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W E RIS 5—FU AE A Bel—7402 4 i, JA MTT &4 40 ie & 7 5 R X s B R4 2 Jo 8 == 5 J8 21 5
A AL 5 Western blotting # ] Bcl—2, Bax, Bad % Cleaved Caspase—3 & &1, Z5E 50 ~ 250 wmol/L & #
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2R, 100 wmol/L G EAEA 24 h J&, REIRE 5-FU (125, 25.0 & 50.0pg/ml) VB 48 h %F Bel—7402
fm & N e ap R AR R 38 5% (P <0.05) ; 25.0 W g/ml 5—FU - Bel—7402 28 )8 = 384 (P <0.05) ; G2/M #
fn e Yo s 72 (P <0.05) ; P28 =% & Bax. Bad & Cleaved Caspase—3 EH Rk AKF LA (P<0.05); AT
B8 Bel-2 A AKF TR (P <0.05), it GHEIF% 5-FU FFANE Bel-7402 fm oA =, HAuh THE
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Chrysin sensitizes S-fluorouracil-induced apoptosis
in human liver cancer Bel-7402 cells*

Xiu-dao Song', Chen-mei Mao’, Jin Ma’
(1.Suzhou Hospital Affiliated to Nanjing University of Chinese Medicine, Suzhou, Jiangsu 215009,
China; 2. Department of Pharmacy, Children’s Hospital of Soochow University,
Suzhou, Jiangsu 215025, China)

Abstract: Objective To investigate the effect of chrysin pretreatment on 5-fluorouracil (5-FU) -induced
apoptosis human liver cancer cells. Methods Bel-7402 cells were treated with chrysin alone or jointly treated
with 5-FU. The cell viability was assessed by MTT assay, the cell apoptosis and cell cycle were determined by flow
cytometry (FCM) and the protein expressions of Bcl-2, Bax, Bad, and Cleaved Caspase-3 were analyzed by western
blotting. Results Treatment of Bel-7402 cells induced dose-dependent cytotoxicity from 50 to 250umol/L chrysin for
48 h and (82.261+7.793) % of the cell viability rate in the 100pumol/L chrysin group. The cell viability and apoptosis
were no significantly different in Bel-7402 cells treated with 100pmol/L chrysin for 24 h alone comparing with the
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control group (P > 0.05). Compared with control group, after the pretreatment with 100 umol/L chrysin for 24h, the
cytotoxicity was enhanced by 5-FU (12.5, 25.0, and 50.0pg/ml) to Bel-7402 cells (P < 0.05); the rate of 5-FU-induced
apoptosis was increased in 25.0pg/ml group (P < 0.05); accumulation of Bel-7402 cells in the G2/M phase was

increased (P < 0.05); the expressions of apoptotic protein Cleaved Caspase-3, Bax, and, Bad upregulated (P < 0.05);

the protein level of antiapoptotic protein Bcl-2 downregulated (P < 0.05). Conclusions Chrysin sensitizes 5-FU-

induced apoptosis in Bel-7402 cells, which may be closely associated with the activation of mitochondrial apoptosis

pathway.
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1.1 XA EMEE

11 KA A Bel-7402 kg b 75 N 2
ARk E B R, R (SEE 99% ) il 5-FU (4l
99% ) W ALt A RIEBHEA RA R, MTT I A 2[5
Sigma 23], BCA # IV E G & . WAL
( dimethylsurfoxide, DMSO ), 41L& & B —actin BATE
BEHUIARI H_FHEER R RAEYHARAIRA R, DMEM K
FEU 11 92 Gibeo A F, 0.25% B R 11 I
HEIN ARAEPIA T, Annexin V-FITC P 13850 &0 1
S EYIRHCR A BRA R, MALE ( propidium
iodide, PI) 4 1 H 32 [ Sigma 22 H], A Y JE Al o
Ea (phenylmethanesulfonyl fluoride, PMSF ) %! fi# W
Wy B IR R AR RO R R, ECL Plus o 8%
JEW M A AL 5T Solarbio AR, I EHTAR I [ £ H
CMCTAG 2\ w], B 2 A itk I %83 -2 ( B—cell lymphoma-2,
Bel-2). Bel-2 Al 3¢ X & 1 (Bel-2 associated X protein,
Bax ), Bel-2 MIAE T A T (Bel-2 associated death
promoter, Bad ) 2 e 2 R 2 AR -3 ( cysteinyl
aspartate specific proteinase 3, Caspase—3 ) RN ANEESIE
Cell Signaling Technology N,

112 % LHIERY (550 ) FaE 5 H K

% (Mini-P3) 14 H 3 [® Bio-Rad 2> 7], MoFlo XDP
A o i 2N I 40 1k R 52 5 18 Beckman Coulter
75 H), DYCZ-40B BY 5% AL [ AL 50 S — AL 88T,
Centrifuge 5810R ¥ Vi /=1 18 5.0 WL 11 72 [ Eppendorf
/N F], Alphalmager HP fb2% & 6% R G2l A & [
ProteinSimple 2\ H]

1.2 Fik

121 MTT A 48 jo & H AN & Bel-7402  4f
It FH & 10% Jif 25 I35 ) DMEM 55 5% 328 T 5% —
A ALK CO,. 37 CHu RN B2 2% 1 A9 8 L 3% 5% 46 Hh A%
FRBE 5 B B0 K TN 968 Bel=7402 4 Jifd il A%
MRS, VR AN R R IR R T 96 FLAN M B SR AR
(12x10" ~ 1.5x 10" 4~/ 4L ), FHBEREFHRPHE
24 h 5, WeHEEFR, BHLINA 100 w1 FIfg R B R
e (2R 100w mol/L), 235 FAXT IR INZY 5 b
75 24 h Ji , R EERIEUS , N 5-FU Z96 8 0.0,
12.5. 25.0 &% 500w o/ml 35 32 HAE FH 48 h, 45 41 %
6 N AL BAARKINA FAg R LW E R 50, 100,
150, 200 % 250 p mol/L 4355 35 JEA/E T 48 h, 25 (A%
TRALAINZ, . dkeelsss 48 h e, ALINA 10 w1 MTT
B (5 mg/ml), HEEHFE 40 G, W3 FIEWR, L
B 150 1 DMSO, 7% 10 min LUESE S 7e 05550
IZE 490 nm AMEEIE (optical density, OD ) {E. 153454
HMAFTE R - AR (%) = 25041 OD/ 25 AT |
41 0D x 100%, SLHHEE 3K,

122 AXmpRbnmies s B BOlEE
KR Bel—7402 41 it il jc 20 i Ak v, 1 440 i
BN 1x10° ~ 2% 10" 4> /ml, $EFT 6 fLANMESF
B, 2ml/fl, THEBESEFRFETRESRE, MAE
100 w mol/L A Z 5532 3E( 28 O R0 IE # B R0 )
fEMI 24 h e, Wb RS FRM, BEALINA 25 . g/ml 5-FU
YEHT 48 h 3 S8R5 H1 0.25% gl ( AN & L R &g )
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KI5 . FIHZRXS 5- JIRBENER T AN Bel-7402 1R JH A EWLHIBIFY

THALCAEAN, 1000 r/min B5.0> 5 min, A HEHREEZE i
W ( phosphate buffered saline, PBS ) EEVE 2 W, AT
FAs E B4l (100w mol/L A5 K ). 5-FU Fjli 4
(25 wmol/L 5-FU ), A KBS 5-FU 241 (100 w mol/L,
H# & +25umol/L 5-FU ). 40 M 0 7= K& I = 5
105 w1 % Annexin V-FITC (25 &% thil 240010, 17
A5 IR REEYL 10 min, IS Wl PT YR, 25k
Y 5 min, FEACHMAL DRI (BRI /R
SR 488 nm/530 nm ), FRAFANIHT R, LK E
3. YRR IR - A N I A -20°C i
B 70% L1, FEHETEAN, #5630 min, 4°CH&MF
T PBS ¥ JE LA 1 000 t/min #5005 min, JIA 500 w1
Pl TAEW, 28 TR586 30 min, FHVRZCA0MIASGHATREI
FRAGASLH 20 AT S5 PR A AR , Seh s 3 Ik
123  Western blotting # & & &k BOTEAEK
9N Bel—7402 210 B 1 780 240 P B, 9] A i o
JER 1x 10" 4> /ml, 2R 6 FLATMIEE SRR, 2 ml/ £L,
THEREFA T ERE, AR 100 wmol/L H
MRREFREE (HIRAUNIERRRIL ) /ER 24 h 5, W)
W TR, BEALINA 25w g/ml 5-FU /EH] 48 h 5 SR)5
FH 0.25% JBEREIEAE, 1000 t/min B0 5 min, ¥ PBS &
Ve, WM SRR AEMA 1 mmol/L PMSF
SUHWE 100 w1, AT E T K E24# 30 min, 4°C.
12 000 r/min #5.0> 30 min, E A LER, BCA ki
HEWE, FREAS EAEZMBERILENRS), WK
7% 5 min, -80°CIRAF. TE T hesLmiiReh — RNt
FEBEERE IR T TR A3 B, 4°C kM T % B AHIRET
LR Lo 5% BsA- 03 2 h )G InA—¥t, 4°C
FEIRIFE 10, TBST Y% 4 K, INAMIN ) e, W%
B 2hJ5, TBST Pk 4K, ECLL#L R0, W4 %k
GREH, F Tmage—J FAEAT IR R 434
1.3 FitEFE

B4 BT % ] GraphPad Prism 7.0 Go it it
ORISR = fprfEZs (x=s) FOR, BN E
J7 25 M s IR T T 5 22500, 25 T e
Turkey's %, P <0.05 A Z S A G L.

*1 WAREREAFE Bel-7402 4a7E 11 B30 & /E B

2 #R

2.1 B#EEE 5-FU X3 ABFE Bel-7402 4 i
& RN HIE A

MTT 3 §ifi % 52 56 W 7R, F 45 R 7 0. 50, 100,
150, 200 S 250 p mol/L ¥ BT 1 HIJH-J BEL-7402 2 g
48 h, AMMIAETE R M (10000 +0.000) %, (92982 +
5.313) %, (82261 £7.793) %, (62.423 +6.082) %
(50.022 £5.454) % F1 (42372 +4.564) %, L E
T, ZREG¥E X (F=56.724, P=0000);
FIEAE N 100, 150, 200 & 250 p mol/L i} & BEL-
7402 20 ML AFTE RALT25 F ERZHC O o mol/L (A K )
(P<0.05), WK 1.

100w mol/L. 4 4% % T 4b # A T % Bel-7402
YA 24 h 5 AS H BRI B0V A ) T
FE A RN 5-FU 5 5 AT Bel-7402 41 8 1- /&
MAYGIRAE . AR NG R AR, & Wit
(T7 26500, ARFRINZR AR B ERO0 b, 25
B Gt X (F =159.124, P =0.000) ; Ab B [ %
5-FU (B0 AL, 2R A% EE X (F=81.933,
P =0.000); MEZLEAEMILE, 255 EEX
(F=2.768, P=0.0756 ), JCIZEEIHTAHR LI,
N8R Bel-7402 20 1% 7 BE 5-FU H B 388 hn i FAIC
100 p mol/L A7 Z AL 24 h fERSSE 5-FU % A
Bel-7402 2035 Ty AmdIfE T . DLER 1 FE 2

150 1

100 A

HAMLAFG 5 /9%

50 4

1 2SO HRAL; 20 50 mol/L (FIE; 3: 100 p mol/L %%

4: 150 . mol/L 175 5: 200 w mol/L [145%; 6: 250 . mol/L 1%,
T 575 FOW BRULLLER, P <0.05,

1 AEREBHRIER AR Bel-7402 4 48 h [

B4 i i 71

(n=3, %, x+ts)

(x+s)

5] 0.0 p. g/ml 5-FU

12.5 w g/ml 5-FU

25.0 . g/ml 5-FU 50.0 w g/ml 5-FU

25 (% HR 4L
100 pw mol/L A7 R4

100.000 + 0.000
90.694 + 4.426

88.983 + 1.414
71.644 +3.816 "7

71.442 £2.014" 50.224 +5.323"

47.116 £6.117™ 34214 +7.637"%

H: D5 0.0 g/ml 5-FU 48, P<0.05; @555 IXRRIHE:, P <0.05,
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4: 500 pmol/L 5-FU, (D545 AR IRLILLHE, P <0.05; @5 0.0 g/ml
5-FU b, P<0.05,
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10° 10" 10" 10° 10™

H W & 5 4 4 (1332+1.33) %, 5-FU H
4l (2298+4.32) %, It EBAS-FUL N
(4522+5.65) %, £ A MM T RILE, S5
WERITZMI, ZRA%%E X (F=70.234,
P =0.000) ; 5-FU Sl 25 4 i 0 773K 55 25 1 % B
(P <0.05); AR PMA S HxF A,
EZRTGIFE X (P>0.05); ABMERES 5-FU
2 40 8 T R A 5-FU Bk 41 R A A 2 M 4
(P <0.05). 100w mol/L 47 ZK FilAb# 24 h A 15k
5-FU i 5 A% Bel-7402 40 MO T- (9 VEFH . UL
Kl 3. 4.
2.3 HipEiEsE 5-FU X3 A BTiE Bel-7402 R A8
G2/M HABR i HiF S1EA

FH P S Ge AT A5 Bel—7402 41 fifd J& 4 4
BN, 25 R IEZH [GO/G1 H]:(85.35 +2.61) %,

10°
100

0.1% 6.3%

77.1% . 16.4%

TTIN T Ty T
10' 10° 10° 10" 10° 10° 107
Annexin V-FITC
5-FU ]

10' 10° 10° 10° 10° 10" 107
Annexin V=-FITC
FHEBA 5-FU 41

B3 &ARNXMEMLUIETER

10' 10° 10' 10° 10° 10" 10’ 10° 107
Annexin V=-FITC Annexin V=-FITC
25 X R [SE7E S E1IEG)
60 -
- s [ X AR 2 @
100 p mol/L,
. EL7EH
L 40 -
4
E
% 20 4
0

1 2 3 4

Lo ZEXTIRAL 2. (RN 3. 5-FU 4l 4. 1
MRS 5S-FU 41, @525 AxTIRAIHLE:, P <0.05; Q5 MR R
MEH f 5-FU B [hEe, P <0.05,

B4 FHEMEBATERLEE

(x+s)

G2M ] : (3.66+0.68) %) ; HIHZE MM [ (GO/G1
1. (80.92+4.34) %, G2/M ] : (8.06+1.05) %] ;
5-FU Hhgd [( GO/G1 #H:(73.54 £5.49) %, G2/M 1

(12.67 £2.28) %|; A EEA 5-FU 41 [( GO/G1 .
(55.47+3.69) %, G2IM ] : (26.16£2.17) %], %
ZH A\ JiT9 Bel-7402 401 GO/G1 B4 MR i, ZHr
R 225007, AbBRIR R g R ER0 b, %
FAGHFE X (F =60.012, P =0.000); 23K %R
5-FU FER0 i, 2R A5t (F=21.881,
P=0.0016 ) ; PE L HAEM LU, ZRA5TEE X
(F =8.042,P =0.022 ). #2041 G2/M A4 Eh b 5%t
AT T 25500, ARSI R A R 0 800
Wi, ZRASIFE L (F=192.212, P =0.000);
AR Z 5-FU 1 ER0W R, ZR A% E L
(F=83.693, P=0.000); MELZHAEHILEK, 274
it X (F=21.610, P =0.0016 ), 100w mol/L |1
W ZE AL B 24 h 4455 S-FU X} AT Bel-7402 41
LA G2/ SR AT . ULIEL 5. 6.
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400 400 400 400
300 1 300 - 300 1 300 1
= ! i i
=200 1 & 200 4 & 200 1 & 2004
= = = %
100 - 100 4 100 - 100 -
0 4 N) e— T— 0 , Ny -
105.1 10& 106.2 1 049 1 05, 1 0,,_5 105.1 106 1053 105.1 106 105.1
FI2-A FIo-A FI2-A FI2-A
25 X IR ZH [EL7EAL b 5-FU Bagfize Fm RIS 5-FU 41
B 5 & AFE Bel-7402 (R E RS flE R
100 1 -] 2.4 ABHEX 5-FU 438 A FT4E Bel-7402 AR

@ ep—— Bcl-2, Bax. Bad X Cleaved Caspase-3 EH %k
pe=of )
£ 21 Bel-2. Bax. Bad M Cleaved Caspase—3 HH
FAXS IR HAS, B TT 22000, ZRASTHFE
X (P<0.05); FIHREBEE 5-FU 41 Bel-2 8 1A
AT AR SRR 5-FU BBl fE (P <0.05), H
W ZBEA 5-FU 4 Bax. Bad /& Cleaved Caspase—3 EHH
D AL L P <003 @) (1 2 AL 51U RS R A P R 2L R 5-FU BRI 5 P <0.05 ),
YOMZL R . P <0.05. Bel-2, Bax. Bad . Cleaved Caspase—3 F&ikH ol i 55
E6 &4 ARHE Bel-7402 418 G2M MR M Sem ) AEE IR BULIR 24 hojinsk 5-FU 3 5 AR Bel-
b (xss) 7402 AR TR LR 2 — o WLE 2 M 7,

80 4

I 5FU el
FR RIS 5-FU 4

H©

60 =

40 -

YNHI%L 1%

)
-
20 4

GO/G1 1] G2/M ]

%2 £&4H Bcl-2, Bax. Bad % Cleaved Caspase-3 EEHMRIZBER  (xzs)

201 Bel-2 Bax Bad Cleaved Caspase-3
B RO KN 0.924 +0.13 0.632 +0.072 0.142 £0.011 0.363 +0.032
(S 75 0.893 + 0.091 0.613 + 0.083 0.453 + 0.062 0.344 £ 0.041
5-FU #phg 0.284 +0.032 0.921 +£0.11 0.62 + 0.051 0.652 + 0.053
A ZERES 5-FU 41 0.127 £0.012 1.132 £ 0.092 0.933 £0.124 0.792 + 0.034
F1H 77.122 22753 59.574 87.425
PAE 0.000 0.000 0.000 0.000
1 2 3 4 L5 | E(ERopiE|
Bol-2 — — 28 kD @ iR
i) @ T ) B 51U Fdi
A 3
By — o e SIS ok & L I ZTEL 5-FU 4
=y
Bad - S
a N’ — — 3 ] ﬁEE(
Cleaved s
Caspase-3 —. 17 kD

B -achin e— —mm— —— m— 1 ] Bel-2 Bax Bad  Cleaved Caspase-3

L A EXTHRAL 2 AR 3. 5-FU Sl; 4. ARG 5-FU 4. D52 X IRALILES, P <0.05; @5 AR M K 5-FU
Hophge S, P <0.05,
Bl 7 #&%H Bcl-2, Bax. Bad X Cleaved Caspase-3 EAMAMRIZELE (x+s)
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JE & AP Chepatocellular carcinoma, HCC ) &
SRR R R R 2 — TR E A OB
e 2 i Y, B HCC B AR T DL AR
JHFHE RS A 4 AR R 32, — o] A BT A% 5
XTFRFEE K. BN SOARENN 32 T AR S
., AT e IR FEFEY, 5-FU 2GR
TR B —Z 25 . TERE L0 20 4E 1, 5-FU I
RITRCH &, HR IS Al 5-FU =B AR R
J52 b7 A 2454 5% e HG i R A%, BELAG ik — 2
T R, H A DDA 55 SRR A A ok
BRI TR, I R R e 2 M AR R Y
ED

5T TR 20 e O T R A R T Y
HARZ —. 5-FU SE40ST 259 R AEAST 259 851 1Y)
WIHERDE X RS MR A 2 AT, midnie i Tk
5 I 5-FU RAEM A EENS Z — " — B
I R BEE A7 b, S s RN 25 0T ASCR A 5, 42
BECG 2. AT, R E2 e sy
FIHE N S BEAR 2 i s 1) 2 A AU ™ 2R Ab
Py R R A R AT 3 ol 1 977 s R 5 1k 24 ik
G ARER—FEA R AFIG R AT SR
SR A, T RS ] A0 i Iolys 240 A 14 7
FNE SR A T " SR RIIRLIRE, AR
Al SRR L R Y AR ORI 25 W P [R5 S
e 210 R T 5 O o e A M B AR SRR A AR R,
100 w mol/L A ZETALFE 24 h, A Bel-7402 41
677, TR A S DR Z B . R EE T Y
P R AL EE 24 h 1458 S-FU 0] & Bel-7402
A IG S IVERT,  H 100 w mol/L 4% 2 T Ak BT
Jif Bel-7402 4fl Y 24 h 5 5 12.5 F1 25.0 p. g/ml 5-FU
BCHT, A9 Bel-7402 20 L% 1 90 25 4 5+
25 Fl 50w o/ml 5-FU 1], £HEABES 5-FU B
BRI AT Bel-7402 40835 1 HA DR 2500
100 w mol/L A Z WAL HH 24 h ATHE5E 5S-FU i S AT
I Bel-7402 LA T-AOFEH] . AR BRI G2/M I 46
TEAH AR R e S T R s R E R ] . ARSI g
RERW], 100w mol/L FAH R FALHHE 24 h ATHE 5% 5-FU
75T A Bel-7402 4 G2/M HARH AR FIVERT, #2m
DNA i, {2 he s 2432 80, DA I 00 o] 240 B s
R, P A4 S AT 259 5-FU A 2 i 40 f 0
T-HIVEHT, BEA AR AR TG00 i i I H 5t .

1240 08 1 RS Sl B BB AN R AT 43 A
AR AE FE A AMIEESE T 2 A B . Bel-2 SRR
SELRRT T R AN EE A, WAL
IR R, (IR R RN (0 25 C B,
Ja 81 Caspase GRS N, UGS ™ Ui 04 98 T~ 2500 IR 7
Caspase-3, MIE S & AT ", Bel-2 53
KB, Bel-2 W5 Bax JE BRI SRR, S0 4L 75
Bax o Bad = 383k 0, AUMIXFET {5 S BURRT AT & 41
MOgE T AR . PR . RJBFR T Bel-2 S5
-3 Bel-2, RT3 H Bax 55 Bad % £ 5574,
A THEAR MR T 7 TR T -, Il 2R ibyr 25
YIS T, SR T AT 24 & AR A o
ARSLEEER B R, 100 wmol/L A R FiALHE 24 h Al i
5-FU %5 5 AT 98 Bel-7402 4 il Cleaved Caspase—3 .
Bax M Bad & A 1, AJFE Bel2 FHEH#E
KN, KA RETUNES , 5-FU 530 A6
Bel-7402 ISR AT TR A2 HOMTERR, (2 HEA M T,
N 5-FU 1555 Bel-7402 4UIEJH T 1B E FH & 65
I GHNEVESET S AGEER A O, ARrf D

ZE LTk, AR EsE 5-FU A5 A Bel-
7402 A HETE ) AA AN T VER, R Bel-2 £
21k 5 118 Bax Fll Bad 8 IR (H LR A 4 T3 i
PGP Re R HE 2 PO Z —. A RN Bel-2
FIEFRIBKF I R S Sk F (NF-k B ),
JE4if RNA (microRNA ) 5545 5¢, (HfF#E— D09,
AN, ZEH R FIA R e A RE R A
Bel-7402 405+ 5-FU 194k 7 SUsd:

2 % X Wk
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