] Physiol & Pathol Korean Med 30(3):150~156, 2016

ASQOA Z A GUFE FEE
n EZc g o}/Caspase AEES &3 Apoptosis FE2ZH&
Z_J,E]]?:ﬂ_l . ZJ‘?}E‘E]l . !‘i_—qix}li“ . ?J‘FI"@'H

0 o] & 2.4+
- EE

1: g%stn g saryey smrx}mwﬂ} 2: d#vsta f‘i«liﬂrtﬁi Argad, 3: 9%t aA4eAT
4 BRI TAT

i‘)*

Extract of Broussometia kazinoki Induces Apoptosis Through the
Mitochondria/Caspase Pathway in A549 Lung Cancer Cells
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Extract of Broussometia kazinoki Rhizodermatis has been traditionally used for geopoong, diuresis, hwalhyeol. In
the present study, the apoptotic effect of methanol extract of Broussometia kazinoki (MBK) were investigated. Cell
viability of A549 cells was measured by MTT assay. Apoptosis-related protein and MAPK protein levels were measured
by Western blot. Chromatin condensation of A549 cells was stained with DAPI. MBK inhibited cell proliferation of A549
cell. Based on DAPI staining, MBK-treated cells manifested nuclear shrinkage, condensation and fragmentation.
Treatment of A549 cells with MBK resulted in activation of the caspase-3, -8, -9 and cleavage of poly ADP-ribose
polymerase (PARP). In the upstream, MBK increased the expressions Bax and Bak, decreased the expression of Bcl-2,
and augmented the Bax/Bcl-2 ratio. MBK-induced apoptosis was accompanied by sustained phosphorylation of JNK,
p38 MAPK and apoptosis signal-regulating kinase (ASK)-1. These results suggest that MBK induced apoptosis in A549
cells through Bcl-2 family protein-mediated mitochondria/caspase-3 dependent pathway. In addition, MBK increased
the activation of ASK-1, which are critical upsteam signals for JNK/p38 MAPK activation in A549 cancer cells.
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t}®. Apoptosis signal reulating kinase 1(ASK1)2 A|Z A&

oz FZ Amste gFayL AN EiAHapoptosis)?|

L5, AN 2ol ZAAA|(anti-proliferation), QAL AIAIEH 1Y
%A (anti-angiogenesis) 5 3A Al 7IX2 tE 4 A A
E DA H|xuto] AlH48F(death receptor)o] 2]7t=rt A
sto] Qo 9j3A 2ot tlEZEolold Lot UpuA
329 5 JiA £2 %28 $o Qojuth ARIA 3& Nz
93] njEZcgjol X9 cytochrome C,  Apaf-1,
Smac/Diablo, 32]1 AIF 5& §&H+d A=zd=z 95d
cytochrome ¢ caspase-92 ZAI3IA|7]1, caspase-92 319
9] caspase-3, -6, -79] &4Z {FEC}t. EF AT AlHAE
As  Asse A

Fas-associated death domain

A Ao 285t Al olAlSH § 4 o]t mitogen-activated
protein kinase kinase kinase(MAP3K)o] &dt= THHBAO] 3hit
24 AE Yoo AEHA, ARF AEIA, 7Y S0 99l
ol st FHol NZ Y duixlo] J|:=2 AP T3l
TNF-a, Fas/FasL, ROS S¢] x}=d] o]a} 23a}s]n] JNK/SAPK
9} p38 MAPKE &/J3IA|# apoptosis ¥ MEELSLE FXI5h=
Aoz A Au'Y o]2jgt MAPKO| &4st: mEEcaots
7935}0] apoptosis® QEst= Aoz HuEw QL

S5 (Broussometia kazinoki)= OlX|o}7} YAR| & At7|&
o gRZolt EEAIA Aehtt H1ES BURT] YR
=olct GURL Bejo] wa} of2 Fx| HoHE ol f Hid]
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<o FHUH R st AS(RER), olx(FIfR), EE(Em)2|
asol den, RUEZA o3 &K, B, 2F oRd 52
&gt g9uRo] tigt M3 A1g: Bae 5'90] kazinol U7t
ojxtdel g-AlZA FAZaIIt 1S HustYct Min 5
< HuF 20FE=s0 uhe2SFAE(sarcoma 180 cell)oA
AZEYS Yepion], BALB/c 0t9r0lN 59 oA 2wt 9l
&g Bustrh.

2 AToINE SR 2o et ako] B AEHY AT
o shtz gug 2u uHeisgol A5 HAHEY S
0]X]+= &t apoptosis A|HQI caspases(caspase-3, -8, -9),
PARP, pro-apoptotic ©H¥A, anti-apoptotic TH¥iA U MAPK
AL WSl NZLA Q= AT 1 7ML B

B

RPMI 1640, fetal
trypsin-EDTA2

bovine

serum(FBS),
antibiotic-antimycotic, Gibco-BRL(Grand
Island, NY, USA)oA], albumin(BSA),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide(MTT), dimethylsulfoxide(DMSO),
sulfonyl fluoride(PMSF), leupeptin, aprotonin,
fluoride(NaF), sodium orthovanadate(Na3V04),
N,N,N',N'-tetrametylethylenediamine(TEMED)+= Sigma(St.
Louis, MO, USA)JA U5t Bel-2, Bax, Bak, Bid @
pro-caspase-3, -9 antibody: Santa Cruz(San Diego, CA,
USA)of| A,

bovine

serum

phenylmethyl

sodium

pro-caspase-8, PARP, phospho-p38,

phospho-]NK, phospho-ASK-1 antibody+= Cell
signaling(Beverly, MA, USA)oX], anti-Goat, anti-Rabbit,
anti-Mouse IgG HRP conjugate antibody:=  Zymed
Laboratories Inc.(San Francisco, CA, USA)JA U35ttt
chapA) % A%e  Bio-Rad(CA,  USA)A,
4'6'-diamidine-2'-phenylindole  dihydrochloride  (DAPI),

propidium iodide (PI)= Sigma(St. Louis, MO, USA)oA 3¢
stof AgateTt.
3) Az

AA H AEFQ A9 MEE T NxEF 233(KCLB,
Korea)ol Al #45to] Arg-stALt.

1) A48717]

A8 7](centrifuge HA-12, micro 17TR centrifuge),
clean bench, CO; incubator+ $t¥7]7]AHInchun, Korea) A=
€, ELISA reader: Bio-TEKAKWinooski, USA) A=Z,
supply= AmershamA}
(Buckinghanshire, England) A&, ChemiDoc image analysis

electrophoresis power

L Bio-RadAHCA, USA)
(Oberkochen, Germany) A&}ttt

ANEE, FLAUHPL  Zeiss

g 2 L 7loto] A2oH 23
AE YAE A= on §F o3 filter
paper2 vacuum pumpE ©0]-&sto] ojustgict. odd Yuf
gt F&5EL rotary evaporator2 ZFYg =%3510] 13.84 g(4
58 : 6.92%)9 75T 522 Uol A2 AGIYT UL
HEEE5E Algt DMSOO| o] Argstylon], DMSO+ 2%
0.01% oJst9] w= H oA Ap-&stAct.
2) =z Hig

Hofdko A549 AN|EZE 10% FBS, 100 units/mL penicillin,
100 yg/mL streptomycin, 0.25 yg/mL amphotericin BE F7}
st RPMI 16402 Ap835to] 37°C, 5% CO, incubatorof|A] H]%st
Aot a2|u 48Xt 712 HigAE mAste Fon 0.25%
trypsin EDTAZ HIZE wlojujo] A} wjeateict.
3) AZ BES 574

A549 NZZ2 24-well vJFL7]o] 2x10* cell/welld] YWE g
Bxstel 24 A7 UlY § GUS EHe2E2S Astn 244
7 Higstdct. wixlo]l MTT 885 0.5 mg/mL L2 Aot
3AIZE Wi & iR A|ASHET A2o4 Ax § DMSOR &
8A]# ELISA readerE o]£5}o] 570 nm n}go] &4z & &4
steict.
4) DAPI 942 53 A AFE £

A549 H|ZE 8well Chamber slided] 8x10” cell/well?] ¥
2 pRste] 24 A2 WY 3 GUT YHLEERS SEEE A
2ot 24417t Wl &, WX MAstn PBSE 33 AA ¥ ¥
4% p-formaldehyde solution2 200 0 X &]5to] 1583 1A35}t
don] PBSE 33 AA st ¥ DAPI Fluorescence staing 200
W 235t ARFSt] 30&7t EAstgich. 1 & PBSE 53] AlA
st WAL ol &stel S,
5) Western blot 24

A549 N|ZE 10 cm HIQFL7]0] 1x10° 7| HAMA|7| 2 ch}
o EHEEEES A2lsto] 24A1%F wiYstict wigE A2E o
T 2A3}9 lysis buffer(50 mM HEPES, 150 mM NaCl, 1%
Triton X-100, 5 mM EGTA, 100 mM NaF, 1 mM NasVO,, 2
mM PMSF, 10 pg/mL leupeptin, 10 pg/mL aprotinin)& 4°Coj
A 603t &afAIZ] £, 13,000 rpmolA 3027 ¥4lE stol
P2 Al &5jA2 Bradford Y-S o]&sto] TMAYFS o
o 39 A= &s|H(TE 100 ng)> 2xsample bufferet &
3rsto] 95°ColA] 587F B9l & 12% SDS-polyacrylamide gelo]
F7195stel  wmae  welsidt. A79se B 3
polyvinylidene difluoride membrane(Millipore, Bedford, MA,
USA)o] HoJAlFitt. Membrane2 5% skim milk-TBST(20 mM
Tris-HCI, pH 7.5, 150 mM NaCl, 0.1% Tween 20)o|A 1X]Zt
=9 blockingdt1, Bcl-2, Bax, Bak, Bid, pro-caspase-3,

e
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pro-caspase-8, pro-caspase-9, pro-caspase-10, PARP,
ASK-1, p-38, SAPK/INK So| %&stuxt st 1xF FA|S 27
A7tsto] 4'ColA A-2o|A 2417t ¥HIAIZTE TBSTZ 33] A|A
St & O|X}3HA] (anti-rabbit, anti-mouse IgG conjugated
horse-radish peroxidase)?} 1A]7F ¥F-2-AJZict. TBSTZ 33] A
A &  WEST-ZOL®(plus) western blot detection
system(iNtRON, Korea)2 AF235}t0] ChemiDocO g2 &d5t9ict
6) &4 A=

D& AY2 33 yrRollon, P+ REUALE BAISIUL
SigmaPlot (San Jose, CA, USA)Q] Student's t-testZ 0]%6}04
p-valueE 3tgl0o, p<0.059 AL *=2 J|7|5t¥ 11, p<0.0191
A9 a(#h)2 B3kl g0 Uehiglch

2

2mx520 A549 AEO] FAlCIX|9 FMALE 0]

—_

=i
e 9

i
o -IEI

SuR ZoixEEo] A HY NxF Ab49 Mxo] AFEE
g YEEA] ZAGHID wigde duf ZoixEsE 0,
12.5, 25, 50, 100, 200 pg/mL =& X a]st 24A]7t & MTT
assayE AAlsQoh. A Ay 9yR ZgFEE 0, 12.5, 25,
50, 100, 200 pg/mL SEo|A 24Xt & zHzb 77% 63% 45%
26% 19%2 MNEZZAlo] AAEQCHFig. 1A). % AgLe dipn

B2 X520 NE XELo] 70% o]5lQl 25, 50, 100 pg/mL
Lo Ald3stgict.

NAZIAH= NEY%E, FMA(chromatin) 2%, DNA THst
AP Pepata ¢ AJststy AL M. ol g
WxEE0 9§ A549 N9 FAAA7T HEAL A] FolsHA
el FHIEA st 9 o] FEHster Aol A=A Eelst
%ot A549 ANzo] duf ZuRxEF S w2 AIF o3 A
Ato] Eojdoz ZAsh= DAPI MZ AlA|sto] ®alsigict. 1
Ak, Fig. 1B dlXet Zo] 9ug Znx&F9 iiﬂ "7@4
£ JAFAQ Nxzdert Zastgoy, dug 2
/mLY sEdlXe Alxo] moFo] FAlstaL uido| 1)‘#&01 9
£t Alz9 &7t ZAstglch. ®3F DAPI EAZ sto] WARGH Ay}
guUs 2o3xEsS NS g2 MEAX = #o FE T F3H
A Bger M=o, gyt ZuRxEF ALde A
AFQ 3fo] dr Ztaol fEo] AMA ZFo] 93t apoptotic

rl; ru olrl

>

o

A=

bodyZ} &= lck(Fig. 1C).

2. U 2oFxE29 Caspase-39] &1} PARP R0 U]x]
L o3k

“ O o

Caspasest o8| 7}A] death signalo] QJs]A &/Jste]=d,
3 % caspase-3= AN|ZUALS] ARtz A A}9]9] caspase-99f
o5 &/dst "ot ol cysteine THEIE4Y
CPP32, YAMA, 12]1 apopain®@ &E2]7|%= 35t A|F7HA] &
2% 1001 o]/d9] caspase &i % 5 AzuAr 3789 oix|gt
QAN Fagt 4%S st A A YA, Caspase-3=

2508

MZ UYoA 32 kDaQ u]|&d3(pro-caspase-3)oz2 ZEX|5tiL
death signalo]] 9]3] &XdstElo] 39 7]AQl poly ADP ribose
polymerase(PARP)E E3fsict. PARP= DNA £4F A 3B
(repair)o] #ojst= 42 N2 AE] F a7 AFZ st
t}. waty PARPS] Eji DNA 23] 2&7} of7|sgn Aza
AL AgEA "1g. 2 Adey guyR ZniEgol
caspase-32} PARPO]| 0]X]:= &S E_A}o}a‘l'—} A|8E2 25, 50,
100 pg/mL == Xa|st 24 A7t vjYst & caspase-39] @
1l PARPO] BA-E western blottingg ©0]8&35t0] &HQIst Ay}t
sEoERoR &MY caspase-39] W@o] F71ol (Fig. 2A),
116 kDa2] PARP ©HuiXlo] 100 pg/mL SZofA] 89 kDaozg &
AE e Aoz YeEPdtHFig. 2B).
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Fig. 1. Effect of MBK on the cell viability of A549 cells(A
morphological change(B) and Conformational change in nuclear
chromatin(C) of A549 cells by MBK. A549 cells were treated with MBK
at 37°C for 24 hours. The proportion of survival cells was measured by
MTT assay (A). The experiments were performed in triplicate. Data
presented as means + S.D. of three independent experiments. *p<0.05,
**p<0.01 vs. control. Cell morphology was visualized by light microscopy
(x200)(B). MBK-treated cells were fixed with 4% formaldehyde,
permeabilized with 0.5% Triton X-100 and stained with DAPI for 20 min.
Stained cells were observed by fluorescence microscopic analysis and
imaged using Axio Vision Program (C).
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Fig. 2. Dose-dependent effects of MBK on the protein expression
level of caspase-3 in A549 cells(A) and effect of MBK on the
cleavage of PARP in A549 cells(B). Cells were treated with various
concentrations of MBK for 24 h. Cells were lysed and cellular proteins
were then separated by SDS-PAGE, followed by western blot analysis
using antibody against caspase-3(A) and PARP(B). Actin was used as an
internal control.
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3. 9u 2hFxE59 Bcl-2 family T¥A

AZ2ALe] £ 718 A2 5 nERcors
A=A gyt ZuFxEF0] Bel-2 family 53 } S 0)x|
+ 8345 ZABIQ. Bel-2 family A2 1 751t ofo] it
Aol gapgol TR NZIAE EHshs Ast AZLAE oA
st dEiAdz UHe=d, AMEZIALE AASH=  anti-apoptotic
Bcl-2 family ©¥iZAof= Bcl-2, Bel-xL, Bel-w, Mcl-1 So] 9!
on NZIAE FXI5tE= pro-apoptotic Bel-2 family @ BH-3
only pro-apoptotic T¥#Xl2 Bax, Bak, Bok/Mtd®} Bid, Bad,
Bik, Bmf7} QUoH0 . B Mo A549 AL Bcl-29t Bax,
Bak, Bid9] @] Uil YUf ZuFE29 &WE western
blottingg olg3le] mAlstgict. AWAM T IWEEE 50
3} 100 yg/mLe] SEOIAN Bol-2 SR Wo] AXs A2ty
CHFig. 34). ®£3 9uUf ZuF&E0] Bax, Bak, Bid9] ‘T@d
ORl= TS TS dih, 5= &EX 02 Bax® Bak9 ©HO|
=715ttt 22|y BH-3 only pro-apoptotic @E8&IQl Bide] ¥t
2 syt gUdcHFig. 3B).

A

_UNTR 25 50 100 . MBEK (pg/mL)
b ko Lo B BELEE

| et | P-0ctin

B

UNTR 25 50 100 MBK (pg/mlL)

Bid

'- — S— _-‘ Bax
— — — — Bak
[t et bg | Boctin

Fig. 3. Expression level of Bcl-2 family protein by MBK treatment in
A549 cells. Cells were treated with various concentrations of MBK for 24
h. Cells were lysed and cellular proteins were then separated by
SDS-PAGE, followed by western blot analysis using antibody against
Bcl-2(A), Bid, Bax and Bak(B). Actin was used as an internal control.

g 2u]3x5809] Caspase-83 caspase-99] o] U]x]&=
5t
o

0@

x| 9 100]% o] 49| caspases AE0] A o, ¢
B A (extrinsic) NZIALO] AlSHY 2L death receptorQl
Fas, TNF receptorg 748-5to] caspase-80] &/J3t =}, 3hH
O EZE2|olE 38 YEA(intrinsic) AEZIA= cytochrome
c W& 2 9lslo] B XRQAQ Apaf-1719] ZAJto] 23] caspase-9
o] ggstac™®. & AdolN gubf 2u5xEZ0| caspase-81t
caspase-99] UJX|= FF2 EARIAC. AlRE 25 50, 100 ng
/mL =52 xa]st 24 A|7F vjQFSt $ caspase-8%} -99] W
2 western blottingZ 0] &3} &QIgt ZAi sroENoz E
243 caspase-83} caspase-99] Wdo] 745t cHFig. 4).

-

5. duR 2n3E 29| ASK1Y 24

ASK1S MEaAle] A ASHY sgo] Aget Ty
Q1Aks} §4 2 TNF-a, Fas/FasL, ROS 59| x=o] 93] &4t
o}, &/dshe ASK12 Nz uAre Add s5h9] AEQl JNK, p38
QA4SLE F=5to] MAPKY] &/4dg 24k Aog dA” 9l
0. Site 2maEgel ASKI TS nlAE JFE sl
7] 9l5to] A549 Ao Al&F 100 pg/mL s&=2 A2|styl At
(0, 15, 30, 60, 180&)=2 473}o] western blotting2 AlA|5}
o AdA 9uR ZuFxEE A2 § 3020 p-ASK19] I
dol Z71d AL A 4 AUd(Fig. 5).

T A a2
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m Pro-caspase-8
b

et | B_actin

Pro-caspase-9

Fig. 4. Dose-dependent effects of MBK on the protein expression
levels of pro-caspase-8 and -9 in A549 cells. Cells were treated with
various concentrations of MBK for 24 h. Cells were lysed and cellular
proteins were then separated by SDS-PAGE, followed by western blot
analysis using antibody against pro-caspase-8 and -9. Actin was used as
an internal control.

0 15 30 60 180

Time (min)

W N e W [ ASKL

S N e e | Poasa
Sy e e o | (-actin

Fig. 5 Effect of MBK on the protein expression level of
phospho-ASK1 in A549 cells. Cells were incubated for time-dependent
at 37°C with the 100 pg/mL of MBK. Cells were lysed and cellular
proteins were then separated by SDS-PAGE, followed by western blot
analysis using antibody against ASK1 and phospho-ASK1 (P-ASK1). Actin
was used as an internal control.

6. p38, JNKo] &4

MAPKs: AZZAZ B}, AEZAt2a A& Sof 03 A%
£ st 43 A Yt MAPKs: p38 MAPK, c-Jun N-terminal
kinase/stress kinase(JNK/SAPK),
extracellular signal regulated kinase 1/2(ERK1/2) So| 9t}.
3 % JNK/SAPK, p38 MAPK: A5/ cytokine, 41318 AEg]
’\°1l sl FA=H NE 42 AAI5taL apoptosis A& 2 A A
eyA Ao, gy FmixEgol p38, INK MAPK
@011 Ol 42 ZAMH] 94sto] A549 M=o A& 100
pg/mL =2 R st A|7HE(0, 15, 30, 60, 1808)2 73}
western blotting UAISIEC WBAY FUT 2552 A
% 3080] p-p3se] Lol F7HSIYL p-INK WHE Z7E A

activated protein

=13
=2
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& 2 YA(Fig. 6).
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Sy o e e | P33
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i p-JNK

Time (min)

o

S et wnttened! | fractin

Fig. 6. Effect of MBK on the protein expression level of MAPKs in
A549 cells. Cells were incubated for time-dependent at 37°C with the 100
pg/mL of MBK. Cells were lysed and cellular proteins were then separated
by SDS-PAGE, followed by western blot analysis using antibody against
p38, phospho-p38 (p-p38), JKK, phospho-JNK (p-JNK). Actin was used as
an internal control.

5
ol2gt Agh9] A gA2A Tt FAA 7 7L
U X gdARoz AMREY Q= OiREY FAA

o] U9 wob A BG ofjet FANEAE o
ge 9A8S Uehiu, ixag ¥ 29 gAmd

34 TAREZ 7RI Qo mEkA RAkgo] A
Aot BE FojFozy FAYZ F7K1E 2+ A
apoptosis, NZESIEY, F/IHANE 5
ghrs] R F ook,

Programmed cell deathg}1 = %48 A 9l apoptosise &

£49 Jltoz AR A 45 xdstid 9o Wad
doly oyt dlol 24 95 f=9oh. 1 {oig A=

rr
r2
12
o

i)

o MA Sl woiste] A FEES RAlske Fad 22 7
T2 &G st lon] ol WAl AsHg] o5 doju
+ 3oltt. Apoptosis7t FoldE W A2 FE A SHO

2 Az ue], A=z §7]7t E&5h= d/4H(membrane
blebbing), 39 2Z(nuclear condensation), ZAIE]Y A
(phospatidyl serine)?] @JH=29] 1% DAN9 EA(DNA
fragementation) So0] QIc}H19,

grorx|e] §84L apoptosis SES2al WA TiAo] 9
7] W&o apoptosis®] AJ&rst AalstAQl 7|AS 9he AR ]il—}
A2 =Yshr] g A4t wEA JPE 2 e
g a0 BE XEAHQA A9 stz Huhg
A549 Axo] gegt AlxuAt 71Ad] dis] g7 vt Q7] W

o] A549 M=mo] chst AEuAF Aot 1 AE7|AL mASHICE

Ut 20 FE20] A59 x| PEI njX= T2 ¢
OfE7] §l5to] MTT assayS A At & oEHO2 PE&
o] Ax3] Zastirt. ol2fdt BEEQ WSt apoptosiset #H
Hof A=A Fotkr] ¢isto] FeAIFH DAPI @2 F3) A
29| PEjey WAL AR A quUF 40 FE322 &
ERoz =9 27t AR F4aTE Bln AAAY 4] U

= Fa% geo] g 350 9t apoptotic bodyZt TEE A
o 2td guR 2n 2E20 93 Al 2572 apoptosis 2
2 58 AZRADE Ydlolet BT & At

Bcl-2 family of proteins2 +&2A U 7|53 GAPdo oiat,
Bcl-xL, Bcl-w, Mcl-1),
pro-apoptotic proteing(Bax, Bak) @ BH3 only proteins(e.g.
Bim, Bad, Bid, Puma, Noxa), ] 18§02 A& o] A}, Bax
o} Bak QHIRLS WuishA] AlZE AlFot: oz AR glon)
) Bel-2 familyo] #ste RS WY wsh: nER=ajop
QlarolA{ Bcl-2 family ZFe] dimer FAo] o] ZE5to
cytochrome ¢, Apaf-1, Smac/Diablo, AIFS n]Zctz2]o} JH &
L5 PES fEsl0] AZIAE FANUGND,

2 AEoAe 9U4F 20 £FE0] Bel-2 familyd] O]x]&

F& ZARRE At 502 100 pg/mLY] s=0A Bel-2 Tl &
o] @A|5] 7t4stgct. Bax, Bak, Bido] wdo] njA: AL
2% 2 SEAENOR Baxel Bakd WS F71Y
BH-3 only pro-apoptotic @¥4&Ql Bid9] &3 ¥aprt YAt

Bid: caspase-89] &AJsto] 93] tBid2 FUE o] O EEEC
otz SUHAT ¥ UHoIAL Bide] Lol Wbt gigislol
tBidzo] AF 7I5AS ¢ 4 99ct 12 BaxQ} Bako] wHd
57l UEZEor HAYS 2HAIA cytochrome co Y&ES
8r5t9 k. At E} cytochrome ¢+ caspase-95 43HA]7]
519 4159l caspase-3,-6,-79] &2 FETt.

Caspase-3&= A& of| A 32  kDa9 H| 2 Y
(pro-caspase-3)2.2 Z£A|5lil death signalo] 9Js] &/d3s}E] o]
apoptosis specific marker2 7FEE]:?) PARP(poly ADP
ribose polymerase}s w3l & AANA JUE ZW|FEE
o] caspase-39] OJX]& ¥3FE Western blottingg 0]-&3to] &
A3t A} srolE2Ho 2 &Y caspase-39 wdo| F71stY
116 kDa2] PARP WéiXlo] 100 pg/mL ==oA] 89 kDaoz &
AEe Aoz Yerd

anti-apoptotic  proteins(Bcl-2,

r r.BL‘oR

3l caspase-9+

l:l

caspase-81} -99] w33 western blotting& ©0]-&5fo] &9l
st Al s=rol&xog BEXMHY caspase-81t caspase-99] €

o

| Zastglet.

ASK12 170 kD] ©Twid=z M3std AEA, TNF alpha,
endoplasmic reticulum stress Sof 93] &3} =0 519 XS
Q1 p38, NKO| QIAtelE g& ctu LA Qo Mitogen
activated protein kinases (MAPKs)= AN|ZZAla} B3} A ZLAL
Wik JE S0l Fog A% Yohn LR gon 13
JNK/SAPK, p38 MAPK: =X cytokine, A13td AEFH A QI
6]1 HHLE NE AL AASL apoptosis XS 2A ErE35HCH

oA Y. B AL Gue 2m 5520] ASKIS
%H*z} AZion g&43lEl ASK1L JNK, p38 MAPKO] Qlatsts
gEstgrt.

olgol Ane Ei SULINZEEL usTcalel o i}
€ ZR7A5t: Bel-2 family § Bel-29] 2H-& A SHA 7ZH4aA]
7111 Bax®} BakQ] ¥ Z7[A]|A cytochrome co] &8 S
9t} pro-caspase -8, -9, -3 THlAl 4ty FAOJAE &

d
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AREEDINEY;

a

o =9] apoptosis
Adgto 2 QIA HIAN=ZEQ Ab549

2
)

g gmstt asol BF A7
Azo] tigt SR 2uFE9 FAFYE TARHY Fo3t AnE
ey, 2 7178E mASHY] ohgat 22 ZaE € & dth
SUR 2OFEE2 5 EXNOoR Ab49 Nx9| o] TF
2 #EE fEoen AR FAZ AASET. GuR ZuxE
£+ caspase-39| Wit PARPO| Z2AE {Eotglon =843
caspase-81} caspase-9 12|11 Bel-2 THiXlo] wtalS ZFAA|Z
3, Bax, Bak9] @&} ASK1, JNK Z2]31 p389 QlAIstE &4l

AZi.

olfe] AME Jol YUF JLFEI2 A9 N RA
ASK1/MAPK®] QIA3}E S w35l¢lon, anti-apoptotic Bel-2 ©
WA EHZ At pro-apoptotic Bel-2 THIA TS HAF
O 24 n]EZctgol/Caspase pathwayS 73-8-5l9] apoptosisS
Fe3t Aoz wmoEy, gty Ao FY¢ At S8d
2 0% A0 AgdE.
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