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Water Extract of Allium sativum L. Induces Apoptosis m Human Leukemia U937 Cells through
Reactive Oxygen Species Generatlon Woo Young Choi'?, Kyung Tae Chung’, Tae Kyung Yoon®,
Byung Tae Choi’, Yong Tae Lee®, Won Ho Leé’, Chung Ho Ryu and Yung Hyun Choi"® . Departments
of Bzochemzstry and *Physiology, College of Orzental Medicine and Departments of *Biomedical Laboratory
Science and Enwronmental Engineering Major, *Department of Bzomuterzal Control, Dongeui University,
Busan 614-052, Korea; “Department of Biology, College of Natural Sciences, Depurtment of Anatomny, Graduate
School of Oriental Medicine, Pusan National University, Busan 609-735, Kores; "Division of Applied Life
Science, Institute of Agriculture and Life Science, Gyeongsang National University, Jinju 660-701, Korea. - The
health benefits of garlic (Allium sativum L.) are derived from a wide variety of components and from
the different ways it is administered. The known health benefits of garlic include cardiovascular pro-
tective effects, stimulation of immune function, reduction of blood glucose level, protection against mi-
crobial, viral and fungal infections, as well as anticancer effects. In the present study, it was examined
the effects of water extract of A. sativum (WEAS) on the growth of cultured human tumor cells in
order to investigate its anti-proliferative mechanism. Treatment of WEAS to tumor cells resulted in
the growth inhibition, especially in leukemia cells, which was associated with induction of G2/M ar-
rest of the cell cycle and apoptosis. In order to further explore the critical events leading to apoptosis
in WEAS-treated U937 human leukemia cells, the following effects of WEAS on components of the
mitochondrial apoptotic pathway were examined: generation of reactive oxygen species (ROS), alter-
ation of the mitochondrial membrane potential (MMP), and the expression changes of Bcl-2 and IAP
family proteins. The cytotoxic effect of WEAS was mediated by its induction of apoptosis as charac-
terized by the occurrence of DNA ladders, apoptotic bodies and chromosome condensation in U937
cells. The WEAS-induced apoptosis in U937 cells was correlated with the generation of intracellular
ROS, collapse of MMP, activation of caspase-3 and down-regulation of anti-apoptotic proteins. The
quenching of ROS generation with antioxidant N-acetyl-L-cysteine conferred significant protection
against WEAS-elicited ROS generation, caspase-3 activation, G2/M arrest and apoptosis. In conclusion,
the present study reveals that the cellular ROS generation plays a pivotal role in the initiation of
WEAS-triggered apoptotic death in U937 cells.
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A AZUF Y Aug AsAge 98] 2HEt}29,35).
Apoptosis Zdd| Aot 71 F 2§ AAE Bel-2 fam-
ilyel &3t= DA EZ A apoptosis?] FE9 AAE FAl
2 2Hste AAEE FAH H1L5]. K3, caspasedt
o]& £l protease HA] apoptosis Fitd} 8§ 4TS
e, o5 AYFoE F4 FUA AEAM= pro-
enzyme Je|Z A3t} o] 5L apoptosis -FE AT 9
d 24sHY AF ke BHALEZ AX Y EAe
poly(ADP-ribose) polymerase (PARP) 57 & %o %A
ol Ao Bajo] #jFri[17,21]. o] = apoptosiso] &
3= o8 AAE FolA inhibitor of apoptosis proteins
(IAPs) familydll &3l GHAEL ¥ A5d g AX
1] anti-apoptotic &AL At} o|& F PH |APsE cas-
paseste] AP HQ AFS Fdte 159 apoptotic FA4&
AT = A= Ao dA AUrH13,14,28].

8 F23 Af grido] B &g o] Fx) g A
€ HAd AdAE 23 glown, ol #4941 4F(reactive
oxygen species, ROS)2} gt} &tz]%t A E7} y-ray & ul-
tra violet (UV) 59 9% AFd &8 Z¢<d ROSY &
#ol FAA FtetA Aot o] A gz FrF
A 43l 2E# X (oxidative stress)S O A A Eo X
AL AHE YoA Ho HELE FEoE o)BY HE 9
7o 9sH ROSS AAo] apoptosis FEAE & IS
oAt Ruda JIoH10,26]. =&, ofH Ao 9§ ROS
¢} AAJo] mitochondrial membrane potential (MMP)¢] 4
A& ob7IA712L o] MMP9] A4 95 nEZ o} Y
9] Z}E apoptotic moleculeE0] A XAZ §&Eo] AT E
apoptosis7} FEHo] 502 o|2A HTH1519].

B dFdA e vk 289 9B 3T 1AL =
AFet7] Qlste] Ot AALHAETE digoz FPaA

=S Hudglen, 1 F AEFA gig Aol 7
E3E UA AIYALE PO Z vlE 2B AT ¢
AE BZYA &3}, apoptosis®) F 2 HEF7] AP
Ae 9T A oH, o|H FHo] ROS 9&FH o
2 Yoluhx U&& AASHT

Mz 3

Mz 3 Ols d FEEQ Ae

£ A A9 AA 7hAH E(Hep3B 2 HepG2), 2%
SHAIE(HT 2 HCTI16) 2 914 B8 AEUT 2
HL60)= Ay 3814 (KRIBB, Taejeon, Korea)ol x|
wrgton, A2 wlks ¢8| RPMI-1640 v} A](Gibco BRL,
Grand Island, NY, USA)¢} 10% 9] $-ejo}d A (fetal bovine
serum, FBS, Gibco BRL)¥} 1%<] penicillin-streptomycin
(Gibco BRL) S0] Z38 #j A Al&-3}o] 37, 5% CO, 2

At A v gtk £ A8 188 vlEe daAFa
A ANY AogA A4 FZE(water extract of A. sat-
ioum, WEAS)E 1.& A$5502 FEstel A2 2 9
A BEE EF AASA 33 FFF 50%9] stock sol-
ution® 2 W& F 045 yme AFHAE o] g3t A F
g A A TR HYIFA

MTT assayE 0|28t ME F4EQ| &3

HAE S 6 well plated] 3 x 10°/]/mlZ FHLE 2
F3t3 WEASE w9 848t 2} well B 24 $E& A
3 Yt 4A17F & WA S A A3} tetrazolium bromide
salt (MTT, Amresco, Solon, Ohio, USA)E 0.5 mg/ml %
7} A WA E g Aste] W3AIZL T MIT AlFS AAS
31 dimethylsulfoxide (DMSO, Amresco)2 2} wellol] A E

formazang =91 ¥ ELISA reader (Molecular Devices,
Sunnyvale, CA, USA)Z 540 nMo| A &3 =5 =439}

Agarose gel H7|9S0 2|8t DNA fragmentation2|
=4

7% 9 WEAS7L 2| | v A o)l 4] 24A13F F2t s Al
¥ 9] DNAE F%3l49 bovine pancreatic ribonuclease A
(RNase A)E A#st¥t}. 4ozl DNAE 1.5% agarose gel
A7g 5o g Kueld ethidium bromide (EtBr, Sigma, St.
Louis, MO, USA)Z @43 & UV oA #&sqth

DAP| Mo o MIZsfo| HEf A

"l HEE 37% formaldehyde &0 w4 F,
4 ,6-diamidino-2-phenylindole (DAPI, Sigma) §9-& o] &
3l 158 A& gA39 ) o] 2 phosphate buffered saline
(PBS)E Al3}aL absolute alcohols o]&3te] B34S
AR F, 34 An|H(Carl Zeiss)& o]-&3te] 4008] <] v)&
2 J4 9 WEAS Ao nk& X 319 Fe) WstE &
A3t A

DNA flow cytometer0fl 28t MIT F7]9| 24

44 % WEAS7E A28 W04 wle AZE Boby
PBSZ 43 44 % CycleTEST Plus DNA Reagent Kit
(Becton Dickinson, San Jose, CA, USA)E Al8-8l 114 &
propidium iodide (PI} @M& AASYch 44 T DNA
flow cytometer (Becton Dickinson, San Jose, CA, USA)9
T 2 WEAS Ag3E HEA1A F34-3o] w2 histo-
gram-S ModiFit LT (Becton Dickinson) program-2 A}-&-38}
o wH3Y}.

Mitochondrial membrane potential (MMP) Bi3e] &X
WEAS #2]d] @& apoptosis f+274 0] 4 MMP (A¥m)



o W3 AR5 A Y89 dual-emission poten-
tial-sensitive probe¢l 55 V, 6,6 V-tetrachloro-1,1 V,3,3
V-tetraethyl-imidacarbocyanine iodide (JC-1, Sigma) &4 &
AA BT o] H3te] F4 2 WEAS/F He] g iR o4
MG AEES AAEYE o] 43t Ro T, PBSE 44
¥, 2 mg/Le] JC1E wiR|o] 8 43ke] 37T N 2087
A8 A F, flow cytometerE o] £3}e] R 431t}

Lactate dehydrogenase (LDH) assay0f 2|8t MIZE
4o B4

4% WA wdE ATE AASD WS wo}
Triton X100 208 MAgste] 24 Yzrog Zu)s
1, 7734 9 WEAS7} X 2] 8 wj Aol X 24A17F HjkE HE S
AR WA w2 =itk of7)d] LDH & A
(Roche, Swiss)& wlA]o] H2)g & HA A7to] A s}w
ELISA readerE ©]€-314] 492 nM & 690 nMojjA] 233l &
+4 dxe v At agzz Jey .

Western blot 240 9|5 CHiE isio] 24

THlE AEES A lysis buffer & H7sto] why
AL F£3% ¥ SDS-polyacrylamide gel & o] 43} £as}
a1, nitrocellulose membrane (Schleicher and Schuell,
Keene, NH, USA)2.2 electroblottingo)] ]3] o] A7t}
I % membraned] H|Eo}A A o3l blocking & $]
&) 10% skim milkE 3 PBS-T (0.1% Tween 20 in PBS)
of 1Az ¥heAlF) PBSTR 43 $AsQt. 2w
membraned] 7tzte] A& Helste] 4T A 1417 o)A
BHEAZ B PBSTR 53] $AH4E AR 1 3, J4
13 FA ) dgshe 24 FAE A stn oA 14
7t ¥k3-A17] & enhanced chemiluminoesence (ECL) &9
(Amersham Life Science Corp., Arlington Heights, IL,
USA) A2|§ o A Xeray filmo] 733414 54
EEERIE L TR EY

EHep3BuMepG2
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Relative growth {3}
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ROS ¥4 w3t £3

A E U £29 ROSY 43 Wge 2AEY| Y8t &
HE MEXEL PBSE 44 ¥ fluorescent probedl 2,7'-di-
chlorodihydrofluorescein diacetate (H2DCFDA, Molecular
Probes, Leiden, Netherlands) 10 yMZ 2087 44 %
DNA flow cytometer (Becton Dickinson)E o] 4-3}¢] £
< 390k ROS A4 AJAE 93 ROS scavengerd] N-ace-
tylcysteine (NAC)e] X2l WEASE A sl7] 1X2F o)
A2 S0k

In vitro caspase-3 activity 53

Caspase-39] &4 AL 93| colorimetric assay kit
(R&D Systems, Minneapolis, MN, USA)E A}-£-31%.0.H, |
Alg B Fato] FHIE A RN BRAS &30 4
gate] 247k 20 pgel @A fluorogenic peptide 7|3 100
uMo] 349 extraction buffer [40 mM HEPES (pH 7.4),
20% glycerol (v/v), 1 mM EDTA, 0.2% NP-40 and 10 mM
DL-dithiothreitol] 50 plol &3I4 ™, microtiter plated]]
T}A] extraction buffero] 8 43}le] Z} sample @ % volume
o] 100 pl7} HA et AP AHER 713L Asp-Glu-
Val-Asp (DEVD)-p-nitroaniline (pNA)¥tl. 3] 8 plateZ
37Tl A 241 7-5Qt ¥HgAIZ F 405 nMe] 3T & o] ¢

stol Wee JEg R34
2 o

WEASYI {3 2MIZEQ| SA0) DlXl= A&

WEAS?| $HHIE 54 A9 B=E de GHARES
o2 MIT assayE E3bo] ZALSQ) Fig. 19 A7)
A B 4§ iR ZAME RE £F9 A XA WEAS 3
? F& IR FAYA aFHE HYo, 1% AT
of| A wlE A E<] U937 & HL60 A 50% o]4re] 2419
A a7t don, AAAFTANE F 10%, H LA AL
A 2040% BT T4 AAE RAFU. F WEASE

BHT28 BHCTIMS

BUG3T @HLSO
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©
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Fig. 1. Anti-proliferative effects of the water extract of A. sativum (WEAS) in several human cancer cell lines. Cells were treated
with various concentrations of WEAS for 24 hr and MTT assay was performed. Results are expressed as average from
three separate experiments. (A) Human hepatocarcinoma cell lines (Hep3B and HepG2 cells). (B) Human colon cancer cell
lines (HT29 and HCT116 cells). (C) Human leukemia cell lines (U937 and HL60 cells).
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M FHEE F 53] AA HEYA AN FEAo] ¥

A eS¢+ d}dd

WEASS| AM2|0ff st U937 MES SA|H|, apoptosis
e ¥ ojg2c=g0) 7| &

o)} Auo X WEAS thgh ZhAdo] WidH A Lo A
7P £koH, o|# 3 S4 94 a7} apoptosis fE A
Aol A& Ao Z oS o], UB7 AIELE A2 2 WEAS
o AESA A= 2 64 ds #3& AAs g Fig.
2Boll YERA vlo} o], YA AIXEA Y AEE AHEF
< LDH #8¢ Ax= WEAS A& 57} 271842 E¢
E3A9 4 A ZAFig 28)} W AR e
733’+E B3t Fig. 2ColA £ &= 9l%0], WEAS # 2

=7F SVEE U7 Axe Axe ¢ Zaggen,
de%lx—igi AE7E da AoAEAN EFFAAHA 4L B
A F ATt g DAPI gAlo] <3 3 Roko] Wade A
2l apoptosis7} Gojd Al ToM BFYE gAY &
2] 9% apoptotic body?] 34 o] WEAS A& & 9]}—
Aoz /1SS & & U o0& apoptosis 7
T 08 A%< DNA st A WEAS X 557} -‘:‘20}
AFE F7hE e AP S B39 oni(Fig. 3A), apoptosis
7b dojt A9 Jdoz Hrisgs AEF7] sub-Gly)
&3e AX9 Hrx WEAS Mg 9oz dA 3
Al S 74 A tHFig. 3B). o218 WEAS A& ¢ <3 U937 Al
E 9] apoptosis &2 AE W oUx A4 7|BoE AXE
o A& F83 75 T3 v EZ=ole &4 T}
AAZE THAeAE A7) 93 JC1 g 93

MMP 4249 J=& 25 23, Fig. 3Co) AAIF nho} 2
o] WEAS x]g]d] <& U927 AL 9 apoptosxs e vE
ZEgo} 715 4% AR S 7 d5E 29 5 3
e
A =z B)
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Fig. 2. Induction of apoptosis in U937 cells following in-
cubation with WEAS. (A) After 24 hr incubation with
WEAS, MTT assay was performed. Results are ex-
pressed as average from three separate experiments.
(B) After 24 hr incubation with WEAS, LDH assay
was performed. Results are expressed as average from
three separate experiments. (C) Exponentially growing
cells were incubated with WEAS for 24 hr and the cell
morphology was visualized by an inverted
microscope. Magnification, 200. (D) After treated with
WEAS for 24 hr, the cells were fixed, stained with
DAPI solution and the nuclear morphology was pho-
tographed with a fluorescence using blue filter.
Magpnification, 400.

=)

13.61%

‘} a 8.3 0.6

466% | |}— F—{ 36.40%

Cell number

DNAcontent

69 1.2 1.5

b 33.33% || 42.97% ||| 52.32%

Loss of MMP (%)

Fig. 3. Induction of DNA fragmentation, increase of sub-G1 cell population and loss of MMP of U937 following incubation with
WEAS. (A) After WEAS treatment for 24 hr, the cells were collected and DNA was extracted. The DNAs were separated
on 15 % agarose gel electrophoresis and visualized under UV light after staining with EtBr. (B) After WEAS treatment
for 24 hr, the cells stained with PI for DNA flow cytometric analysis. The percentages of cells with hypodiploid DNA con-
tents represent the fractions undergoing apoptotic DNA degradation. (C) The cells were cultured for 24 hr in the absence
or presence of WEAS and stained with JC-1 at 37°C for 20 min. Mean JC-1 fluorescence intensity detected by flow
cytometer. Data are mean values from representative experiments performed at least three times,
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th-& WEAS Ao 93 apoptosis '3 714 )4 9
Ygo T F2 apoptosis ZHAAESY W HRE
WEASS] 43ks ZALSIATh WA 2419 Bdl2 familys) &
8= UAE F, pro-apoptotic Baxe] W& o] WEAS 1 A
g FENA A FUk8 vk, anti-apoptotic 91 Bel-2 2
Bol-xLe] d-> WEAS A& 557t 371845 b$ 24
S5 Fig 4). 282 B A9 ZAA truncation® Bid
Tl g o] ‘i"‘i% #2% 4 ey, # Bid g de] @4
& AT ZaH o) Bidr} BIAE ATHYL 7H5A0 =
T e T Ali’iu} Caspases}o] 2, 7+4 A< 2¢s 5319
I59 34& 202 A apoptosis A A o] #slE IAP
familyd] &3t G AEE AL 3717 2Fo)A WEAS
& Y& vl BAFHNUY £ 2A
H 37}A Y caspase GRS nHFAY @ AL
WEAS Hzejd] ojata] dAAsHA 7HaH o] WEAS Azld] 9
3 159 Aol F/HASE ¢ £ UREH, caspase
o] ¥4 Wi AQl PARP Y p-catenin®] ©#H 3} B 2y A3}
WEAS A gjel| 93} caspase”} BA3H A& Aol
S A& = Fhgo|t(Fig. 4).
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Fig. 4. Effects of WEAS treatment on the levels of apopto-
sis-related proteins in U937 cells. Cells were incubated
with various concentrations of WEAS for 24 hr, lysed
and cellular proteins were separated by SDS-poly-
acrylamide gels and transferred onto nitrocellulose
membranes. The membranes were probed with the in-
dicated antibodies. Proteins were visualized using ECL
detection system. Actin was used an internal control.
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U937 MZ0IM WEAS Aol Ci2 ROS Mol E710)
9|t apoptosis2

WEAS9) A zlo] 93k U937 M ¥E¢ apoptosis FE
ROSS A7 A#:gol YeAY oARE XA 7’34
WEAS 2] 308 % ROSS] A4 2%o] WEAS 3z Aol w3}
o} 168 o} Z71steH, ROS AL A $F 2417744
A&Ao 2 VTt AM3) DAHe AFEE Ry F
A tHFig. 5). )23 ROS A4 9] 57171 WEAS A& d oJg
RAAA Q) AR5 287 §5te] ROSY A2 scavenger
°l NACE Axg|ste] WEASe| ojgt ROS A/ vX=
QFL 2AIY T NAC @5 AE9 49 34 ujAdA
Agk AE] Hste ROSY Aol AY HA dgkon,
WEAS g Zo)Ae NAC Had] osbe] Jahul o)A u)
Fd ATAM BAHE U ol3t2 FAHAT watA o]
g WEAS Ao )8k ROSS] A4 ¢] apoptosis Z30] ¥
shexle] dRE ZALS A, Fig 5B Uehd npe} Fol
WEAS7} A2l M Zo A 431 AH casapse-39] &40
NAC A Ao 93t mS FHoR ZAHURS &

A) Time (hr)
[ 85 1 2 4
05% 13.41% 1354% 12,26% 15.86%
. ‘ E t WEAS (1.5%)
*
g 0.45% 1.70% 364% 109%. 564%
= 3
= WEAS (1.5%) +
2 NAC (18 mM)

B) <)
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Ard e o
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o &C" o & o e"’° o R
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Fig, 5. Inhibition of WEAS-induced apoptosis by quenching of
ROS generation in U937 cells. (A) The cells were treat-
ed with NAC (10 mM) for 1 hr before challenge with
1.5% WEAS for indicated times, and then stained with
DCFH-DA at 37°C for 30 min. At each time point, the
fluorescence intensity was measured by flow
cytometer. (B) The cells were treated with NAC (10
mM) for 1 hr before a challenge with 1.5% WEAS for
24 hr and collected and the cell lysates were assayed
for in vitro caspase-3 using DEVD-pNA as substrates.
The relative fluorescent products were measured. Data
are mean values from two representative experiments.
(C) The cells grown under the same conditions as (B)
were evaluated for the cell viability using the metabolic
dye-based MTT assay.
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T U = NAC Ao g ROS AA9 Adfe
WEAS A2lo| & Alxe) 54 44 5% v+ frfF2
2 AHAFS € F UAh(Fig 5C). ol= WEAS M9
)3t apoptosis #= g ROSY Ago] WA T T
g AYE RAFE Afolrh

WEASOI 28t G2/M arrest i1} ROS AT Alzty

T2 WEAS Ao o3 ¢Alx e 4949 dd8
apoptosis % #A o] MEF7] 28 SHA o AHA
o] J=A9 J5-& 2AEIG ol & 95t H4 L WEAS
7b A8 v A el A] wjFE U7 NEE YFOZ AXEF7]
TEE HIE A 23, S7]9 &8l AT NEY
£ 2T 21.81%9] vldte o 65% AE Z713tgon,
270 A 1845% ) AFHAD G2/M7|d &3te AE9
W T7} WEAS 2] 2477 5ol 3481% 2 oF 1.98) 27}y
AL, Gl7)9] &38te A XY HleEs JiFog g 744y

& & 4 AAH(Table 1). &} NACS AA ] 93}
of ROSY A& AGAAE B URT $FO8 EolR
Ae ZagoLt, WEASH) 93 G2/M arrestS o= A%
AARAEE & F AN 0|49 Aze WEASe 9%
apoptosis®] frd& MEF7] G2/M arrests} AR o] AN
om, oju ROSY Ao S He F& otk

ki

&

vl Aol #3 & =EEC BEH1 Yok ROS
o AT AFE vls FEEY UL B Bue F
o 2% AFAE o3to s o]A $tri6,27,33,34]. of
At o] g ROSY A} AdBAE N & e 7 &
olfre mlEel 7ML & 2 FAaka oM 7208
€ A 2t 28y o} ARA vl &84 9§ ROS YA
7} A#€ apoptosis ZH L HIEF7] 5 7)Aq) Bato
BEsHA 47 v gloh B Q7oA nts 3284 93

Table. 1. DNA flow cytometric cell cycle analysis was per-
formed comparing untreated cells with cells treated
with WEAS. Cells were exposed 10 mM NAC for 1
h before a challenge with 1.5% WEAS for 24 h. Then
the cells were collected and stained with PI solution
for DNA flow cytometric analysis

% of cells

Treatment
Gl S G2/M
Control 59.74 21.81 18.45
WEAS (1.5%) 36.79 28.39 34.81
NAC (10 mM) 57.55 23.81 18.63
WEAS (L5%) + NAC
(10 mM) 4242 27.84 29.73

dAE ) 54 2 apoptosis 2 #F A ROSS] A
o RE gelstn ofgd HEFV]) waH AFFE A
33z} Y vis 95 FESE(WEAS)E thst ¢ E 9
Z4g dASGo, HEYARTANY NEEY AHr}
7t 4% AeE eyt o8 @ ¢AE F4 JA}
plEZCgo} 5 AMMP)9] LA 9§ nEZ =g o}
43 939 apoptosiso] 93 AP B JHA] WP
A A 8FA 3L, apoptosis 2| #Aste B FAAEY &
3 W3 E 2ABIY Y. oF2# WEASH) 9§ apoptosis &
9 27] 9A ROS B0 #4%Hs ¢ & dAeH, ROS
o] AXNS AetRS A9 WEASY 93 U7 Al2e &
27 g% FYFog FAHYUEH, o] WEASH 9
g ROS A Ao 438 apoptosis F5 UAE 2H43S B

FE Aotk T3 WEASH] 2§ U937 M X< apopto-
sis & ROS A A3 AAE G2/M arresto] 23 AYS
& 4 A} welA o AFEL WEASY €] 3§ ROSS]
AL AEF7] 2FL 53 apoptosis FEe 7] A%
HAEGAZA ZE3g oujste Aot

AT B AFAEY Yste &49 vEZE=gole
ROS HA& o2 FAXY 4 24 A3AN &
dstgo] RausojA 1 o} 18y HlEZEE ot g
Z(mitochondrial depolarization)o] <J3F MMP9] 44lo]
apoptosis¢t A#H | le Aol tf YxHAQ A £th. MMP
o] Aste vEZE=E o} &7t §HE 28] apoptosis
el F83 nEZ=Eol Ul IAS] AxFE WEH
o] caspase-99] #4319} A4 A< caspase-39] A5} E
T3te AoZ 49A Uk 22 A8 dPAAE vts
29 93 MMP9| &4 %l caspase &4 A 7HsA
AABE FAKoI[6,2231,36], & A7 ZHio] o3}
WEASS] X2l MMPe] &4$ ob7]stg e, dadd &
9] caspaseE SA3}AIFTE. =3 WEASY/] A 2l® Al
apoptosisE A=t FHdte FAAEY FEL A9
O ZAAHASE ¥ F A3, WEAS] 9] o] 2§ apop-
tosis - @] ROS A4 JEHYE FUstATt

Apoptosis Z2Z 0| 714 EHQ FAA4] Bel-2 familyo
&3le §34 % B2 ¥ BlxL#} Z& fAAE apopto-
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