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W E:. Hi RS Z IR MCF-7/Adr AT ek i, 5tk SRHAm 258k MCF-7/Adr F157 4=
Bk MCF-7/wt 2 F 2t MR T X LG, DA 3BT (MTT) 4R % H, O, S BCHZOR AR T e T Bk B2 AR A I 25 4k
BARFE A RS . R FH DNA B Kk , Annexin VT PLSURR 0 30 25 40 ARG 00 41 i 07 7~ & 4F , Rhi123 2L 4k ) s
R LA (32 F1 P-gp T RE , Western blot £l 41 i (3% C(Cyto C) RYREHCRIL . 85 4 mmol/L H,0,5]i2 MCF-7/
Adr 2 KL A UK Ty B8N 7T 30 10 HEAT R R B, ZoRn R s b, IS ik . MCF-7/Adre J8 1298 (96. 52% ) Wi 35 & T MCF-7/wt
(18.57% ,P <0.01) . JAT- DNA HL K1 I, 800.1 600 bp 2 44> F A Bt. MCF-7/Adr 2867 /K50 & & MCF-7/wt 3 /b,
MCF-7/Adr B8 A7 R [, 4 mmol/L H,0, g ¥{fi MCF-7/Adr 22k A Cyto C Bl E 40 MR , MCF-7/wt {042 Cyto C Bk,
S5V P-gp BHR AN A DAL (¥ 254 R BE BSOE [R5 50, LY A R A I O 5 R AL AR PR T $7R DAZRRL A Ay
RGP B T3 IS P-gp RIXA R Z T2,

SEEIA . MR 222 T H, 0, s BRI 4 (5 3 C
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The apoptotic pathway of breast cancer multidrug resistant cells
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Abstract; Objective To investigate the possible apoptotic pathway in breast cancer daunorubicin-resistant
subline, MCF-7/Adr cell line. Methods Drug-resistance cell line MCF-7/Adr expressing functional P-gp and
its wild type MCF-7/wt cell line were used for comparison. The concentration of hydrogen peroxide (H,0,)
that may lead to loss of mitochondrial function was determined using MTT assay. The cell morphology and the
mitochondrial ultrasructure were observed by invert and transmission electron microscopy, respectively. The
apoptosis of the two cell lines was determined with DNA gel electrophoresis and Annexin V and PI double-
stained flow cytometry. Mitochondrial membrane potential (MMP) and the function of P-gp were assessed with
rhodamine 123 (Rh123) staining intensity by confocal microscopy. The release of cytochrome C from mitochon-
dria was observed by Western blotting. Results The mitochondrial function of MCF-7/Adr was irreversibly
damaged at the concentration of 4 mmol/L H,0,. The mitochondria were vacuolated and their cristae were swol-
len. The percentage of MCF-7/Adr cell apoptosis was significantly higher than that of MCF-7/wt, 96.52% and
18.57% , respectively (P <0.01). Only 800 and 1 600 Da DNA fragmentation was seen. The number of mito-
chondria and membrane potential of MCF-7/Adr mitochondria decreased as compared with those of MCF-7/wt.
H,0, at the concentration of 4 mmol/L induced release of cytochrome C from MCF-7/Adr mitochondria to cyto-
plasma, but little was detected in MCF-7/wt. Conclusion MCF-7/Adr cells expressing functional P-gp are
more sensitive to H,0,-mediated mitochondrial apoptosis. It may atiribute to the changes of mitochondrial struc-
ture and function in MCF-7/Adr cells. These may suggest that some way which may modify mitochondrial char-
acteristics may be benificial to overcome the multidrug resistance related to P-gp.
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a1 2 251 245 ( multidrug resistance , MDR ) {ifi H.
XHARST 2575 1 A T2 A 4R T, 52 e Ak T ROR .
I, S5 MDR B[ % 2 1 P-BEEE 14 ( P-glycopro-
tein, P-gp) SPAT- IR R Z B AN E . 405
P 0 R A ML AT FE T A2 A 2 b AT 55
X MDR i 40 i, 9% 58 M AR 25 o & AR A T2 H
BT D o ABESER F] P-gp PR A4 AL 98 T ]
5 Z AN kk MCF-7/Adr 1B A bk MCF-7/wt') | W %%
H,O0,fFEF™ MDR 40 8 T /% & A 8 A, 37K F
8 7R TS MDR 20 08 T 1) 2 A= HLH

1 RS

L1 AR XA AL 2

NFL RS T 25 240 Ak MCF-7/ Adr FHF A= Bk MCF-7/wt, Iy
B L BRI 2 g A 5 T, Al I AE 10% fif 4 1l 3 ) DMEM
(Gibeo 27 FE SR S B Z M BEAE K ,37°C 5% CO, 54 F
Kigte H,0, 1 BRI A 2A 3l T 4R At J0 SRR G A 1 15 1
B =FAEY TRAT, & B 56 E (Amexin V Fluos, &
AT, LAk 9 BE ( PharMingen ) , % P+ 123 (Sigma A 7 ),
PVDF Jii (Milipore ) , BB A Cyto C 47 A& (IMGENEX /5 #]) , 3
Rt ALY REFRIC 0 L =E BT/ B TG (b v i A= B H R A B
o)) A2 KGR IR R & (Santacruz 3 R ) o 36 Bec-
tonDickinson A &) FACSort i 240 94 o
1.2 a2 R 40

ZMBSCHR (2], G TR v B 6 2 T 3K, B 8 T 24 4 I
MCF-7/Adr F1 8 4= #f MCF-7/wt 23 5Lk 6.4.2.1.0.8.0. 4.
0.2 mmol/L 1) H,0,4hFH 4 h J5 HE{T 528
1.3 MTT %&m =

ELS 000/ fLEFP 4l AL, 37 °C 5% CO, 5 37, 125 20 g H2 3z il
GEFHATIL . UIASFEREE H, O, b3, &2 4 ik 8 4 FAT
FL, A MTT ki, 7€ 570nm 3 K 40 2 25 L% %5 % {H
[D(570) ], B34,
1.4 miad &4k DNA w7 g e a2

$I IR 0T 7 IR AR IBOR 28 B2 R W W H, O, b B A1
DNA, I 10 pg DNA K5 ST 1. 5% BiiAEERE (% 1 mg/ml
EB) BRE AL, =6 5.0 V/em } 0.5 x TBE HrEaJk 3 h, $54}
AT T WL IR A
1.5 Annexin V Festilt & 52 S ARIT A X 20 58 A A m)|

HECER (A3 i 241 Jif 800 r/min 2500 5 min, KERIGEFR I, B
% F 100 pl Annexin V FIBUL S BE B ARG+, ZIRWTH
20 min J5, I FACSort Ji CAHMIAKEI . F Cellquest 3K {4 3K HX
il , ModFit B F AT 040 4347
1.6 &AM

BT A K ) AR OIS R AP 0 4 i, 2 1 E L B K
Epon812 gl MY B Ye e, BT B N LA L
Lok (AR A R AE
1.7 AR A ey T AL

YR LA R H, O, 40385, A 1 wmol/L B FHI 123,

B HARE R 10 peg/ml, 64 30 R 4 B U (Leica) H
L HES—BBUE , W4 4 A R BE AL B 3 LT BT
AT 2
1.8 Western ¥p i k44l 48 fe &, % C(Cyto C)

3 B B Ff O 2 R AR B 1 T, S k)5 AT SDS-PAGE
JE LK, FH HLEG B ASCRE 25 1 B 5% D3I PYDF JE, /s B35 1) AR
UA 1:1 000 F B —Pi 121 000 B B P &, fh2f &
DIRE TN
1.9 %itsam

N FH SPSS 10. 0 GEit- 8o dr, Segn a5 R L. x £5 FoR, W
AFEARBEC BN ¢ K56, 2 A RRAR S5 8 b AN O 22 4y
BF, EAR L LA XM %

2 HR

2.1 BIE LB TR MmN S TN

1 H, 0, 2 B4 A , 100,200 pmol/ L 2H K UL BH B JE 24 2%
7,400 wmol/L 41 H I A4 45 A5 /1N A FUki %, B % H, 0,
TR B 14 FL AR b i 3, L MCF-7/Adr 25 (LB B 1
4 mmol/L £H ,MCF-7/ Adr #1 MZ8 34745 51 , I B U RE | V227 2 4% 5
WO, AN AZ R 45 5T B B MCF-7/wt 41 47 52 4 45 el A8, T
6 mmol/L H,0, 5} MCF-7/wt 7} H 31 i B 25 [&]
2.2 RERE H,0,4 3 5 MCF-7/Adr MCF-7/wt %8

ROLRR P R AR EAR T RE 0 A

1£ 0 ~0.4 mmol/L H,0,/E AT, MCF-7/Adr \MCF-7/wt #iiJif]
PRIGPEAHZEA B . 0.8 ~ 1 mmol/L H,0,/E /5 ,MCF-7/Adr 1t
MTT &8 .25 F MCF-7/wt(P <0.05,P <0.01) , MCF-7/Adr £
RAAREERE B, SRR H, O, i 5245 T MCF-7/wt, ZJ5,
Rifizg H, O, ¥ B 2 W i <, 2 b 240 M bk B9 3% 12 38 52 3 40
4 mmol/L H, 0,52 MCF-7/Adr R AARB AR BEA W] 38 () 47
PERRE(P <0.01) o HABWSE H,0, %) 2 Fh 40 i1 9 52 10 JE 58 1
22T (P>0.05)  WLRABAEIIRRA M BAR(F D),

%£1 FERE H,0,4 32 MCF-7/Adr MCF-7/wt ZARatk
MTT R EEMNEL[n=8,D(570), x +s]

205 MCF-7/Adr MCF-7/wt ' P
Xof B2 2.026 £0.345 2.189 +0.223 1.239 0.244
0.2 mmol/L.  1.939 +0.192 2.055 £0.285 0.017 0.142
0.4 mmol/L.  2.127 +0.264 2.042£0.242  -0.800 0.441
0.8 mmol/L.  2.007 +0.283 1.622 £0.382  -2.738 0.017
1 mmol/L 1.811 +£0.263 1.337£0.249  —4.696 0. 000
2 mmol/L 1.419 +0.334 1.170 £0.232  -1.878 0.085
4 mmol/L 0.020 +0.015 0.864 +0. 191 13.543 0.000

2.3 KRB MEEMHEE

MCF-7/ Adr {19 28 R4 Kl i /b T B A bk MCF-7/wt, {H H 0%
B MCF-7/wt 1K, 4 mmol/L H,0, 7] 5|& MCF-7/Adr ff) £ i
PR b i, 25 AL 5 (BT TA) |, REEME S5 A3 2, v L L 78 (7 24
LA e €5 O 58 R | MO A 28 4 | BB 5 R R T VIR . 2
mmol/L, H, 0, % MCF-7/wt Z&Ri & JC A & 50,4 mmol/L H, 0,
Y IR 2> SRR IS A i, 2 6 mmol/ L iU i ik B (58, 3B 3 2%
Rrikzs (B 1B) .
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A: MCF-7/Adr( x10 000) ;B: MCF-7/wt( x20 000)

E1 4 mmol/L H,0,{EH 4 h J§ MCF-7/Adr
MCF-7/wt B $EBREHNE

2.4 DNA B k4R
HREI HLUK HH B 800 .1 600 bp 2 >3 FBLft) DNA 4577, R
LR P T BRR A (1R 2)

M:DNA 4% ;1,3 E% MCF-7/Adr, MCF-7/wt 28§52, 4: A =
MCF-7/ Adr MCF-7/wt %m 1,
E2 H,0,#5 MCF-7/Adr MCF-7/wt 1% £ AT
9 58 B P R

2.5 Annexin V #= Pl SARTE 08 TN 4 R

KA H,0, 1 FANE IR T, P8 T 2 2R, MCF-7/
Adr JT-8 MCF-7/wt Tit 3% H, 0, W A, & A 125, 0.5,
1 mmol/L H, 0, Kb HRAM AT ,2 FhANfEIA TR 25 TG X
(P>0.05), F 2.4 mmol/L i}, MCF-7/Adr J T % B i &%
MCF-7/wt (P <0.05) , JuHAE 4 mmol/L i, 40 H -
B 96.52% F118.57% (P <0.01) , F 6 mmol/L H} , MCF-7/
wt T HU5 R K MCF-7/Adr 400,
2.6 ZEAREBALagEE

MCF-7/Adr 267 1A B B 47 (89. 17 +6.21) B ik F MCF-
7/wt(134.05 £19.98) (P <0.05), 4mmol/L H, O, &b ¥l /5,
MCF-7/wt Fl MCF-7/ Adr 28 7 44 5 o 037 43 51 F B R (37. 30 =+
8.46) F1(36.99 £19.85) (P <0.05) , MG LI A 0 s
UL MCF-7/wt 2 RL AR 4310 46 8 7, B0 £, 2 B Hotk s MCF-7/
Adr 2867 7K 73 A3 55 MCF-7/wt 3 AR — 8, 5 8041 0 8 >
(E3),
2.7 mia St &Fk Cyto C 8 T AL

Cyto C 7EIEH Mgl 40 b 32 B4 A LA, 72 40 i Jo v
AHMF] , 4 mmol/L H,0, bB MCF-7/Adr MCF-7/wt J5 , 7] I,
MCF-7/Adr fH i h Cyto C ()& BB BIGZ M4k Cyto
C W BH B3/, MCF-7/wt (1 Cyto C F B4 Tk, 41 i
DR (E4)

10 pm 10 pm
B f—

A: MCF-7/wt; B MCF-7/Adr
3 H,0,4E/5 4 h MCF-7/wt MCF-7/Adr 405
KR EEB AL

1 2 3 4
«—Cyto C 14.5x10°
«<—B-actin 42x10°

1:MCF-7/Adr %8 e i ;2 : MCF-7/Adr £ %24k ;3: MCF-7/wt 28§ Ji 5
4. MCF-7/wt &}k
B4 Western blot iUl H, O, Xt MCF-7/Adr MCF-7/wt
R RFER Cyto C BN

3 it

MDR 2 e X7 259075 R R T AP, A
BT BT 25 8k MCF-7/ Adr 38 57 2B #k MCF-7/wt Xt
H, 0, S T UK, KB MCF-7/Adr 45 5 252
PRI,

VTR T R B 2 Al 1 SR At 0 e
M PPET 244, 4l TNFR1 F1 Fas/CD95/APO-1 4 &
19555 1 il Zepi M5 5 R 40 T 20 e 0 T ¢
M &, 40 Bel-2 KGN0 J5 8 ¥ S 8k R B
f7 B AS , Cyto C B A AH BT LA J Caspase-9 ()i {k
4%, P-gp @AM Caspase 8 Fll Caspase 3 F G i
i Caspase FRAFPHEI T 0 A LT 25 40 4 2 4 A
TR HRIA .

21 O T ) R A 14 45 38 i Bel-2 Z0% B
7o Bel-2 ATLAT ORI AIH T IE A MAC 2544, HA
VT LR R B I Cyto CLATF 94 I it T
MCF-7/Adr {4 Bel-2 2% MCF-7/wt 38 10 %, Bel-
2 mRNA T2 457, Ktk MCF-7/Adr 40 Bel-2 &1
FaE LRI 3 B ROS (9 1E R w55 , #EI0 H B 828
IR 7 e

AR T H,0,/F ME AR T- 195 T 57, 2
FEF IR AT 25U E R TR T CHERN R HT-ATP &
R, S EOE A A ISR EX Lok R — 2 E A&
T, T BRI _ 38 37  4 in L G T, 2T S |
KR ARRE & A, W Cyto CLI TS T
(AIF) .Smac/Diablo 14 & P4 V) il 25 98 1= 2+ 1t U,
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Bl TR,

WFoE 2, H, 0, 75 SR T I, 8 T 35 52 71 B AR i
P, MCF-7/Adr 4 7= 4% MCF-7/wt 411 Jiiif 52 H, 0,
WS, AR T

MTT 7 & 56 T LRk 9 & A BRHI R I 86, 5
H ALK MTT P G0l , &) 12 FYE 40 M p g
FIE FT B 6 b, B e 4k (R i & (A D RE . 7E 0. 8
1 mmol/L H, 0, fE i, MCF-7/Adr (/) @R EHRFAE , #
ARG 1 A B AR RE T, A — Y, ok
R Bt . A5 —AJ7 B MCF-7/Adr 2 Jfd 58
Oy G RRIR R T

WIS R, T4 DNA B ) 450 IUR)
BR800 1600 bp 2 A~43 T F Bt , K L L3 (1 B 4R 5%
Mo RTREPE AR FH R ik B2 1) H, O, /E T4 a4 b 4k
LRI T ALF 76 20 i A% 7 | B2 Y €0 /4R 58 28 F1 DNA
KA BW A B ANEIET- . M DNA ik, thF #)
H, 0,5/ MCF-7/wt 400 T, FEA# () DNA A Bt
X5 5 DNA 1 —/NER 43, i — 20 i ] MCF-7/Adr 4
WIS 5y 4% H,0, 451405

FENRYEPHES F oYL R0 Rho 123 HE A LRiA,
TR TR A P I, 41 B 26 b A 0 12 B PTP JF i, 4%
LR EL AT T 2 T R S Bl B A T 65 e A5 ) 9
JCIREE TR . 7 MDR ZifiHh , Rhol23 [R]i 3 /& P-
gp TERBIEY , EMZ BRI T P-gp ITIRE. T
P-gp (363K , ZORIAR B /0 B EL A T B, Jr LA R 31
7 Rhol23 AR/ ARSI L5 SCHRARE — %L

LM AN E R A0 R T A fh & ol AR IRAE TSR
BRI P H 2R 5 M 2 2 25 2 A AE D)
KR SRR YER: MDR 259 40 HEZEAE FH 1 A 2 it
o I 245 240 B ) 2 D A A, PR 20 M A B At 2
YIVE B G2 2500 o 15 A0 AR 2R AR 5 1
ATP 3 240 i Bl 26 A SV 00 T, U B AR b e At . P-
gp BEE P 24 L 20 A7 A I W % i i 30 M A L M A e v
5 R P-gp PHE G20 ATP 555k 3000 = 2ok ik
ftgh | IRt MCF-7/ Adr A9 2% 07 1A P 18 8 356 B8, 28 k7 1A
DNA B35 AW R, A L T 25 40
MCF-7/ Adr 4 Jifd (%) 4 b7 A4 5 i s /0, AR R R, U HH
K, BB HLAT FEAIG, 454 L DI RE 19 A8 Ak L Rl = 108 Tk %
PR, HA AR R e 25 S i S R SR Ak, 5 SCik [ 7 ] il
—3, HF MCF-7/Adr (A4, (HHH 552 H,0, 1
ity , 78 MCF-7/wt ZER R S5 1) 1 52 4L B, gl 1 9 T 2k
KRR b i 25 i AL P-gp BHE 200 MO v A3 Y AR,
IR T SR AR BTy BB 1) 5 e, (1 i 245 40 J X Fhy
AR T B 8 T o) 35 o R

K2, P-gp BEE X B R T jR ) IRPT N &R, R

SR R T TR B TR R R ok
VAR A 23R A5 T B8 26 © mitocans” B8 B
P-gp (AEAER T BUZ0 1 ( 2 3 T3 4% ) 1) 11 250 40 i
(LA O 1 U T GBI S D) B4k X & 3R]
W P-gp 4GB IRE 22 25T 24k I, A TR 24 R &
R Ry 25 et B0 A, SR PRI YT 22 245 Tt 2 1 i
FEHRAE TR R AR
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