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Effect of ergosterol peroxide derivatives on the proliferation, migration and invasion of human triple
negative breast cancer cell

ZHANG Hongyu, REN Wenkang, ZOU Yu, HAN Yinglong, YANG Hongyan, BU Ming, DU Xiaohui, LIN Yu
(College of Pharmacy, Qiqihar Medical University, Heilongjiang Qiqihar 161006, China)

ABSTRACT OBJECTIVE To study the effects of ergosterol peroxide derivatives EP-3P on the proliferation, migration and
invasion of human tripe negative breast cancer cell MDA-MB-231, and to provide reference for the development of breast cancer
related drugs. METHODS MTT assay was adopted to detect the proliferation of MDA-MB-231 cells after treated with 0 (blank
control), 1.25, 2.5, 5, 10, 20, 40 pmol/L EP-3P for 24, 48 and 72 h. Wound healing assay and Transwell chamber method were
adopted to detect the migration and invasion ability of MDA-MB-231 cells after treated with 0(blank control), 5, 10, 20 EP-3P for
24 h. The apoptosis and cell cycle distribution were detected by flow cytometry. Western blot assay was used to detect the
expressions of B-cell lymphoma-2 (Bcl-2) , Bcl-2 associated X protein (Bax) , caspase-3, cleaved-caspase-3, cytochrome C
(Cyt—C) , matrix metalloproteinase-2 (MMP-2) and MMP-9. RESULTS Compared with blank control group, 2.5, 5, 10, 20, 40
pmol/L EP-3P could significantly increase the inhibitory rate of cell proliferation (P<<0.05 or P<<0.01) in a dose and time-
dependent manner. After 24 h treatment of EP-3P (10, 20 pmol/L), the rate of cell migration and the number of invasive cells
were decreased significantly (P<<0.01) , and cell was arrested at GJ/M stage (P<<0.05 or P<<0.01) ; the apoptotic rate was
increased significantly (P<<0.05) ; the protein expressions of Bax, Cyt-C and cleaved-caspase-3 were upregulated significantly,
while those of Bcl-2, caspase-3, MMP-2 and MMP-9 were downregulated significantly (P<<0.01). CONCLUSIONS EP-3P can
inhibit the proliferation, migration and invasion of human tripe negative breast cancer cells MDA-MB-231 through mitochondrial
mediated endogenous caspase pathway, and induce the apoptosis of cells.
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21 B P A I 7] 8 (55 C0038) | —mMshk H i (BCA)
EH U IR A (S P0010) \RIPA 2 ( L ifg 34 =
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tein, Bax) 4l /ifi {525 C (cytochrome C, Cyt-C) W K
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154k 1¢) caspase-3 (cleaved-caspase-3) & Jifi 4 & 45 1 il 2
(matrix metalloproteinase-2, MMP-2) MMP-9 , H i -3-
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KA MTT L A7 R I o O £ 4 K HH 9 MDA-
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10" ™/mL B 4 AR, 1 20 i 2 v 4% 100 pL/AL 2R T
96 fLtl H o SZEG I AT X HR AL ORI EAn] 25490 b PR B
FEHI AL, B0 umol/L) \EP-3P AR ¥ J¥ 4 (1.25.2.5.5.,
10.20.,40 pmol/L , 254k FE M B P SL IR 25 R % 8 )
FRL AT IR 3N AL I B 2 AL ORI,
BRI o s3I e 5% 2448 .72 hibf, BLAMA 0.5
mg/mL ) MTT %K 10 pL, JiF2 48 th# A5 % 4 h )5 57
£ MTT, H-41LNA 150 pL DMSO % % 30 min 7 fif H
BEAE s AR A R Z DD Re B AR 0 5 £5FL7E 490 nm P
Qb () ' AL, FF A 240 L ) 39 A ] 56 3 AR A %
(%) =[1— (HZ54e% A — = AR RSLCE )/
(25 I B2 % B — 25 LI B AR E )] >
1009% . SEEEE 3.
2.3 EP-3P Xt MDA-MB-231 AT 85 S R %20

K FH A M )R s AT A I o O A K
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MTT SE 55 45 R AR B Ji A s e 25 S5 8, N Al
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() EP-3P (EP-3P AN [l B 41 ) il , Bk P 4l 150 3 4
AT . ARG A3 B AR 45 24 i T A MR R 100 L i
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24 h, BRJG DL 4% 22 5 WS [ 72 30 min, T 1% 45 5 46
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UM, BEAREASTH S AT BOF B AR by kil 25
R TEREL 3R,
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K Annexin V -FITC/PT AL (i E A 4G . BOG
Bk KI5 MDA-MB-231 41 i, & ML 45 4n i 2 )5
AR LA 1< 10° /LB 3% FE 3R T 6 fLAR 15 9% 24 h
J&  FE B3R ik SR 2 . ks SR 24 h s,
W PREANE, Y2 )5 A Annexin V -FITC . PTiR 4 5
uL, YR, FEI RGN 15 min J5 , R AN
R0 41 B 8 T 1 I, I3 3 Flow jo 10 3R {443 B 45 4 40
MIAGIR T3 SEEe AT 31K
2.6 EP-3P %t MDA-MB-231 4051 /& #1 4> 7a B9 220

SR AR A RS A . BOR AR K 1 MDA -
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4 °C [ 2 10 ; TR (1) PBS P40 3 38 , BR 23R B I 2
Jit s i A 500 pL 48 Hi L il 45 1) P/RNase A 44 23 (il
Tl PI 55 RNase A ZL (80 #% 9« 1 BRFR LRl ) , 37 °C ke
FEEE 30 min AT Y, R A0 ISR I, I3 Ao
Flow jo 1085t b JEl oA . S sd 3K,
2.7 EP-3P%f MDA-MB-231 AR dUE T2 LEEE
B RZHI= 0

& Fl Western blot 36 #EA 7RI o B B0 A K B9 1
MDA-MB-231 4l g, il 5% 5 20 B B, P 8x 10° /1ML
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(PMSF 1 RIPA Zf# W AR HE  1:100)500 pL, F oK
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T P 58 e FEL UK 43 5, 76 300 mA fH I PG & R B R
Pt 38 M s, FH 5% B BRS04 76 20T 641 2 h
AN Z & A GAPDH —4t (R B EL i 1: 5 000) #1 H b
#E [ Bcl-2, Bax, Cyt-C, caspase-3. cleaved-caspase-3 .
MMP-2 MMP-9 —$i (F R L1358 1:1 000) ,4 CHFH
T ; L TBST 28wl I % 10 minx 3 UK, LA LY. — 41
(P RE L34 1:3 000) , ERMFE 2 h; L TBST & il
TEYE 10 minx3 WK, JiN ECL &G, SR 5 T A% ALk
% . F Image J V1.8.0 #AFXT 2 11 25+ 47 407, LA
HArdE 450 K BEAE 5 WS 8 1 (GAPDH) 4547 KL
M HEZR B I ERIBKF . SEE A 31k,
2.8 FitFEFIE

K SPSS 19.0 3 4% B i A 141t o0 b o THERBE
BRI x + s Ko, 241 AR RS R R 7 225087, 41
B HL AR F LSD-¢ /6 o AG: 36 7K e =0.05.,

3 #HR
3.1 EP-3P X MDA-MB-231 £l 1858 1) s i 25 R
5o [ 6k B4 b &, AN R Wk EP-3P AE H T

MDA-MB-231 Zifif] 24 .48 .72 h Ji5 , 4 i iy 58 A 41 ] A< 44
NI R B T i, I S — 1 B RN TR ARl R 4, L
H, BR EP-3P 1.25 pmol/L ZH 41 M FE K% 77 24 h i (R 38 5E 11
TR AN, HAAS W EP-3P Ll 4N E 2540/ 24 .48 .72 h
Ji B3 B A ) e 38 B 2 i (P<<0.05 5 P<<0.01) ., 4%
LA AR A BG FE AN T AR E G R R 1,

F1 JBAMBEHIGEMBRNELER (x£5.n=3,%)

41 2%4h 48h 2h

75 FR IR 0 0 0
EP-3P 125 wmol/L41 5914455 6.53 44,02 10.60£3.62°
EP-3P 2.5 pmol/L4L 11.13£485' 14.95+4.15° 22984213
EP-3P 5 wmol/L4 36.94+7.86" 4039£4.76° 48424451
EP-3P 10 pmol/L 4 58.5946.74" 60.75£6.29" N4+
EP-3P 20 pwmol/L4 70.88+3.86" 7947439 84.53+1.80°
EP-3P 40 pmol/L 4 86.82+5.74" 92.15+4.06" 9532+ 1.61°

a: 53 PINIAZE A, P<<0.05;b: 1528 P IR e, P<<0.01
3.2 EP-3PXf MDA-MB-231 ZAffsE {2 L8 IS
M 25 51

Hjos ot BEZH 4, EP-3P 10,20 pmol/L 41 4 fa fr)
TR A% ML (P<0.01),EP-3P 5.10.20 pmol/L
2 2 o i JPC R 1 42 22 4 P 45 . 2 ek (P<<0.01) , L3
BB R, S5 UK 2 B 3Rk 2,
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B3 RAMIEZENENE BHE(x200)

®2 BHAMEBIBASENERAMEECNER (x
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415 FHRAE/ % RFEMH
75 FIRAL 69.16+2.65 344.67+17.39
EP-3P 5 pmol/L4L 6392151 196.67+30.44'
EP-3P 10 pmol/L 4 38.06+3.17" 12833 +12.50°
EP-3P 20 pmol/L4 1345+537 98.67+13.05°

a: 555 IR R, P<<0.01
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Eas (A0 BRZH e #, EP-3P 5., 10,20 pmol/L 2H Go/G,
AL 4 L 2 AR (P<<0.05 8% P<<0.01) , Go/M Hi 4 il
b S 2 T (P<<0.05 3% P<<0.01) , H 5 — @ 1k B R
W, R IE S K3,
3.5 EP-3PXf MDA-MB-231 AT FEZHXE
ARIZHFMER

523 (A0 BRH AL, EP-3P 5., 10,20 wmol/L 2H 41 il
1 Bel-2 . MMP-9 5 [ 9 3R 15 7K - i 25 FE IR (P<<0.01)
1M Bax 25 [ () & ik K- i 2 F 5 (P<<0.01) ; EP-3P 10,
20 wmol/L ZH 4 e ' caspase-3 . MMP-2 £ [ i) & ik /K
B ERRAK (P<<0.01) , T Cyt-C . cleaved-caspase-3 25 1 A%
FRKT- B EFE (P<0.01), 255K 6,54,
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D. EP-3P 20 umol/L 2

n=3,%)
45 pme:S A
GGl S G/ M)
ZS PR IR 4514390 60181297 1839345 21441274
EP-3P5 wmol/LAl 1469344  4516£85%  2593%575 28914283
EP-3P 10 pmol/LAL 20661604 39224948 29.02+695  31.77+258
EP-3P20 pmol/LAl  2459%722° 34744599  2963+684  35.641290°
a: a3 I BRA A, P<<0.05;b: 545 IR IEL LA, P<<0.01
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E6 JHAMBPREATMEREXEQRIEHEKE

4 itig

EP LA BUR EE PUE DU E RSS2 BAERS Y, i
AR EP AR 2 T 32 BIF T 5 05T . iFaR
B, EBP Al 17 8- M — WA S 0 FL R 40 i MCF-7
PR TE VR, El-Sherif 2591 N IR K il 7R 2 1 24
Ty B 153 EP, I & BUILAE ARSI AT I 241 i) 2L A des 240
JtL MCF-7 B934%8 . 35 SCHR[L84E , EP w] 41 3L s 20
JIt SUM-149 MDA-MB-231 fy38%58 , i S HIH -, Fnl
il 241 7 2 G B LA i B 1 DL RN e 3 R
c-Myc VA1 B (1R 235, DT 400 i 200 Jf 1) 2 4% iR 28
SR EP BT 1 I B AT 1o ANV 2 . AR 2 AR i
WAL e i & B, EP (A4 9 EP-3P X} MDA-MB-231
2 P8 2 B A 9 BE (1C50) My (11.29 + 3.13) wmol/L, Xf
1E # ACFL 4 il CCD-1095Sk 14 ICs, A (54.73 + 2.48)
umol/L; 17 EP X} MDA-MB-231 4f JIfd i) 1C5 Ay (20.54 +
1.98) pmol/L, FiRZER KW, EP-3P X MDA- MB-231
21 e 338 2 %) 300 FE B S 52 1 B P, HLHOGH IE % LR 41 i
A EEPEVE IS o ANIFSE A MTT S 56 R0 200 At J J S 56
o 285 5 5w, EP-3P /E FH 5 % MDA-MB-231 41 Jifd (14 384
BEA — 2 TV L AT 20 A R S B T G/MUY i8]
A A RS R 28 i S M T O B —
T R AR R 34

Bel-2 F % S 40 08 T 5% o e B B I L R 22
— , HAE Lok A A 5 i PR R T3 P R AR
FHU, 3% 505 TR Y Bel-2 1 Bax 2 1140 51 ELAG 30 A
HEAH LR TR A, R 2 9 Y R A IR 1% 3 3 1 R A
PELRRRTH TS AR, EIEFIRET, Cyt-C i T2k
PRAMIEE , 24 SR 7 P38 s, Cyt-C E A4, 51
caspase WKL AN, 52 caspase-3 PEATH RS CHP
cleaved-caspase-3) ; i {b 11 caspase-3 1] 4 fiff 4 i )N A= 4
il 235 A T ) R A S TR B I KR | ol it 2 9, M T S 2
MO, AL R, EP-3PAE T MDA-MB-231
A5, vl LA 40 i Bel-2 |, caspase-3 25 16348 T 4
1 Bax ,Cyt-C .cleaved-caspase-3 & [ #3ik_FH . %45
$2/R ,EP-3P A it A4 Bax 3L L T
i Bel-2 25 135, A S ERRL IR N TR T A2k 15 S
MDA-MB-231 2l &1,

MMP-2 Fl MMP-9 J& MMPs K [ () F 2 51, 7l 2
5 e an L AL 0 s . B A HRGE IESE , MMP-2 Fl
MMP-9 [ 5 638 I RE 5 FLIE I s L R Vi RE A o™,
A KB, EP-3P AT LAIAT A il MDA-MB-231 4ff g

®4 BAARPTATHEREXZANRAEKFUNESER (xts,n=3)

45 Bcl-2/GAPDH Bax/GAPDH Cyt-C/GAPDH caspase-3/ GAPDH cleaved-caspase-3/GAPDH MMP-2/GAPDH ~ MMP-9/GAPDH
AR ARAL 1.37£0.06 0.96£0.13 0.69£0.05 1.38£0.09 0.68£0.03 1.39£0.02 1.3620.20
EP-3P 5 pmol/L4 1.03£0.19° 1242007 0.82£0.17 1.46£0.07 0.79£0.08 1231007 0.93£0.13°
EP-3P 10 p.mol/L4 0.87£0.11" 1.25£0.08° 1.06£0.11° 0.93£0.24° 1.09£0.11° 0.55£0.26" 0.72£0.12°
EP-3P 20 p.mol/L4] 0.55£0.13" 1.54£0.07" 1.17£0.15° 0.58 £0.06" 1.19£0.11° 0.48£0.20° 0.71£0.09°

a: 575 (IRE AL I P<0.01
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