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Effect of Aralia elata on Apoptosis in MDA-MB-231 Human Breast Cancer Cells

Min Ju Ryu and Ha Sook Chung*
Department of Food and Nutrition, College of Natural Sciences, Duksung Women's University

Abstract

The cytotoxic effect and mechanism of Aralia elata were investigated in MDA-MB-231 human breast cancer cells.
In this study, Aralia elata inhibited significantly the proliferation of MDA-MB-231 cells, and some typical apoptotic
characteristics, such as nuclear fragmentation and chromatin condensation, were observed. In addition, flow cytom-
etry analysis showed that Aralia elata increased the sub-G1 (apoptosis) population and apoptosis further confirmed
by Annexin V-FITC and PI double staining. With respect to the mechanism underlying the induction of apoptosis,
apoptosis-related mRNA and proteins were measured using a reverse transcription-polymerase chain reaction and
western blot analysis. Aralia elata reduced anti-apoptotic Bcl-2 mRNA and protein levels, but pro-apoptotic Bax
mRNA and protein expression were increased compared with the controls. Aralia elata also induced the cleavage
of caspase-9 followed by the activation of caspase-3, resulting in the activation of poly-ADP-ribose polymerase.
These results suggest that apoptotic activity of Aralia elata is probably modulated by a caspase-dependent cascade
via the activation of intrinsic pathway. This is the first report to demonstrate the cytotoxic effect of Aralia elata on
human breast cancer cells and to provide a possible mechanism for this activity.
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Biomarker 714 &3} So] E I (Lee et al., 1988; Lee &
Kim, 1993; Kim et al, 2004; Shin, 2006; Lee et al.,
2009)€ 1} Atk o] Lo W7 A o)A & 3H(Chung
et al., 2005), W& A F(HL60)2} #H WA E(A549)8] A
=/d(Zhang et al, 2013) % FHZF(Lee et al, 2009;
2011), A& 715 /N &3 (Wang et al.,
v} Qo T2 5% Al A
= trlterpenmd saponins (Sim et al., 2005;
2007; Nhiem et al., 2011; Zhang et al., 2012;

Nguyen et al.,
2014) 5°] Bi¥
gy steEs
Suh et al,
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Kuang et al., 2013; Ma et al, 2013; Zhang et al., 2013;
Wang et al., 2015)2. 2 424 Ut}

Surere HA=F Aslow A /ﬂ]ﬁ]ﬂ o= ujd ok
1005t 4 o]ike] oA Eo] WSl 2 F 400,000% ©
A}e] A}%PZH} WhAI 3L 9l oh(Kamangar et al., 2006). %
elubebe] 7%, wg u)go] A7} Hrke AT Be

wr

Ao R eI 9o, AskE AgFHo R <3
AEo] X&AH o7 Z7KSon et al., 2006)3+3L
b5 AT AMEEE otk oRES SHAIE
ol g} AA MFEolx JeS nA thokst e
ZH(Kim et al.,, 2004)3t2 =2, o=
SHA = I T AAE fEl FA
ool AdaHE FSATI= ZA(Gouaze et
2004; Liu et al., 2007; Hatcher et al., 2008)2.2 <&
Row oo} HHEE Ay} FH s A At
2 AFex e @ 77 AR AR E G835 FAANER
FE, A kst F2Rgo] Hom QA GAE F2
S A E A FZF([Ryu et al, 2013b; Guon & Chung,
2014; Ryu & Chung, 2015)& 2o BHEAN £5F =
0] 83l MDA-MB-231 Q1| §-HFSHA| . Z2] 0
oA 3= #F3 T MDA-MB-2319] A EA}
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(apoptosis) Z MZF7](cell cycles)E FABFATE. ©]ofA],
3 e Wst 9 fAA Fe mA= 71d S S,
QA FHobA 3¢ MDA-MB-231 42 4|3k W
22 FEe 28 s dEENSER o]o BiE)
aL2; ot

ME o e

Alef & HHK|

Ao AE-F H]X] RPMI 16403 fetal bovin serum
(FBS), penicillin-streptomycin (PS), Trypsin-EDTA+= GIBCO
BRL (Grand Island, NY, USA) A &< A543, MTT
(3-(4,5-dimethydimethyl-2-yl)-2,5-diphenyltetrazolium
bromide)2} propidium iodide (PI)= Sigma Aldrich (St.
Louis, MO, USA)o|4 FYU3IS T} 12} antibody$! B-actin,
Bcl-2, Bax, caspase-3, caspase-93 23} antibodyl anti-
mouse IgG HRP-conjugated®} anti-rabbit IgG HRP-
conjugated antibody+= Santa Biotechnology Co. (Santa Cruz,
CA, USA)NA T4ttt = vhol] Ao Algd RE
Aok F1E FHe =58 E ARSskiTh

Al
=

=
zdE 53 F5F AR ARG 95 70% ethyl
alcoholZ 90°C water bathollA] 1A]7F B¢t 23] F&3}7,
FZNLE o7& (Whatman No. 1, Cambridge, UK)$} %%
A1 &2 7](Sorvall, Dupont Instruments, Wilminton, DE,
USA)E AM&3te]l o sttt oJztd FEF NS rotary
vacuum evaporator (Eyela, Tokyo, Japan)Z 7+t &3t
. _80°ColA &4 7Z(Operon, Kimpo, Korea) A%t} 71
ZHE AE(FEE 7132 9& RIS F 33 S/FFl &
3] &aAlA AN B E A3 THRyu et al., 2013b).

g

Mz = 3 MIE iRt

Ao AR AUA] F A EF MDA-MB-2313% <
A g AEFQA HCTI162 3= MEF 23] (Korea
Cell Line Bank, Seoul, Korea)ollA] &&Faol 10% fetal
bovine serum3} 100 units/mL penicillin, 100 pg/mL strepto-
mycing 37}k DMEM HiX| & ARE-3te] 37°C, 5% CO,
incubatorol| A ¥ FslR o, MEU =7t =R Trypsin-
EDTAE A 2|ste] Alth v Fatar Aol AHg-shint.

M

m ke

S AH(MTT assay)

TEAIRE FEEHE A3 &, A AR sEEE
MDA-MB-2313} HCT116 M 232 ZEE MTT assay=
=7 3} tH(Carmichael et al., 1987). &, MDA-MB-231 %
HCT116 AIEZE 96 well plate] 2x10* cells/well®] Ex
wFste] 2407 wj e ¥, AlRe] HF =70, 50,

75, 100 pg/mL H == 2@ ste] 72417 Fet wjekalit.
HiF £ ZF wellol MTT Al2FS 2.0 mg/mL F=2 50 pL
£ F7tste] 47 S O M AR & wiAE A AL
Ztzke] wellell DMSO 150 uLE H7FeFitt. ol F g4 H
E849] formazan 24 S &3 AIA 570 nmell 4] ELISA
reader(Bio-Rad, Hercules, CA, USA)Z 53 =(optical
density; OD)E ZA 3T MEZAEL B FF A

rl

F9 FHLE R F3= g yEEZ el
3, AFe AgEnitt 47t 3 wellse] S =S =75l
HFpe AMstg o 33 wE AAlEd )

sHo| SEfSIA Bi5} 2kEH(Hoechst 33258 QiAH)
MDA-MB-231 M| ZE 6 well plate®l] 3x10° cells/cm® &
T2 EFete] 24A7F mj e o] B FE FEES
FEHE ATt 2447 Bt vl gt WA E AA
stal PBSE 23] Al @3S AlFHS F, 100% methyl
alcoholZ A-2o14 30 &< MEE AT o]ofA
t}A] PBSE 23] A& 3}3L Hoechst 33258 HEE =7} 2.0
pg/mLo] ¥ =5 PBSOl| 3]Aale] Aol H7tstal, 158 &
QF o} F& Frof|A] JAISk 3 F&n| 7 (Olympus Optical Co.,
Tokyo, Japan) .2 A& #3239 tHRyu & Chung, 2011).

Cell cycle 24

Cell cycle #4]-2 APEE AlxZEo] 323 U= sub-Gl
o HE&S = #1843 = A TF(Nicoletti et al.,
1991). 5 FEE< A3 MDA-MB-231 AlXE Fo}
PBSE Al &3+ &, 70% ethyl alcohol2 4°CollA 30% &
oF ¥AGAF T 2 thA] PBSE washingdlal, SAoA
RNase A (50 pg/mL)7} X38FE propidium iodide (PI, 50
pg/mL) &5 H7tste] Al £2] DNASH W3- &+ ==
SISt} o]ojA] FACSE tubedl &7l % FACS Calibur flow
cytometry (Becton Dickinson, Franklin Lakes, NJ, USA)E
sl 788kt

Annexin V & PI stainingd| 2|8t MEZAIH =4
MDA-MB-231 Al 5 FE=& Adside o, Al
Z7h AHEE AEE AFHoE E4817] A8 flow
cytometryE ©]-&-sto] AAstch Al ZAPE O] B A
32499 phosphatidyl serine (PS) WF-= st Utk
Al Q)52 =Z3HA ==, PSel affinityS Z'= annexin
VE ARg-&te] AlX o ¥ &S FHSAL PIE ARE-&o
necrosis’t & A X E AT 5 FEES AYS
MDA-MB-23 A ¥£Z Ro} PBSE A H 3 &, [xbinding
buffer (Annexin V-FITC Kit, Bechman courter, Pasadena,
CA, USA) 100 uLE H7Fste] FHAIZTE 08 Al xd
of whAIA]FO 2 5L Annexin V& 0.7 uL PIE #7}3t
<, A 158 2t WXAIA Annexin VEF P17} Al
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o] FALLe} NS & s Stk 2 § FACS&
tube] %71 ¥, FACS Calibur flow cytometry (Becton
Dickinson)E& T3l A2 E AETE HA3AYRyu &
Chung, 2011).

mRNA 25 ’é’.:.(RT—PCR)
MDA-MB-231°] A#]3t39S

=5
==

2 4 1@

H & = =2
3t T5

ME FHES At M EAE S fE3tes a3E
mRNA ¥ oA #2slar, A EZAPE Al modulatorZ 24

3HE= Bel-2, Bax, caspase-9 2 caspase-32] @& o] W3}s}
= A& gl °P7] f13ted RT-PCR WS 384 tHRyu
et al, 2013a). & RNA 2| E 913 Trizol reagent 1 mL
& 37tste] @& 3kAIZl & chloroform 200 uL—‘ H7re 9
4°ColA 13,000 pm 2 2047+ LA 25t F RNAE
FZ5IUth F%3§ RNAT isopropanols AR&-ahe] 4] i
glate] FASF AL, HAS F RNAE diethylpyrocarbonate
(DEPC)-waterol] £3]A]Z] & RNA =5 435t

502 cDNAE 443171 $18l RNA 500 ngS 10 mM
dNTP mix, Random hexamers (50 ng/uL), reaction buffer
(10x RT buffer, 25 mM MgCl,, 0.1 M DTT, RNaseOUT™),
superscript™ II RT, RNase H2} &%3te] wH-SAIATH &
J¥l cDNAE templateZ 3} Bcl-2 sense, 5-AGC TGC
ACC TGA CGC CCT TCA-3'; antisense, 5'-AGC CAG
GAG AAA TCA CAG AGG-3; BAX sense, 5-ATG
GAC GGG TCC GGG GAG CAG-3’; antisense, 5’-CAG
TTG AAG TTG CCG TCA GA-3’; Caspase-9 sense, 5’-
ATG GAC GAA GCG GAT CGG CGG CTC C-3%
antisense, 5’-GCA CCA CTG GGG GTA AGG TTT TCT
AG-3’; Caspase-3 sense, 5’-TTC AGA GGG GAT CGT
TGT AG-3’; antisense, 5’-CAA GCT TGT CGG CAT
ACT GT-3’; B-actin sense, 5'-CCT CTA TGC CAA CAC
AGT GC-3', 5-ATA CTC CTG CTT GCT
GAT CC-3'¢] primerg 7}s $oll, PCR mix buffer (10x
PCR buffer, 25 mM MgCl,, 10mM dNTP mix, 7ag DNA
polymerase)E ¥ o] RT-PCRS 3331t}

antisense,

CHHE 254 A3 (Western blotting analysis)

glo] ©]$k MDA-MB-231 Al APE 2 M E &
2ol #Aost= 54 dide] WS western blotting
|5t =15k E}(Ryu et al., 2013a). MDA-
MB-231 A|Z£E 60 mm dishdl] £F3 & TEEE A&
£ Agfste] 722417 wf kg ol *“%:% 2oyt BAg
AR+ 27 PBSE 23] A& 3t 2,000 rppmol A 10%
Zol QAR Tof| HMEIE FASYLE TrEgE nolz
MEE 1.0mM PMSF2 proteinase inhibitorE 3 7}t
NP40 cell ly51s buffers H7Fsted 3087+ MEE D34

A7 F, 4°Col A 13,000 rppm o2 3087 9AlEE &
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FT NS Hof EAAEE A&t dd FFe
Bradford (Bio-Rad) A]¢Fo.2 =4 3}% 2™, SDS-PAGE
geloll &2 @NAS Joadingste] H719so= g
S nitrocellulose membrane®. 2 ZoJA|Z T} T
A% membrane> 5% skim milkZ A4 1

¢t blockingdt ¥, 12} antibodyE *]&|3te] 4°Cel
%} HkS-A1Z1 5, TTBS buffer2 1087 33] A%
2} antibody S 741“4 shod A2o|A 1A]7F WA Z T
o] ¥\ ¥ TA] TTBS buffer® 107k 33] Al # g
< enhanced chemiluminescence detection system (Amersham

Phamacia, Amersham, UK)S Al&3le] &% whwlze] at

e BT,

SHEA
RE Aedd e e FHAE e, 223
Al 7k BAIA f-o]Adel Student’s T-test

ATk

ZAn g nE
A2 == MDA-MB-231 MEZESAI0| 0|xl= 95t
B T8 22E0] MDA-MB-231 Q1A §-xehA| =
A mAE dEFS FlEAY. F5 FEES 0, 10,

2 AYeta, S 72A17 B9
Al ks 747].0}04 Ao}yl = /11] 7} HE

< 0}1 °]& DMSOZ &3lAAH FEEE A3
th A¥ A3, AJEE 0, 10, 50, 75 2 100 pg/mL F%

218892 W, MDA-MB-231 Al ¥ A 3o] 0%, 88.1%,
62.8%, 40.2% % 5.0%= YEFSH, o]= MDA-MB-231
AE7E A AR T vHlEF oz FAo] A=
Zlo] AFE U THFig. 1A). o= FFOIA w2E stgEd
Araling 2] Ao 44717 St ARS o IC,, #
©] HeLa A|2Eo|X= 0.08 ng/mL, T24 A|3Eo|X= 2.6 ng/
mL, MIA PaCa-2 M9 A% 5.1 ng/mL MKN45 A 3o
A= 8.5ng/mL, Hep G2 Al X2 749 8.8ngmL, HL-60
A Z)HE 10 ng/mL, OVKI18 Hlﬁﬂ*i% 21 ng/mLe] Al
FZ2] oA &I (Makoto et al,, 2003)Z eI A} FAF
EA ouﬂ.;,4 AZAL A AN T = Ao

s T FEEE S

2 38T 5 Aok B A A ET] HCTI6E
ANE st HEF oz FAo] FAP oy, B A
1h Al /\}%3—3—01 A A o7 =S MDA-MB-231 Al

A2 5% MDA-MB-231 MZA[H0]| O|X|= gt
A 3ZAPE (apoptosisyS ME2] e W3} 2 9] chroma-
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Fig. 1. Effect of Aralia elata extracts on the cell viability and the morphological changes. (A) Cell viability at the indicated
concentrations of Aralia elata in HCT 116 human colon cancer cells and MDA-MB-231 human breast cancer cells at 72 h was assessed
by MTT assay. *p<0.05, significantly different from control cells. (B) Induction of apoptosis by Aralia elata in MDA-MB-231 human breast
cancer cells. The formation of apoptotic bodies (arrows) in Hoechst-33258-stained cells observed by fluorescent microscopy.

tin 35 5 2 e HEz E 4 JtkGschwind A ZF71E AAA7]7] Y48 A7-E0] Bo] FAH L 3o
& Huber 1995; Lizard et al., 19935). 55 F==° 23 W, o|uf sub-Gl =7+ AFEAVES] Fo3 ERo g U
MDA-MB-231 M EZ2 o] A== Zlo] RI=Yernz A rkNicoletti et al, 1991). o] HAFNA FF F=5E
AZZ2] AAZE M ZAFE S #-o] 9= ZRIAE E9lst ©] MDA-MB-231 Al254& SR fAsiglonz,
7] 9131, Hoechst 33258 Aol oJt 3o] e Wsls  AEF2 AA7ZF Ax2F71] S JA|ste] dojt 2l
HEEATE A A, F5 FEES A 2 dix A gRlE] 98 PIZ dA4E £ flow cytometryS 5
o] 2 EAEA L FHE BF Fdsidoy, FF ot AxFr] Wsks @ik Figo 200 vebd biket
FEES S0 pgmL FEE HsAS uf, oFHe o] & o], AFRE A A B HETY sub-GlZ 0.04%<]
ZyE #o] o, I AT 7 gaE AL u RE 2ZES 50 ug/mL} 75 pg/mLO 2 X2|ek 7

HHE YA 1Y FF FEES 100pug/mL FE 9, sub-G1O] 44.23% B 55.64%2 UERL, Al EAPE] 5

7R F7HZ A, vhetel A WolRl Al F7F S7FeE AR sub-Gle] A7} tHiiLCﬂ] Hs] S7He & Z<lskslt.
3, Ao A, chromatin 5% 2 3 =7t Skt S71olM= A& F% 0pg/mLolA 2830%, 50 pg/mLolA]
5 AIZAPEE 213k apoptotic bodies7} Tol| =A #zy 11.19%, 75 pg/mLolA 6.79%2 743, G2M7]lA =
ATHFig. 1B). ol8 e AAE T F5 FE2E Jal  0pgmLollA 35.69%, 50 ug/mLAlAl 7.25%, 75 pg/mLell Al
MDA-MB-231 AMl22ZF2) 0] AE = S & 7 U 286%= 7Haste] MEF7|17F JAES AET 5 A
om, o]i= 919 MTT assay 239} AR5k Aoz 29l 0|83t AF= MDA-MB-231 AlZAME HAwr) 5 5

= E sre v Hos BAHAL, ot A8 A oF
SERES TP A ERE T
MDA-MB-231 M|ZZF=7|0f| O|X|= A&t

Cell cycle®] 242 AE] 443} &3} #goll do]  MDA-MB-231 MZ2| MZAIH K=
8% q¥S SRR P S 7 SdE dde R TH FEE 9§ MDA-MB-231 A5 ozl &z}
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Fig. 2. Effect of Aralia elata on the cell cycle distribution in MDA-MB-231 human breast cancer cells. (A) Sub-G, cells were detected
by flow cytometry after propidium iodide staining. (B) Statistical analysis for apoptosis. *p<0.05, significantly different from control cells.

Fig. 3. Induction of apoptosis by Aralia elata in MDA-MB-231 human breast cancer cells. (A) Flow cytometric analysis of MDA-MB-
231 human breast cancer cells, incubated with Aralia elata for 72 h. The right bottom quadrant represents Annexin V-stained cells (early-
phase apoptotic cells). The top right quadrant represents PI- and Annexin V-stained cells (late-phase apoptotic cells). (B) Statistical analysis

of apoptosis. *p<0.05, significantly different from control cells.
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A| AL (apoptosis)oll 21gF ARJNAE 17| 9] st
Annexin V-FITCS} PI double staining= AF-&3}o] flow
cytometric =48 53l Mo APEAEE FHFHoz B
5k t). 4 A] Annexin V-FITC-/PI= W Z+t, Annexin
V-FITC+/PI-= early apoptosis, Annexin V-FITC+/Pl++
late apoptosis, Annexin V-FITC-/PI+& necrosisE <] 7] 3t
t}. Fig. 3A°] Jephd H]-Q‘r o], NEE AP sA] &L
ol Hlal) 75 FEES AlE A A9, Abd
AZ2] FA7F frolH o s —ﬂﬂ ATHp<0.05). HA, o
9] early apoptotic Al EE 5.72%0IANeU, F5 F&
S 50 pugmLoE A F S 1972%§ = E )
early apoptotic M7} 57184t} ESh late apoptotic Al
o] A oA 9.14%01 3 L} 50 ug/mLe} 75 pg/
mLe®E AHg 7, 22 56.16%%F 86.45%= late
] ]ﬁ—q—i =7tk e
3E7 } early apoptotic M| 22Xt} T

Nl

apoptotic |22 2= Al5
™, E3] late apoptotic H]

O] MDA-MB-231 M 39 apoptosisE =3

Bcl-2 family2} caspase &340 O|X|= st

M ZAPE S FEE 4 S A Al (apoptosis mgnals)l‘* GRS
O 2 extrinsic? intrinsic?] F 7HA] AZZ AWE F 9l
t}. Intrisic 4 ZE Bel-2 familyoll )8 2@ =0, Bel-2
family= 7}7+8] 7153 obn]=At Lol we}t =4 3714
2 I thWang, 2001). Chemotherapeutic 532 5 <%
A= o3 AEZ7E AAEEE RS JAISHE B2
subfamily:= Bcl-2, Bcl-XL, Bel-w7F 1o™, Al ZAPE S
=3l RS 2= Bax subfamily$} BH3 subfamily’} <&
A st=dl, Bax subfamily®l] = Bax, Bak, Bok7} &3},
BH3 subfamilyoll+= Bad”} &l 3 E tH(Oltvai et al., 1993).
B4R M e rEZE=2 ot 9]‘*“’” A 5=
Bcl-2 subfamily”} Bax subfamlly-/] 7I5& dAE A=
dimer FEZ EA5t] 482 FAISFL A (Sattler et al,
1997). e} F-A=o 2 sl o3t # o] 7WA|A =
H, BH3 subfamily T AEo] 243}= o] Bel-2 subfamily
7%5°] A= AL, Bax subfamilyE©] €/43}5 o] n|EZE=
glote] vt Bapdo] S7kE AL, v EFE=eohfjo] EAfstd
cytochrome ¢7} A|Z2 2 W& JE}(Cory & Adams, 2002).
webr] Bel-29F Bax®] 32 Al AlZAREY] F
83 93 st} WEH cytochrome ci= Apaf-13 2%
3le] apoptosomeS FAJ3le] caspase endonucleaseS EH4J
SFAIA caspase-93 caspase-3E X2 A 3FA| 7|4, M EE
Abge] 38 Q1A¢l PARPE A7) AY, AH 2o 3)
°] %3 DNA Htho] s Fo AZAME S =gt
(Leung et al., 2007). ©]&3t o]&o)| ZATIY, FF F=
E0] MDA-MB-231 Al Ao Bel-2 family7} 7] X]&

e
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- -d~
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Fig. 4. Effect of Aralia elata on expression of apoptosis-related
mRNA and proteins in MDA-MB-231 human breast cancer
cells. (A) Total RNA isolated and RT-PCR was performed with the
specific primers for Bcl-2, Bax, pro-caspase-9 and pro-caspase-3.
The RT-PCR products were electrophoresed and stained with
ethidium bromide, and images were captured under ultraviolet light.
(B) Cell lysates were electrophoresed and Bcl-2, Bax, caspase-9,
caspase-3 and cleaved Parp were detected by Western blotting
analysis with the corresponding antibodies.

Cleaved caspase-3

Cleaved PARP

B-Actin

S g5zl 918+ western blottings A AI8HATH A E
A3}, Fig. 4A°] YR vlke} 73o]) pro-apoptotic?! Bax2]
el Ng F=7F S7HdsSs S7hd W, anti-
apoptoticq! Bel-2= ZHaxeiiivh. &g E84d3t dHj® &
A3 caspase-93} caspase-39] o] A H AR
Lo wet wglHer FaEen, &4935tE cleaved
caspase-93} cleaved caspase-39] YHE F&5 FEE A
SES HEIF o R Frtske S gRlekilth EE Al X
ArE el A1 EAAA] PARPE & F = Ao &
Atk WA 5 2ol 9]¢ MDA-MB-231 Al ZAME
< Bel-2/Bax H]& W3t o] caspase’t S48t E A
o= gel= 3t
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2 ATE JA F3 A E] MDA-MB-231 A2
S AABL MEAPE S Fedte AdaA] S-S &
Ho 7 I FF FEELS MDA-MB-231 A X g
stod Al ZAME 9 287148 s A8 23 75
F2E A w7t TS AEF el A,
AExAe] §57 Fo] FA 5= 5 apoptotic bodiess 3
‘datairt.

L3 FAE B4 7] E ALE-3Fe] MDA-MB-231¢] A 5
717F QA= AL, A ZAPE ] 5421 sub-Gl A7t F7F
E= Zo] AFEHAL

, TR FEE ST S5 wet
apoptotic X7} el oz F7tslden, E3] early
apoptosis ®.T} late apoptosis7t T ®o] @S &
T AT

o]5 vl O E MDA-MB-231 A A3} E f-2044
£ 39131324} RT-PCR¥} western blottingS 4=3J3F A3},
AlzAPE o] F23F 24 AAK] anti-apoptotic?] bel-2 &
o] FF FEE AY A vk o=HoE FAHIIN, vt
02 Bax®] @3 S7HES sttt o]& 3
43t Fel2 EAS pro-caspase-93 pro-caspase-39] =
o] Ng FE7t S7HTE AL, 2435td FEQ
cleaved caspase-93} cleaved caspase-39] WdS F5 F
& A kol EF o E FTstTt. Wk op gt Al
AbE o] =92 A PARP E3H AlF FEvt S7Fe
T5 A o] vl AR STkt

o]4e] AR AH}E AR, I FF A 70%
ethyl alcohol FZ&°] MDA-MB-231 A 5 Al EZ2]
A& Alste 2T ASS ERIEAA, Al ZAPE
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