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Antitumor Effect of the Cotreatment of Paljintanghabhwajeoghwan and
As;Os in Human Lung Cancer Cell Line H-460

Bong gil Song*, Jin Hee Won, Dong Woung Kim, Jong Duk Lee, Goo Moon

Department of Internal Medicine, College of Oriental Medicine, Wonkwang University

This study was designed to elucidate the synergistic cytotoxic mechanisms of the cotreatment of
Paljintanghabhwajeoghwan (Paljin) and As203 in human lung cancer cell line, H-460. The combination of Paljin and
As;O3 synergistically augmented the cytotoxicity of Paljin and AsOs; in H-460 cells. The nature of cytotoxicity was
revealed as apoptosis which characterized by chromatin condensation and fragmentation in DAPI staining. Mitochodrial
membrane potential transition was observed in H-460 cells treated with Paljin and As2O3. The apoptotic cytotoxicity of
Paljin and As;O3; was accompanied by the cleavage of PARP and ICAD. Of note, pro-apoptotic Bak protein was
obviously increased. However, the expression of p53 was not affected by the cotreatment of Paljin and As;Os. In
addition, the expression of DR5 was increased by the cotreatment of Paljin and As;Os. This results suggest that the
synergistic cytotoxicity of the cotreatment of Paljin and As;O3 might be caused by the changes of the expression levels
of a lots proteins, such as PARP, ICAD, Bak, DR5, which play pivotal roles in survival or death of cells.
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Q17 MSARTIE H460M 2ol ABBRAHEARTY As:0:0 HEA ol A3 TEY EXEH

ol ExKENA 43 AE AU} Aol WuE T Uk,
2 48l AIBE /\BESIAAS BENR, B KER
& 1 59 Fesol] wiel B H R KR, Ko RE, WAE
1%, TGRS, JLHFE, 2FTERE S AEske AYeE
g 22 5 Islic]l REETE AT & XEMEA,
" w #0 52 27 \ BB 2 adriamycinQI BEA
glof Qg QA EY] AME a7t STHE & HIsI

2 dFollMe o 7HA gax s} /\Ié\%z/—\{hfin«l HE
Eojoll O3 synergisticet BHEY GiE Hole gUEdS &
IR ATE AIZRBIN I O1ZRE \BBEAEAL As0:9] E
B8RO K83 AAE & & Age SIS old tiet A&
717& BA45lo] Easke Biolth

Az 2
1. A&
1) <t

NEBEAAAY MPUSS ke (hEEmEER
By Mol AdABINCH, B Adlo] AMS ol ABhshuA
FohpelofA] FRIskd J4st AE ARBSINTE 139 2%
£ Table 11} 2Tl

Table 1. Prescription of Paljintanghabhwajeoghwan

AEEH £EB 2% 2(g)
AE Radix ginseng Panax ginseng C. A. MEYER. 12
BiR%F Pora Poria cocos WOLF. 12
&  Rhizoma rehmanniae  Rehmannia glutinosa LIBOSCH. 12
#H Carapax amydae Amyda sinensis WIENGMANN, 12
U8B Squama manitis Manis pentadactyla L. 12
it Rhizoma atractyiodia Atractyiodes macrocephala 10
: macrocephalae KOIDZ.
B8 Radix angelicae gigantis Angelica gigas NAKAL 10
AOEE  Radix paecniae rubra Paeonia japonica MIYABE. 10
= Rhizoma scirp: Scirpus flaviatils A, GRAY. 10
by Rh|zozrggogtrj‘;c:mae Curcuma zedoara ROSC. 10
T Rhizoma cygern Cyperus rotundus L. 10
ALE Mastrix Boswellia carterii BIRDW. 10
ne Rhizoma cn:dh Cridium officinale MAKINO. 9
EE] Radix glycyrrhizae Glycyrrhiza uralensis FISCH. 6
Total amount 145

=1

g ohs AZE 04»}0}51 3,200 rpm2 & 2087 HLE F
#EE%(Rotary evaporater)£ &53F T} -70 C(Deep Freezer)OJ
A] 12417} 014} BEZAI7ITL Freeze Dryer2 SZAXAIZ AL
HABZ A3 o] ABEAER dEHSFEEE Paljin’
ojgt X Fsidrt

3) Alek & 717]

Ad8of QS Dubellco’s minimum essential medium

J

(DMEM), 8H8A), trypsin 2 2ENO} & (fetal bovine serum:
FBS)2 GIBCO BRLAKGrand Island, NY, USA.)ollA] FI5IH 2
], BilekE7](48-well plate, 10cm dishy=
Dickinson, San Jose, CA, USA)) H&& AIE3IHCE As:O03 Y
apiciding Sigma AIZRE] 78191, Rofecoxibs Merck A}
ZEE TGl AIES5I9Tt. MIT  (methylthiazol-2-y1-2,5-
diphenyl, tetrazolium bromide), Rhodamine-123& SigmaA}(St.
Louis, Missouri, USA.) AE&& AME35ICt. PARP, phospho
H2AX, ICAD, DR4, DR5, phophos p53, p53 12] 1 Bak &9 &
A= Santa CruzAlSan Diego, CA, USA), -anti-rabbit IgG
conjugated horse-radish peroxidase®} ECL kit (Enhanced

chemiluminescence  kit)&=

FalconA} (Becton

AmershamA}Buckinghamshine,

England) AEE TSI ARE3IRICE

1) H-460 Q17} Fs#miat: vk
Q17} FEEAIRIARS) H460 Mk 3t2 AZEF 23oA]
bﬂéO} 37 °C, 5 % CO2 WR7 oA} 10 % QEfol EHo) Tgt
EM(Gibco BRL, England) sjako © 2 vl 513 O, 4841
PSR HHOK’”% WABHA log phaseoll QU Al Eol Bhok
AL S ololl e W3lak Bl At
dE0A Mot ?:3% FHsIAT

Table 2. Rofecoxib, Sulindac, As:0s, Apicidin*

Control 20uM 1opM SuM 2.5uM 1.3pM 0.7 pM 03uM

Paljin
200 pg/ml

v

Paljin
100 pg/ml

Paljin
50 pg/ml
Paljin
25 pg/ml

Paljin
13 pg/nl v v y v v v y

* From Tug/al to 0016w/ ml

A E WEG ZARS MTT assay BPH-E o] E8kiTt (5]
7181 AlE mlQkEH48-well plate)ol] A Z(1x10° M ES/ml)S
025 ml/well® 2314 12417} 014} CO, M ZEBILT] ol
QFABEIA)7] & Table 20l FAIE Ul Zo] AEol BRF 2 &
A9 Kok € Aelst thg (#E Ru] 0.5 ml) 4417 SO i
b7lol A BRBIFEY. 01% , MTT &M (5 gg/mé in PBS)S
o Hulo] HEEHOE 50 ul¥ HrREIT 4417 B A4S
R ASH S Hittol] RAE 28249 Bkl formazans P35
HAZRAZ] 2 o710l 500 ul?] DMSO 80 Z 317 o} &
HEETA (ELISA reader, Molecular Devices Co., Sunnyvale, CA,
USA)E 0|83l 570 nm IFollA] EELE &F0INct
3) DAPI @44

Alzslo] Seld HBlE RAGE] 6K H-460 Alzof J\
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£87 - 993

BESIENL % As0:2 ©F 2 HEA &, duikld+s

(PBS, pH 74)Z 23] AMAsI%Tt HI:TEE :E% UHIBI =37 %)E

420j4] 108 1EH, 10 uM DAPI U O E A 20]4] 2082 &

Aslo] Chi] WelAgSE AT Oﬂﬁ% Mze g3 dn
Z(Olympus, Japan)2.2 G

4) v EEZCElof BES 58
AZW 4719 shiel  mIEZEglol uRde]

(mitochondrial membrane potential)®} ¥3lE Z£Al5l7] 9151
Rhodamine-123 g2ES ATHSIGHCE NBEAIENL B As0:E
OE E2 HEXEIE NEZES dulAg4sE 23] AHEIT
Rhodamine-123(10 ug/ml)= 212} DMEM vl Xof S}4i8l 208
2 37 T, COx mi7]olA HIZAIZ] & THA] BrAE4E M
Sld &F3In] 4 (Olympus, JAPAN)C.Z ZESIHT.
5) Western blot analysis

MEE SHok Mgl & ZYsl, A7HE Hank's
balanced salt solution(HBSS, pH7.4)2 2 23] MZ35IIch Ao
A 4 EE Sk 89%(50 mM HEPES pH 74, 150 mM NaCl, 1 %
deoxy-cholate, 1 mM EDTA, 1 mM PMSF, 1 ug/md aprotinin)3f}
4 TollA] 3027} g1=2A1Zch AlZE ShfH S 13,000 rpmofjA] 20

=o
=

27 914 2el5hL, 45U BCA SUg olgsle thuing
B[ it 529 A= skl (Aund: 200 ug)Q 2xsample

buffer®} E&kslod 100 TollA] 5827 7198 & 125 %
SDS-PAGEE AlH3Ict F7I1gs0] 2d gel«l A2
semi-dry SO 2 A 20]A T HAY 08 mA Hs1E 2417
g0 membranedoll  O|FA|ZCL
Nitrocellulose membrane2 blocking buffer(5 % skim milk)2}
A2olA] 1A7F HREAIA HIEO01H SAEES oIt
PARP, phospho H2AX, ICAD, DR4, DR5, phophos p53, p53 _L
2] Bak S0 thdt YA} gAE 0.01 %(v/v)Q Tween-200] E
&l 3 % skim milk/TBSoll 1:10002.F 3|45l 4r2o0llA] 34]
7t ¥} & O|X}EA (anti-rabbit IgG conjugated horse-radish
peroxidase}?} 1417+ BFSAIZATE  Nitrocellulose membrane&
TBSEZ 3H A& & ECL kitE AMZ3lo] ECL H 8ol #aaioirt.
6) SAAE

B 2=
9] EAAE]E student’s t—testOﬂ
71 FHhR] 0.05(p <0.05)0]51Q] &

nitrocellulose

FA]

1 \BEALAAT st SAlel HEANTIZL MMk
H-4609] MEg0| vlxle d&

AddTFolA Biag ABESHEAY adriamycin®] EE
Fol] dojAle 458 SE5YFIH ool o] Sk N
BESELY HE5cd 9§ synergistics TEQY GWUE
HolE BUEAE AL 8 dTollie HA e UM E
B9 shiol H-46041320] Sl egolld} ARSEL YAV
AE =01 tlokst srEQ OES AFEl X B HERAA)

o5y - BT
NZEE EBE Do 488 gUREZc BA

Nonsteroidal, anti-inflammatory drugs (NSAIDs)Q! rofecoxib@}
sulindacE AAGIRATE Rofecoxibye NSAID HEEHA] gtE S &
22 7Ke e /fgs]o] Prostaglanding] 48k dkgol &
olghe= AE o Xalol, e
5 28 ot Hold §uE RAFE U ZEAY 7hsdol
st ATt gs) AEE T s EZolck?. Sulindac G4
NSAIDs ¥=0] X2} Rofecoxib@= &} COX-1 oju} COX-1IE
Xi NBIA Eoht A Wl SHEUAL BEollA SESHEHOE &
& z¥= sulfide®) sulfone A2 HEE] o] QHAIEO A EATH
% L= Aol B HI AP E UE guMzEE
histone deacetylase inhibitor2 ©EdX) apiciding AMEBIRICE
LHA] wAMNAOA chromatin?Z9] foldingES AEbl=
histone®} acetylation¥} deacetylation2 A} wdio] m$
Q5 26l et apiciding ol2i8H Hdol dofdhe &
4 &9] 3hIQl histone deacetylase(HADC)E AEIH O Z A3l
&l A3 A(HDAC inhibitors) 2 A Utk &
Z1ollA] apicidin®] QM ES AT UALE FEE
T EI Yo’ o710l Hsled —43011 »3%5%‘
WL Qe AsOsk HIMAHEE AHTE =
HlEEALNY ©E 2 HEXNE] + *ﬂit
OF ZARINC) (Fig. 1). \BRBESLEN ©5 4 2l= 200 pg/mé
BT BllAE AY MEEEE FokA 2UTEH COX-II X 5)
Al Rofecoxibx 20 uMQl =L MAE HEXEZANLF NBREES
LA HERAZIRAE A AMEFHE FLoA 2EUTH
(Fig 1A). 3}, Sulindac GA] 20 uM9 HTAM T THEAD]
2 NBESIELLS HEAMEANE MESES JAAGHA
(Fig. 1B). Histone deacetylase X5 AQ] apicidin®] Z <
xm HI BT 1 gg/ml D 05 pg/ml BERARA) A
MESHE FLUSINT, A\BBESMELNY HEFOA] v
o HEo MEEY E7171 & HAct (Fig. 10). SR A
BB As:0:9 HERG A E TIE HER T
2] JASHH UM Eol it MEZEH g3 EVHEE &
i3t} (Fig. 1D). o1& 2l 1 &01517] sl HA \BH
AR As2030] tish B MZEF H-4604M 29 Aede
AFSISIEY. Fig. 2A ol N\BBA&LEL THEAE] Al 200 pg/
n sTilAL F98t AZzEHe BEFA EUTE Tt
As:05= 5 uM ESTollA MEEE gapt gAY 10 uM m)r
20 uM olA1E 22t 60 % 9 47 %9) AlE MESS LIERARL
(Fig. 2B). 0|5 %= HERAA] NEZ=EY EXNEHRE O‘O}E
7] 95l N\BBAEN 200 pg/ml S As:03 2.5 uM9| ©F
= U AT ME YEEES RABIYEE oE TEAE]
Al 237YQ] ME ABES0] 91 % 9 9B % of HIgk] F =
HEXT = H460 AZoljaiel ols <Aldl st Z:L’}l:c—;
(sensitivity)& S7HA A 65 % A E HEEZ VEA MZE=2
o] A3l EriE e HE3IFrt (Fig. 3). olziet /\@%{ﬁ\ﬂﬁ%
AT A0 HERE] Al MEEY &8s F A9 LY
¢t 8% ZEOIAE BEEUACKHFig. 1D).
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QY A HA4604 oA NBEALEAN As0:0] EEATIl 95 SEL XA

A) Paljin + Rofecoxib (9]

Pal]m+ Apicidin

Fig. 1. The synergistic cytotoxic effects of the cotreatment of
Paljin and anticancer drugs in H-460 cells. Ce's were treated with
various concentrations of anticancer drugs and Palin as described n NMatenal and
Vetrods for 48 hr. Then, cell viabiity was measuwred by MTT assay. A) Palin vs

Rofecoxib, B) Palin vs Suindac, C) Paipn vs apicidin, D) Palpn vs As:Os
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Fig. 2. The cytotoxic effects of Paljin or As;Os in H-460 cells.
Celis were teated with vanous corcentrations of Paign or A0z alone for 48 hr.
Then, cel viablity was measied by MTT assay and the data represented as mean of
‘rree ndependent experiments. Resul's were expressed as mean+S.D. of quadruplicates.

Viability (%)

R
AN
>
x%

Fig. 3. The synergistic cytotoxic effects of the cotreatment of
Paljin and As:0s in H-480 cells. Cels were treated with Palpn (200 we/ml)
and As,O: (25 uM) for 48 rr. Then, cell viabily was measured by MTT assay and
me dal@ represented as mean of three independert experments. Results were
expressed as mean + SD. of guadruplicates.

2. NBEAIEAT Ax0:,9 HEAT7I H460 Mtk
cytopathic effectol] n|X]= sk

NBEALEALY As0:0] HEAMeol g QA2 HER
&ix H3lE BaSE) 915l H-460 A Zoll A\BBAUEN 200
rg/m T, As:03 5 uM ©E, E2 o] F oEE HEXZsHL

364174 o] Foll BN Y SloflA] QA2
NBEAIEL B2 AsO; UEOZE ¥
(cytopathic effectyg TET 4= QAU2L). &
AIEZE W QRe] EHoA BElEW B
o] HEEACH (Fig. 4).

Control Paljin 200 pg/al

As;0; 2.5 uM Paljin + As;0,

Fig. 4. The cytopathic effect of the cotreatment of Paljin and
As»03 in H-460 cells. Cells were treated with Paljin (200 we/mb), As:Os (25 UM)
alone, or Palin (200 we/ml} and As;0s (25 uM) for 36 hr. The cytopathic effect was
observed under light microscopy (Olympus, Japan).

3. \BBAREAT As0:0 BEHME] Al H-460 flifatke] )=
—fr?‘% 834 1y

NEBEIEAS As0:9 HEATI ATt A2 AlZ
Z20] MEILA 71Hd] Y5l MAE 7HsHE RASHILA} Al
EA) 30 FefEE ERAS BENS| Q81 ekl HEE
M 20 MG DAPI FAS AHEIEC) ARESLERT AsOs
£ 36217t T Z2 HEAE £ DAPI g4 A#3 234, 8
A UET D As0s ABBALEA BSASIZoME 25 B
Ao 2T HENY o ko] HEHI QUL HEARITZ Al
EoJAl= chromatin  TZ29 SZ(condensation)i} &
(fragmentation) 8} Heko] FEEAC} (Fig. 5).

Lontrol Paljin 200 pg/al

A3,0; 2.5 yM

Paljin + A5,0,

Fig. 5. The cotreatment of Paljin and As:0s induced the
chromatin condensation and fragmentation of H-460 cells. Celils
were treated with Palin (200 we/ml), A$Cs (25 UM alone, o Palin and AsOy for 36
hr. After staining with  DAPI, cells were observed under fluorescent microscopy
{Olympus, Japan).
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ol ZUTRE N\BBEAENL X As0,9 HEAT0
9I¢} synergistic H460 BRG] A E&ES0] AEIA}L 71H
AaiA mMAEE Eelg 4= AT

4. NBEAIEAY As0:9] HERTIZT H460 A E n|EEE
£lote] vk Halol] vX]e gt
NEZEEEALL AsO:9] HEXTIO] Sgt QA E9] A E
24| UEhte n|EZEiole] hH ] Hal ol RE A
Y51 kA7 XMelE M Eoll Rhodamine-123 ¢2HE A]g
O1E HABINFCTE N\BEAENT As0:E 24 A1 H=
A2l & Rhodamine-123 @S Al Ax}, 4 ol
g ASzos, NBEESAN d=EXaFdoie BF 54
| AEZolA FHEel (punctuated) 2 BXdh= 2R,
—r’ e dojua] Gteut ABBEEN ¥ AsOs
ALlet FAME MEzAN de Tt AE FA 1]
(diffuse) 2 & 4FAfShs 4 @Fo] BEE o] u|EEEE|of)
TS W YOS AN (Fig. 6).

=)
[e]f]
&3

oo X o M orlo

mlm N 39
2o 12 oof Pl

0z

Control

As;0; 2.5 uM

Fig. 6. The cotreatment of Paljin and As.O; induced the
mitochondrial membrane potential transition in H-460 cells. Cels

were treated with Palin (200 we/ml), AS;05 (25 UM) alone, or Paliin and As,Os for 36
rr. Afier stanng wnh Rhodamine-123 (5 UM), cells were observed under fluorescent
microscopy (Olympus, Japan).

5. \BE&LHNT As0:9] HEXZ] o] ¢t H-460 T A Z
M EZL0lA] PARP U ICAD cleavage &

A) Time (hr) a 6 12 18 24 30 36

4115 kd PARP

B) Timer) 0 6

Fig. 7. The cotreatment of Paljin and As:Os induced PARP and
ICAD cleavage in H-460 cells. Cells were treated with Paljin (200 w/ml) and
As:0s (25 UV} for the vanous periods. Cleavage of PARP (A) and ICAD (B) was
measured by Western bloting with anti-PARP or ICAD antibodies.

N ZILAPA] caspasestt BEE|E UHO thl
(proteases)7} E43IECE o]F AE APEIFO AOIXIE o

- 812 -

AX)= caspase-3% procaspase-3 e ZHE] 1] B4 FTOIA}

Q] caspase-8 & caspase90] Q& EHIEH I
caspase-3:= O|&9] ML IA} IO Q3 AAMQIRR] ICADE
EolAlH DNA EEE FE6HLE PARP cleavage&E OF1gh

ch ABBAEALY As0:9 HEXEIAlOE olZig PARP
cleavage’} BEX| R OM (Fig. 7A), IEoF ICADSY] A7} 9J&FQ]

237 BEE[CE (Fig. 7B). olm) A7|GEd A phnzle
B-acting Edlo] 5ERE ERIGINTL olzist Aike ABBE1L
B AsO:9] HEXTIAl A ZE AMHE caspase-39] 4315
TIZNE ok AEEQ MEZIARIEE HXls AR MZFch

6. \BBRAUAAT As0:0 HEXZIol 9 H-460 H A E
EHgolA] MZIA A SHE B} Bak TREZIO] H3lo] 1)

20
=]
’5‘

A
]

Mo
0

AETAL A SHGHONM caspase-39] E45lo] £3¢t 7]
ol nEE=gloto] HBE Bel2 family THHET &, Bax,
Bak, Bcl-2, BdXL & BelXS E& nEEZcgiol)) 71sE &85}
o A EY HE0I Aldo) ER38 FEkg FHBITE / &1t
BAE As0:9 HEAZIol g LWAEY] AEHSA] olEish
Bcl-2 family T80 = Bak THRZIO] Wl R HSLE RAGHA
Tt o1& fldl \BREUHA As0:E TISE AI7HSQ A2
ot & MEE ZZ], 3hdle] gENo] ZolRle & viag &
E3I¥Ch oE M E THE2 125 %9l SDS-PAGEoA EZ|5}
& nitrocellulse membraneC 2 0]&A]7] & Western blot 213
OF wdl HEE ZALSIAUCT Fig. 8 ofl419} 20| pro-apoptotic
Bak THHZS wWdlo] &riEe ele UERIRICH, ol#sh
Bak &717} ABBESEAN As0:9 HEX D] 2dt MEH
23 UESH ddsd Aeelet AlgEnt.

29)

B
|
ZA

1

Toe@) 0 6 B UH P ¥

e R

Fig. 8. The cotreatment of Paljin and As,Os; increased the
expresssion of Bak. Cells were treated with Paljin (200 we/ml) and AsQs (25
uM) for the various periods. The same ameunts of protein from cell lysates were
separated on 125 % SDS-PAGE. The membrane was immunoblotted with anti-Bak
antibody and the immunoreactive band was visualized by enhanced chemiluminescence
(ECL system. Amersham, Engiand).

7. \BEASCERT As:0:9] HEREo 2ot H-460 H QA E
M ZZ20) 4] histone THEZE! H2AXQ] ¢1R}5} Bat

A2 IALl Qe AlzAlE #449] £710] o157t DNAY
&£20] ZeE A, 0|48 £41% DNAo 9510 histone THEE
9] Q4 |REErtl UM Urtk N\ BBAEAT AsOs
o] HEXYAILT olgist AEZEHSoA] histone THEZ &
H2AXQ 014317 R EEA1E #0lsk] A, \BEAE
H As0:9] HEXZ] & H-460 MEF MZ shHG 15 %



Q17} FliksHREEE HA604 2ol NBEGLFIAN AsO:9) HEREI 3t 85 SUEMN

SDS-polyacrylamide gelofl4] H7] ¥&A|Zl & anti-phospho-
H2AX &A1& A1235}0] Western blottingE 335190t 7 A1}
NBEALRAN As0:9] BERTI 641 FHE] H2AXY Q]
sl7t BEE7] AIFSIN e, Aol ARl E718eE H2AX
9] Qlitsl Fx7h E718INTH (Fig. 9).

0 6 121824 3 3

Tine ()

Wereverereray <« Batin

Fig. 9. The cotreatment of Paljin and As;Os: induced the
phosphorylation of H2AX in a time-dependent manner. Cells were
treated witt Palin (200 wg/ml) and As;0: (25 uM) for the various penods. The same
amounts of proten from cell lysates were separated on 125 % SDS-PAGE. The
membrane  was Immunobiotied  with  anti-phospho  H2AX  antibody  and  the
immunoreactive band was wisualzed by enhanced chemdumnescence (ECL system.
Amersham, Engiand).

8. "\BEAALY As0:8] HEATI0 gt H-460 HLME
AEsolA & Ax FHAL pS3 Wk Hslof mixjs &

DNA &4g fusie gUde MELAN] BHE p539
WE i 450 g2 Frl ABBAUFAY Ax0:Y ¥E
AEIAl T olEABE MEHZIA] p53 FAAL W B SYH3l
7t FEE QEAE oty] 15l ps3 THREY] 4 Blol
il Q1418 201 ser159] olvllz4toll thdh phospho-p53
(ser15) A} Q12k5loll TAIQIO] pS3 THMEE HESE 4= U=
SHA S AFEGI] Western blotE 423813} Fig. 1001419} 2o]
NBEESEAT As0:9 WERZIAlol Q14I51e p53 thilzl
o] Hahs TATA QLo Eok p53 TRIA L KAl u}
2 Fast Ud el HEEA @Art met ABBEU
AT As0:2 HEAMElAlO) R ik Mtk H-4609] Al
EESE p539 4 L Wy Halelks 76 7140 g8t
of 7t ThhEln) (Fig. 10).

Time(hr) 0 6 12 18 24 30 36

< Phospho-p53

~— —————o— —— - D53

eI« B-actin

Fig. 10. The cotreatment of Paljin and As;O; did not affect the
expression of p53. Cels were ‘reated with Palyn (200 we/nl) and AsOz 25 uM)
for the vanous perods. The same amounts of proten from cell lysates were separated
01 125 % SDS-PAGE. Tre membrane was immunoblotted with anti-phospho pb3 or
anh-ps3 antibodes and the immunoreactve band was wvisualzed by enbanced
chemimagscerce (ECL system. Amersham, Eng'and).
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9. \BEEIEAL As0:0 HEAZIo| 95 H-460 FFAIE
K EZS0A] death receptor DR4 &} DR5Q] 2r5Ioka) HGlo]
olRe @ |

Tumor necrosis factor-related apoptosis-inducing ligan
(TRAIL £& Apo2Lzt E8))2 Fas-Li} ) R4S 728 2
= INF familyo] &3l 2I7FEolr?. TRAILE type 11
membrane protein® 2 33-35 kda®] EARHE Zr=r4, FasL &}
Fas9] &5 A&o 93t MELAL RO FARSHA TRAILZ <
8% DR4 L} DR5S} A1) B2 S M ZFo|A M ZAME &
gl Aoz wEAL P, S Decoy Receptor
1(DcR1; TRID, TRAIL-R3, LIT)& glycosyl phosphatidylinositol
(GPI)o| EMgh= AR} A 24 DRY, DRSSK= HI AR
A2 297t ZgEo] ATk DeR12 TRAIL| ZgksiH, 11 2
I} Apo2Lo| death receptore] 2¥El= AE DeR1o] GHGHH,
decoy receptor 2&= (DcR2, TRAIL-R4, TRUNDD) DcR13} vhh
7HXIE TRAILO] DR4%} DR50) Zetsh= Rg Aahohd AlZAL
& dxShs ALE LEHA Atk Wk 2 dFoME AR
BELAEATL As2039] HEAIZIAIS H-460 JtM 29| HZH
S0l 4] DR4 ¢} DR5 SFALQ] wbadQlil ¥351E Western blote
S0 ERISINACE Fig. 110419} 0] DR4Q] SIS N\
BAEAT As0:0 HEAZ] HollA] daisEs ALE VEht
o, 5 oo WeAeldl gal SRS HMIEAE RUT
J89L} DR5 -84 HEAE) 6417 $RE W 9 57157
AIZIGIO] 1841700l £0L WRALYE HIOH, 36417 7 &
slo] SR (Fig. 11).

fme@n 0 6 1218 243 3%
] |

WresresrasseaPwSe < B-actin

Fig. 11. The cotreatment of Paljin and As;O; increased the
expression of DR5. Cells were treated with Palin (200 we/ml) and As,0s (25
uM) for the various periods. The same amounts of protein from cell lysates were

separated on 125 % SOS-PAGE. The membrane was immunoblotted with anti-DR4

or ant-DR5 antibodies and the immunoreactive band was visualized by enhanced

chemiluminescence (ECL system. Amersham, England).
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QI7} FliSREEE H-4604 ZollAl \BBSEFAN As0:9 HEAZ|M Jg &5 SUa

O
o

Oll

L A7 e R E el 23l W HIV £9) dlo)] £Q38F o8

SHgo] HAHAP. 53] FY AFol tE g
(resistance) BI&0|L} 244 (sensitivity) A5t B AMZILA} A
SHE7IAY 7153 DES FAL Urk 2 Aol s
gr X150 &35] AMBEE B SEQWAME, B3] ara<,

cis-platinum,

".O il

{

cyclophosphamide, — adriamycin,  etoposide,
teniposide, vincristine, mitoxantrone, taxol, hydoxyurea al
bleomycin 0] A7 1Mol A GO] ISt YrFot A2SF
oAl MZIANE REgo] BEd YL 1 AIIHPCE:=
Fas/Fas ligand system, sphingomyelin /ceramide ZE, &£7]gt
& 74 AHearly immediate gene) 2153, THHZ B3] F A caspase
family cysteine protease2hy3l, DNA fragmentationg Q27|
endonuclease E43150] Bolsls AOE B Uny?. o
St OlRZ FA AT G8HS MEILA 71R9 &85}
UETH BFo| YoH, HEFHO! UAITHY 7HUg o) HEIL
AL sidto] tigt HESH 4slatEel g7 ol i Hot ut
EA DYE L A= AZolnh 2L ARl ElolA] ARSE I Q1
g AEHEY WEES 1 850k EF6HL XAEIE
SRlElE A28 BANE, & AzEgolLt 7158 mEd
8o Mekg 7K Urk SHEEQ Hk) X ETEolvt
] | B¢ AEEY WA 1 59 FEVIFS 4
Z5lo] YA AR HAE Fo=7 QIg oFHy9
Z\OE olu] YB5lo] A& dgoltt ol Ak
TABKY B ArARE & - EFlA ALgEE AR EML
AEEg 018olo] F 2ot ok HEXFol ot FUXEY
Gl i]f’:.t”/l THedoll BEE 7HAA QS&D} =
Soll HMgidFollA] 2 NBHEAT OEiEE
7t E01 X &2 A Q oz B5YS O E FHEE /\fé\?f‘,%/—\
{LETALT adriamycin 39| HEFHE M E HEZIULALG 7
£ =9  vke BIoILE 2 dTolAls ARBEUEAS
adrlamych HEEG 4] dojAle 458 BEY g3 ol
T oy 7 gURel ABBEAERS HERA sl
synergisticgl &15¢F ENE Hole TUEZE BMclH ol
RE /[ BBAEFAT As0:8] HEFH7I TIE 29 g
T ¥ gynergisticdt SEUYFINE FEEE EQISIKC
NBEAETAT As0:0 HEXZ] Al TIE SH Y BE
el b we] A QA Eo] et AEEY g} S71E
g RIS eH (Fig. 1), \BB&LFEATY As000 thet i
MR H-460429) 24 & TARSH 23 \BBEEHAL U=
Al Al 200 pg/mt SEAMNTE G MESHE BEEA &
1, As;Os= 5 uM S50l M EEY g3 FAX D 10 uM
20 uM AT Z3ZF 60 % 9} 47 %9 AE YEES LIERAA
T} (Fig. 2). vhH & G2 HEANElE HA460 A ZolAle o1&
Okdloll thel Zhrd(sensitivity) S S7MIA MEHH d&E0
Z @AE) 7% (Fig 3). /\BBESETAL As0:9 ‘59
Zelol 98t MZEZHo] MEZAAF ol Qg2 DAPLI gAY
off o5t a0l HeNskY WAE FQIGINCE F A HEA
Al AZ7L ek HHOA 2E|xo] Balxw FEigh ﬂ:TL_

Ci
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H glgdo] BAFUOH (Fig. 4), AHHQ Az EFO
chromatin 7%9) &3 28] AE=AUC} (Fig. 5). \BBEE
LA As0:0] HEXE] 25 M ZEHo] MEILAF Joed
S ERI5I 7o) 11 ZHE71R 9] Q) caspase family cysteine
protease®] 43} o]B2E 0|59 7)ZQ] PARP & ICADY
o HRE SRIFOE TARBINCE 19863 Ellis 2 Horvitzol 9|
5k nematoid C. elegansol|4] ced-3 % ced-49} mutationo] Al
EIAE ARkl B olglE  ced-39] mammalian
homologue®! ICE7} cloneE|%om ol ol caspase-1
protease HH ] AP, 2 o] B0l OF 14EF caspase family
cysteine protease] subfamily7} Bt&|A JCH olg |FHARE
cysteine/| T2 MEAM O & Heisl= TlE B EAE coding
B YeP*™. Caspase-3= mammalian ced-3 homologueZA]
ICEStLT YEIA L2 M EZ oA} proenzyme HElE EAH
B} Proenzyme TEHQ] caspase-3%: caspase-8  caspase-9 ZF
£ initiator caspaseo] 2J310] A& (pro-form)o] Brtz|o] &4
s HeNgE walgEch MEIAL ol caspase-39] M EUH
FEZQIXIZE protein kinase C(PKC), lamin, 2! PARP S0 &
Z1d 2™ endonuclease?] & 3IT caspase-3 protease?] &
ol o5 ICAD(DFF45)2t ETlE weld S B3 o]Fo]
AP, 2 dTAME NABBRAEAY A0 ERE] Al
116 kd =719] PARP7} 89 kdaz A7} & 0T g g &
CIBI T gk ICADY A7} QEZQ] UAE FISIH N\BE
BRI As050 £E HA| caspase-39] BH8IE MHE 6t
B AgEH MEZIA HEE ARl ALE = ZIrkFig.
7). $H, A Z AL A SHGAHONA caspase-39] &3l SR
71201 n|EZ=golo] H3E Bcl-2 family THBZIF &, Bax,

Bak, Bcl-2, BcIXL ZBdXS £& n|EZEE|ole] 7sg £&806}
o AE9 HFo} AlHol £33 dE8Eg FHITL ol
Bcl-2 familyZ 9] Bax @} Baki= caspase-8ol ol ZiEdX & Bid
TNEI0] AH20] BidEre TEol OJsk B EIEl0] n|ER
czlold) ol E2E THEL o] ER2E &Edl cytochrome c7}
NZEZ EF7} caspase-3 5 #4317} o] ZoFrtL Bl &
I Uk Fig. 89 AT} 20| N\ BBAEAT As0:9] 8
A2l A} pro-apoptotic Bak TH A9} utdo] Frtgle 4ileE v

ERLOM (Fig. 8), 012St Bak 57171 \BB&LEALD As:Os
ol HEXE 8 FollA MEZZu g Zeksh HE WA o
YO npolEECEold] B HElE fTaliier (Fig.
6), BHUQ] caspasesE EHSIIA UM E HFE SLAILE
Zh AFREC) TS AZ A 98 MEAE 49 £710) 0]
Z71=t DNAQ] £J0] Zehw i, oleish &4 DNAJ 261
histone THEZIS} 014t5l7} REBTIL YTid Urt. & ol
ML \BBESLEALT AsO:9] HEAEIAl 6417 FRE
histone TRYZ] = H2AXQ) ¢ /‘1_1-9}7]- MEE 7] A ElE oM, A
2] Al7ko] E7ereE H2AXS Q14 BTt S71519et (Fig.

9). p53 HHEZI2 UVL} THE EiijAe] 2laii DNAZE &4 ¢
A2 w SHEFECE o] p53 M EF7]9] Gl phaseoiA] S phaseZ
Z0]7p7] A check pointEs S it Utk ps30] AIEFT
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S} p53 TRNAI L AZ]AlTiol whE RS Wi HSlerAH Bl
B[ELA] ZUTE WE NABESVEAT As0:9] HEHMZIA|
ol RTxE MEMEG H4609] MEZESES p539 &4 U akd
QR HElolE FEsh Eo gdle] dofule AL R AlgET
(Fig. 10). 3% TRAIL 0]9) =&X[Q] DR4 L} DR5 ] & o4t
€ MHE bl \BESIELT As0:9 HEXE] A] DR4S] &t
AL NBBSEELT As0:9 HEAMZ] HollA UdElE
2R Ve F oFZ9] HWEATldl g #XsA Mkl R
oL}, MEIAIA 59 5hiQl TRAIL/Death receptors
Y35 2Eo] #odkE DRS #8AHE WEXD 6417 FHE
9 E71=7] AlENSH] 18A17) wloll AL weeklEg BA
TR = w3lo] FAEo] LERTE (Fig. 11). o142
718 &6l o] F k=9 HEFWI M E AFE
U ASE AIRELE YO olof thidh
izjojo} shelet Mgt
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2 dFoAe o] 2R ABESLEASY EEFHJ
O3l synergisticst 85 G Hole SUEAE HuUA}
TE AlEBIS L, o|2RE NBEESLELT As0:0 HES
7t FES ZAE £ £ UA22 SIS olol] tigk AE7A
245130t ol Y8l Mgtk H-4600] &+ 29 tis Y
HEAZ] & ME 4EE9 v, AHlZEEH §4 = chromatin
Fx9 g5 B2E, v|EZtglolel wEH9] Hil PARP
cleavage, Bak TH4Z19] Bk, histone THHRZE H2AX9] Q1415] 2
E, p53 Y E7 2 g3, 12|31 DR4 9F DR5Y) dis ek} B
& Algsly] thed 22 Z2ES 8tk

NBEEEALY SIAAE LT rofecoxib, sulindac,
apicin}Q] HERZlo] AF LA E AlE ESLEHE Hole &
GAE Bl IEolA, N\ BEEIERLY As0:0 HEXE]
T2 R H-460 M o4l 7oA Alz=49 dsad
E RIS MRT2KEHEN As0:9] BEXE] Al MlxE
H #H43) chromatin 729 &7 22% 8 £ojo] HJETE o]
AEdAll 9ot MzEdAdE Slsiiurt. ABEEERLY
As;0:0l HEXZ] A| M2EY g 23 A HAof vlgk
S & Aishs g do] BEH nEZTlotd] up] ¥
37t dojEEe EAFACE NABBE ALY As0:2] HEX]
2] Al HA460MZollA] caspase-39] &Xslo] s BalEE
PARP ¢} ICAD ¢] 2483 UEMITE A\BESIEAT AsOs
o] HExg] Aloll histone BHRZA & H2AXS Q14M3} S &%
HhH, QIAkglE p53 chlzo)l W= FAEA] ke, Egl

Mo & R

N
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p53 ThRBZ T KZjA|Zlol] WE Foleh wd wg) Qe ThEk
A Lt \BESLELT As0:9] WEAZ] A], AlZ LA}
SHAGEXR] DR59 wgio] £71%%11, pro-apoptotic Her&
£85l= BakQ wido] E71ERACt

oldel it NBESENLT As0:9 HWEALD] Al MZL
Al ASHDAQ! caspase 8493}, A ZHH $2} W chromatin
Fx9 &7 BE, nlEESe|ol] 7]5H3), histone THEZ
H2AX2] ©1413], death receptor®] gtdd H3} ol s ME1L
AFE ELA7IE 2 AR e, AUEOZ FoF EAlA £
2 E7E Ve AR AIFFEC
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