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Combined or exclusive application of Genistein and 5-fluorouracil in inhibiting

human gastric carcinoma cell line BGC-823 in vitro
WANG Zhengwen',GONG Jun?,ZHU Mingcai®, Tang Weixue*, Cui Haining'

(1. Department of General Surgery ,the Affiliated Hospital ,Hainan Medical University ;2. Department of
Hepatobiliary and Pancreatic Surgery,Sichuan Academy of Medical Science ,Sichuan Provincial People’s
Hospital; 3. Department of General Surgery ,the First Affiliated Hospital ,Chongqing Medical University

4. Teaching and Research Section of Pathophysiology, College of Basic Medicine ,Chongqing Medical University)

[ Abstract ]Objective: To investigate whether combined application of Genistein(Gen) and 5—fluorouracil(5-FU) exerts synergistic ef—
fect on growth inhibition of human gastric carcinoma cells BGC-823 and their possible mechanisms in vitro. Methods; Human gastric
carcinoma cell line BGC-823 was exposed to Gen and 5-FU exclusively or in combination at different concentrations for 24,48 h and
72 h. 3—-(4,5-dimethylthiazol-2—yl ) -2, 5-diphenyl tetrazolium bromide (MTT) assay was employed to investigate the inhibitory effect
of Gen and 5-FU,exclusively or in combination on BGC-823 cells. Furthermore , method of median—effect principle was utilized to
quantitatively analyze the dose—effect relationship of the combined effects of Gen and 5-FU. Then,BGC-823 cells were exposed to
Gen and 5-FU,exclusively or in combination for 72 h,the ultramicrostructure changes of cancer cells were observed by transmission
electron microscopy (TEM) and the distribution of cell cycles was detected by flow cytometry (FCM). Results ; Combined or exclusive
application of Gen and 5-FU exerted significant inhibitory effect on the proliferation of BGC-823 cells in both time and dose depen—
dent manner. When inhibition rate(IR) exceeding 50% ,combined application of Gen and 5-FU displayed synergistic effect on growth
inhibition of BGC-823 cell line. Being exposed to 6.06 mg/L. Gen,1.23 mg/LL 5-FU and 0.81 mg/LL Gen combined with 1.01 mg/L. 5-FU
for 72 h,95.74% BGC-823 cells were arrested at Gy/M phases,58.26% and 41.59% BGC-823 cells were arrested at Gy/G, and S
phases and 67.99% BGC-823 cells were arrested at Gy/G, phases,respectively. Gen and 5-FU,used exclusively or in combination,
could induce apoptosis and arrest cell cycle of BGC-823 cells. Conclusions:Combined or exclusive application of Gen and 5-FU can
suppress the proliferation of BGC—823 cells in vitro. Through arresting cell cycle and inducing cell apoptosis,combined application of
Gen and 5-FU can inhibit the growth of BGC-823 cells. Combined application of Gen and 5-FU exerts synergistic effect on growth of
human gastric carcinoma cells within certain range of concentration. The study provides evidences for the potential combined appli—
cation of Gen and 5-FU in the treatment of human gastric cancer.

[Key words ]Genistein ; 5~fluorouracil ; gastric cancer; inhibitory effect;cell cycle;apoptosis
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Je U A, 0. 1% A E AL, 1 000 v/min B0 10 min, 25 |
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PI)BAZe(a, FCM JI5E o FH Modifit 1.0 /873 B 41 A 7347
1.2.3 UM A W AR S0 4 21 K A0 e Ak 3 I

1.2.2, INZiBESE 72 h S ECH AR, R A, 1 000 1/min 25
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WK ;4% FEWETR I 1 %55 J5 [ 22 , AT AR 618 full,
WA ERL, Y (50 nm) |, BERR A — MR IR AT W e 4,
Hitachi-600 %4375 i Hi 5% T X4%
13 %itsdam

FHGeit 4 SPSS 11.0 #E4T 04T, MTT 4531 LAYy
BAR DS (o = 5) Fon , LI LR TR B W5 22504, 4%
ZH 2 B2 W Z IR LR F LSD 2%, 25 vk B R 2 sk
L1 5 2R SR FHDOBUXT BICA A A DG ARG 56 | AT TRV A 285 5 R )
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2.1 Gen 5-FU 31k R EAAE R 5t B & 2m ey 3 ) 45 7

Gen ,5-FU BB A 1R X BGC-823 4iif (1 £k K44
AR, BE A 259 e 25 1 3G LA Rt AH R 1E LB
i T[] P B, 247 10 2550 It A T 385 T, RID 22 590 - 35N O &R
FIEHE] RN e R, Gen S—FU B s 1A FHAS [7] Aisf ] 2
[ 4 22 A G X (Gen: F=0.004 025,P<0.001;5-FU. F=
0.002 433, P<0.001 ; Gen+5-FU : F=84.192, P<0.001 ) , AN [A] 5]
SR IR ZH A AS [ s ) 22 ] 19 522 5 G i 5 L (Gen:
F=3.661,P<0.01;5-FU:F=3.305,P<0.01;Gen+5-FU; F=
3.697,P<0.01) P& FART SRR AH L L IR B, I3 1-3,

F1 AERER Gen 43 BGC-823 A1 24.48 h & 72 h [FRIHIHI M EL R

Tab.1 IRs of BGC-823 cells exposed to Gen at different concentrations for 24,48 h and 72 h
Gen " Asom (2 £5) IR (% )

(mg/L) () 24 h 48 ht 72 h*® 24 h 48 ht 72 h**
0.0 3 0.714 = 0.058 0.871 +0.038 1.508 + 0.074 0.00 0.00 0.00
5.0 3 0.628 + 0.028" 0.692 + 0.026" 0.993 + 0.063* 12.04 20.55 34.15

10.0 3 0.574 £ 0.033* 0.677 + 0.023* 0.857 £ 0.067* 19.61 31.11 43.17
20.0 3 0.466 +0.031* 0.543 £ 0.025™ 0.721 £ 0.053" 34.73 37.66 52.19
40.0 3 0.421 £ 0.028" 0.474 £ 0.019 0.433 £ 0.065" 41.04 45.58 87.29
80.0 3 0.242 £ 0.041* 0.140 £ 0.003* 0.068 + 0.018* 66.11 93.93 95.49

a:P<0.05, S4UIEXTIELL ELAE b P < 0.05, 5 5.0 mg/L Gen 4 HLER , ¢: P < 0.05,5 10.0 mg/L Gen ZH H3E,d: P < 0.05, 55 20.0 mg/L Gen 41 HLH%,
e:P<0.05,5 40.0 mg/L Gen 41 [L#5;A: P<0.01, 55 Gen VE] 24 h J5 H48, B: P < 0.01, 55 Gen YEH 48 h Ji5 Hb4%
R 2 AERER 5-FU 432 BGC-823 4B [ At 8] /5 RN HI R E £ R
Tab.2 IRs of BGC-823 cells exposed to 5-FU at different concentrations for 24,48 h and 72 h

5-FU - Aspm (5 £5) IR(%)

(mg/L) A ) 24 h 48 72 b 24h 48 72 b
0.0 3 0.714 +0.058 0.871 =0.038 1.508 + 0.074 0.00 0.00 0.00
6.0 3 0.449 0.010" 0.396 = 0.016" 0.417 = 0.020" 37.11 54.54 72.35

12.0 3 0.415 +0.033" 0.360 = 0.036" 0.178 £ 0.018" 41.88 58.67 78.20
24.0 3 0.347 = 0.036" 0.276 = 0.027" 0.088 = 0.010* 51.40 74.05 94.16
48.0 3 0.253 = 0.037" 0.134 +0.012" 0.060 = 0.014" 64.57 84.62 96.02
96.0 3 0.189 = 0.032" 0.101 =0.015™ 0.052 =0.010™ 75.53 88.40 96.55

a:P<0.05, 54Nt R A, b P< 0.05,5 6.0 mg/L 5-FU ZHHEE, ¢: P < 0.05, 5 12.0 mg/L 5-FU 2048, d: P < 0.05, 5 24.0 mg/L. 5-FU 41
B ,e:P<0.05,5 48.0 mg/L 5-FU 41 H# ;A P<0.01,5 5-FU /5 24 h J5 H 4, B: P< 0.01, 15 5-FU /] 48 h Ji5 Fb#%
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£ 3 AELIRER Gen 1 5-FU 412 BGC-823 4l A~ [=] Bt i) /5 RO 1 R E 45 3R
Tab.3 IRs of BGC-823 cells exposed to Gen and 5-FU in combination at different concentrations for 24,48 h and 72 h

Gen+5-FU N Aso (x£5) IR(%)

(mg/L) B ) 24h 48 h* 72 b 24 h 48 72 b
@D 0.0+0.0 3 0.714 + 0.058 0.871 + 0.038 1.508 +0.074 0.00 0.00 0.00
@ 5.0+6.0 3 0.390 = 0.046" 0.354 £ 0.032" 0.424 + 0.024° 45.37 59.36 71.88
3 10.0+12.0 3 0.299 = 0.037" 0.323 £ 0.025 0.208 + 0.044" 58.12 62.92 86.21
@ 20.0+24.0 3 0.190 = 0.023" 0.061 =0.016™ 0.050 + 0.009™ 73.39 93.00 96.68
(5 40.0+48.0 3 0.174 +0.014% 0.034 + 0.005" 0.039 +0.010™ 75.63 96.10 97.41
© 80.0+96.0 3 0.039 + 0.016™* 0.029 + 0.008"" 0.034 +0.010™ 94.53 96.67 97.75

a:P<0.05, SOEMAT B A b P< 0.05, 5@ A, c: P<0.05, 5@ A, d: P<0.05, DL 4 e: P<0.05, 5@ HAE;A:P< 001,
5 Gen+5-FU YER] 24 h J5 H48, B: P< 0.01, 5 Gen+5-FU {E] 48 h J5 L4

2.2 Gen 5-FU 30 B A JA 064 P 2R E 78 205 & HIZERE) 5 AN MOAZ A Y €0 57 i R SR T 2R AL ; AN B AZ S M e
M 1~3 PR FE AR Gen 5-FU BB B B He(H 3~5),

= L/ Y - _ = —|
HENRTRESH RNy Y=1.240X-2.049,Y=0.853X -0.884, Dm %4 Gen#n5-FU 8RR A A% BGC-823 4

SrBA 12,11 ,2.45 me/L, A& R %L r 43514 0.951,0.955; RO (% )
B E Y=1.076X-1.434,Dm Jy 3.63 mg/L(/E\:qj Tab.4 Effect of combined and exclusive application of Gen
Gen 4 1.61 mg/L.,5-FU 4 2.02 mg/L) , HC R KL r $0.959, and 5-FU and on distribution of BGC-823 cell cycle( % )
UL, H Dm 7], Gen B9 A N i iy 7.56% 15 AL GG, S G/M
5-FU S A 550 i e A B Rl 19 1.22 £, S A A Yo HAL 16 433 52.11 36.95 10.94
B, A R B r KT 0.95, R 259k 1 5 25 Wy st 2 (] GenZil 16 054 3.87¢ 0.39" 95.74
AARGFIZPERESC , BN 25k B2 A5 25 W) RN IE . LA 5-FU 4 18 897 58.26% 41.59% 0.15%

SAREAR R, AN R CL PN AR BRZ: A F R B30 il Gen+5-FUZL 17444 67.99% 32.01% 0.00%
(1), EPTR, 480N 50%0F, 254 F = A s bt a:P<0.01, 5% HELH LS  b:P<0.01, 5 Gen 44, c: P <0.01, 5
PTEFH (CI>1), 248000 KT 50% 0, 5244 1 7= 246 B R 4E 1 5-FU 41 H#%
(CIk1),

1.6

-
2 P
1:0 \-‘*\ =
08 e
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1 Gen 5 5-FU & MM & MIEA - S HL B R R £ A, T TT AR ST

Fig.1 Combination index—effect curve of Gen and 5-FU E2 ¥ EEBGC-823 MM EE (TEM,8 000 x )

Fig.2 TEM illustration of BGC-823 cell in control group
24wl
23 GSH\S—FU Xﬂ‘ BGC—823 é[ﬂﬂﬁ}%} -/ﬁﬂ él] ,\fy"ﬁ ( TEM ,8 000 X )

6.06 mg/L. Gen AbFH BGC-823 4HAf 72 h J7,95.74%1H2H
MIBHAEZE Go/M 1;1.23 mg/L 5-FU 4b3H BGC-823 4HAf 72 h
J&,GolGy N S WAZHAEIIE N ;0.81 mg/L Gen 5 1.01 mg/L 5-FU
B b1 BGC-823 4 72 h JG 40 & 21 Go/G, IR, 4%
S0 2F A1 i SR B ) A BT B T2 (=57 272.734, P<
0.001), WF% 4,

24 Gen 5-FU % B & fm oA i 25 #1 6 %

5T T LA IRAL BOC-823 I /NR — T % P 37

. .
B UM R TR B L , B ROR AR LIk JF AT ST A < R A, e R T/ M
WA 2), Gen 5 5-FU AL 72 h J5 , BGC-823 AL 3 Gen AbE BGC-823 4 72 h IS4 ( TEM,8 000 x )
AT LA T AR AN T/ IMAS 20 AR AR /N | A T e 4, 4% Fig.3 TEM illustration of apoptotic cells in BGC-823 cells

AR KL LG T R 20 A P e £ ST v A A v s at 72 h after being exposed to Gen ( TEM, 8 000 x )
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HE LA T2 < M s v Ak Ak
4 5-FU 432 BGC-823 #liffl 72 h /5 FE$EE ( TEM,8 000 x )
Fig.4 TEM illustration of apoptotic cells in BGC-823 cells
at 72 h after being exposed to 5-FU( TEM, 8 000 x )

v Y et
UL TR T/ M
5 Gen 1 5-FU 4b18 BGC-823 4iff1 72 h TR EE
(TEM,8 000 x )
Fig.5 TEM illustration of nuclear fragmentation and apoptotic
cells in BGC-823 cells at 72 h after being exposed to Gen and
5-FU( TEM, 8 000 x )

3 #
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TFHHB AT A 25 2 A B e S )T R 5-FU 26
(A g R B s DAne S S1) & A 5 £
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A BRI,

Gen ] S R IRE 2500 N2 VUM B8 (SRAZEE il
ZIRHPT VU P A 5-FU 25 AT I R 1

FAW-T 0 5-FU &)zl PR 25, 2 AL
I7 A% T 2, LR UL IV A 65 1 4 i 2> |
R B R B K% %, ARF5EH Gen
5 5-FU BeA1EH T B 8 BGC-823 4Nt , A FHI 4%
BAFH B T 280k BE 53 i/ 88.67% K 17.77% , RI)
B/NRIEY 5-FU AR/ Gen, AT AIA B o3
e I P 24 B FH IS FR B8O o 2R A DL SN AT i
IR B O, 1T HLs 2> 5-FU B350 J5 mT DAk
TGRS, 38 S 25 RO R AT
MRV KT 50%KF, P 2456 F ™ A= B[Rl 2600
INTF 50%8), 25 E R = AR BUE R, X0k
— AR5 G 25 A0 EL A FA IS 570 SR BE EE L Gen 5 HAth
A7 253 (W AH AR R R U3 A 22508 3

Jifrges 2 22 BE DR A8 Ak oA it J A 2L, A 2k
FEVEAE R TS — 28805 9T KB, Gen AT LU BHHT
B L IREU00 L g U4 22 Tl ok TR 200 B 1% 248 L] 4 T
Go/M #] R A PUREERMILE 2 —, AR
B, Gen 5200 1\ B R 4 BGC-823 4 it i 4 it JA]
WA, G/ A e s 2 A& A= G,/M IHBR T
G, /M1 J2 41 i J 48 v e A — 3 i — A5
5. I, Gen % BGC—823 4l i1 i 4 H vl fig
SR Gy/M R R A E TS B , 5-FU Al i
FEZANAL MGC8031™ MKN—452% 7 Go/G, AR K A\
B S SR, ARG BN, 5-FU fff BGC-823
YMIRR I Go/G, HH K S BHAR AR 43 35 N T 6.15% Fil
4.64% , SHTABIF S AL, 5-FU A e A BH
BGC-823 4T Gy/S Wi &R AFEHt I EH . 1Ml Gen
5 5-FU B4 T-7 BGC-823 4Hfi, 3 67.99%1 41
M Go/G, IBEH , F5%F FRAL K 5-FU 2L A B AR
FHHT 2 (P<0.01) (% 4), #2758 Gen 55 5-FU 3]
() Go/G, SRRV AT 6 2 H = A BRI FH )
MLl Z—

TR ZAb ST 245 43 3k 175 5 08 T A 1 o) ek 8 4
FA R, DR, 375 S e 4B R T A B B B 24
FE & SV (AR e KB Rt 7 1 H bRz —22,
PRI TR Gen UM VEFINLE Z — %5055
FHH BT Gen 5 5-FU ¥ K& )5 BGC-823
T L A 235 A P el A R T AL ST (%) 3R T 40 i
To/MA BIEA 1S BGC-823 4l T-iVEM . X
ARESEEA 7 A D R BT A R XL
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