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Effect of deguelin on mitochondrial permeability transition pore of human breast cancer cell line MDA-MB-231
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[Abstract] Objective To investigate the effect of deguelin on mitochondrial permeability transition pore of human breast
cancer cell line MDA-MB-231. Methods The inhibitory effect of deguelin on cell proliferation was determined by MTT assay;
cell apoptosis rate was analyzed by flow cytometry with AnnexinV FITC/PI double staining; MDA-MB-231 cells were stained
by Rhodaminel23 to detect the changes of mitochondrial transmembrane potential by FCM; alteration of protein of Cyt ¢ outside
of mitochondria was detected by Western blotting analysis; caspase-3 activity was assessed by colorimetric assay; and MDA-
MB-231 cells were stained by Fluo-3/AM to detect changes of intracellular Ca’" concentration by FCM. The expression of Bel-
2 and Bax was examined by RT-PCR and Western blotting analysis. Results Deguelin significantly inhibited the growth of
MDA-MB-231 cells in a time- and dose-dependent manner (P < 0. 05). After treatment with deguelin, mitochondrial
transmembrane potential was decreased, the expression of Cyt ¢ outside of mitochondria was increased, and caspase-3 activity
was significantly increased compared with negative control group(P<C0. 01). FCM analysis showed that the apoptotic rate of
MDA-MB-231 cells and intracellular Ca®" concentration increased gradually with the increase of deguelin concentration. RT-
PCR and Western blotting analysis showed that the expression of Bel-2 mRNA and protein was down-regulated and that of Bax
was up-regulated after deguelin treatment. Conclusion Deguelin can inhibit proliferation and induce apoptosis of MDA-MB-231
cells, and the induction of apoptosis might be related to increased intracellular Ca’" concentration and changes of mitochondrial
permeability transition pore induced by altered Bel-2, Bax expression.
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1640 i BB Fh M FE B DMSO Wk B 7E 0. 1%
PLF . RPMI 1640 T ¥y K5 5% &, Gibeo A Hl ., i A=
A3 AT U Z=F A E . MTT F% FH 123, Sig-
ma 2>l , Caspase-3 KM F & .8 = K4AY
BRI, 558 T 2648 78 7 Fluo-3/AM.: Bioti-
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5 -4 IE 20< 1 000)
1.7 O R P ZIP T FEAN 28 AN Bel-2.Bax & %8



+ 376 -

W TRE RS 2010 4E 4 H LA 31 &

LR P Cyt c & @ Rk
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CAT CC-3", ¥ 14 7= ¥ 170 bp; Bax L {iF51#.5'"-
TTT GCT TCA GGG TTT CAT CC-3'. FiiF5|4.
5-CAG TTG AAG TTG CCG TCA GA-3', ¥ #4 =
Y 216 bp; B-actin EUFSI#: 5'-GTC AAG AAA
GGG TGT AAC GCA AC-3', FiF5l¥.5-TCC
TGT GGC ATC CAC GAA ACT-3', ¥ 1724 356
bp. Bel-2 W 254 94°C HAEPE 3 min, 94°C 30 s,
58°C 30 5,72°C 1 min 30 PE¥H, 72°C o 4r LE A 5

min; Bax &M 25 94°C Bl AZ ¥ 3 min, 94°C 30 s,
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x 1 BFEHEI MDA-MB-231 #iM A EKMEER
Tab 1 Inhibition of MDA-MB-231 cells growth by deguelin
(n=15,x%s, %)

Deguelin Time after treatment with deguelin ¢/h
cp/(nmol » L'1) 24 48 79
400 4,33+1.64 26.234+2.16 49.89+1. 32
800 9.63+0. 80 38.7342.34 57.86+1.82
1200 15.24+2.10  46.48+1.46  69.43+2.31

Analysis of variance. F=149. 26, P<C0. 01 among different treat-
ment time groups; F=15. 60, P<C0. 05 among different concentra-

tion groups
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2.3 #iEE 3 MDA-MB-231 %0 Jf £ F5 4Kk B2 ¥, 45 49
#vh 800.1 200 nmol/L f k& 4t ¥ MDA-MB-

231 4L 48 b J5 . A FCM A I 40 i PN 2% 5 58 B 1) A8
b, K B 28 A 3 AL AT 1) MDA-MB-231 4 Jifd 1 55
D i s O R R s M A AT L I AN o i1 B
(43.0642. 14) %, (93. 15 + 4. 52) %, 5 X I 41
[(32.52F0. 8D UK. ZRAGHITFE X (P<
0.01) , B g Z AL B S , MDA-MB-231 41l Jifg i) &
L AR 5 P, A7 58 R 32 3 5 me T L S B0 A 40 L Y
GG RN D, AR 55 (B 1),

MDA-MB-231 48 ifd 48 h J& . 240 M A 5 B 5 ok 52
JI Bl 245 0y e JEE ST 00 R T A R
PU(P<0.01,% 2),

2 BRI MDA-MB-231 A R H1E -0
MM EFRENFIE
Tab 2 Effect of deguelin on early apoptosis and
intracellular Ca** concentration of MDA-MB-231 cells
(n=3,xr=%s)

Deguelin
cp/(nmol « L)

Early

SOt
apoptosis rate( %) TECa

0(Control) 3.5940.3 3 365.85455.8
800 15.54+1. 1%~ 4 828.64£52.97" "
1200 34,3341, 447 744 6 442.92+76.18* * L4

** P<C0. 01 ws control group; % P<C0. 01 vs 800 nmol/L deguelin group
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Fig 1

Changes in mitochondrial membrane potential of MDA-MB-231 cells induced by deguelin

A Control group; B: 800 nmol/L deguelin group; C: 1 200 nmol/L deguelin group
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Fig 2 Expression of Cyt ¢, Bcl-2 and Bax protein in MDA-MB-231 cells

** P<20.01 ws control group; n=3, ¥+t
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[O: Control group
M: 800 nmol/L deguelin group

—— B-actin (356 bp)

Relative expression
M
H

Bcl-2 Bax

3 MDA-MB-231 Zi J Bel-2 mRNA F1 Bax mRNA B &K%
Fig 3 Expression of Bcl-2 mRNA and Bax mRNA in MDA-MB-231 cells
M: DNA marker; 1: Control group; 2: 800 nmol/L deguelin group. * P<C0. 05, ** P<C0. 01 vs control group.n=3, x=*s

2.6 #jEFE M caspase3 A FE®RGF w800
nmol/L HEE R AL 24 h J5 , caspase-3 THEEIE N, 48

h K R0 S T R AE A I T S R L g
FHAGI R (P<<0. 01, & 1),
07 0J: Control group -
0.6 [ M: 800 nmol/L deguelin group
0.5
. 04
Qs 0.3
02 "
0.1 I

0

24 48 72
Time after treatment #/h
B 4 f#EEST caspase-3 EH B RN
Fig 4 [Effect of deguelin on caspase-3
activity in MDA-MB-231 cells
** P<C0.01 wvs control group. n=3,r*s

TEA IR T A5 5 7 i i rp  ROBLIR I TR 42
JE I AR R TP, 2RI TR 20 i 0 T AR PR
D AR AR L UR T 2R R = 1 b B A
S 2R ORL AR S5 48 RN ) BE 1 RO R B — R A PR TR DG R
F1 DN SR A R TS 3 A i B, ek A Y G i
B P TR 5 e T L SR SR P R B
HLAE CAGm) 2 2 e 2R A A 538 375 P 19 d AR 98 Br 2
—, MPTP 7 4t ¢ 2 RL R I 37 P J7 1 B A 8 22 AE
M. &MIET(E5 S MPTP JFJ. 51 & 2k 14 1
S VA N S o (I 7/ o = G T T
caspase, 5| ZAIMLJH - MPTP # % K 4 i A=
FEFF K, 2 2R A PN JEE 1) iR 4 %% 7% T (adenine nu-
cleotide translocator, ANT) | Z I () H1, & 4K %6 P [H
B F i # ( voltage-dependent anion channel,
VDAC) FE i3 % % D(eyclophilin D,CYPD) Ah%

Ao UL TR I8 B 5 v L W DR D AP R R R 2K
(periphery benzodiazepine receptor, PBR) 7 £k i {4
P OIS A8 o b # ) — R FLIE 2 A Y. MPTP
FEHCAT A 2 - 75 LR A Py BEE 7 ) 3k B 7 i, S 8
Adm FEAK; 55— D5 T, K o3 1 3E AR BT, S BURE B
I o AR T ARG G2 /N TN R B T AL R
EE AT A A R M T, MPTP B A %
Z AR UIBE, ATP, ADP, ¥R B Ca® | S Ak B3
Bel-2 4 1 & #%F MPTP 4 & % 1 i 2 7E .
Fulda Ml Kroemer™'" % i #§ 5 & MPTP 4 #1 5|
Bongkrekic acid(ANT FF5 04 BE 3 ) s A1 &K (cy-
clophilin D Ay BCJE) B8 BH 1k 22 Fh LAY (% 98 1=, A
atractyloside CANT HY# 30 7)) F 21y MPTP JF i
T LR A B 5 KR A0 B T

Ca’ ZUIMACHITE S P HEEWE —FMH, 25
TR TR A T T B B AE S e AL T
ETEAT- MR B, Ca®' & MPTP 5 i #IG
Y . VDAC RWEAFAE Ca®" 45 A 07 15, 24 4k ik P i
B Ca” WZE=>10 pmol/L B ,Ca’" /] 5 MPTP L1
SRS A % MPTP JF i, Carboni 551 #2
TS B A ) MPTP 582X, I MPTP
ARG R Ry S T R AN ) O R X T — b
A3 T R YT ek R L A S AN AT 20 i BE T A
Fro PR 2 RORAR Ca® Mk BE Y T R B4R B
MR, LR Ca® B, Wk 19 MPTP JFiL
R RARBE A TR, XA H M IE T, A5
KA FE N MDA-MB-231 41 il H A 34 55 4 1 /F
F13800.,1 200 nmol/L i AL ¥ MDA-MB-231 4l
Jitl 48 h, 58 LA & 4R 7 X5 5 A0 M 0E T AR i
Ca™" Y B2 5 40 g 300 ) T R 5 — BB B e e, $20R
1 R AT A L Ca® ok BE S i & MPTP JF
T, 5 S A0 R T E R BR R R el 4 M AR A 1 Y
Tt » 0 2 R 20 PN A TR R L i T — 2D ST

LR TR — A 2R 2 5 0 I 4 RS 2 R 45
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R, Bel-2 G276 & H Rl 5% S5 R A I T 9 45 5
R, 02 53 A 7E SRR A1 I % B8R P9 ot ) I, BT 4y
7 Bel-2 ,Bel-x. 88 5T 8 -85 A A1 Bax,Bak 542 i 1=
B, Bel-2 J&—Bh 2o A B8 115, A 30 98 T R
P2 M5 1 04 5 Bax 2 Bel-2 Fi% 8 5L L 1
SRR T AT i AR PR AR HE I TR L R A
R R TR AR, Bel-2 R M 3 B I fE 2
W LRLR Y BB B . AFSCIA R Bax ATRES MPTP
AL 43 VDAC 2B, BBl VDAC 4514 & 4 ek
AR e 5 v F AR P N G B 3 3 P Ak R L N T
H Cyt c B 40 Bax A Hi%ES ANT 454 42
EEAREIE S MPTP JF M SO i Bel-2,
Bel-x Al 4 5 Bax se 4454, 80 B 8 MH 1 Bax
5 ANT.VDAC W46 ZESIMT/EM., Bel2 5§
Bax (1 b {E 2 P 20 i 2 52 B0 15 5 B BUE 5
MR OCHER &, 4 Bel-2/Bax o fH TR 752 40 5
P, AW ST A B T SR BRI A RT-PCR
) % R, 800 nmol/L £ 25 4 ¥l MDA-MB-231 4
Jft 48 h J5 . Bel-2 mRNA FlZE [ 2 38 7K - ¥ B AIG
Bax #5715 .Bel-2/Bax HAE T M i I 7E 3L A 26
FK S, 0 £35S MDA-MB-231 40 i 4 T B ALl
5 Bel-2 Ml Bax ik A8 A ¢, £l 2 7T fig 38 2 o
¥ Bel-2 il Bax &3k /K ¥ T MPTP JF i, 4 #F 41
ML T,

U4 7 L 78 315 3 L MDA-MB-231
ML TR HLE L5 S MPTP JF L, BAR 28 8 1A
R LA L X,

[Z % X #K]

[1] LiuJ.He H,Zhang Z,Jiang S, Akahoshi T, Yang J,et al. Mito-
chondria play a role in the development of non-apoptotic pro-
grammed cell death of neutrophils induced by ONO-AE-248
[J]. Cell Mol Immunol,2007,4:447-453.

[2] Kinghorn A D,Su B N,Jang D S,Chang L. C,Lee D,Gu J Q,et
al. Natural inhibitors of carcinogenesis[ ]J]. Planta Med, 2004,
70:691-705.

[3] Takatsuki A,Nakatani N, Morimoto M, Tamura G, Matsui M,

Effects of rotenone,deguelin,and related compounds on animal

Arima K, et al. Antiviral and antitumor antibiotics.

and plant viruses[ J]. Appl Microbiol,1969,18:660-667.

[4] Oh S H,Woo ] K,Yazici Y D,Myers ] N,Kim W Y,Jin Q,et
al. Structural basis for depletion of heat shock protein 90 client
proteins by deguelin[J]. ] Natl Cancer Inst,2007,99:949-961.

[5] Dell’Eva R, Ambrosini C,Minghelli S,Noonan D M, Albini A,

(6]

(7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Ferrari N. The Akt inhibitor deguelin,is an angiopreventive a-
gent also acting on the NF-kappaB pathway[ ] ]. Carcinogene-
sis.2007,28:404-413.
Li R,Chen Y,Shu W X,Chen Z.Ke W J. Involvement of SRC-3
in deguelin-induced apoptosis in Jurkat cells[J]. Int ] Hematol,
2009,89:628-635.
Chen Y, Wu Q,Cui G,Chen Y Q,Li R. Deguelin blocks cells
survival signal pathways and induces apoptosis of HL-60 cells
in vitro[J]. Int ] Hematol,2009,89:618-623.
Hail N Jr.Lotan R. Apoptosis induction by the natural product
cancer chemopreventive agent deguelin is mediated through the
inhibition of mitochondrial bioenergetics[J]. Apoptosis, 2004,
9.:437-447.
TR R, R B BR L B ROR BRI E. S R
A1 T AL 2T 20 f8 P95 5 e 0 R R R A B LT . o AR AR g
& 245 ,2001,9.20-23.
Heath-Engel H M, Shore G C. Mitochondrial membrane dy-
namics, cristae remodelling and apoptosis[ ] ]. Biochim Biophys
Acta,2006,1763(5-6) :549-560.
Sharov V G, Todor A,Khanal S,Imai M, Sabbah H N. Cyclos-
porine A attenuates mitochondrial permeability transition and
improves mitochondrial respiratory function in cardiomyocytes
isolated from dogs with heart failure[ J]. J] Mol Cell Cardiol,
2007,42:150-158.
Mullauer F B,Kessler ] H, Medema ] P. Betulinic acid induces
cytochrome c release and apoptosis in a Bax/Bak-independent.,
permeability transition pore dependent fashion[]]. Apoptosis,
2009,14.:191-202.
Juhaszova M, Wang S, Zorov D B, Nuss H B, Gleichmann M,
Mattson M P, et al. The identity and regulation of the mito-
chondrial permeability transition pore: where the known meets
the unknown[J]. Ann N 'Y Acad Sci,2008,1123:197-212.
Fulda S,Kroemer G. Targeting mitochondrial apoptosis by bet-
ulinic acid in human cancers[J]. Drug Discov Today, 2009, 14
(17-18) :885-890.
Carboni G L,Gao B, Nishizaki M,Xu K,Minna J] D,Roth J A,
et al. CACNA2D2-mediated apoptosis in NSCLC cells is associ-
ated with alterations of the intracellular calcium signaling and
disruption of mitochondria membrane integrity[ J ]. Oncogene,
2003,22:615-626.
Kumarswamy R,Chandna S. Putative partners in Bax mediated
cytochrome-c release;: ANT, CypD, VDAC or none of them[]]?
Mitochondrion,2009,9.1-8.
Shimizu S, Tsujimoto Y. Proapoptotic BH3-only Bcl-2 family
members induce cytochrome ¢ release, but not mitochondrial
membrane potential loss,and do not directly modulate voltage-
dependent anion channel activity[]J]. Proc Natl Acad Sci USA,
2000,97.577-582.

[(AxHE] H &



