARET T, ok D) e 8 5 A s Y o
e B BRI BT X, SR 7E 400 R T, BEALTTEL
For 5 S PR P A O AR IO IAME, S 53T .
1.7 %itsan

THEGERER A « 5 2R, 18 H SPSS 16. 0 #
AR KR AT G T2 Ab 8, W 2 A i V) He A
KH ¢ K3, R LR ¥ Ke g, BA P <0. 05 5%
P <0.01FRRZRA G L

2 & B

2.1 bFGF $#H MR S-1 494 Lewis 2 i) 3 74

bFGF Hfi N S-1 ¥ AT 6] Lewis 4 A (435 58
JFEA WM . P B AE R, B EE R 5.
10.20 pg/ml £ S-1 5 100 pwg/ml B bFGF FAHTEE A
YEFT Lewis 40 A, FLAM 6 /E F BA I 5% F PR 25 Bk
EF (P<0.05,% 1),

%1 DFGF 215 S-1 2K EEFAE Lewis 2R ATILHE
Tab.1 bFGF mAb combined with S-v1 inhibited

proliferation of Lewis cells

Drug Inhibitory rate
(py/pg ml™) Pose (%)
bFGF mAb 50 9.3+1.7
100 21.3£1.0
150 28.0+3.0
200 35.8 0.8
S-1 5 6.2£0.3
10 16.5+1.6
20 32.7+3.6
bFGF mAb +S-1 100 + 5 29.0+3.5"
100 +10 42.7+1.2°
100 +20 62.3+1.9"

* P <0.05 vs single bBFGF mAb or S-1 at same dosage

2.2 DbFGF 33t F) S-1 47%) Lewis #4958 69 £ K

FE A F2 45 21 A AT IACRR 0 AR A0 I 22 i kg 4%
UL 565 9 KT iR, S0 20 A AR A BT fi /)
X REZ, BK A 20 A5 A R A B A B 24 21 1) I Ok /)
(P<0.05). 252545 o8 Jm 1 85 %% 4 9 41 2101 o
i, bFGFHLyT 4 . S-1 40 L) K bFGF Ay + S-1 4175
9 oL B - A 4 (1,36 £0. 12 )g (1. 14 =
0.20)g.(0.75 £0. 07 )g, BIW BAK T NS 4 199 Jit
HOPIE(2.19 £0.22 )g; BFGF Hi4i4H (S-1 4HLL K
bFGF H.4t + S-1 IR 53 5 R 37. 8% 47. 7% .
65. 9% Bk G M B 25 H W] B4 (P <
0.05,F 1. K 2),
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irmes afier tressment (4%

B 1 bFGF 2HE& S-1 B E Ak iEHD &
FiifE Lewis A EMmAEK
Fig.1 bFGF mAb combined with S-1 inhibited growth of

Lewis cell-transplanted tumors in a time-dependent manner
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i

T mass

B2 bFGF 24EXA S-1 MHEAHRE Lewis B EBEK
Fig.2 bFGF mAb combined with S-1 inhibited growth
of Lewis cell-transplanted tumors
"P<0.05, """ P<0.0l vs NS group;

2 P <0.05 vs bFGF mAb or S-1 group

2.3 bFGF 3£4HFE S-1 #7%) Lewis #5458 401 22 %
B EE
NS 20 .bFGF BAHi4 . S-1 4L K bFGF BHt +
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S-1 #4258 E( MVD ) HBOF 3953 90 67 +
7.533.4+£4.9.41.9+6.3.21.6 2.9, %4254
MVD JHEUE K NS 4 2 F PR P <0.05 3 P <
0.01 ); i A4 MVD K (8 f/)N , %50 24 25 20 W 4
/(P <0.05,83).,

3 DbFGF BHHE S-1 #IHIFHE Lewis 4150
iR A R iU E 2 E( SP, x200 )
Fig.3 bFGF mAb combined with S-1 inhibited MVD in
Lewis cell-transplanted tumor tissues( SP, x 200 )
A: NS group; B: bFGF mAb group; C: S-1 group;
D: bFGF mAb + S-1 group

2.4 bFGF 33 F S-1 #74) Lewis A5G 0 2545
Lewis /N RS rR AT 2 A= SR RS RO RR A7 2R
ili 5% 45 % > 80% . bFGF M4l S-1 41 LI K bFGF
PABT + S-1 41l 3% B 45 75 803 i R 6. 57 £0. 98,
4.71+0.76.2.71 +0.76, 5 NS 4L £ 7 5. &
(P <0.058% P <0.01 ), I HERA 20 55 50k F 24 28 it
FERSEETTRH BN P <0.05 3 P <0.01,%2).

%2 DFGF BHithE S-1 #I%] Lewis A EBIEE
Tab.2 bFGF mAb combined with S-1 inhibited metastasis
of Lewis cell-transplanted tumors

Lung metastatic Inhibitory rate

Group

nodule( n ) (% )
NS 8.86 +1.35 -
bFGF mAb 6.57 £0.984%" 25.8
S-1 4.71+0.76%"* 46.8
bFGF mAb + S-1 2.71£0.76" " 69. 4

* P<0.05, **P<0.01 vs NS group; “P <0.05,
42 P <0.01 vs bBFGFmAD + S-1 group
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(P <0.05), UtBH T W55 B8 & HL A Pn [] 400 o 40 Jif 384
FHIIVERT. WF5E %) 381, bFGF . PDGF %5 /= K P -
A DA Aky/PKB, FHIT Akt/PKB AH G A A K55
WAL, AT A A0 e BE A T S-1 AT AR Ak/PKB 3%
. I, bFGF B S-1 7EMNH] Lewis 20 0386 51
J7 P [E)AE FH AT BE 55 5 4 BHL BT Aky/PKB 5 53
A 5. bFGF BAFT S S-1 0 ifil fir g ifn 8 3 £ A4 1
¥ 5] bEGF 3k A ), Hirf bFGF Hudi
il 1t BHLIKE bFGF 5 HSZ AR i 45 4 T 41 i 1] ) 15 5 1%
i, bFGF H3 VEGF &1k Jz HAR F b 98 1 45 P
F A MG BE A AT B . S-1 FeEE A R
A5 e L4 P B2 40 B S A i VEGF \bFGF 235 i 4E
FH 9 28 38 28 5 e i A7 A B ke AR A P
20 i B R S A A PR T ) e e o A B A . B
A R I A A U DI ARG, TRl bFGE 2
Bt 5 S-1 Biplalmfl e A= 4 B % B AL -5 6 2 bl
I 0 S e 1285 14 2 DDA O

it £ e i 7 A A7 AR AT 24 B e I o ™
S ) R YT BB A BRI i . ARSI AT
P AR AR [ 258 bEGE Bt 58 Rk TP 259
S-1 156 XF fili s 200 B 344 0 K i ged o 5 A B ) B ()40
HIVER , M Bitda i 3R 7 SR 60T i S . A P E T
I 0 ) e 200 A 35 7 e 6537 A4 T R S 240 g R 1
F 223K B A7 5l R AL o Tt — B R R

[ & % 3 Wk ]

[1] Jemal A, Bray F, Center MM, et al. Global cancer statistics [ J J.
CA Cancer J Clin, 2011, 61(2): 69-90.

[2] Hirsch FR, Franklin WA, Bunn PA Jr. Expression of target mole-
cules in lung cancer: Challenge for a new treatment paradigm
[ J]. Semin Oncol, 2002, 29( 3 Suppl 9 ): 2-8.

[3] XuM, Sheng LH, Zhu XH, et al. Reversal effect of stephania tet-
randra-containing Chinese herb formula SENL on multidrug resist-
ance in lung cancer cell line SW1573/2R120 [ J . Am J Chin
Med, 2010, 38(2): 401413.

[4] LiuX, Chan SY, Ho PC. Comparison of the in vitro and in vivo
effects of retinoids either alone or in combination with cisplatin and
S-fluorouracil on tumor development and metastasis of melanoma
[ J]. Cancer Chemother Pharmacol, 2008, 63( 1): 167-174.

[5] Butler JM, Kobayashi H, Rafii S. Instructive role of the vascular
niche in promoting tumour growth and tissue repair by angiocrine
factors [ J ]. Nat Rev Cancer, 2010, 10( 2 ): 138-146.

[ 6] Murukesh N, Dive C, Jayson GC. Biomarkers of angiogenesis and
their role in the development of VEGF inhibitors [ J ]. Br J Canc-
er, 2010, 102( 1): 8-18.

[7]1 Miller TW, Isenberg JS, Roberts DD. Molecular regulation of
tumor angiogenesis and perfusion via redox signaling [ J ]. Chem
Rev, 2009, 109( 7 ): 3099-3124.

[8] MZER, 2, 42, %. bFGF HrrBEPAANE/NR Lewis i
TR SR A [ ] P EDRRAEZS R, 2010, 20( 6 ): 401-
405.

[9] Totani Y, Saito Y, Hayashi M, et al. A phase I study of S-1
monotherapy as second-line treatment for advanced non-small cell
lung cancer [ ] ]. Cancer Chemother Pharmacol, 2009, 64( 6 ):
1181-1185.

[ 10 ] Kaira K, Sunaga N, Yanagitani N, et al. Phase 2 study of S-1 plus
carboplatin in patients with advanced non-small cell lung cancer
[ J]. Lung Cancer, 2010, 68(2): 253-257.

[ 11 ] Takiguchi Y, Tada Y, Gemma A, et al. Phase I/l study of do-
cetaxel and S-1, an oral fluorinated pyrimidine, for untreated ad-
vanced non-small cell lung cancer [l Lung Cancer, 2010, 68
(3):409414.

[ 12 ] Hara H, Akisue T, Fujimoto T, et al. Expression of VEGF and its
receptors and angiogenesis in bone and soft tissue tumors [ J ]. An-
ticancer Res, 2006, 26( 6B ): 43074311.

(13 ) BAL, WAT, BHE, & WS TLEW A5 538 F i
JEIIXA [T ] AR, 2006, 28(8 ): 632-634.

[ 14 ] Presta M, DellEra P, Mitola S, et al. Fibroblast growth factor/fi-
broblast growth factor receptor system in angiogenesis [ J ]. Cyto-
kine Growth Factor Rev, 2005, 16( 2 ): 159-178.

[ 15 ] Rusnati M, Presta M. Fibroblast growth factors/ fibroblast growth
factor receptors as targets for the development of antiangiogenesis
strategies [ J]. Curr Pharm Des, 2007, 13( 20 ): 2025-2044.

[ 16 ] ThIE3F. HUMRBr ey B Aot (1] hEBEZ ST,
2007, 9( 6 ): 499- 502.

[ 17 ] Malet-Martino M, Martino R. Clinical studies of three oral prodrugs
of 5-fluorouracil ( capecitabine, UFT, S-1): A review [ J ]. On-
cologist, 2002, 7( 4 ): 288-323.

[ 18 ] Hoff PM. The tegafur-based dihydropyrimidine dehydrogenase in-
hibitory fluoropyrimidines, UFT/leucovorin ( ORZEL ) and S-1: A
review of their clinical development and therapeutic potential [ J ].
Invest New Drugs, 2000, 18(4 ): 331-342.

(19 T BRI, TEANAS, FETAt. o S8l A mas IE 10 i 570 Y S-1 3540 1
2RI BR Bl LCI-D20 JRU L RS AR A I TR A [ ) 1.
SEIFIER 2535, 2009, 17(9): 665-668.

[ 20 ] Harada K, Kawaguchi S, Supriatno, et al. S-1, an oral fluoropyri-
midine anti-cancer agent, enhanced radiosensitivity in a human
oral cancer cell line in vivo and in vitro: Involvement possibility of
inhibition of survival signal, Akt/PKB [ J ]. Cancer Lett, 2005,
226(2): 161-168.

[21] Desnoyers LR, Pai R, Ferrando RE, et al. Targeting FGF19 in-
hibits tumor growth in colon cancer xenograft and FGF19 transgenic
hepatocellular carcinoma models [ J ]. Oncogene, 2008, 27( 1 ):
8597.

[ KfEE] 2011 -02-11
[AXHE\E] £ =

[fEEBE#] 2011 -03-15



