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E: BHH BEUPWECE A S (DSF-Cu) X 542 7L R AN M3 58 8 DR T2 ) AWERY 2 . A3k 20184 1 H &
20194F 10 A , {535 MCF-7 A\ LR I5 40 M At 2242 B 2L IR MCF-7/ 8 2 B4R, 18 B 48R B 08 5 MCF-7/45 42 B 40 i 4
FEMF 251 o 3k CCK-8 VAN MCF-7/48 42 B 4t IR it 2448 50 ; 38 12 CCK-8 A il MCF-7/58 A2 Bt 4t M 7E A [ ¥ B2 DSF-Cu(5.,10,
15.20.25 pwmol/L) T TRA[RIHF 8] (24 h A1 48 h) Ji7 (M1 25, 343 B 41 M 300 1 556 5 DSF-Cou Ve J3 R PR [ 79 56 3% 5 3 2o Rl 9 52
35K DSF-Cu X MCF-7/48 A2 B 240 N B 18 77 11 52 ) 5 388 3k S I 9 Ol 5 dk 396 7 S 58 A5 il S 2 (qRT-PCR) AFITER 115 B 378 vk Aor
I MCF-7 F1 MCF-7/48 A2 B4 i b B 41 6k B8 -2 (Bel-2) \Bel-2 A6 X 2 1 (Bax) F1 [ WA 2 F1 Beclin-1 2 IR 1 #9635,
JHAE S AZ BN DSF-Cu 524 A T 10 MCF-7/ 55 AZ B4 B )5 , Kzl Bel-2 . Bax Fll Beelin-1 85 1Y 22305 5 38 2oy =041 i 1+ 450
ARKE A [F] 3 BE DSF-Cu (5,10, 15,20 pmol/L) 1 1l MCF-7/55 42 B 4l Mo AS [W] B (] (12 h .24 h 148 h) JS AL T 45 ol . &R
MCF-7 FII MCF-7/48 K2 BEAN M AR 22 A2 BT T 24 b Ji5 TC, fE4390 M 1 394.79 umol/L Fi1321.42 wmol/L, MCF-7/48 2 Fs 4 i 25 45 %4
H 434 76 A [A] e BE DSF-Cu (5,10, 15,20, 25 wmol/L) DSF-Cu  Fl MCF-7/4% 2 B2 240 i 24 b J 20 B 410 4610 28 43 ) Ky (27 .42+
3.38)% . (42.71+0.77)% . (57.52+7.10)% . (73.83+1.76) % . (85.55+2.25) % , 48 h Jii 40 L4 it Z- 43 551 (51.2744.59) % , (57.34=
5.94)% (71.50+1.80)% . (81.54+4.36)% . (90.96+2.13) % , DSF-Cu L 1 i 5 I [B] 42 Rt 410 151 LI MCF-7/48 42 B 4 48 5 ( P<
0.05) 5 XIJR 2 BIE 52 DSF-Cu BB ) 7L M 68 MCF-7/48 A2 BEA L IE A%  qRT-PCR 25 5 R , 5 MCF-7 40 AH Lk , MCF-7/48 #2 B 4
JiLFf Bel-2 F1 Beclin-1 38 K 3 35 TG, Bax 3 [ 3K B AIG (P<0.05) 5 25 1 FRED B L 25 51 B /R, 5 MCF-7 40l FL %, MCF-7/48 42 i
411 il FF Bel-2 Fl Beclin-1 2 #3571 , Bax 25 F B MK (P<0.05) o MCF-7/4% K2 B 41 i 75 42 42 52 F0 DSF-Cu B 245 % 1541 Fil
Ji Bel-2 32345301 4 1.810.28 ,1.25+0.09 ,0.87+0.10, Bax #1873 51 24 0.65£0.15 . 1.07£0.15 ,1.34£0.04, Beclin-1 238535124 1.53+
0.22.0.85+0.18 ,0.53+0.08 , MCF-7/42 2 B 41 i3 78 DSF-Cu T 5 Bax £ 1214 T , Bel-2 Al Beclin-1 25 1 335 B4R (P<0.05) ; It
A 45 B B R AN AR 2 DSF-Cu (0.5.10, 15,20 pmol/L) - Fil MCF-7/45 #2 B2 40 B 24 h J& , 240 B 08 1~ 2 4003l 4 (5.50+1.01) %
(11.03+1.04)% . (55.12+5.06)% . (68.86+3.36) % . (80.07+4.30) % , 7E 1C,, ¥¢ J& [¥) DSF-Cu T il MCF-7/%% 42 B 40 Jf A [l At ] (O h
12h.24 h 48 h)J& , 4B JH T35 5 M (4.4720.57)% . (15.92+2.63) % . (34.8522.70) % . (74.94+1.13) % , MCF-7/%£ }2 I AE DSF-
Cu T T 40 M 4 7175 0 15 DSF-Cu 5 3 B2 I ) 4R AP (P<0.05) o #5118  DSF-Cu v] 38 32375 S 08 T 30 1 g i 4m h) 2L J oes
MCF-7/ 28 A2 B 20 M 1 G FIEAS | 380 FLIR98 MCF-7 4H 00X 58 42 et 257
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Effect of DSF-Cu on the proliferation, migration, apoptosis and autophagy of
paclitaxel-resistant breast cancer cells
CHAI Xiaoke,ZHOU Cong,SONG Ailin
Author Affiliation:The Fifth Ward of General Surgery Department, The Second Hospital of Lanzhou University,
Lanzhou, Gansu 730000, China

Abstract: Objective To investigate the effect of disulfiram chelated with Cu* (DSF-Cu) on the proliferation, migration, apoptosis
and autophagy of paclitaxel-resistant breast cancer cells.Methods From January 2018 to October 2019, MCF-7 human breast cancer
cells and paclitaxel-resistant breast cancer MCF-7/paclitaxel cells were cultured, and MCF-7/paclitaxel cells were continuously in-
duced to maintain drug resistance with quantitative paclitaxel. The drug resistance index of MCF-7/paclitaxel cells was detected by
CCK-8 assay; the inhibition rate of MCF-7/paclitaxel cells after different concentrations of DSF-Cu (5, 10, 15, 20, 25 pwmol/L) interven-
tions for different times (24 h and 48 h) was detected by CCK-8 assay, and the relationship between cell inhibition rate and DSF-Cu
concentration and duration of action was analyzed; the inhibition rate of DSF-Cu on the migration ability of MCF-7/paclitaxel cells was

examined by scratch assay. Real-time quantitative polymerase chain reaction (JRT-PCR) and Western blotting were used to detect the
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expression of B-cell lymphoma-2 (Bcl-2), Bel-2-associated X protein (Bax) and Beclin gene and protein in MCF-7 and MCF-7/paclitax-
el cells after combined intervention in MCF-7/paclitaxel, and Bel-2, Bax and Beclin-1 protein expression in MCF-7/paclitaxel cells af-
ter single and combined intervention with paclitaxel and DSF-Cu. Apoptosis was detected by flow cytometry after different concentra-
tions of DSF-Cu (5, 10, 15 and 20 pwmol/L) interventions on MCF-7/paclitaxel cells at different times (12 h, 24 h and 48 h). Results
The IC,, values of MCF-7 and MCF-7/paclitaxel cells were 1 394.79 pwmol/L and 321.42 pwmol/L, respectively. After 24 h of paclitaxel
intervention, the MCF-7/paclitaxel cell resistance index was 4.34. The inhibition rates of MCF-7/paclitaxel cells were (27.42+3.38)%,
(42.71£0.77)%, (57.52+7.10)%, (73.83+1.76)%, and (85.55+2.25)% after 24 h of intervention with different concentrations of DSF-Cu
(5, 10, 15, 20, 25 pmol/L), and were (51.27+4.59)%, (57.34+5.94)%, (71.50+1.80)%, (81.54+4.36)%, and (90.96+2.13)% after 48 h.
DSF-Cu inhibited the proliferation of breast cancer MCF-7/paclitaxel cells in a concentration- and time-dependent manner (P<0.05).
Scratch assays confirmed that DSF-Cu inhibited breast cancer MCF-7/paclitaxel cell migration; qRT—PCR results showed that Bel-2
and Beclin-1 gene expression was elevated and Bax gene expression was decreased in MCF-7/paclitaxel cells compared with MCF-7
cells (P<0.05). The Western blotting results showed elevated Bcl-2 and Beclin-1 protein expression and decreased Bax protein expres-
sion in MCF-7/paclitaxel cells compared with MCF-7 cells (P<0.05). In MCF-7/paclitaxel cells, after DSF-Cu and Taxol single drug and
combined intervention, the expression of Bel-2 was 07+0.15 and 1.34+0.04, and the expression of Beclin-1 was 1.53+0.22, 0.85+0.18,
and 0.53+0.08 after paclitaxel and DSF-Cu single and combined interventions, respectively. MCF-7/paclitaxel cells showed elevated
Bax protein expression and decreased Bcl-2 and Beclin-1 protein expression after DSF-Cu intervention (P<0.05). Flow cytometry
showed that after 24 h of intervention with different concentrations of DSF-Cu (0, 5, 10, 15, 20 pmol/L) in MCF-7/paclitaxel cells, the
apoptosis rates were (5.50+1.01)%, (11.03+1.04)%, (55.12+5.06)%, (68.86+3.36)%, and (80.07+4.30)%, respectively. The apoptosis
rates were (4.47+0.57)%, (15.92+2.63)%, (34.85+2.70)% and (74.94+1.13)%, respectively, after DSF-Cu intervention of MCF-7/pacli-
taxel cells at different times (0 h, 12 h, 24 h, 48 h) at the IC,; concentration. The apoptosis of MCF-7/paclitaxel cells after DSF-Cu inter-
vention was concentration- and time-dependent with DSF-Cu (P<0.05). Conclusion DSF-Cu can inhibit the proliferation and migra-
tion of breast cancer MCF-7/paclitaxel cells by inducing apoptosis and inhibiting autophagy and can reverse paclitaxel resistance in
breast cancer MCF-7 cells

Key words: Breast neoplasms; Disulfiram; Paclitaxel; Drug resistance, neoplasm; Bcl-2-associated X protein;  Autophagy-

related protein

LRI 2 A Bk P e R AT R A i
PR AT R A BT TRz B

20 b 2988 -2 (Bel-2) \Bel-2 K 56 X & 1 (Bax) | F W
R AR H Beclin-1 47044 (proteintech 23 7] ) 5 BHTA B-

Mg 2 FLIRIE — AT 2, TR R I IR 24 i 3
XTI 24 A R N A2 BRSSPt A B
PR LRI AN X 55 A2 B 245 04 43 F- L, IF 4R
T R 3K — JRy BELPE AR 8T SR, LA AR AR B 47 3R 9T K
o LS (DSF)E R —Fl & T W = i (ALDH) fE
PLA B0 F 3 H &S 48 T R BB A TE AU
CE A (DSF-Cu) IR EE A WA O ZL i 40 L
AR, 55 1T 25 I I G s Al L 71
H B9 408 A2 B2 5 DSF-Cu BEA fESR B Ak IT 1Y
YRR, 16 — M FL AR (TNBC) 4l X 2842
BE 2507 . AWFSE T 2018 4F 1 H % 2019 4F 10 A
FEREFERFTE A L, i — 2R 5T DSF-Cu X i 4542
P LR MCF-7/74 A2 BE i L35 58 2 A% T A& A
FRIEAI

1 #R5H®

1.1 &R MCF-7 A\ FLARE 4 bk (G5 [IRA P RHEL
N s MCF-7/78 F2 B 4 i dk (i BBERMHE A HD)
RPMI-1640 55 3% 3 i 2F L7 . 0.25% [k 25 (A B (32
GIBCO /N H]) s A2 WE 5 o/ LOH RN A s W&
10 mol/mL(selleck 2 F] ) 3 AL (H R &) ;s bt A B

actin —HL (PR EWHFA A s I P (H 20
ANFED s BITA I (P AFD s PCRIAH £ (ta-
kara A F]) s PTG (2 E BD A A s LAk 22 kO
£ (ECL) .52 % (biosharp 22 F] ) ; Bel-2 . Bax , Beclin-1
FER G (RSB HEREE R A R AT .

1.2 KA E

1.2 zmieEdc  MCF-7 40055 9% T RPMI-1640 58
SR IR (10% K% B 46 1L , 100 U/mL A 75 5 &
MEERE R 1 mL) , MCF-7/48 K2 B2 40 i 55 7= T RPMI-
1640 7 2435 32 5L (10% KGR 4= 17 , 100 U/mlL (1)
HEZMEE R 1| mL500 wg/L E20), T 37 C,
5% A ALY FRAR T R R R 40 LA BE 3K 80%~
1009% B FH 0.25% Jig 2 1 BT AL 20 B, I 24 T A 4G
I B AR R 2 RO 5 A T S S S gR E5E
1.2.2  CCK-8 X # m MCF-7/% # B% m g, o 25 &
B 1 mmol/L (1) DSF 5 1 mmol/L i S8 AL 8 2 B8 1: 1 1T
L 7843 1R A1 J5 e 1 1 mmol/L DSF-Cu BEWE . B %F
B0 A= K B9 MCF-7 40 1 MCF-7/48 A2 B 41 it 43 3]
it 4x10° LR T 96 FLA H 19 3x5 A FLH (54
FERGEE BRI 3N AL) , B AL N 100 L 4
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ML, K557 24 h e MU A 8 42 3155 57 A ]
e 3 SR A2 T L2k 3 200 pumol/L 400 pmol/L
600 wmol/L, 800 wmol/L £ 1 000 wmol/L, 37 °C 5%
TARARBR SR T RS 24 h, SR RIS INA(20: 1)
N E U 45 22740 10 48 2\ IR (CCK-8) I i 100 L
ARSI 7 1~2 b, i AR AR I 450 nm 3K O
o ARA LT A5 DSF-Cu X5 19 Fl 41 1l 19 50%
P BE (IC ) (E IR N 2598 55 (R < Jibyg 20 ff A
KA R (%) =(As—Ab)/(Ac—Ab) x100% (As: SL 5
W IERE s Ac: N EF AW IERE ; Ab: 25 H AL W%
JE ) s RI=Tif 245 40 g 1C. /U4l i 1C,, 0

1.2.3  CCK-8 &4 25 4 st 2m oL & K 4 ) & HL
XTI B MCF-7/28 -2 BEAN M , 442 4x10° 4>/ L 4%
T 96 FLAR H 63 L (6 N SEH VR FE |, B VR FE
3ANEAL) o TEER A N A 8 4 B R WA [R] vk
DSF-Cu, i &3¢ £ 4 5 wmol/L . 10 wmol/L . 15 pmol/
L.20 wmol/L F125 wmol/L, B4 %] BE 2 in A 5¢ 4= 5
FEUWL, 235 I BRZ TN 10% R R 22 vhEh % W (PBS) ,
37 C.5% —SEALIRSAT T 3 i FR 24 h 48 hs
FEERE TR, BALINAZ) 100 pL(20:1)CCK-8 1A
YREEIESR 1~2 h, il HEERACT 450 nm 7 AG Y
B T R A0 M A A A i 2R 251 DSF-Cu % MCF-
TR T L 5 RS T AR o A A o o 2

1.2.4 X JR = 34w MCF-7/% 45 B: ta j it 45 A
W5 %5 B A K B9 MCF-7/48 42 B 40 B 322 b T 6 FLAR
o B S A S X IR SEER 2 45T 1C, 1Y DSF-Cu
1500 pe/L AL, X RELL 25T 500 pe/L R EE £
TR0 M 2 80%~90% % ) , FH 1 mL K TR #6 3k 76 4%
FLrp R 1 2R EER, FH PBS Uk 20 B () 40 it B ik e, B
7 i 3% FE G R . 4300 T 0 h 24 h 48 h B 7EAR
TE X BRI AT A BRI SR s C B H A 3 UK, B Image )
G A AT A X R DX 3k v B R A 7 i Fn e it DA
4 T B %6, 24/48 h AT B 2= (0 h X
T B —-24/48 h W T8 B2 ) /0 h KIPJR ¥ FEX100% .

125 ZEH AT FEHFTREBHE RS (qRT-
PCR) # @ MCF-7 #= MCF-7/% #} B #0 &, ¥ Bax.
Bel-2. Beclin—1 2 B & 12 Trizol 3% $2 B MCF-7 F11
MCF-7/48 2 B 40 if A 1) 6 RN A 4G ) HE e B i &
J¥ . 25 45 3 B AN DNA (cDNA) | 4R 4f 52 it 9¢
S i PCRIAF & U 45847 qRT-PCR A . Bax
EJ 5144 5 - TCCACCAAGAAGCTGAGCGAGT-
3,5 -TGTCCACGGCGGCAATCATCC-3" ; Bel-2 1F
J 1) 51 4 R 5"-GACTTCTCCCGCCGCTACCG-3"
5'-5ACACACATGACCCCACCGAAC-3" ; Beclin-1 iF
1 51 ¥~ 5'-CAGAGATACCGACTTGTTCCT-3"
5'-CCCAGAACAGTATAACGGCAG-3" ; 18srRNA iE

K1 51 %)~ 5 -TATGCAGAATCCACGCCAGT-3"
5'-CGAATCTTCTTCAGTCGCTCC-3" . PCR J Ji {4
% 420 pL, Hi SYBER GREEN %t} 10 wL. iE &2
15144 0.8 wL.cDNA 2 wL . ROX-1I 0.4 pL. G
7K 6 wLo PCRFZI Z5 44 .95 CHiAE M 30 5595 CAF
PE5s,60 ‘CiH k 34 5,60 CHEfH 30~34 s 1 40 1
W, BAHEINESL. R 25k A B i
(R IR IR .

1.2.6 & & JU ¥ i kA5 MCF-7 A= MCF-7/% # B
2 i ¥ Bax. Bel-2. Beclin-1 & & & & 4> 9 4%
MCF-7 Fll MCF-7/45 #2 B4 L 82 0 T 100 em’ L5515
FRL A A8 F7: 0, FH A (1 PBS ¥k 23 , 45 /i A 400
WL T30 SR B 2 T UE E (RIPA) VR A 240 W (4% PP L Tk
Pk 3 : RIPA=1:100) , *$f L 7K Pl B I T 0K 1 24 A
30 min; 21 5 W5 T4 °C, 14 000 r/min & > 30
min, JILA 53 08 S 2 B - 3R V9 s 1 e 6 g P VK
(SDS-PAGE) £ 1 _EAEZZ vl , #1142 J@ 15 100 °C, 5
min 28 M J5 BT SR A A 0T B I vk T MCF-7 Al
MCF-7/%5 ¥ B5 20 J#5 ) Bel-2 . Bax 1 Beclin-1 75 4 [
Fik, ER LK 3K, A Image J LB 2571 K
FEAE, 115 H W8 A A X 365 5, ] GraphPad Prism
7.0 8AFER

1.2.7 @it & G R P ik MCF-7/% 45 B 4n i 12
#4458 A= DSF-Cu £ 25 & 8% & F 8 F Bel-2. Bax.
Beclin—1 A&k B XTHUN A K (1) MCF-7/48 12 I 241 i
FERD T 100 em® 55 57 L I35 B 1C,, SEAZBEA (1C,,
DSF-Cu # . 1C,, DSF-Cu+IC,, 25 A2 B 20 3 > S2 0 40
PSR ML TSR A8 T A IAE 37 °C 5% — 4
B 1 95% W B T 5 3% 5 0F T 35 % B8 AR T
W2 210 i 8 5% 28 5 3 Sl 80%~90% I, 75 #E v T4
B, A TO AR Sk T B MRS SR R,
T 6 50 4 K IR, 45 AL BN 1C, 5 A2 1 L 1C,,
DSF-Cu. IC,, DSF-Cu+1C,, 55 F2 I, K5 — 241 40 g 4k 25
Fr % 24 h, BRI AR AR AR 1, e 2 1 BT B 3 A
=41 H P Bel-2 Bax Ml Beclin-1 361k . 842 525 3
W, FH Image J 3RAPF 2 B0AS 2547 AR, 718 H I 8R
FIARX ik i

1.2.8 A X @ K A& DSF-Cu F #J& MCF-7/
BHBmBA T XU A K MCF-7/48
FBEA MR T 2 4 6 FLA 25 14> 6 FLAR I B
A~E SASEEG A, 55 24 6 FLARE B F~1 4 525640,
6 FLAR I E T HFRA T, ML AE 37 °C 5% — 4R
AT I 95% Wi B 25 AF T 35 57 45 8 b B WL A
JL %% 5 80%~90% I, 7E R TAE &5 2 A
DA Sk (R B TR T 35 45 A S L 9 2 T, FH V%
i) 109%PBS %2 52 3 1k MCF-7/48 F2 B 40 it 2~3 ¥k,
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0.25% i 25 11 B AL F 24 MCF-7/48 82 s 40 it 5 e 42
Fo A T, LA A 2 A0 e B B e S A R R A
UM 500 pg/L A2, B~E 23 5 A 500 pg/L
L8 HZ I 5] e & DSF-Cu, i 44 5 K 5 umol/L.
10 wmol/L . 15 wmol/L F1 20 wmol/L, G~1 21 fill A IC,,
1Y) DSF-Cu #1500 wg/L SEAZEE s FF 6 FLAR L & 75 57
FEh AR ANMILE 37 °C 5% — S ALBRFN 95% 1 i S5
NAkEERE SR, C ANk SE R 57 12 h, B~E FI H 24140
AR SR F5 24 b, 1A AN RS2 15 57 48 h; H 10%PBS
TH VRS AL MCF-7/8 A2 BE 40 i 2~3 YK, 3FH 0.25% J
B T A0 A T A b B i A AR
45 20 MCF-7/7 -2 B4 I LA 1 000 r/min #5:0> 5 min,
FHAA TCHAE S B AR W 7 1 W5, ) 45 it =X
JIA 300 WL 256 G2 th i B, 52 32 W F T 487 I 240 e
DUVENE 2 78 /1R 50, SR I 1 4 T =X v 1 4 ok
VAT A5 32 30 3 438 o 3 T IR A R s ) R
ZH | B YL 2 FORUGL A 5 7 B Y 4 RS ZH A o A
0.4 L P8 (1 V-5 51 5 #2 2¢ 96 % (Annexin V-
FITC)FRic, BOCHEE 15 min; FHLET S min 75 XYL
A 0.5 WL B BE (PD) Yt 5 G (2 47 (1) 48
it P 3 A B SR A T A I 5 B A S 3 IR R T A
HIFT-H

1.3 SitZFEAE K SPSS 25.0 A4 fr f5 11
BAE AT IEASVER IS MOy 25 5 R 8, A7 A RS
MR LA x + s R, P4 1) LU 35 R FH PG 0 37 AR AR o A
55, Z2 20 [A] SV LR TR R 28 07 22 00 i, Z2 4 1)
B4 P 1 L 2R i LS D¢ 6256, 46256 7K E 0e=0.05 ¢

2 #£R

2.1 HBERASE KA IR SO AR
AR T WL (43 5 TR 100 1400 £% ) MCF-7 Al
MCF-7/ AL . MCF-7 QU RIE  IhREA:
K s MCF-7/58 F2 B4 i 2 A 1D |, W BE AR K, H MCF-

TR BN AR KB R MCF-7 40 . WL 1.

B 1

el
MCF-7/ 2 BN 25« A AR 10045% 5 B K 40015

22 MCF-7/EZBEMHMEMZANY CCK-8 LK,
TEAH R [R] P, Bt 582 Btk B2 14 i, MCF-7 240 B A
MCF-7/%% 12 Tt 240 Jf 1 5 41 1] 23 3% 7 14 157 (P<0.05)
TEHE R B2 R 48 42 6T MCF-7 40 Jf i) 90 160 46 1 1
MCF-7/5 k2 B3 (P<0.05) . UL 1. i1t SPSS 25.0
BRETAE Y MCEF-7 Fl MCEF-7/48 42 15 200 i 75 48 42 i
T 24 h )5 1C,, (84351 4 1 394.79 wmol/L F1321.42
pmol/L, MCF-7/4 A2 B4 Fu i 2555 53k 4.34

2.3 24h548 h A[EiRE DSF-Cu X it L #2 B2 3L
BR¥E MCF-7/& 2B MM B Z LB  CCK-8 k4%
7R, DSF-Cu DAV B 5 B [R]ARORE P 400 o) 2L e o
MCF-7/ 2 B4 3556 (P<0.05) , W3 2,

24 DSF-CuXt MCF-7/£ B2 M TEHaE &
M ARSI SE R R, 7E 24 h fT48 h B, 5256 41
(1Cy, DSF-Cu+500 pg/L 242 B ) 40 f 1 7% = 4% T
X HRAL (500 we/L5EAZ 1) (3 P<0.05) , i B DSF-Cu
REAMH] MCF-7/ 82 BEAn T REfE . L3,

R MCF-7 AFLIRIE A0 M AN 55 A2 B LIRS MCF-7/ 5 A2 Bt 4 M AN [R] e 32 A2 Bt T0U1 40 MO o R LA/ (9%, %+ 5)

4151 R WE AR FAH,P{E
200 pmol/L. 400 pmol/LL 600 pmol/L 800 pmol/L. 1000 pmol/L
MCF-7/2 21 3 11.49+1.15 18.88+3.98 26.16+5.51 31.80+5.96 44.86+2.24 27.61,<0.001
MCF-7 3 23.70+1.06 64.26+9.73 80.97+4.63 88.97+5.26 96.04+4.21 76.51,<0.001
t{H 13.51 7.48 13.18 12.46 18.59
PlH <0.001 0.002 <0.001 <0.001 <0.001
T2 24 h548 hAR[RNR B XSS AT (DSF-Cu) X S8 A2 BEFLARIE MCF-7/ 8 FZ B0 B R L5/ (%, % + )

B ER R/ DSF-Cuik i, P

5 pmol/l, 10 pmol/L 15 pmol/L. 20 pmol/L. 25 pwmol/L.
24 h 3 27.42+3.38 42.71+0.77 57.52+7.10 73.83+1.76 85.55+2.25 105.55,<0.001
48 h 3 51.27+4.59 57.34+5.94 71.50+1.80 81.54+4.36 90.96+2.13 40.60,<0.001
{H 7.24 4.24 3.31 2.79 3.02
P{H 0.002 0.013 0.030 0.049 0.039
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R3I LLS AL BEFLIRIE MCF-7/ 52 B 40 12 7 Lg%/

(%.,x +s)
21 51 ERRE 24 h 48 h {8, P1E
pugiisEic| 3 50.98+3.31  69.67+1.37  9.03,0.001
SHGA 3 29.06+3.13  34.63+3.26  2.14,0.099
tfH 8.34 17.18
PE <0.001 <0.001

2.5 MCF-7 #d1 MCF-7/4 #2240 i Bcl-2.Bax #1 Be-
clin-1 EEFRIALLE (RT-PCREEE TR, 5 MCF-7
AN AR Lb , MCF-7/48 A2 B 40 i v Bel-2 A Beclin-1 3
IR IATHET , Bax FERIFIAFEIR(P<0.05) , L3R 4.,

T4 MCF-7 A\FLIRIE 240 i R 2542 i 2L R e MCF-7/
SIS A B 2 LIk 0988 -2 (Bel-2) \Bel-2 4026 X 4 (Bax) |
[ WAk W 8 1 Beclin-1 & R 2635 FL B /x + s

215 ERERE Bel2 Bax Beclin-1
MCF-7 3 1.0020.00  1.00£0.00  1.00+0.00
MCF-7/4 A2 5 3 1.5220.30  0.57+0.16  1.85x0.46
tfE 3.03 4.66 3.20
PAH 0.039 0.010 0.033

2.6 MCF-7 #1 MCF-7/£% %2 B2 28 f@ Bcl-2. Bax 70
Beclin-1 & B &% L 8 K& MCF-7/4 1% B3 40 A 7 42
B .DSF-Cu THIE R EATHIER HEHEE
W 25 3 N, MCF-7/45 12 2 400 Bf 358 MCF-7 41 fifg
Bel-2 Fll Beclin-1 £ 1 32 35 Tt 57 , Bax 25 [ 3% 3K F#AIG
(P<0.05), ILIK 2,555,

MCF-7/45 %2 B 40 i 7 DSF-Cu + 5 Bax & A
FEIRTHER , Bel-2 Fl Beclin-1 25 FH #35 FK (P<0.05)
W26,

4 26 kD
3 21kD

2 57 kD

1 42kD

A

bEce 1—B WLEh A 1 ( B-actin) 32— [ W A30W 85 11 Beclin-1;3—Bel-
2 A5G X 2 11 (Bax) 5 4—B 4 il b 9 -2 (Bel-2) 3 5—MCF-7 41 ; 6—
MCF-7/4 2 B4
2 FEFRED I AGI MCF-7 AL G-I 40 M T 5242 gL R e
MCF-7/4 A2 40 il Bel-2 , Bax Fl Beclin-1 25 [ #3400

RS MCF-7 JFUN i 240 W R 4842 B LR S MCF-7/
LA EE A0 B 40 Mk (988 -2(Bel-2) (Bel-2 M58 X & 1 (Bax)
[ WSSO 3 1 Beclin-1 5 A A LR /X + s

21 51 WRERE Bel2 Bax Beclin-1
MCF-7 3 0.50+0.06  1.91+0.48  0.32+0.11
MCF-7/4 #2 1 3 2.20+0.42  1.08+0.15  1.90+0.09
tfH 6.96 2.86 19.07
P1E 0.002 0.046 <0.001

F6 i EREFLIRIE MCF-7/ 48 A2 4N e A2 1 U
AW (DSF-Cu) TS B AN I -2(Bel-2) \Bel-2 #1156
X5 (Bax) | W)W 25 [ Beclin-1 25 A28 L AT + s

wH

215 v Bel2 Bax Beclin-1
1C, A2 3 1.81x0.28 0.65+0.15 1.53+0.22
1C,, DSF-Cu 3 1.25$0.09” 1.07+0.15" 0.85+0.18"
IC, ZEMBE+IC, DSF-Cu 3 0.870.10% 1.340.04% 0.530.08%
FIH 21.18 22.94 27.58
PfH 0.002 0.002 0.001

D5 10, SR LA, P<0.05. @15 1C,, DSF-CufH L4,
P<0.05.

2.7 MCF-7/4HEMEAT R5WHCE SRR
EfptERxR W% R BN, AR E DSF-Cu
(0.5.10.15.20 pmol/L) ¥l MCF-7/45 K2 B 4 Jifd 24
h 5, 40 008 72 2 43 00 o (5.50+1.01)% . (11.03+
1.04)% . (55.12+5.06)% . (68.86+3.36)% . (80.07+
4.30)% (F=300.89, P<0.001) ; £ IC,, {f 1€ ¥ i) DSF-
Cu Tl MCF-7/55 A2 B 20 L AN [a] 5[] (O h .12 b 24
h. 48 h) J& , 40 M 3 72 3 53 0 Oy (4.47+0.57)% .
(15.92+2.63)% . (34.85+2.70)% . (74.94+1.13) % (F=
726.65,P<0.001), MCF-7/%£ ¥ B 18 DSF-Cu T 15
AR T I 5 DSF-Cou 52 9 8 R0 FR]A 1
3 itig

AR, R TARYT 25 W B i 250 L B LB
AT A BRI T 2L IG T BT R, B SR
WE BE 38 50 AL 97 25 9 75 M SO LA 22 4 LA B 0 1k
I i 700 R B 5T AR S . DSF & — R A A 0 T v
25, 55 T8 BB AR5 Y BE A A5 ) i g 400 7L
I 57 25 , e IR AL S Ak T 25 dE
EN I RESE ST NN SR SR7 53 NS i T 51 5 T S
DSF-Cu X MCF-7/45 A% B 4 B 4 ] £/ B 38 o . e
A, 3 3 K9 S2 8 UE W DSF-Cu RE % 11 ] MCF-7/4%
F2 B 20 MRS

SER2 I 3 L0 O B0 ) A T 40 P R O R
F, BELY 20 R 300 & S e g VR . i 98 2 B S A2
Pt 245 P 5 200 L T WS AR 6 ARG
RN FEH 5 53 F 7KFUESE , A2 BELE MCF-7 ZLAR R
S fE AR T A AW, SR R T e
A X 25 0 A R RSB

VTR, WF9T & R DSF-Cu BB 11 Z R 1275 3
LIRS AR R T, 3 S ARy 2 Wt 250 . R SIS
J% B8 DSF-Cu 38 1 8078 2 it P35 B e-Jun $000 1) 375 14 4R -
1 K-« B(NF-«B ) i B A2 oF ZLAR I A I gs 1= i
S0 — A WFSY & AE TNBC Hh DSF-Cu B8 %3 12
T Bel-2, #06 BE K 25 1 # (caspase ) -3 il caspase-
8, 14 1 DNA 16 42 JitF PARP [ A , M 117 38 50 210 it 5 44
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AR T, M 7E MCF-7 41l tf DSF-Cu REE S
7 A R AR, N A0 B P S R B R R R
N VA YN (1 RGN I W o o
Sonawane %" 78 FL R 98 MCF-7 40 i & th i 5% & 3
DSF-Cu BEREZ I ] NF-kB Fl% 556 [ F- Nrf2 , 386 4 B 25
it 251 . Tyler %7 TNBC F1 i 5% & B DSF-Cu 5
22 V4 b FE I [ 400 1) 240 B 14 5, 5 S AR T s R 2K
T PG A U TR 24 40 i ZR 2% B AR Y NIF-wB 3 1
Guo Z5 " HIF 5T % B DSF-Cu 8 17 41 i NF-k i 25 38 30
VA Y ) AT M EE P 8 A0 6 VY A U e 24 8 4
Wil . Yip 45T & B DSF-Cu fil 38 13 ] % 40 i
PRI M AR - 22 B4 A AR BB (MAPK) /9 7= A=, 4
il NF-wB 15 538 # , e o FLAR i AR 08 T, 42 i 5L
96 A0 i X 5 A2 ) SRR o Liu SRS R R
DSF-Cu IR A 2542 B FITA 58 344 548 X6 T 25 MDA-MB-
231PACIO [ 40 B M , 56 42 300 % 41 il 2 MDA-MB-
231PAC10 X SAZ B FNIUEA R RS 2451

SRR AR NS S AR T M EE SRR
RNz AT Horp Bel-2 S — A JE T S
M Bax &2 4 T 3L, Bel-2/Bax FAR A2 1 5 g 4
Ji R B B A R R T T BT . FE R R S
Bel-2 FIfi i Bax 0] LU 40 B P8 T, Bel-2/Bax 1] 14
AR T LR IR T Th R R E AR
A5 45 B B R DSF-Cu A8 i 410 1 Bel-2, {2 #F
Bax, /5 5 MCF-7/%5 A2 B 40 B 98 T , 336 % 3L I 98
MCF-7 28 %t 8 A2 B 25 1k, OF H LR T 2 5
DSF-Cu S 1% i 55 1sf [ ARk

4 [ e B A A K 2 R AR 1 A i TR
T Horp Beclin-1 2 )5 80 A W5 A9 AR 18 00 2 —
5 T 96 240 M Ak 7 A S 40 AR [ W DDA O . BFSY
K BRI AAE LYY IS L3 A Beclin-1 7K i 2%
FH =0 3@ of T3 Beclin-1 1] 33 58 20 90 20 it % 1k
IT W) I U B S AT 2 M s Th R . 1
[ PRI 5T A B3 o UL R Beclin-1 903 [ 9 AT 38 fin
MDA-MB-231/ADR 41 jif i Bif 5 2 (19 SO . Rk
AEAIFSE 26 B Beclin-1 -5 L M5 40 I X6 58 42 B 119 il %
PR U)AH G o A B AR R TE B B e ] B 5
MCF-7 2 Jl % S5 A2 B 0y BUEE . H TG, 5¢ T DSF-Cu
L5 e A 1 W Y O R Z [ AR 2 . Wu 55
TE AR /N0 M i 8 9 & B, DSF-Cu RE 55 b 20
JHL 1 R T, I L A R R g R A
MIJH T . Zhang 55 "B 5% & B DSF-Cu RE 175 T 7L IR
FEANM A W AT T, O HH WE S PR T A R
AT 5% 485 S 4 7% DSF-Cu 1] LL3E i 90 4l Beclin-1, #1
il MCF-7/5 A2 B2 20 M 1 e, 306 L B9 MCF-7 41 g
X EEAZ BT 251 .

AW 7R DSF 5 Cu 25 I8 1 DSF-Cu RE i 13
55 4 R YA T R R 0 ) 2L RS MCF-7/5%
A2 B 20 L 184 B, LA ) A ) 22 e AT [ A4 4
I AD DSF-Cu BE I ] MCF-7/%5 42 B 40 Jf0 3T 7% , SR 1
KF BRI EHLEN A REdE— L0 5E . 4561k
TEBF 5 i 8 A B 5% 45 R ] gF— 2DHIE S8 DSF-Cu 5
SAZBERR A N, B8 2 B0 RS S T,
UM MCF-7 40 i X SR A2 Wi 25 1k . SR A 52
BB 5E H T i B TR A ) {5 5 L i DL K 3l
FERUR P SEIR BT, S5 i — 20 S B HR 5T .
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