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ABSTRACT OBJECTIVE: To study the effects of costunolide (COS) on the cell cycle distribution and apoptosis of human
breast cancer SK-BR-3 cells and its mechanism. METHODS: Human breast cancer SK-BR-3 cells were divided into blank control
group, and COS groups of 10, 20, 30, 40, 50 umol/L. MTT assay was used to detect the effects of COS on cell proliferation.
SK-BR-3 cells were divided into blank control group, COS low, medium and high concentration groups (10, 20, 30 pmol/L).
After cultured for 24 h, flow cytometry was used to detect the distribution of cell cycle. Hoechst 33258 fluorescence staining was
used to detect cell apoptosis. Western blot assay was used to detect the expression of p53, caspase-3, Bcl-2, Bax, p21, CDKZ2 and
cyclinE. RESULTS: Compared with blank control group, COS could significantly inhibit the proliferation of SK-BR-3 cells (P<<
0.05 or P<<0.01), and in a dose and time-dependent manner. Low, medium and high concentrations of COS could induce cell
apoptosis and arrest cell at G/S phase (P<<0.05 or P<<0.01), could significantly up-regulate the protein expression of p53,
caspase-3, Bax and p21 (P<<0.05 or P<<0.01), and could significantly down-regulate the protein expression of Bel-2, CDK2 and
cyclinE (P<<0.01). CONCLUSIONS: COS can inhibit the proliferation of human breast cancer SK-BR-3 cells and induce cell

apoptosis and cell cycle arrest. The mechanism may be related to the regulation of p53/Bax/Bcl-2/caspase-3 apoptosis signal pathway.

KEYWORDS Costunolide; SK-BR-3 cells; Cell proliferation; Cell cycle; Cell apoptosis
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COS X B i (15 HY-N0036 , 46 i 99.84% ) [ 2
[ MCE 22wl , I — H BE AR (DM SO ) 5 7 i il G B2y
100 mmol/L 451K , 52 )5 T —20 C R IRAE, # H -

DMEM & B 55 3% 5L L 0.25% B il (41 5 4 %
C11995500BT . 25200-056) 31114 [ 3 [E Gibco 22 A 5 4%
ZRHEE LS PLLLI0) W AL R RHEA A A
G4 I3 (FBS ) (7 55 28 M4 55 25 UL (FIL 554 31k
SH30084.03.J130071) ¥4y [ 3 & Hyclone 23 7 ; 4 it &
SRS IR & (45 WLA010a) W [ 2k B J7 2526 W Rk 4
7R ] s MTT 57 . DMSO (L5430 51 4 1334MG250
BS087) ¥ [ & N8 & 22 4 W H AR A BR 28 w5 Hoechst
33258 Z e a5 & (L5 A3466) 114 H 52 [ APEXBIO
3wl ECL AR A & 6 8 A (5 P10100) I F 75 B 78
2 MR A PR W) 5 RIPA 20 Jf 24 ik . — s bk HH iR
(BCA) & 11 e B I 2 38 77) &5 (it 543531 2 POO13K .
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Z i REPLR ARbi A B 41 EL 2(Bel-2) 2 saEhiia
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JE A B I 1 BT LA (p21) Z re ik e
PO JEIA R (M B4 2 (CDK2) 2 e T bt A
21 Jf A B 2 11 E (cyclinE) 2 se BT i A p-Wlsh &
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WP E R e Bk 1 G(1gG) —Fi (L5 TI271921) 1 A
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alizK
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2 FHik
2.1 YHRMIIESR R 44

# SK-BR-3 4l I A0 F & 10%FBS . 100 U/mL & %
Z 1100 pg/mL 5575 £ () DMEM kit 35 5L (DL T MiFR
COEAEREFRIET ) h BT 37 € 5%C0,.97 % 18 15 55
B R (B R AT D, 7 4 i Al & = 85% i
0.25% FRBEHH AL , TR AR ACIE TR F IR 22508 . B
Xof 144 5 W () SK-BR-3 41 i, B AIL 43 o 25 11 X6 BE 41 1
COS 10.,20.,30.,40 .50 pmol/L 2H . 2% [A%} BRZHA I A5
IR CTE) , COS AL il A COS AUk A 10,
20.,30.,40.,50 pmol/L 78 K5 #JE . iR COS 44 24
W E 22 SCHR[9 — LO)FIAS RSB Bif 0 TS B0 25 SR 1
2.2 {AREIEIEE MR

KA MTT BEdEATAGIN . BROR K58 58 4 (1) SK-BR-3
YR, 58 A5G SR BL E A, il % B 6% 10" mL ™' A
W, $ Bl 100 pL#2R0 2 96 fLil b, 5557 24 ho $2642.17
BT N R 1 O SN S e R = I W = PO L K4 E W
AGEAREFEIE 100 uL, 45 25 YA A F 1 259 0 58 4
FEFR L 100 pLs 20 9 T4 3% 24 .48 .72 hINF, i A2 5 &
WeFE 4 0.5 mg/mL % MTT {57 50 pL, 4k 25555 4 h;
FREFR S, A DMSO 150 pL, FHER FHRHE: 1~2 min
J&i 5 P AR AT 490 nm I < A 4G 0 4% L B Ol 4 B
(OD) {EL - 1155 4 A 25 4 7 34 %6 - 400 i A < 1 il 2% =
2.3 YHRRA TR

K FH Hoechst 33258 2¢ Y4 (o b A pAG I . BG4k
Ha 5 B ) SK-BR-3 2 it , FH 58 43 3R L d A, il il
510" mL ™ FEIR , F AL 2 mL 3R S L s
() 6 FLAR H , 55 5% 24 ho K ABEDL 7k 25 % BEZH A
COSAIX . R 4 (10,20, 30 pmol/L, | 5% “2.2”
RS REE) AR 3N E L. A X IR A e 4
BEFREL 2 mL, 45 25 AU I 259 1) 56 435 97 5L 2
mL; 5537 48 h )5, #% Hoechst 33258 ¢ ey ik 7 &0 IH
P A TIE 2 e, T B T B 0O B T e
FEAARE, H2 2 SR e B A R T A
=T AR A0 5 < 100 %
24 HHREREHAS B R AT

SR FH O 3 20 B S AT R I RO i g 1
SK-BR-3 4l i, FH 56 4= 4% 57 BL H 8, il L% B oy 5< 10
mL B, BB 3 mL RN 2= H A% 60 mm A HEFEIL
W KRR 24 he FEC2.3VIR UK AR AL, T3
ASEATIL, 25 I IR A S 215 973 3 mL, 4% 25941
P AHR 2590 ) 8 435 92 55 3 mL; #5557 48 h i i sk
A, A T0% ZBET 4 °C7F [ 0, B s FH V8 1)
R $h 22 i (PBS, pH 7.4) £ % 2 7K, Il A RNase A &
#1100 uL FE A, F 37 C/AKIBEHIFH 30 min; il A PIH
W 500 pL,JRAT, F 4 CHEEAMF T E 30 minJ5 ,
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2.5 AT EREXERREFREN

K H] Western blot 1 474G o HOGE 2503 7 10 71
SK-BR-3 4 fif , FH 5¢ 4= 15 77 B 1 Ak, il L% 85 2 5% 10°
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RIPA 2R 2R A0 ML, FF USSR & 11, R A BCA W 28
HWe . EAgE s, BOE 817 T e LR
- NI RBE I TK , 5 5575 2 PVDF I | U5 %
WERE WA T2 W N B0 2 h, J TBST 28 rhif vk 4 3 1K
Jin A p53. caspase-3. Bel-2, Bax., p21, CDK2, cyclinE
B-actin—PL(FBEHEERI M 1:1 000) ,4 CHEF 116 ; FI TBST
SRR VRV 3 IMAAR R, Pt (R R 1:3 000) , =
R E 2 h; A ECLAb2 R B Al B s, 8 T
KAWL RS T 4% . 4 Quantity One V4.6.6 K15 5>
PR 8 1 25 IR EE (A T 400, LB AR 5 IS
[ (-actin) 1 K BEAE HAE 7R H bR 8 1109 A X 3%
K,
2.6 ZItFEFHE

fi 1 SPSS 18.0 KA TG bT . BRI LIx 5
PR, Z 48] LR AR 25 2240 Bt , 2L 18] 1 7 LL 4%
K LSD A . #5535 /K fEa=0.05,
3 &R
3.1 COS ¥t SK-BR-3 £ B+ 58 i 2 i

525 U0 B2 Fu A, AN [V FE 1) COS 26 i = 1 ol
SK-BR-3 il fitd i 1 5 (P<<0.05 5% P<<0.01) , Ff: S M iF
Aof (R R A BRI 1. [ FEF AR S R 2E B &
B, 24 COS ¥ JE #4751 (40 .50 pmol/L) A I R 44 (72
h) B, AR T AR T TR T O R A | il A 8
$£10.20.,30 umol/L 1) COS 1 J] 48 h 1y J £ 52 5 (1)
e
Fz1 COSA[EREFEEIERT SK-BR-3 4 it 9 &

KB ZRRMVER(x£5,n=9,%)
Tab 1 Inhibitory rates of the proliferation of SK-
BR-3 cells after treated with different concen-
trations of COS for different time (x £ s, n=

9,%)

45 2%h 48h 72h
IR 0 0 0
COS10 pmol/LAL 103244808 15.176+3.289" 345385453
COS20 pmol/LAL 5316142747 645303672 8549744063
COS30 wmol/LA  63.79342.740™" 7982943295 887403512
COS40 pmol/LAL — 72.124£4.061" 86.2313.506" 90.717+2.645"
COSS0 pmol/LAL  88.380£3.849™ 9212941579 93.969+2.713"

T HE I IR A, * P<<0.05, **P<<0.01
Note: vs. blank control group, *P<<0.05, **P<<0.01
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3.2 COS %t SK-BR-3 4B A T- K220

523 PO B oA, e fIK R R BE Y COS Ab B
Je , AN A A gL £ o B T AN R R B v e | T 48 4R
FRT MG, R TR s O BR AL B TR (P<
0.058% P<<0.01), FLEEHR FEAR RS TEILIRT 1 3 2,

AZSIXHIRAL

C. COS e 4l D. COS =k 4l
1 COS X} SK-BR-3 40 B A T- A F &M B 58 e i
& R E (Hoechst 33258 & ,x200)

Fig 1 Fluorescence staining micrographs of the ef-

fects of COS on the apoptosis morphology of
SK-BR-3 cells(Hoechst 33258 staining, x200)
®2 HBASK-BR3AMATENKRMER (xLs,n=
3,%)
Tab 2 Results of apoptotic rates of SK-BR-3 cells in
each group (x+s,n=3,%)

45 T it e
AN 2557+0.830 COSHkfEA 54497+7502°
COS{RkEA 22.498+9.779° COS kAl 79566+ 11102

578 PO IR R, " P<<0.05, 7 P<<0.01
Note: vs. blank control group, *P<<0.05, **P<<0.01
3.3 COS %t SK-BR-3 £H A1 5 B 3 75 B 8411
523 IO BRA PR, 223l G b R R EE Y COS Ab 3
J& . GJ/Gy B 41 L & 4y b ¥ 8 2 Tt R (P<<0.05 5% P<
0.01) , S A 41 ffg & 43 b 34 & 25 F# K (P<<0.05 2k P<
0.01) , ¥ M BEARAEE 5 T Go/M TR 20 i 43 EL 4L )
FeEs, 2 J G2 L (P>0.05) , LR 2 . % 3.
3.4 COS 3t SK-BR-3 4AfAT- K EHAHE X FE B RIEK
FHIF M
523 PO BRA b, e fiK  h  R R EE Y COS Ab B
J5i , A H p53 caspase-3 . Bax .p21 5 F YA X ik 45
3T (P<<0.058 P<<0.01), 1 Bel-2 .CDK2  cyclinE
HE R AR AT 08 T 3 3 FEAR (P<<0.01) , ¥ R EEAR
AR TEILE 3 3 4.
4 itig
JeEE 1 AR R 3 R Pl AN M 2 A 5 R T =2 ) T Ak
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Fig 2 Flow cytometries of the effects of COS on cell
cycle distribution of SK-BR-3 cells

&3 &K SK-BR-3 A E EHALEAE E 43 L BG4S
R(xts,n=3,%)
Tab 3 Results of percentage of different cycles of
SK-BR-3 cells in each group(x+s,n=3,%)

A5 G/G sy Gy/M Y]

2 FM R 48.503+0.781 35.060+0.532 164370446
COSfHkfEA 57.737+0.923" 26.080+0.688" 16.183£1.039
COSHkfEA 67.063£0391"* 16.147+0.181** 16.790£0.275
COS Bk 71887+1.195° 14.997+0.176"* 13.116£0.170

0 52 I R A, *P<<0.05, “ " P<<0.01

Note: vs. blank control group, *P<<0.05, **P<<0.01
(R BT O R DE | TR 25490 Fr dob 30 1 PR R
IR A 2 300 o 40 65 e 24 B A 75 e At L g
EIRRSLIY, COS J&—Fh B Z R 92476 1
A i N R IL A, ©AT BIF9E 3 B R ke L O
e =R NP S PN T )0k 7 S = R P I 2 ] o
BEPET T ARBIESE LA SIS 3R 1 N FL IR SK-BR-3 4
ARG R AEARTT T COS X HBEF I/ F . MTT
DRSS R BN AR EE (1) COS 24 RE 35 ek 55 41 At v
PR, ELSCFPAE ] 52 I ] e AR 3 % . Hoechst 33258
RIEYEE R B8, & AR W E R COoS T il )E,
SK-BR-3 2 il fit 4% e €00 Jo 390 O S %) [ 4 3 SR 450 1
M4, DL RSN, COS HA | SK-BR-3 4 fif 14
B L TR

21 ] S0 BEL 5 R0 O T 2 1A T 40 R BE T R R AL
il A7 S H A AR A R B |, TE 20 A S B
J3ZE Gi.S G M G2 RS s i 20 A B
Jr A A e P AR 2 e B 20 U R e ) R AR
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I e — —— SN — 32 kDa
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Fig 3
SK-BR-3 cells

Electrophoretograms of the effects of COS on the expression apoptosis and cycle related proteins in

F4 HBHESK-BR-3MEMFFATREAPHEXELEMNRIZENHRNER (xt5,n=3)

Tab 4 Results of relative expression of apoptosis and cycle related proteins in SK-BR-3 cells in each group (x * s,
n=3)
A5 p53/-actin caspase-3/f-actin Bl-2/f-actin Bax/f-actin p21/f-actin CDK2/-actin cyclinE/f-actin
RNy 0.544£0.040 0.619+0.048 1.244£0.071 042410056 0.294+0.016 0.866+0.014 0.838+0.040
COS k4 0.957£0.049 0.78540.056" 1.106£0.048° 0.706£0.076" 0.647£0.025™ 0.39140.015 0.581£0.027°
COS kA 1.164£0.032° 1.094+0.054" 0.838£0.093° 1.073+0.054" 0.848£0.056™ 0.199£0.026" 0413£0.055™"
COS kAL 1.408£0.061" 1.614+0.061° 0.554£0.037°" 1270+0.028" 0.999+0.057"" 0.175£0.035° 0.074+0.035"
T 9% I IR L4, " P<<0.05, “*P<<0.01
Note: vs. blank control group, “P<<0.05,**P<<0.01
KR (oG i AR DR RS A A BUBRBE T S B T, HOR U A T AL S B R sh Al

TCRR GG FE" . VR 250 I 245 e R iR I 5 S
2 L T S B, TS S A LR T2, Hua SIS
IR, COS ALK A i 9% SK-MES-1 2 i J& JIBH 7 T G/
S HA, M 122 40 L () 3 B . A BIF Y 25 SR iR, COS
I b R EE A Go/G O AN A 40 34 0 T, S HH A
JLE 43 FE 4 0 2 AR, 38 COSS AT B SK-BR-3 il i T
G/S A, DT ) 48 L %) 3 7, L 3k e P 522 e A
RAF, F IR, 40 R 0] G/S BIBH AT B2 COS il
ifeEE 240 ML 5 R AL =2 —

P53 & —F MR A 1, ZE VR A A R A AR R
T RGN A 40 6 00 1 v R DG B s p21 2 Clp
WAL 5t 22— AT pb3 Bl T i, 2 pb3 e 22 N Ui
K2 —", p21 FEH gt ) p21 35 112 H i 2 A H
A 7 A T A 4R I I 2 S R B
cyclinE-CDK2 & A (R I8 T 5 Ji5 5 2 (400 Do - 240 i g
EIRRER IR AL 7 SR 7 B2F ASBERL R, AT
o 200 i S B 45 A G AT, AR SRS R R I
R COS # AT i p21 2 11 (p53 By F i bR ) Foik I
P& , [F] i i CDK2 F1 cyclinE % [1 26 15 F i 5 1fi cy-
clinB-CDK2 & A 1A i 1E # iR 7E 4 i G/S M i vh
A EEAE A, X SR — R T COS TR
T 20 Go/S JWIBH i VS ZERIL I

AR TR A MR P SR T B R A S A g — b
AR, 6T ERTERE VR T R T 4 R 25 )
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B, p53 & — R IR 2 1, Al s A T A R
1) 2% 35 ofe 50 AR 7 R J5E 1) 36 375 1, AT i 400 i 0
T, Bel-2 8 52— R A A i P T
W KRG, H B L) Bax (MR8 T8 11) Ml Bel-2 (371
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