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Anti-proliferative and Pro-apoptic Effects of DanSeon- Tang
in Human Leukemia Cells

Seong-hwan Kim, Sang-eun Park. Sang-hoon Hong
Dept. of Oriental Internal Medicine, College of Oriental Medicine, Dong-Eui university

ABSTRACT
Objectives :

This study investigated the biochemical mechanisms of anti-proliferative and pro-apoptotic effects of the water
extract of Dan-Seon-Tang (DST) in human leukemia U937 cells.

Methods = U937 cells were exposed to DST and growth inhibition was measured by MTT assay.

Results

* Exposure of U937 cells to DST resulted in the growth inhibition in a concentration-dependent manner. This

inhibitory effect was associated with morphological changes and apoptotic cell death such as formation of apoptotic bodies,
increased populations of apoptotic-sub G1 phase and induction of DNA fragmentation. The induction of apoptotic cell death in
U937 cells by DST was associated with up-regulation of death receptor 4 (DR4) and down-regulation of Bid, surviving and
cellular inhibition of apoptosis protein-2 (cIAP-2) expression. DST treatment also induced the proteolytic activation of caspase-3.

caspase-8 and caspase-9, and a concomitant degradation of caspase-3 substrate proteins such as pol

y (ADP-ribose) polymerase

(PARP). phospholipase (PLC)-yl, B-catenin and DNA fragmentation factor 45/inhibotor of caspase activated DNAse

(DFF45/ICAD).

Furthermore, apoptotic cell death by DST was significantly inhibited by caspase-3 specific inhibitor
7z-DEVD-fmk, demonstrating the important role of caspase-3.

Conclusions : These findings suggest that herb prescription DST may be a potential chemotherapeutic agent for the control
of human leukemia U937 cells: further study is needed to identify the active compounds.
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o 2y galgke 22 $ste] Ax ALH
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FArge] FAAHOE AAHT gl

B ( Agrimonia pilosa Ledeb): #w|Z}el]
3} \:].L:]/xg ZHol ;<1}\]1/].E_ BEFEL) 13! %z}:q
o] 2EE ZAx3 AoR Wb HilH3Y Re
JFS}‘I] b I, A AL Aol o] gle)’

sme SoAA sl wAel FUEE B AsEol
543l 29N 55E d37E H T2
AHEE oA g,

¥%( Codonopsis pilosula(Fr.) Nannf.)S &%k
22 = 3} saponin Z} alkaloid, sucrose 5] E
gtejo] glom > B, MEESIA ke HIl
ot Bitel Eitsle it &R B 552
B R RIS, RRE N, &4, il A8, IR
fLel Ab&-ahe i@},
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1. A|2ZH|
B A AH4E e (F)eUsEE E3}
of Tt on, #E Pw,f 3 54, s
He el iH'& Roz FHIGS AwA
ez Reke oL LT:}(Tablel il 3%

%(Water extract of Dan-Seon-Tang, ©)3} DST &
A€ A7) sk A 1 g2 FF74 10 ne
7}6}"‘1 37 AR 7F A 7Ed 76l A 180-200
T =2 3717 59 £ % o & 3,000 rpmell
A 2087 dAEEE AAZE AR sl A
dnt Fejstelct. ¥el€l 459 Whatman ZE
(No. 2)2 A8y 2 55344 2 5247125
Sate] TPAJEE dojujo] TP R wh sty
LEAA -0 T AL PS50 masiglon,
Ag Aol= 32k FHFE ol 83t 100 me/ml ] 5

T2 9HEY o5 (.2 um® pore sizeS 7}41 syringe
filter(Sartorius stedim biotech, Germany)Z ©]-4-3}
of AAE W BEES Al wiA]e] 343}
A 2] 3ot

Table 1. Prescription of Dan-Seon-T7ang (DST).

B, EE 23 FiE (2)
¥ Agrimonia pilosa Ledeb 100
¥ 4% Codonopsis pilosula(Fr.) Nannf 20
F+ % Salviae miltiorrhizae Radix 20

2. Al =E

£ Ao mRNA 42 $15ke] Bioneer(Taejeon.
Korea)oll A} T3]3 primers AH&-stg on, whwizl
£X& 9)5}ed AM-5l TRAIL, DR4, DR5, Fas, FasL,
Actin, Bel-2, Bel-XL, Bax, Bad, Bid, survivin, XIAP,
cIAP-1, cIAP-2, caspase-3, caspase-8, caspase-9, PARP,
PLC-y1, B-catenin, iNOS, COX-1, COX-2, ¢c-myc,



hTERT ¥ Spl 34+ Santa Cruz Biotechnology Inc.
(Santa Cruz, CA, USA)ellM 4315129, DFF40/CAD
9 DFF45/ICAD 319} caspase-3%] A& Al
7] $)8le] AM8-E caspase-3 specific inhibitors]
z-DEVD-fmk% CalBiochem(San Diego, CA. USA)
oA F3)st4i ok ImmunoblottingS $18] 2} 34l
2 AM- peroxidase-labeled donkey anti-rabbit 2
peroxidase-labeled sheep anti-mouse immunoglobulin
2 Amersham Life Science Corp.(Arlington Heights,
IL, USA)ellA F3)akdeh. w3t caspases®] in witro
A 24L& 93 colorimetric assay kitse= R&D
Systems(Minneapolis, MN, USA)ellA 38t}

3 A-”EO' I:IHOt

Aol AMEEE A £ U937 MEE
American type culture collection(ATCC, Rockville,
MD, USA)elM & wskom 90%2] RPMI-1640
w1 2] (Gibco BRL. Grand Island, NY, USA). 10%
fetal bovine serum(FBS, Gibco BRL)el 2mM glutamine
(Gibco BRL), 100 U/ml penicillin(Gibco BRL), and
100ug/ml streptomycin(Gibco BRL) o] %3 A%
W25 ARE-3ted 5% COq 37 T 273l A] wf
o¥atsieh. =3t Bel-27F #EdE U937/Bel-2 HlE

ARdsty s Ad w5 HE 2ok
% 0.7 we/ml geneticin( G418 sulfate, Calbiochem)

A7kste] wickstgl om 48A17hmle H A9
HNEE AAT F 23 A5 H7bste] Ao
o
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4. HemocytometerE 0|83t M= HZE9| £F
DSTell o3t Alzo A&&S A7 93}
o] AE wjokg 6 well plateoﬂ FAEZ 5 < 10°
MN/ul] NEZE well & 2 mA EF3 9L DST
+ AAFER A3l HH‘*E}%‘:P 48717 &
2,000 rpmell Al 537 A4l ste] v A& A A
&1 phosphate-buffered saline(PBS)ZE 7+ well
21 ng Arlste] A E2E E5A17) o2 05%

trypan blue solution(Gibco BRL, Grand Island,
NY. USA) & FHo2 A 5 287 A=
% =¥ ¥v]7 (inverted microscope, Carl Zeiss.
Germany) = ]88t Atelgle AEE A53tsl
ow, ojd w}2 AIE Microsoft Excel program
< AHS3ted A s

5. MTT assayol| 2|8t M|Z MEAK| ZA

MTT assayS o]$3ted DSTo] A E2] ARt
oW gt g WA= AE AR $l5te] A
wjokg 6 well plateell U937 QA ETIMNEES 5 x
10" A/me 3583 DSTE WA 2 3|4 se] A
A FEE A T wjoFaisih 827 F wiA
£ AASL tetrazolium bromide salt(MTT, Sigma
Chemical Co., St. Louis, MO, USA) A2k 0.5 mg
/nl FEE Ao A ste] 2 ml¥ EFst 37
TollA A7kt wieFstsaint. wjeke] £ o5
MTT A& AAE3 dimethylsulfoxide(DMSO.
Sigma)E 1 m4 53k wellell A% formazin
< 2% B9 & 95 well plateo] 200 w® SAA
ELISA reader(Molecular Devices, Sunnyvale, CA.
USA)ZE 540 nmellA &2 =5 ZAs9d A&
2 A WS siglom, o digt J4ta 25 2
2= Microsoft EXCEL programs AR&-3fe] £A4]
skt
6. T S0|AS 0|38 MZEL| &y} Efof 2z

DSTel| ot stHlze] A A=zel e)o] wis}
AEE Ag w7 9ste] A E kL 100 mm dish
ol NEZ 1070/nl =2 £33 & DSTE AA
TEE 34 A ste] st 8A7 A F
DST A=l e 4% A=) Hefjo] H3stE
=% ¥n|7 (inverted microscope)= &3k 200
wjo] vz sl

sHo| SJE| DEF

7. DAPI stainingoil 2|3t M|z£sH
Apoptosis7h FEHAE A$ vehds 99 3§
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B4 W J&r
2l® w Aol A

formaldehyde &3} PBSE 1 : 99] H]&=E A&
fixing solutiond X}l A Eel 500 wl H7}sled
3] Al 3 ARelA 108 FF 2AEkiH o
Al 2,000 rpme2 5¥7F A £J3le fixing solution
< AAsLT PBS 200 ul & oA 3] AL
=, A E7F £8= o] 3l PBS 80 wlE slide glass
9ol "ojxg] 1 1,000 rpmellA] 587+ cytospindt
of A ZZ slide glassell F&slgiet. Al 27 225
slide glass® PBSZE 2~33] A= A3t 0.2%
Triton X-100(Amresco, Solon. OH, USA)& #7}
dto] Ab2oll A 1087t 2A s ¥ oA PBSE AlF
8l 4 6-diamidino-2-phenylindole(DAPIL, Sigma)
LA 27 TAH slide glass $loll Hojzal
WE sty Aol 1587 AAAFH 9
Ao] Tt & PBSE DAPI £9& AHsty =57
42 AH3 oS absolute alcohols o] &3] &
$3AE AA slide glass $)el mounting solution
= A2 ¥ 33 w7 (Carl Zeiss) S ol -&3}ed]
400009 Wi &2 7 Fxo] wWE A e 3§
g W3 sl

*

8. Flow cytometry £44

A4 3 DSTel &% iAo A 48X17F &
A" AEEES ZE o2 2000 rpmez 587
dAE= st AF5AE A F PBSE ol
sled 2-33] MHsldch FRIE AlEo Cycle
TEST PLUS DNA REAGENT Kit(Becton
Dickinson, San Jose, CA, USA)E o]&3le] 124
2GS sted 4 T FAAAM 0E T W=
A ZA vFAIZ]l A EE 35 mm meshS o] &-3he
ddqE2 Eesk & FACS Calibur(Becton
Dickinson) & ©]-8-3te] 3gub-gol wE Cellular
DNA content % histogram< Cell Quest software
(Becton Dickinson) & ModiFit LT(Becton Dickinson)

(o]

v

1_/

268

9. DNA fragmentation?| =44

Apoptosis =9 4 & 4 3l DNA
fragmentation HAe] ¥A & ¢35k DSTe]
g ouj Aol A 817 FoF M E A EES B2
< 2,000 rpmo.2 5¥7F YA st AEAE A
skt AEHel AA" AZel 850 w ] lysis
buffer [5 mM Tris-HCI(pH 7.5), 5 mM EDTA,
0.5% Triton X-100]5 A7}sked 4 CellA 3087
lysis AlZ] o+ 14,000 rpm, 4 CellA 20827+ 94
Fesle] Az 750 wE 35l I4E A
Zdlo|| proteinase K solution(Sigma)Z 0.5 mg/nl
o] FEE A o5 50 CollA 37 et w3
A7 & 750 W@ phenol : chloroform : isoamyl
alcohol &3 £9(25 : 24 : 1. Sigma)& AH7}sl
30827 rotateA] 7] B2 14,000rpmel A 105-7F 4]
Felatet 1714 deiAl A 600 well 300 w
9] isopropanol(Sigma)Z 100 w1 ®] 5 M NaCl—g A
7¥ste] 4 TolA 24A17F F9F WAL 14,00
Orpm, 4 TellA 3087F LA E=AIA "J%"—‘]‘% 7
At DNA pellet& 3231515k DNA pelletol
RNase A7} A £08lE TE buffers o] 43}
of =9l & §X gel loadlng dye(Bioneer, Daejeon,
Korea) = 41 o] FAot. iAoz 1.5% agarose
gel S THEoA 1"]7J T 50 vE A7|dF AR
% ethidium bromide(EtBr, Sigma)E %A 3}e]
DNA fragmentation &S elgt o5 =9 A3}
oAl ARzl #edsisidt.

10. Reverse transcriptase polymerase chain reaction
(RT-PCR)OIl 2|5t mRNAS| 24
A2 2 DSTe] 48A17F 5t A" shH 2ol
TRIzol reagent(Invitrogen Co., Carlsbad, CA, USA)
1 & H7Fsbe] 4 CellM 1417 Bk dbA17 &
o}A] 200 w2 chloroform(Sigma)S A 7}3te] ThA|
4 TollA 30 5 vHAIFSh 14,000 rpm, 4 T



ol A 1587 AAE=AIA 400 W A45AE v‘i“?f']
ste] 22| igopropanol(Sigma)S H7}ete] 4

ol A 308 59t HHAIZ 3 14,000 rpm. 4 Cell 1
3087 AR A A total RNAS Helslgdeh £
2]" RNAS DEPC water(Amresco) S o] 43}
Lol Agst & Z7+] primer, DEPC water
g3 ONE-STEP RT-PCR PreMix Kit(Intron.
Korea)E 23 Mastercycler gradient(Eppendorf,
Hamburg., Germany)E o]-8-3te] At 3l F=
319tk 7 PCR AHEES A Aol & Felshy)
9%t} 1X TAE buffer® 1% agarose gelS =51
well & Z7+e] primere] #1@3s= PCR AHEl
DNA gel loading solutions 41¢1A loading & ¥
100 vell Al #7193 5= 3ot 7|45 2= DNA
Fe|7} B gel EtBrE o]43te] gAst ¥ 219
Aol A gHelslal Imiging analyzer(KOMA, Korea)
£ o] 43led ARAl #9dS shedvh o9 housekeeping
474 A}el glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) ###}= internal control2 A3}t

11. Western blot analysisofl 2|8t CHHA ghsio
=4

A71e Fda W AeE MEES 94
& o] $3te B oh PBSE 2-33] AH 31
o}, o|FA EopAl M Eol| HuFEke] lysis buffer
[25 mM Tris-Cl(pH 7.5), 250 mM NaCl, 5 mM
EDTA, 1% NP-40, 1 mM phenymethylsulfonyl
fluoride(PMSF), 5 mM dithiothreitol( DTT)]—E— A
7¥ske] 4 CollA 1A17F FoF vheAIZL & 14,000
pm 2 307 ARk AAEde Qe total ot
W& 223 A A F== Bio-Rad
chil Al A2k A2k (Bio-Rad, Hercules, CA, USA)3
I Aol ot A & o 5% Laemmli
sample buffer(Bio-Rad)E 4oJA sampled &
Aok oA T T DA S sodium dodecyl
sulphate(SDS)-polyacrylamide gel& o] &3} A
7195z e RElE As 43t

I

nO{

acrylamide gelS nitrocellulose membrane(Schleicher
and Schuell, Keene, NH, USA) 2% electroblottingl|
s Aol A Fet Fe]H whAlo] Aol nitrocellulose
membranes 5% skim milkE &3 PBS-T(0.1%
Tween 20 in PBS)ell 7] AZellA X A=
incubationdte] ¥]E-o]A ¢l A Lo 3t blocking
< AAET PBS-TE 153587 33)AE AlH
3lede}. £¥]%¥ membraneel] 12+ A S 2] 5}
Ao A 2A17F o] A} w4 TolA over night Al
7] vh& PBS-TZ AA (1587 14, 582 59)3}
2 Al 12 A e 23F SA(PBS-T=
1:15002.2 3]AM3}e] A S }%EM el A 1
A A= v ZE B PBS-TE AA (10871
4¥)3l37 Enhanced Chemiluminoesence(ECL) slution
(Amersham Life Science Corp., Arlington Heights,
IL, USA) & A4 v HAelA X-ray filmell
A A SR e oks ulw EAE

o}.

12. In vitro caspases activity &M

Apoptosis el F23 H&FE 3= caspases
o] gAst AxE Yot 9t A4 F DST
o] 8- ujA|o|A] 4847t St X AEE B
= Uy 7)o Y e R diiAd s &5
3 Al

150 we®] =t A o] 55 50 W] samplest] 7]
A 100 pMo] 5% reaction buffer [40 mM
HEPES (pH 7.4), 20% glycerol(v/v), 1 mM
EDTA, 0.2% NP-40 and 10 mM DL-DTTJ 50 ul
£ &8st 7+ sample & & volumee] 100u 7}
HA stk o7]el caspase FFel wE 7]& 5
WE A7bste] 37 T, A 3AI7E B9k WA
7] % BELISA readers o|-4-3ke 405 nme &F4=
£ ol 43t ko] ARE A

Aol AHEE 7122 caspase-39] Z$-olE Asp
-Glu-Val-Asp(DEVD)-p-nitroaniline(pNA) ] 51 22
caspase-8%] %o+ Ile-Glu-Thr-Asp(IETD)-pNA

969
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o]glom, caspase-9-= Leu-Glu-His-Asp(LEHD)
-pNAG

m. # %

1. DSTO| M|zZe| MEZ0| 0|X|= A&

DSTY Agld] w2 <A FA El UI37 Al
T AEEE Go} 1Y) 95t DSTS AAE =
2 4877 st H#¥ &, hemocytometerZ Aro}
AE M E 5 AFste] Falstsidh

0.3 mg/me FE/NAE A&2g 2
A7 F3be Aoz JeRgARE 04 mg/ml
o MEE FAT AEES] A} s o]
/ml A A A E oF 65%°]

AEF o, 5= AL 0.6 mg/nl o] F A

%= 7|
=

=
[<)
5 m
A}
O

_40(;

0.
AL 3 ¥

=

300

200 | i

100 |

Cell number (X103/ml)

o LI, ﬂﬁﬂ.m.m.m

00.050.1 0.2 0.3 0.4 05 0607 08 0.9 1.0

DST (mg/ml)

A 3 MEZAY RO B AT

gl A= DSTel &3led U937 27 A A=
7 el Aoz A TH(Fig. 1A).

2. DSTO| M|zl ZAl0f| O|X|= A&

DSTe] <A M ES U7 MES FA0
o]t od8kS mA = A2 dolRy] ¢3le] AR
2] A7 A2 3 MTT assayS o] £3le] el
3o

0.3 me/ml ] FEAAE FA A £ AA
ElA] okgkA| ek 0.4 mg/ml e FEAA oF 50% A
o] FA% FAgA =z Jeptr] Alzbee,
05 meg/me FEAME F 0% A= FAA
E3p7} Yepgdoh =38 0.6 me/nl M E oAbl A
+ U937 Az FAlo] A9 dojuA] g4 Ao
2 Jepgoh(Fig. 1B).
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Fig. 1. Inhibition of cell viability and growth of human leukemia U937 cells after treatment with DST.

U937 cells were seeded at 1 x 10°/nl in a 6-well plate and treated with variable concentrations of DST for 48
hours. (A) Cell number and (B) viability were determined by hemacytometer counts of trypan blue excluding
cells and metabolic-dye-based MTT assay, respectively. The data shown are means * standard deviations of three

independent experiments.

3. DSTO| tM|zZe| HEfHStol D[X|= He

DST Aol o3 A2 J&E 42 2 F
A @ade] U7 Aze] ol ofmd d3<&
HAEAE 3718k LT AzbEer AEE A

970

F =REuAL o]&ste] 200w w2 #E3}
e,

0.3 mg/me A Z7AE elA el W3lr} A9
vehtbA] kAR 04 me/ml EOIARE AA
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Fig. 2. Morphological changes of human leukemia
U937 cells after treatment with DST.

U937 cells were seeded at 1 x 10°/nl in a 6-well
plate and treated with variable concentrations of
DST for 48 hours. Cell morphology was visualized
by an inverted microscopy. Magnification, x 200.

4. DSTO| &{o| HEfHSt0| O|R=

DST AHzlel o8 FiEE &S T 34
g7 9 et} apoptosis 2 A3 o] Q)
EAE 2AK817] $1381ed, apoptosis 2 Al o]}
A HEEE= 9 JesE 2AEIEE ol & 4
sto] A 9 DSTel Ad wiA|ollM 48417 5
ob wiokel U937 MZEE A7 & DAPI 94
AAgte] 3 33n] Al A FEE

A4 g 0.3 mg/mle] DST A2 7HA = AAA
ol e W= o Hejo] Wiy}l JAEA ASHA
gk 0.4 mg/nl A2 A EE = o U ZH4g)
tlEo] apoptosis7} ot AMEellM HYH o=
#AEE A S35l 43 apoptotic body7h

DST (mgiml)
Fig. 3. Formation of chromatin condensation by
DST treatment in human leukemia U937
cells.

U937 cells were treated with DST for 48 hours
and then stained with DAPI solution. After 10
min incubation at room temperature, the cells
were washed with PBS and nuclear morphology
was photographed with a fluorescent microscope
using blue filter. Magnification, x 400.

5. DSTO| Sub-G17] &’ dof| 0|x|l= L&t
2 DST Aol w2 U937 MES] apoptosis
T ARE AFHOE vw FAE] Ssted A
719F U 2702 wioksl SHEE HACE flow
cytometryS ©]4-3tod apoptosis7} FEE IS o
2 AAEHE sub-Gl7]el slgste NEE ZA3
et
AR A el A 2k2E U937 M Eel|49] 2H4 apoptosis
i AlEs oF 13%=2 wl$- ke, DST 0.1,
0.2 & 03 mg/ml H2]ZAME 1.4, 25 2 43% A
=2 HAR A 28t A E9} F Aol E Kol

o7l



old kM 2ol et FHIS FESol SAAM A MEALL

A ekoke} 3FA T 0.4 me/ml XA A= 2k 15.6%,
0.5 mg/ml 2] ZNME 2 335% A5 A Eo A

apoptosis7} SEEE Ao 2 YelytH(Fig. 4A, B).
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DST (mg/ml)
Fig. 4. Increase of apoptotic sub-G1 cell population
by DST in human leukemia U937 cells.

(A) Exponentially growing cells at 50% confluency
were treated for 48 hours. with indicated concentrations
of DST. Cells were trypsinized and pellets were
collected. The cells were fixed and stained with
CycleTEST PLUS DNA REAGENT Kit, and
analyzed by flow cytometry. (B) The percentages
of cells with hypodiploid DNA(sub-G1 phase)
contents represent the fractions undergoing apoptotic
DNA degradation. Data are means average of two
separate experiments.
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6. DSTO| DNA fragmentation0il O|Xl= &

Apoptosis -2 AFe] A FelS ¢l5te] apoptosis
e AAHA = g FA dgss DNA
fragmentation oJ%-Z agarose gel A7 G Fo= =
Abatol et

AA 203 mg/ml 22 27FA= DNA fragmentation
of w2 DNA laddering 84S 2 £ 39A
Tt 0.4 mg/ml 2] ZoAE DNAZF ZE]E dAbo
velgtord 05 mg/m A2l ME apoptosis7}
ot A ZEe]A B 4 gl DNA ladderings
Aol A necrosisell A B 4 & smearings FHF
& 4 9dATH(Fig. H).

M Q 01 02 03 04 05

DST (mg/ml)

Fig. 5. Induction of DNA fragmentation by DST in
human leukemia U937 cells.

U937 cells were incubated with variable concentrations
of DST for 48 hours, then collected and DNA
was extracted. The DNA fragmentations were
separated on 1.5% agarose gel electrophoresis and
visualized under UV light after staining with
EtBr.

rd

7. DSTO| death receptor S1t SEAISS| L5
0|x= st
DST A2l <J3t apoptosis 7 A] death receptor
o &3le fAAtEe] FAZEAE Fals] 4
sto] i Z Aol death receptor A 2@ 7}x] ) uk
3 wsks Aa 9 g Fed A 2AFESICL
RT-PCR W o2 ZAlst Az, mRNA %ol



A DST Aol o Ld wW3l= xAkd 39
TS Bl #EH A ke (Fig. 6A).

&A%t Western blot analysis WM& o] &3}
il el r 9] W WistE 2ARE A3 TRAIL
DR5, Fas ¥ FasL® A%+ 2 H3l Ve
okerA|wt, DR4S] A% mg/me ESoAr
ekl S A (Fig. 6B).
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< GAPDH =t

Fig. 6. Effects of DST treatment on the TRAIL, DR4,
DR5, Fas and FasL expression in human
leukemia U937 cells.

(A) After 48 hours incubation with DST. total
RNAs were isolated and reverse-transcribed. The
resulting ¢cDNAs were subjected to PCR with
indicated primers and the reaction products were
subjected to electrophoresis in 1% agarose gel and
visualized by EtBr staining. GAPDH was used as
an internal control. (B) The cells were lysed and
then cellular proteins were separated by SDS-
polyacrylamide gels and transferred onto nitrocellulose
membranes. The membranes were probed with
the indicated antibodies. Proteins were visualized
using an ECL detection system. Actin was used
as an internal control.
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8. DSTO| Bel-2 familye| &4&dof 0x|l= B
Bel-2 familyol 43le fAAES @A
mitochondria &l &3l o2 delA glo
v} mitochondrial membrane potential(MMP, Aym)
ZAe] FoJd o2 M apoptosis Y oS AA

3= Aoz aEA gl

Anti-apoptotic A#Fel Bel-2 2 Bel-XL3}
pro-apoptotic F-A#kel Bax % Bade] i
mRNA 2 ild B RoA §-o2 <l wishr} e}
U] ookl (Fig. 7A, B).

&}2)5k = o2 pro-apoptotic FHAFZA death
receptor® 538t caspase-8¢] A IZ <ldle] wHH
3} gAbe] futEE Aoz o#Al Bid whA Q)
73 <3 tBide] w2 AAHA IAR
Bid = zpA 9] Wy o] s Ao A

=5 (Fig. 7B).

A) B)

DST {mg/ml) DST (mg/ml)

1
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<« BelX, Emaasen® L iy

< Bax <+ Bax

«— GAPDH «— Bad

«— Bid

<= Actin

Fig. 7. Effects of DST treatment on the Bcl-2 family
expression in human leukemia U937 cells.

(A) After 48 hours incubation with DST, total
RNAs were isolated and reverse-transcribed. The
resulting ¢cDNAs were subjected to PCR with
indicated primers and the reaction products were
subjected to electrophoresis in 1% agarose gel and
visualized by EtBr staining. GAPDH was used as
an internal control. (B) The cells were lysed and
then cellular proteins were separated by SDS-
polyacrylamide gels and transferred onto nitrocellulose
membranes. The membranes were probed with
the indicated antibodies. Proteins were visualized
using an ECL detection system. Actin was used
as an internal control.

9. DSTO| IAP familye| &&d0f| O|A|= A&t
Inhibitors of apoptosis protein(IAP) familye] %
Qo] DSTe| olwjat 3k vA= A2 sFelshal
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o

IAP family & XIAP ¥ cIAP-2¢] 2o &2
H37E HREA FAE = o2 TAP family
survivink @ c[AP-19] ZA$olE= 04 meg/m 2 05
mg/ml 2] ZolA] mRNA ¥ sl £ aje)
Wy vk A (Fig. 8A, B).

A) B

DST (mg/ml)

—

DST {my/ml)
0 04 02 0304 05 0 01 020304 05

<— survivin «— survivin

« XIAP « XIAP
< clAP - :: 1</ clApA
*+— clAP2? W e i - - «— clAP2
<+ GAPDH < el

[ A
[

Fig. 8. Effects of DST on the levels of IAP family
members in human leukemia U937 cells.

(A) After 48 hours incubation with DST. total
RNAs were isolated and reverse-transcribed. The
resulting ¢cDNAs were subjected to PCR with
indicated primers and the reaction products were
subjected to electrophoresis in 1% agarose gel and
visualized by EtBr staining. GAPDH was used as
an internal control. (B) The cells were lysed and
then cellular proteins were separated by SDS-
polyacrylamide gels and transferred onto nitrocellulose
membranes. The membranes were probed with
the indicated antibodies. Proteins were visualized
using an ECL detection system. Actin was used
as an internal control.
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10. DSTO| caspases®| 81 ¥ &0l O|X|=

Extrinsic pathway % intrinsic pathwayZ
apoptosis % Al oJ2] £F¢] caspases7} HHei3}
+ AeR deA gledl, o] F 53] caspase-3,
caspase-8 % caspase-97} F2o3F §AzE ubE A
ek

37FA] caspase®] EFAE oA
AH oz DST Aol upel y= &4

of

S

B3
)

v

1_4

H

#o|
z 7}

“

12

10 i
B

(Sx]

74

S0l et ol

Hie Ao JepdARt @489 oA wg &
7V A3 AAs)E Y ik (Fig. 9).

upetA o] e AFE A FQIstr] 91314 caspases
o A ATE i witro assays E3ke] A4 Aw
A A

Caspase-3, caspase-8 ¥ caspase-9 EF7} 0.3
mg/nl 8] FEZAE A=} A FIbekA] o
YAIRE, 0.4 mg/mle] FEA HEE F 5
7tE Q. B3 AN ES vwEle H Hxol
0.5 me/ml A ZAME FAAE7) caspase-39] 73
% <F 5ul], caspase-8= <F 354 @ caspase-92] 7%
oF ) AE Z7lel= Aoz 2AE Y (Fig. 10).

§

11. DSTO| caspase-3 7|2 EHE S| L50f OX|=
o5t
Apoptosis7} 2% A el A 2A3}E caspase-3
of 9ste] HolstA a7t dejuts 2 7k 7]
Ak el welo] nlA]E DSTY o3& A}
At
DSTO] A& F= %7l @t DNA repair %
genomic stabilityell Jeddl= Sz A Q] 7| - A
3l poly(ADP-ribose) polymerase(PARP)&} Al E£2]
A3 Z*‘Oﬂ Z93 ﬂ%a 3= phospholipase
Sl Soll & FwA e

=] %U}(Fig. 9).

T3 caspase-39] 71 M AZH apoptosis7}
2 o DNAS 3} F83 95 3k 7
o=z <4#z DFF40/CAD % DFF45/ICAD9] =
A& zAeE A3, DFF40/CADE & Hsy) &
= A ookAq, DFF45/ICADS] A$E Azls
& o 7 whaekel 71471 #2F U (Fig. 9).
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Fig. 9. Effects of DST in the levels of caspases
and caspase-3 substrate proteins in human
leukemia U937 cells.

After 48 hours incubation with DST, U937 cells
were lysed, and cellular proteins were separated
by SDS-polyacrylamide gel and transferred onto
nitrocellulose membranes. The membranes were
probed with the indicated antibodies. Proteins
were visualized using an ECL detection system.
Actin was used as an internal control.

* mm Caspase-3
=1 Caspase$8
1 Caspase9

Caspases activity (fold induction)
©
T
*
i

wfnlm‘rute
DST (mg/ml)
g. 10. Activation of caspase-3, caspase-8 and
caspase-9 by DST treatment in human
leukemia U937 cells.

Fi

U937 cells were treated with indicated concentrations
of DST for 48 hours. collected and then lysed.
Aliquots (150 wg proteins) were incubated with
DEVD-pNA, IETD-pNA and LEHD-pNA for
caspase-3, caspase-8 and caspase-9 activity,
respectively, at 37 C for 3 h. The released
fluorescent products were measured. Data represent
the mean of two independent experiments.
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12. Caspase-3 inhibitoroll 2|5t apoptosise| 4|

Caspase-39] #A3E A3 7%l apoptosis
7b A H=AE AT 714 caspase-3 specific
inhibitor¢] z-DEVD-fmkE 117 Ax2)s}ed caspase-3
9] A3E AAIg o-& 0.5 me/ml o] DSTS 484
7t AEste] A ES FA A AE P sub-G17]
o] Y4 AEE s

05 mg/nle] DSTE ©H5 AH3S Agole= &
Az 24 o] AAl=gloH sub-G1719] FA = Z7}
5 ubH, caspase-39] S AAlEGS A SlE
M 22| FA o] AAIFHA kstoH sub-G1719] A=
s ashe Aoz Jelteh(Fig 11A, B).
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S gl m

R — - + + 2.DEVD-fmk (50 M)
- + - + DST (0.5 mgiml)
B}

% of sub G1 cells
1)
(=]

e M M

- +

2-DEVD-fmk (50 1M}
DST (0.5 mglml)

Fig. 11. Suppression of DST induced growth inhibition
and increase of sub-G1 population by caspase-3
inhibitor, z-DEVD-fmk, in human leukemia
U937 cells.

U937 cells were pretreated with 50 pM of z-
DEVD-fmk for 1 h. then treated with 0.5 mg/ml
DST for 48 hours. (A) The growth inhibition was
measured by the metabolic-bye-based MTT assay.
(B) The cells were collected and stained with
PI for flow cytometry analysis. The percentages
of cells with hypodiploid DNA (sub-G1 phase)
contents represent the fractions undergoing apoptotic
DNA degradation. Data are expressed as mean =
standard deviations of three independent experiments.
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Apoptosis A S A& M= 39
3] W3} 2 DNA fragmentation A E7} caspase-3
o] FA JAE F&A A FaSEE A
o4 4 319 oH(Fig. 12A, B).

Z-DEVD-fml (50 M)

M - - + + zDEVD-fmk (50 M)
DST{0.5 mg/ml)

Fig. 12. Suppression of DST induced chromatin
condensation and DNA fragmentation by
caspase-3 inhibitor, z-DEVD-fmk, in human
leukemia U937 cells.

DST {mgiml)

(A) U937 cells grown under the same condition
as in Fig. 11 were treated with DST for 48
hours and then stained with DAPI solution.
After 10 min incubation at room temperature,
the cells were washed with PBS and nuclear
morphology was photographed with a fluorescent
microscope using blue filter. Magnification, x400.
(B) Cells grown under the same condition as
in Fig. 11 were collected and DNA was
extracted. The DNA fragmentations were
separated on 1.5% agarose gel electrophoresis
and visualized under UV light after staining
with EtBr.

13. Bel-2 2440| apoptosisofl 0|Xl= P&t

Bel-2& w9 SHHEoAM FhEd=e] gleo
™ °‘7'<1£°ﬂ AeIA kAle] AGAE doTle
T8 ddle] HE 7oz IdEA %M u}etA]
Bel-2& <l$1Hoz iy AZE 4% DSTY
Al o8] L= apoptosis7t °—*.Zﬂlilf A&
gl oot

Bel-27} #Ld" AEeAd F4] g4 o
sub-G19] g4 A=} ozt FAst AN 2 w3t
= UehA 4 Aoz A,

=

v

=
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olggt A}E oA shH Belsly] $)te] 39
e W3 2 DNA fragmentation AES FA}EL
Aol M= Bel-2 Fidle] w2 2 W3 s
A ksket.
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BIske. Ahe
7} epaAehe
7

e
g PANE A s
Frgeel digh 2o Fokell A A5 AR
Aol ehaat gt AL ¥eln glen
20 s o gkl ALY 5 7k olel] &t
golzst I8 I BAA 7|AE wez g

A DTl skl et 2 9 W 24}
st

®A, B4A % DSTel ¥
A5t wopE SpEES
F4 oA A= 2As,

A A AR A 29} vlwsiA DSTel

58 Ao 48
oz e o

R AN AR AL AEE Bh WA
234 1 A e Res g

(Fig. 1A, B). 53] 0.3 mg/nl A L7HA =

35 Ho|A] UNATE 04 me/ml ﬂaf"ﬂ’q—rﬂ
AZE 44 0 24 ) o) BAsA 27}
=3

°l‘v’1ﬂ *Bié i sl A A "ade] A
3.

0.3 mg/ml DST A 7R =
718 vehtA] dkskAIRE 04 mg/m
Al e FA4 AE 59 4 3
wow E3) apoptosis U B0l
membrane blebbing ¥4 53 ZE& Alg g
H3o] HAH I (Fig. 2).

DST Aol o3t} vehd HEE 7, 54
oA 2 e Wb} apoptosis LI oW E oA
Aol SI=AE s $ste] A x| & 3
g W3 s #Ag A5, 1% x A2 0.4 me/nl
TEAMEE ] " Zhae} vlEo] apoptosis
A AR oz FAEHE M- SEel ot

apoptotic body7} Z7ksh= 7oz #AF ek (Fig. 3).

o] DSTo] tHIE2] nucleosome?] linker DNA
Buol Aoks fugto a4 yehds DNA s
3} @Ao| B2 DST Aol o3t sz &S
o 742, FA A 2 He|A w3 e apoptosis
Wk YA #o] S Vet Aty A
Zrgl e},
o] 8k apoptosis FEAEE AFH L=z Fals}
93ted flow cytometry 2o &3t apoptosis
%‘ﬂa‘ A EZ NF3ste sub-Gl7]ol &3t AE
S wleE FARE A7, 0.3 me/nl M| LA
o 43% A= sub-Gle| o] Ao fHEA
o= Aoz VePGAR, 04 me/ml % 05 mg/ml
A]dolM = oF 15.6% 2 335% AEY sub-Gl
| e IFE A FlAM dAEA Fo1Et
e g s %“W(Fig 4A, B).
Aol A2} 722 DST AMelell ©]3k apoptosis F2
] g4 JﬁﬁVl $]ste] DNA fragmentation
o BE goarose gel A3 507 A A3} DST
TEE XA apoptosis7t Lot A E S A
vehts DNA laddering 84 328 4 9o
(Fig. 5). ©1*= endonuclease”} 23 2}=]o] chromosomal
DNAZ} 235955 owlsks 2224 apoptosis
Sako) 27 o}, Y4B A necrosisell A H.o]= smearing
A Hols Hio] AAHEY, F5F F7HH4
A7F ey Ats sy

o] iFe] Ao M DST Aol ot dAI 74
A2 VST M 28] AEE 2, F4 94 2 3
e 3 apOpt051s fbel] o] dojit: A
ojgte A& & 4 s

& AgolME= DST Aol ¢J3 apoptosis =
of #3t 7)1-HE HA817] $15te] apoptosis el
9)oJA] extrinsic pathwayel 203 9&& 3=
2l FAAFe] death receptor ligand 2 death
receptor €2 WWs}E zARSE A3} death receptor
ol DR4®] ao] sl FoA 718l A
2 Jehdeh(Fig. 6A. B). o] DSTel <3 f4
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5= apoptosis®] 7% extrinsic pathway7} #ei &
5 U YujEte Aoy & 4 9ok

Apoptosis frell 1e1A4 mitochondria”} intrinsic
pathwayel 83 95 3l ZoZ2 ¥4 3l
£, U937 AlZel| DSTS A=3H S A% Bel-2
familyel &3t FAAES] 48 W3}t i
A1 2elst A3}, anti-apoptotic Akl Bcl—2
2 Bel-XL3} pro-apoptotic A AH¢] Bax ¥ Bad
9] 79l mRNA ¥ whilzl wfoa] wha
37} FAFHA ket AN Bid A A
W o] A s AR 2AME I HH(Fig.
7A, B).

o] ALY AFE AFE ), 2ALE SAH R} $Fo
A& death receptord] DR4S ¥ Z715 E3t
extrinsic pathway?] @A43}2 <lsle st A

© 2 IaEY| intrinsic pathway= DSTol 23}
$E = apoptosisell Z F3FE vIAA] E3e A
o7 "E 7+,

Caspases ©J&4 <l apoptosise =] A= =
AFEd, 7 F AP family= AAF 24 elA}el nuclear
factor kappa B(NF-kB)ell <8 A= apoptosis
i Al 83 9SS caspasesehe] AFE
224 caspases FA A E 53 apoptosis IA
of AXA oz Fosts Aoz g 9o, o
23 TAP family®] w8 wW3}o] DSTe] ojujst o
& n A= A S Folgk Az, XIAP ¥ cIAP-2
o] o= T Wyl FEEA 4dskeh(Fig. 8A,
B).

A9 survivin ¥ cIAP-1¢] 7 $-ol= DSTY
s527F Z71eel wel mRNA 9 Al 3ol A
9 Wt 747t #AAEgl o= 2 (Fig. 8A, B) DST
H2lell 3 apoptosis el SleiA survivin @
cIAP-19] && 7ka=2 <l caspases A3 GA
A7t 283 9FE e AE 4 4 A

2 Ao M= DSTe] o8] 79 caspases 5
apoptosis o] AAHH o2 Tt Aoz &
%l caspase-3, caspase-8 ¥ caspase-9¢] sl

978

7o

e

ek o1 7

ojuf gt gk wXE= A E ZASE A3}, initiator

caspases?] caspase-8 2 caspase-9¢} effector caspases
ol caspase-3 EF EAIE whAle] Wy A
& Gl AgE v chilal o] Wk 7k} e}
$oh(Fig. 9).

v 2HA1 e ol o] 7142 4 caspases®] EAlo] &
Hige A& 335 4 AT B o A8
gaelS 93kl in witro assayS ©]4-3te] caspases
o] # A AR A A 244 3
Z59] caspasesq] caspase-3, caspase-9 % caspase-8
2R A FA4 Ax7E A Sk e A
o 4 Uk (Fig. 10).

2438 caspase3S W Z|AHIAES Bajg)
224 apoptosisE U FH+adH, HEAHQ 7]
Akl A 2= PARP, PLC-yl, B-catenin. DFF40/CAD
9 DFF45/ICAD 5o &3t}

w2 PARP whiAe] Z$ofl= DNA repair, DNA
stability @ ZAtzAe] FHeddt= nuclear enzyme
© 2M molecular nick sensor 71+ 3= N-terminal
DNA binding domain® NAD+7} Z&8l= C-terminal
catalytic domain® 2 FA=o] ¢lem, DNA repair
71%5& s T DNASY ZAgs <dAsE Fl
9 F2gty 3= & 709 zinc finger motifE 7}A]
T Qe Aoz dA oY A4l PARP
212 116 kDa EAERE 7FA AR of7 7}
apoptosis FEAlZel ©J3le] cagpase-3°] A3}
PARP A9 Asp2149t Gly215 Abelol|A] 3
7F dojuia 85 2 24 kDa9] ©HH O 2 proteolytic
cleavage”} 25 Aoz A

FHZ A7l /1'5}“5 phospholipase C(PLC) signaling
pathways A 2] FAol 9lejA wj¢ F83idy
BrseiA T I PLCE AZ 9 244 4
A 2313 e PLC-yl ¥ ZEA Zw &4
3t PLC-v23} 22 F 74 isoforme] &84+,
phosphatidylinositol 4,5-bisphosphate(PI 4, 5-P2)
= protein kinase C(PKC) activatore! diacylglycerol
9 A E W Ca2+ Ao F23 93

< 3= inositol



1.4,5-trisphosphate(IP3) & 7}488st= 2oz o
A4 9l B3] PLC-y19] A$E apoptosis7}
frE A9 caspase-39 #A3E <ldle] el
o] s} gAfo] dojubm R apoptosis FL] A
84 A2 Ao Ha Y

= o2 caspase-3 71A A o] H cell-cell adhesion
9 Wnt signaling o o33l E-cadherin-associated
protein®l B-catenine A E W F4 §-x ¢} ekt
A AEY AAL 2A-e F93 J#E 3§
NEZ 443 A9 apoptosis 2ol e,
B-catenine AAF M E2] AS 92 kDa2l EAeS
7HAY caspase-3¢] #A3E B3I AE F2AA
apoptosis”} $-2+== adenomatous polyposis colil APC)
o} Zgs}ed N-terminalolAl glycogen synthase kinase
3B(GSK-3B) ©]¥4 4l phosphorylations f#3H=
complex®} p53 &l A EF7] JAo] whgsl=
complex 53 722 F 719 proteasome degradation
complexell && HalFe] 62-72 kDa® ©wH3 s}
Youp= Aoz oA g™

Apoptosis®] 7H F238 dA F 3htel DNA
DA 3le] Feddt= FAA] DFFE DFF40/CAD
s} DFF45/ICADZ 4o} $I5H**. DFF40/CAD
9} DFF45/ICAD= M & complexs 3A3lx glom,
caspase-37} A 3Ew DFF45/ICADS F +d
Asp A7)0l M 37} fkEe] DNA fragmentation
o FeJal= Hoz A olepl

w2k DSToll 2J 3t apoptosis FEA] o] & -4
A2 W e AR A3 PARP ¥ PLC-
y19] A5 D3t dabo] HEEQoH, B-catenin
9 DFF45/ICAD®] 79+ 3 dito] #2y
A okgkA|Rt wbE ok A4A| 7} HAEE Aow el
$oh(Fig. 9).

o|ake] Axts Atwrw, DSTel| 28t ¢lAd7<t
A28l U937 A ZA2] apoptosiss= death receptor
ol DR49] W& %712 <l caspase-89] 2HAd3}s}
Jof u}E Bid ©Ae] 7H4 2 caspase-99] 43}
caspase-3°] A 3}el 9|3t 7| Al A 5o ki 3}

A 9 iy kA 53 22 extrinsic pathway S
5 < & 5t

Caspase-39] 845 g<lsl7] $13ke] caspase-3
specific inhibitore] z-DEVD-fmkZ o]$3}te] caspase-3
o] BA3}E JAsdE Aol apoptosis7t A
HeAE AR A3 34 gA Aol dA s
A4 Hglom apoptosis AEE A EHE AL &
& 4 Qdsich(Fig. 11 % 12).

olg gt A DSTAHE ol w2 apoptosis &
o 9lelA caspase-3°] A3} DA NN F
23t s FEty v AL ovldh

Mitochondrial membrane®] permeability *3}&
53t apoptosis el eI Fog J&E =
Bel-2 family % anti-apoptotic 4%kl Bel-2%
2o A ZAM FEEE E Aoz &
24 glom kx| ge gleiA Al AdAdE 7t
A= $1gle] HAcky ByE el gle ™, wheby
Bel-2¢] #d& zAste o] ¢A80] 285 ¥
ol&d FLo3vy & 4 sl

B Ao M Bel-2E d$Hez i A7
= 73 DST Aol ol 2= += apoptosis7}
QA H A5 Felstsinh T, AR U937 AlE
9 Bel-2E od¢A oz e ]zl U937/Bel-2
Ao DSTE Astl& A5 Az $4 A4
Aol 2 Wizt vehtA] dskeh(Fig. 13).

olg gt AL sub-Glo A AE, I )
W3 9l DNA fragmentation 355 ZAHE 242
M= Al & 4 ldeH(Fig. 14). F Bel-28
T2 DSTo| i3l apoptosis HAlel 2 ©
& vAA F3le ZoE AztEd.

oj4ke] Aspo A DSTE AN IA £F9 U937
A x| Heslds A5 A T &M A

ol

Jo

)

ris

I

rlr
fo w

o lo

28 A4 34 94 2 gy Wz fEEge
o, o] 3 W3} =L apoptosis LI UAHI A
o] Q)= Aoz Jehydt

utelA] apoptosis o] Awd A2 E Fated
o] FAA A #lst7] #15ted apoptosis el
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o3l SAHASS A A3} death receptor
D uhy 2712 B3 caspase-89 FA1E7}
wEglom, o] 2 Qldle] Bid Al ¥ 7H
7 caspase-9 @ caspase-32] EA13tel 7]
AL B3 53 2L extrinsic pathwayS
o] apoptosis7} FEEE Aoz FelFEgH
caspase-3°| 23 45 e Ae =l
4 Al
"’314 o] Abe] Azpwto g DST| 8otz o
12 APH R F=3prlelE - ofEeEE o
ok8l Z7lAol Aldo] falEojof & Aoz A7t
Hr, 04 mg 0|42 TEEelA o3 &3}
etez A4 d5 AE9 cytotoxicityell Hg 7}
Age] F83lvy AtsE.
2 a7 A= DT A3shA 374 &
A& edlsty FF A&Ad AFE A% 71z

ARZA 3 AR} e ¥ Aoz 4%Ed,
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 ATolME DSTZ 7K & %“’LEJJ- 9 79}
o

?ﬂr%‘!lﬂ 7)Ao W3] dotr] $lslte] AT
AEel U937 A ZEelA DSTe 9sle] fFutal=
apoptosis 7] %ol #A3F A+E AA| 3l o5 7

9l 2] U937 M Eo| DSTE A& s}
As 7 xam SEHoz E 4E
& n):_l %/qo] 738 JAF 9l 2™, membrane
Lo Agk e A Wo]

do] Yests HAs 4
3} apoptosis i Al YeRtE G4 S5
2|3t apoptotic body7} 2= 91, apoptosis -
qb Azl seE sub-Gl7I7F sl e
™, DNA 23} 34}e] Yehts 7102 89l
ok whebr DSTel oA = U937

280

. DST+= Bcl-2 family % death receptorgs %
ol

LN 2 M do oo

S0 B3 17

A Ed M AEE 2 F4] gA|9} ez}
apoptosis F2t WA HHo] 9JS & $

it

. DSTel €13 U937 M £2] apoptosis el

oJA] death receptord] DR4S] W 5Felr] 2]
e 27t 223 988 g e el
Aok

caspase-8] FA 32 ol3le] whH 3} &Afo]
wxlo] MMP lossol] Fodsts Aoz o4
Bide] w&& AT+ Aoz Fel=h

=L qo o

. DST:= caspases®t A3tsle] apoptosis =

AAet= Aoz delA [AP family 3 survivin
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