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Abstract

AIM: To assess the effect of bufalin on cell prolif-
eration, migration and invasion in human hepa-
tocellular carcinoma cell line BEL-7402.

METHODS: BEL-7402 cells were cultured in vi-
tro. The effect of bufalin on cell proliferation and
cell cycle was measured by CCK-8 colorimetric
method and flow cytometry. Cell migration and
invasion were assessed by Transwell assay.

RESULTS: Bufalin significantly inhibited the
growth and proliferation of BEL-7402 cells in
a dose- and time-dependent manner. Bufalin
at a dose of 0.085 pg/mL blocked the cell cycle
of BEL-7402 cells in G,/S phase [48 h (G, t =
-6.618, P <0.01;S: t =-5.339, P < 0.01), 72 h (G,: ¢
=-14.273, P < 0.01; S: t = -4.812, P < 0.01)]. Treat-

(49

TR

Baishideng® WCJD | www.wjgnet.com

ment with bufalin at a dose of 0.085 pg/mL for
72 h significantly inhibited the migration (¢ =
11.717, P < 0.01) and invasion (t = 5.437, P < 0.01)
of BEL-7402 cells.

CONCLUSION: Bufalin inhibits the migration
and invasion of human liver cancer cells. Be-
sides, bufalin can inhibit the proliferation of hu-
man liver cancer cells by blocking the cell cycle
in G,/S phase. The anti-proliferative effect of
bufalin is dose- and time-dependent.

© 2014 Baishideng Publishing Group Co., Limited. All
rights reserved.
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Bi: #F 5% 2 (bufalin, Bu)*HJ%BEL-7402
mpp kK. TR E2GER.

Fik: RIME R AR EBEL-740248 86, 5 A
CCK-8tL &, k. A X @mpel. TranswelllNE
#4252 S B R ) IR B Fe A R B[R] Bust
R miayssh, T4, 120 %0,

LR Bu¥] 2494 AT EBEL-740228 it A& K A=
Wb, EIRE-AFRIZE £ £ 0.085 pg/mL Bu
5 AAE R T BEL-740248 #6048, 72 h, A
I8 48 B B B FELiE T G/SHA[48 h(G,: ¢ = -6.618,
P<0.01; S: ¢ = -5.339, P<0.01), 72 h(G,: t =
-14.273, P<0.01; S: ¢ = -4.812, P<0.01)]; 0.085
pg/mL Butk AAFEBEL-740240 472 h, %%
TR B s AT A (r = 11.717, P<0.01)F243 &
(t=5.437,P<0.01).
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BT T kA
JE— &84 PR 1A
¥ & 2 (bufalin,
Bu) 2 A S M
P YERR P £ &
HER RS Z—,
B A 6 A
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BORR: %4 %0 I B Bel-7402%8 L T %
T AR R IR G T RS R AT R e e P
P53. survivin. Bel-xL. {4 /B%& & B (matrix
metalloproteinases). E-%5%:% & (E-cadherin)% B
FRER X,
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Ji kM T (hepatocellular carcinoma, HCC) /&
BUH LI A R R, R R A TR E 2R 3
fr, ARG S 507, BEAEARERZA7100 77 451 LA
R S SR, RIS AT 60 )7 49 B T iR,
7 A e BN, s 7 R (bufalin, Bu) At
i 98g A% 2t v 24 WS TR b B b 8 A FH B R 110 B PR T
FPU BT BATSRO . THE L PG B Y
AR . ISR PUAE . SRR S )

PURS . PU/MRER S HEH, E  AAIR
S8R PR L RE 1 F . AT 90 A W 22 Buoxof T 9 4
it 154 5 K JEL R A R ) R, 3 — 2P %2 T Bu
X I BEL-7402 40 3L #% 12 28 1 1 52 0.

1 #RIREA

1.1 ## A EBEL-740240 itk [E A2 L
AN B AT 3EAL), Bu( i L)
B BR A AD, 41 RE 7R ERPMI 1640(35 [ Gibco
Aw]), M4 MiEWUN Y ZEF AP A ), CCK-8
WA (R A ARG IR A D), 4
U A 00 3 ) £ (P LR AR A |, R A
fitf (35 E Sigma’s 7)), MatrigeliR(35EBDA ),
0.1%45 S SR Y O (TL 90 3 = RAEW A ).

1.2 7%

1.2.1 @A Z 3295 1637 °C, 5%C O, FHi Fl &
(185 740 1 F 10% 6 25 35 R PMI 1640%5 7%
FEH R IR, BURZMEEE L S BOHAE K4 i
BT

1.2.2 CCK-8b &, 52 Tl & fm i 2 ¥ Fp4h) F 0 I
AISCEE A T 5 FH 7 10% 164 L3 FIRPMI 164037
TR AN A B, 340 i 9 1 258 X 10%/mL,
PABEFL100 pLEPF96 LR IR, TR o
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PEXT IR AL FIBusE S0 4. M4 TS B (0 45 1, Bu
S 2 3 PR T 454 FH A TR) 100 % 411 i 55 11 94
5, R E R E I R 24 h Bu: 0.7, 0.8+ 0.9,
1.0, 1.1, 1.2 pug/mL; 48 h Bu: 0.05. 0.1, 0.2.
0.3. 0.4 ug/mL; 72 h Bu: 0.05. 0.1, 0.15. 0.2.
0.25 pg/mL. FANKREA DM ESANESL, BT
WIRIEE . 5%CO, 04637 Co iR 7824 48
72 hfaWe2s BIE W, BELINCIMIER SR 100 uL
MCCK-8 10 pL, 4k8E555%1.5 him, 11 H 3 bR
ASC A I 24 AL FE 450 nm, LU (141 P34
W, L P AR E A RKINER, JHR (%) =
(1-5 50 438 A /5 R AT EIA ) X 100%.
1.2.3 37 X m R AH AR A ) 2m FEL B 0 20K AL
WA 40 I 5 H 5 10% 6 4 LS IR PMI 164055
TR RN PRI, T AN M P 425X 10%/mL,
PAREAL2 mLAEFP T 6 LS TR, A
5%CO,WFAH37 C o AEE IR 12 hAli JLIGRE AR K
SR 5 W ST B SR BN JCILE IR PMI 1640
B2 mLT6fLIG TR, WAL . 5%CO,
EERI37 o S IR 12 WG N2y, S #10%0h 4
MHERPMI 16403557 B 0] AL FIBu s 6 41,
B uSIZ 50 21 1) 5 9K 3 U C C K-8 Lb (1 S50 T 73
FITC IR, S AE THRANEE . 5%CO, 04
37 CH R FE24. 48172 hja W4, PBS
T VAN R S FH 40 R 3 B e AR Ak ) v
Solution A+ B. CACIANfIFG4 0, 1 hNAT 30
0 L ASCRSY )96 S A A 098 1 % R T i 3
A1, ModiFit# A4 73 b 4 i J& 199,

1.2.4 mhe it 45 9 5 WAL S H 5 10%
521 L3S FIRPMI 164055 75 M B 41 Bk I, ¥
MR T 10 emBE IR, 45415 9% L% Fh 8
X104, HOFIVESE . 5%CO,MFHI37 “C i Ml
BrgR12 hEILRE A K gy, SEI ¥ 10%0G
A MIERPMI 164035 7535 B P B4 NIBuSE 46
2, Buske 4 i 2R B U C CK-8 LL (A 52 50
B3 B IIC K E. S ULE TR, 5%CO,
AT CH OIS IRT2 hE I & ARG R,
PBSTESREEFRIN, 2R 299 )5 P I TG L3
IRPMI 16408577 E TIHANESE . 5%CO, 0%
F37 CH RS FR12 WS W4, I JE i i
RPMI 164055 F=30H 4 1 X 10°/mL i1 41 #a 8,
FFATranswell/NE _F=FF100 uLg0 B, ~
FIMA600 uL 75 10%H4- M35 FRPMI 1640,
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Wi £ E
LA REBu %
Fb B G 2m AR 64 3G

RE(ng/ml) 24 h 48 h 72 h i 2R

d f FAER, LA T

0.05 22.09 +3.63 35.52+4.16 i % Bttt T 4

0.10 33.94+3.34 53.17 +8.65 Rty AT, B BT AE

0.15 59.21+8.11 WA 5z % A

0.20 4772 +2.24 78.88+3.93 iﬁf?g?ff

v i g

0.25 86.86 + 1.54°
B .

0.30 68.84 + 1.98

0.40 82.57 +1.09°

0.70 31.34£6.73°

0.80 48.05 + 8.52

0.90 51.62£5.79

1.00 60.38 +5.69

1.10 70.97 £5.19

1.20 72.98 +4.15°

°F = 40.624, "P<0.01 vs 0.90 pg/mL; °F = 427.344, °P<0.01 vs 0.20 ug/mL; 'F = 69.585, P<0.01

vs 0.15 pg/mL.

HABEEINE L. 5%CO, W37 Co 7724 h
Ja B b R TR ST DR A AR G ) B A
JeE BAEE NIER L. . R = AN AT
K, FHRH RO T B 40 .

1.2.5 Zmfeiz 2 55 WA CSE 4h i Jm 57 10%
Ji2F L35 IR PMI 164045 I3 W R R 41 HU vk B2, ¢
MM EEF T 10 emIf IR, BEASRT 5% L8 Fk 8
X100, AR . 5%CO, 4637 CH M
B2 MEILIGRE A K5 2. SEE W 10% )G
A= IMLERPMI 164035 37191 11 4T FEAAIB u st 56
41, Busk I 41 fe 2Kk JE I I C C K-8 LU (A 51 56
FIT A3 B IC KR JE. #41E THFWE . 5%CO,
FAR37 CoR S 7R T2 hG W 2985 9%,
PBSYLSE IR, 2BRAR AR 29 )5 I JC I
THIIRPMI 164085 F2 1 E T AR Z . 5%CO,
WEAE 37 CH S FR12 ha WA e, PG I3
FIRPMI 164015 77 il # 51 X 10°/m L (¥ 41 i
BV, Transwell/NE L= il Matrigel /K 5 &4
Transwell/N=E = HF100 nL40 AW, T =0
A600 pL7510%[f 4 M35 RPMI 1640, R34 %
WE3INMIAL. 5%CO,MFAH37 CH M I748 him
¥ BB IR UE, 4 a5 (5] S A
e BB R . . R 3ANLER HEAT
8%, FEH IR AR 25 40 .

Gt S H Y imean+ SDER IR,
JFHISPSS19.058 v S - b AT G vt 2= Ab BE, 75 se ik
1707 2255 TERT I, J7 2255 B PR 4L 1) L A8 R F e
K, 2241 R) LR F DR 35 5 22 o B a4 i)
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PI I LR HLSDIL; T ZE A5 4 P 4L 1) B AECR:
PR IEAk B, 2 24 1) oy Bt e #m 15 21057
7 2235 PR PR 32 075 2 a0 M R e 2

2 BR

2.1 Bust A 5EBEL-7402 %8 i 64 3% 54 341 JH9
BEL-740241 i & AN [ JEBuib 224, 48, 72 h,
Bt 2410 5 B T 7, Buskt I BEL-740241 iy
PR B W =1(P<0.05), (£ 1). 24, 48, 72 hif)
I1Cs,%393 30.87 pg/mL£0.07 ug/mL, 0.16 pg/mL
+0.02 pg/mL, 0.085 ug/mL+0.01 pg/mL, $#E/R
i 24 W A FH I 1) ZE K 328 37 BRI (F = 429.881,
24 hvs 48 h, 48 h vs 72 h, %JP<0.01).

2.2 BustHJEBEL-7402 %8 it 2 4 44 % vf Bukt
PEBEL-7402iF #5411 i24. 48. 72 h, 24 hJi5G,
TS 1140 o b 451 5 B ) B 2E G 25 7 (P>0.05);
48. 72 hja, GIHAISIALN i b7 55 BH 1) R4
FHECHE N, R H G FN S HIBH i (P<0.01, %2,
KI1); {H48 h572 hifIG,(1.1740.28 vs 1.25+
0.35). SI1(0.37+0.18 vs 1.124+0.67)M1lE b5
T2 5 (P>0.05). K, [Fl—2iWkE FBusffiF
JEBEL-740240 i 1y 14 58 A s e, AT — @ I
WA, EER S 48 hoR 2 BN 1A M Ak

2.3 Bust I JEBEL-7402%48 it 4 69 %4 Buff
FIBEL-740241 /072 h, 5 Bk AR LL, 3%
I BEL-740241 UE B BE 1 (¢ = 11.717,
P<0.01), (K2, 3).

2.4 Bust A3 BEL-7402 48 fe A3 2 ¢ % 7% BufEH]
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WA #H & 5 A [ Debris B [ Debris
KAV T I Bu (1 Aggregates [ Aggregates
%} 9% BEL-7402 1200t M Dip G, I W Dip G,
ARG A . tm il B Dip G, 1200 W Dip G,
A, Ef. 7 &I Dip S EIDip S
ZWHYh, Hit— g 900 Diploid: 100.00% g 900 | Diploid: 100.00%

S ERrE Y E Dip G;: 46.03% at 44.29 € Dip G;: 50.28% at 44.29
HEE T R 2 600 Dip G,: 32.92% at 87.07 2 €00 Dip G,: 28.15% at 86.92
Dip S: 21.04% G,/G,: 1.97 Dip S: 21.57% G,/G,: 1.96
%CV: 2.39 %CV: 2.36
300 300 |
0 i L o I 0 l L | |
0 40 80 120 160 200 0 40 80 120 160 200
Channels (FL2-A) Channels (FL2-A)
[+ [ Debris D O Debris
[ Aggregates [ Aggregates
2000 B Dip G, 500 - B Dip G,
HDip G, EDip G,
Dip S 400 - Dip S
E 1500 Diploid: 100.00% 5 Diploid: 100.00%
£ Dip G,: 58.82% at 38.92 T 300 Dip G,: 40.17% at 46.04
e 1000 Dip G,: 11.46% at 77.01 ] Dip G,: 17.95% at 90.93
Dip S: 29.72% G,/G;: 1.98 200 I Dip S: 41.88% G,/G;: 1.97
%CV: 2.26 %CV: 4.67
500 J‘ 100
0 u L Il Il 0
0 40 80 120 160 0 40 80 120 160 200
Channels (FL2-A) Channels (FL2-A)
E [ Debris F [ Debris
[0 Aggregates [J Aggregates
I H Dip G, H Dip G,
1600 E Dip G, 800 EDip G,
Dip S Dip S
p 1200 Diploid: 100.00% 5 600 Diploid: 100.00%
-g Dip G;: 67.37% at 43.50 -g Dip G;: 31.44% at 44.27
2 Dip G,: 14.97% at 84.64 2 400 Dip G,: 31.78% at 87.95
800 Dip S: 17.66% G,/G,: 1.95 Dip S: 36.78% G,/G,: 1.99
%CV: 3.06 %CV: 2.53
400 200 fi
0 0"
0 40 80 120 160 200 0 40 80 120 160 200
Channels (FL2-A) Channels (FL2-A)
1 B—REANRIERITEEERMATEEBEL-7402/BIUETEEIRAA. A: 24 hFVEIE; B: 24 h 0.085 pg/mLIEHR; C:
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48 hBHHEXTIE; D: 48 h 0.085 ug/mLIEFER; E: 72 hFAMGTIE; F: 72 h 0.085 pg/mLBERER.

2 0.085 pg/mLUESRIFFARFEEBEL-740240k872 hEXBIRITBEE NEISIN(LEERERE x 200). A: FEMXSIE; B: 0.085
pg/mLiE R R . Hiskh AT A4l
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& 2 E—REREHERINENIESR AT EBEL-7402AES5E E HAVEZIA (7 = 3, mean = SD, %) mLREE
W TBust % # 5t
1R B dn i v A
24 h 48 h 72 h B E I E R
T eER BRHERIIR BER BRHERIIR BB AR
G5 48.26 +5.09 48.34+2.72 62.20+3.48 41.2+127 68.49 +2.48 31.98+1.52 Fae R T,
G,58 28.98 +3.67 29.78 +2.14 9.28+2.06 19.78 +1.82° 14.27 +1.49 31.75+1.51° £ 5 AT R%
SHA 22.76 +3.68 21.88+0.60 2853+149  39.02+3.06°  17.24+3.66  34.94+522° AR ETA
o T BT G B K
BT — A
°P<0.01 vs [IMITBRI48 h(G,: ¢ = —6.618; S: t = —5.339), 72 h(G,: t = -14.273; S: t = -4.812)]. ey F B
160 - 80 -
140 - 701
120 - 60
. 100 - 500
& 80+ ﬁ 40+ I
60 - I 30-
40 - 20+
20+ 10+
0 0
XA WER X HE IEHR

3 0.085 pg/mLIESRIEFAATREEBEL-740240kR72 hETE
FEURRREL

4 0.085 pg/mLIESRIFFAEEBEL-740240iR72 hig
NRIRISRAENIRIN SR ERE x 200). A: [AMXE; B:
0.085 pg/mLBE K. FiSkib (228 4m.

BEL-7402401 {172 h, 5 §IPEx0T SR LL, S22 4]
JH-BEL-740241 fuf 2868 J1 (¢ = 5.437, P<0.01),
(K4, 5).
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5 0.085 ng/mLiEERIFFATEEBEL-74024BkR72 hiSf=
ZIBRE

3 e

Buje — M2 B b S0, s 7
R, CAZ BRI (1 96 Sk k)
LK 2 BufE 48 hif) AJFHESMMC-772171
BEL-740240 ML #E AT HE R Qe (4, R IB XS I
0 MR ELAT I AR L SR Bukt JH- e 4 i
REPEAEH SR e 40 B 5 35040 i B At
ToAT K. EARAE N BulE T K EHCT116
A, &5 5 B u ] A K i s 4 i BEL i 7 S U,
NEIEER U AT O 177 VA7 3 SN v S W
PREE UV G 08 TR AE, HEWTBu ] DU A
ek 240 60 ] 340 BEL A 17 5 S A O T 22 T Y
TIE T 40 P S BEL 5 0 A 1 DA L 1
I 25 A kg 40 A 3 1 BEL R I 20K 5 Bl
JHO PR T A I S0 52 0 2 i S AROR E E
PR (cyclin-dependent kinases). 2l g A B &
(Cyclin). PoloFEZE & 8. AuroraliiFl & 140
il & 11 (cyclin-dependent-kinase inhibitor)%s K £
P o Cycelin ANICyclin B 41 il 4 4
G /SHIRG MBI A i #4795, Cyclin AZ
540 M NG 1 2SR B o 2, 17 40 i PR G, 20
WM FTE Cyclin B Ja] A B 1 0
5GP TR I, B IR Cyclin
ARICyclin BHIEH 40 i s, Bun] BEAG i
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$£225  FH14H

CToEaR: Xt
Bu#k % 474 % F+
T B B fm REL 3G
. AR %, e AT
S 4m RO AT ST AR GE
By, KA RiEiE
51 3% I ART
g, MR T
Bu st I 5 2 i, &
k. EH R E
LA R F A
A, BRTE, A
#—FEANFR
Bu i AT 2o i 5 1
A A=bul L2 T
A,
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HepG24il ffi+ Cyclin BIZIE™, 1547 Bui sy
(RLI IR 25 s 2 BAT N i iR 4l i Cy clin
AFKILREN™). Buib W AEEE FIRPS3E AT,
Fefisurvivind [ R IE (24 724 1 Smac/DIA-
BLOM RN M2 Y, il Belx L 3 M %
BRI Bax 3 N 308 P55 38 4% 5 ke 41 e oA
T ARSI 25 B BB wh [ B EL-740241 i H.
A AN FEPE . SRR, SR TR ) A
Sk, JH9EBEL-7402 44 g B 72 G RIS 1,
2 W B ud il JH458 B e 1-7402 441 2 (14 14 58 15 40 ffa 7
B BEL A S HAFI G AR DG, HEMLHImT e S
Bul4/IC T Bel-740241 i Cyclin ARICyclin B#
ik, ST A OCR P53, survivin. Bel-xLZ
ek, AT ASE 4 B & 3 e 28 BE W 5 5 380 T )
ST

e ST IR I RE AR R L, HCCR 5
KA, RIFSHERIRFENIET0%, & 58U
SR AET A DN, i 0 B AR SRS
HIA0 [ A0 I 57 ST #1285y 52 2 1 e e # 1 oK
BOPE, AR SE-45 % % 1 (B-cadherin) & i&
FA, 357 43 25 F ¥ (matrix metalloproteinases,
MMPs)-5 4 & 8 B ZH 2340 X (tissue inhib-
itor of metalloproteinase, TIMP).Z [u] V-4 4% 1 i
S RPN A . HongZ5 P 5% K BB ufié
s A ) B R, IR G n 4 e A E S
AT I (extracellular regulated protein kinases)
3 104 1 1 AR DALR 2 11 ) T k- MIMEP-7 119,
4 INTIMP-181-2, AT BEARIBS i T24 40 B 22 2%,
Chueh%5 % BB un 3l 1 B 1M A PKAS 5 446
MMP-24 1, FEACE IR U-240 {2 285615, A
ST T4 FAR W B u ] A0 I 4 T A
Zhe ), HANHLT R SR e 5w
JEAMMPsHIE-cadhering ik 3¢, HEMY)
FRIATLHI 1 7 8 — B RIS

4 B

1 CER . s s oWt Rt . AR ARE
Uk 2010; 21: 136-138

2 Jemal A, Bray F, Center MM, Ferlay J, Ward E, For-
man D. Global cancer statistics. CA Cancer | Clin 2011;
61: 69-90 [PMID: 21296855 DOI: 10.3322/ caac.20107]

3 B, PR, B, YR, AN, R, AEl. 4B
HRIAEFEREU-20SMU-20S/ MTX3004E A1
HL. P LERZYE 2010; 32: 734-738

4 SREUW, B, BREEER, SR, MERRIUMRIER
Wik gEdt . th2hZ5H SRR 2012; 28: 130-133

5 Huang H, Cao Y, Wei W, Liu W, Lu SY, Chen YB,
Wang Y, Yan H, Wu YL. Targeting poly (ADP-
ribose) polymerase partially contributes to bufalin-
induced cell death in multiple myeloma cells. PLoS

WCJD | www.wjgnet.com

10

11

12

13

14

15

16

17

18

19

20

21

22

One 2013; 8: 66130 [PMID: 23762475 DOI: 10.1371/
journal.pone.0066130]

R, XIRHRR, 58, RIS, IR0, RS, ik
RN EEREEC A109NELJR LA SN R ATUHIERTS. 22
BEHHESPBER 2012; 33: 393-395

SKHE, XIS, XIS, HIF5H8, &, Befie, 1IR30, 1
RS N B REESGC7901 4l Rk S R T 5E. B
FRIFEEER 2013; 21: 2155-2157

FhfpE, FEREE, T4, JhINSE, T308, Xland, T
Fln). W R C AP AN-2IBR e AR EsE A2
RGN, LRI (PR ) 2013; 51: 37-41
FoRAE, FUA, WR, i, mBd. —MiEHnik
HFSMMC-7721RIBEL-7402 N Hez 2l AL AU E
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