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Abstract The aim of this study was to investigate the effect of norcantharidin (NCTD) on the proliferation and
apoptosis of triple-negative breast cancer cell line MDA-MB-231. Western blot was used to detect the effect of
NCTD on the expression levels of apoptosis-related proteins Bax/Bcl-2, cleaved-PARP/PARP/PARP, cleved-cas-
pase-9, cleaved-caspase-3 and MCL-1 in MDA-MB-231 cells. Also, the expression levels of autophagy-related
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proteins LC3-1I/LC3-1, Parkin and PINK1 in MDA-MB-231 cells were measured by Western blot. Flow cytometry
was used to measure the effect of NCTD on the changes of mitochondrial membrane potential and mitochondrial
reactive oxygen species (ROS). The effect of NCTD on autophagy flow in cells expressing mCherry-EGFP-LC3
was detected by a confocal microscope. Moreover, the effects of NCTD combined with chloroquine (CQ) or 3-
methyladenine (3-MA) on the apoptosis of MDA-MB-231 cells were detected by flow cytometry. The results
showed that NCTD significantly increased the expression levels of Bax/Bel-2, cleaved-PARP/PARP, cleaved-cas-
pase-9, cleasved-caspase-3 and LC3-11/L.C3-I proteins, and promoted the mitochondrial translocation of Parkin,
and blocked the autophagic flow in MDA-MB-231 cells. Moreover, NCTD combined with CQ accelerated apopto-
sis, while NCTD combined with 3-MA decreased apoptosis. These results suggest that NCTD can induce autopha-

gy accumulation and lead to apoptosis of MDA-MB-231 cells.
Key words breast cancer; MDA-MB-231 cells; norcantharidin; apoptosis; autophagy
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BETE 2K 100 wg/mL) B L-15 58 & R 5 3 v L B 5%
CO, 1Y 37 ‘CHEFRM P %, U A % B A 3 70% ~
80% I RV Al #E4T 5256
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BLEEFI TR, H L-15 58 s IR Al
20 i 5 R AL AT 7.5 x 1007~ 96 FLAR,
BB HA B IR IEA 28 U BRA X BR 2 A b B

B 3 AL, BEFL A 40 B 200 pL, 55 354
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BigR3 ~ 4 d, B2 R 1R, WRBREFFEIE AbFHZH
1 L A NCTD A 289 i 24 20,50 .80 pumol/L, Xif
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TSR . A7 HEAT 3 R SLSG .

4 P 3 ) ARSI WA ) 70X T 1 )
I, B 40 43 R X R ZH .50 wmol/L NCTD &b B4 |
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K, ZE AR 15 min, TR 3K, AR E 2 I, 3
TF 15 min, VE R B R A SUR A S0P NI -R B
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B A NI E (L1 mL) , 8554 i35 24 h
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54 55 6

O BN RE RS A e AR e T MDA-MB-231 4 4 1= 761

W, BERS mine IS A WGV 3k 41 i 20
PBS, & TR A R RIar

2.9 Western blot 4 8 =48 % & & A= f "4 40 %
G0 kA

4 X B4 K ) MDA-MB-231 41 Jifd 4
b O E RS AT AT, T 100 mm 35 SR
Rl AR I, B R BRI 6 X 103, BB X HR 4L
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P IO A A 1 RBP4
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T KT fif L-15 58 A 55 5, A LA 5 mL.
FE 7 48 h T W BR AR, A B SRR, UK A
f# 30 min; 20 S FIECZERE , 4 °C, 12 000 r/min 550>
10 min, W4E 5 o

PR AR TR 11 M3 B 1 W R B R A ik
FHLZ 20 B A NCTD (244 FZ 50 wmol/L) , X BE 2
IAGH i L-15 56 35 5 0k, £ LA 5 mL. 15
F7 48 h 5 W BRI Ak 0 R R HEA T A M
B i RN 2ok AR AR B4 R R E R AR
EHMEREA.

HR 4 BCA £ 11 20 il ) 6 4 D 2 vk B, 8
S R R — 30, R AT e A R - R
PN 40 T B 2 FEL 9K 90 V, 30 min; 120 V, 1 h, Hi%%
210 mA, 120 min. FFESEHG , 5% W W58 1 b
2h, TBSTIHVE2i ,4 C—HMEE L ; —PiiEE
SR, TBST YEIKE 3 ¢, “HT % I & 40 min; 45
HOE , TBST YRS 3 Y, i FH B I i 15 70t R e ) 2R
H A& T W5 .

2.10 %It o4

AW FE LW B L &+ s R, ffFH SPSS
25. 0 G it A AT A B, SR T BRIRL R O 25 3 B
(One-Way ANOVA) 5 T 0 % i+ g1t 25 5%, JF
PR B R 7 2250 0I5, AT Tukey S5 K550,
P<0. 05N N HA G L.
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£ A

JPEAG NCTD 2 5 BA bl i e AN
] #¢ &£ NCTD (10 ~ 100 pmol/L) 4t ¥ MDA-MB-
231 41 fifg, K30 NCTD %} MDA-MB-231 2 Jifd 25 P 1
o & 1-A fr7n , NCTD 40 B 5 MDA-MB-231 48

JHL ) A7 35 SRR AR . Ak, 5 B TR B 9 2D Al iE S
NCTD ' 3% #11 # MDA-MB-231 41 jitg i) 4 5 ( [&] 1-
B), 475 NCTD X MDA-MB-23 1 2 Jifd i) 2= 1 A5 334l
YER o ik — 2K NCTD 35 5 MDA-MB-231 4
JiL A= A 7 B PIL L, B Hoechst 33258 4t (8,43
Br NCTD & 7515 5 MDA-MB-231 40 i T (&l
1-C Fi7R , A0 25 NCTD Zb B , 24 H3 B L8 g i 7~
IV G TR AR RV A 20 LT AR AR SRR
X — I 4 W) 45 F W] NCTD 7] L) 5 MDA-MB-231
ip T RS AR AR S — 2 b T
NCTD X MDA-MB-231 4if & T- 152 . anf&l 1-D
Fi s« AR B NCTD 4B S , MDA-MB-231 41l i
ST 90 A 8. 2% 18, 1% LU e 22. 1%, 4
TR, NCTD %t MDA-MB-231 4 Jifl ££ 75 A= - 316l
YER, AT S L T

3.2 NCTD# 5§ MDA-MB-231 28 ). A =40 % & &
R

KT 5% NCTD 5 5 MDA-MB-231 4 Jifd 7 1=
153 F HLE, A SE8 i — 20 0 TR TR AR A O
FEAREREL . aE 2-A ffR , MDA-MB-231 24
Jifo7E FH NCTD &b 3 48 h LAJS , Bel-2, MCL-1 2635 %
I, R 4 T2 8 1 Bax FRIA Th iy, HL &2 0] & O
AR, 26 NCTD Zh B LU , 98 T4 G 8 [ cleaved-
caspase-9, cleaved-caspase-3 LA A cleaved-PARP/
PARP EiA/KF- T (K1 2-B) o A AR BRI VA IR
B NCTD 38 4o o 28 98 172 A0 OC 8 i 3R ik, 12 iF
MDA-MB-231 40051
3.3 NCTD # § MDA-MB-231 %8 it & 5 1k o 5k
% 7%

SRR AV 25 0 R A I AT T 3 e v ) S
AU AR S0 A JC-1 Y A A AR A I T
AS[A)He BE NCTD %f MDA-MB-231 2 fitg 28 7 44 i ey
A0

PR T2 | 2 W ORI H 57 1) PR AT e IR Ay 21 5/
SRR R . W 3-A FR - 5% BEZ A
Lt , MDA-MB-231 4fi fifg 28 A [A] e i NCTD 4b B 48 h
Jo 20 M 0 v e TR € i 28, W) 20 R
NCTD A] DA F& % MDA-MB-231 4 i i £& 4 4% 5 H,
o BEAh, aniE 3-B BToR , i A0 i AR i — 25Uk B
NCTD 75 MDA-MB-231 £ Jito £ i 44 i el 457 [ 11
HEF B . NCTD 5| 2 £k A 5 f A7 1 2%
Weft, $275 LA HE 5 MDA-MB-231 ZH ML 174 G .
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Figure 1 Toxicity of norcantharidin (NCTD) on MDA-MB-231 cells
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A: Inhibition of NCTD on the cell viability determined by CCK-8 assay (¥ + s,n = 3);B:Inhibition of NCTD on cell colony formation capacity was de-

tected by plate cloning experiments; C:Apoptosis morphological changes of NCTD-treated cells tested by Hoechst 33258 fluorescent staining; D:Flow

cytometry was applied to assay the apoptosis of NCTD-treated cells (x + s,n = 3)

P <0. 01 vs control group

T K58 NCTD Xf MDA-MB-231 4l Jifl £& ki 44 3y fig
SR , AR ST iE— 25 DU & T NCTD b3 %) MDA-
MB-231 4l ffg i 2 ki 1R ROS KF . 253 R, 5%
TEZHAH EE , NCTD Ab B 20 40 g i L AR 77 A T 22 1
ROS(F 3-C) . ¢ L ik , i SC 56 F B NCTD BE %
5] % MDA-MB-231 41 jg i 2 B D) RE0 5
3.4 NCTD i it PINK1/Parkin 12 5 @ %5 & %
B

AHIFS 38 2 175 G B SR 45 A A0 ik | R
SV R SO USSR, & B MDA-MB-231 4f
128 50 pmol/L NCTD 3 5ilAb B 12 h 5 , 55 %5 REZH AH
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Figure 2 Effects of NCTD on the expression of apoptosis-related proteins
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¢(NCTD)/(umol/L)

A: Mitochondrial membrane potential of NCTD-tested cells determined by JC-1 fluorescent staining; B:Mitochondrial membrane potential of NCTD-

tested cells determined by flow cytometry (¥ + s, n = 3); C:Mitochondrial ROS of NCTD-treated cells determined by flow cytometry (¥ + s,n = 3)
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Figure 4 Mitochondrial autophagy induced by NCTD via PINK1/Parkin signaling pathway

A: Autophagy-specific structures were analyzed by transmission electron microscopy in NCTD-treated cells. M, mitochondria; Arrows, autophago-
somes; B:Immunoblotting analysis of LC3-I, LC3-II, and Atg5 in cells exposed to NCTD; GAPDH was regarded as internal reference (¥ + s,n = 3); C:
Immunoblotting analysis of Parkin within the cytoplasm (Cyto) and mitochondria (Mito) in NCTD-treated cells. VDACI and B-actin were used as the
internal reference in mitochondria and cytoplasm, respectively (¥ + s,n = 3); D:Immunoblotting analysis of PINK1. GAPDH was regarded as internal
reference (x + s,n = 3)
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Figure 5 Effect of NCTD on autophagy flow in MDA-MB-231cells

A: Changes in autophagy flow of cells after co-transfected of mCherry-EGFP-LC3 with NCTD are detected by confocal microscopy (EGFP (green):
autophagosome, mCherry (red): autolysosome, DAPI (blue): nucleus); B: Immunoblotting analysis of P62 in NCTD-treated cells (¥ +s,n = 3); C:
Expression of ubiquitinated protein in NCTD-treated cells (x + s,n = 3)
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