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Effects of Selaginella Tamariscina on Apoptosis via
the Activation of Caspase-3 in HL-60
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In our previous studies, we reported that Selaginella Tamariscina(ST) induced apoptotic cell death in HL-60 cells
selectively. The cell viability after treatment with extract of ST was quantified by MTT assay and trypan bleu exclusion
method. The results showed that application with ST in HL-60 induced 40% cell death at the concentration of 400 g
/ml. The cancericidic effect of Selaginella Tamariscina was mediated by apoptosis. Thus, HL-60 cells exposed to
Selaginella Tamariscina displayed the DNA fragmentation ladder and nucleus chromatin condensation characteristic for
apoptosis. The enzyme activity of caspase-3 and actived caspase-3 protein were markedly increased in HL-60 cells
treated with the extract of Selaginella Tamariscina. In addition, the extract of Selaginella Tamariscina induced cleavage
of PARP, a known substrate for caspase-3. The expression of Bcl-2, anti-apoptotic protein, was decreased by treatment
of the aqueous extract of Selaginella Tamariscina in a dose-dependent manner. And the expression of pro-apoptotic
Bax protein was increased. In conclusion, our results suggest that the extract of Selaginella Tamariscina may induce
the apoptotic death of HL-60 cells via activation of caspase-3, cleavage of PARP protein, depletion of cellular ATP

levels and Bcl-2 degradation.
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ol AZXFH T 2H, £ MELS XAFTHLEA HEQHO,
AZ2SRTH, LAY, apoptosis 53} ALY ATF7L
5] o] 2R T YcH. o) & M E6)E A} (programmed cell
death)Z E8F|oJX)= apoptosis™ = M Zut} ol EoldH
HENSHE W3 ENlElen AZA9 £4, MELOZRE
AZHE7I7} EEEHe 34, O] el AZzWEEo] AZZ
2e gold L}2 apoptotic bodyzhz E45t T2 & k=
53, 3 HolAg) g4l %, & 2FolL) DNA fragmentation
i 22 o8 Helyt SHlElE @ASE, apoptosis7t Yo
W HEE FHY MEEON} macrophage 9] AlMZENE o)
A3l AAREZ Bxigo] Hoj olzd EFE 83l U9l
X)Eol apoptosis 71 E S8Sh= B @77 AL At
A foslold 42 SSUSNEERMN) - ABUAEHER
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8) - SAHLAGBESE) 59 240 A5l NEA (R
B - BESF(REBEE)Y Hr17) WA 1 ZiRdol(Emn
) - NIOEE EEESY JiE ddo) wixo] A2 ¢o)
FHETHPY. mEdd &9 X8 E3 S8l wek AR’
E@R), AEIRI(EHAE) 59 REUERER)T gdslo(fE
ML), SIEAARER) 9 AARE(RRE), I8l 4
ol REHN A E S8 FAHARFERREO] 0|88
Ch. o] & Ed3lojHI H=HQ X 5RO E ¥R &
2o W FRY WRo] Bol S8 E Aoy, gy
ojHE 283 UH9 U ATAIIA e AW (i)Y
FAM Lol TS EolF getFE PP apoptosisTFE ol 9§
ABAS L 4 UUTH olo] WWEY @FE apoptosis FE|
X, & caspase-3, Bcl-2, Bax, PARP £& ZAlsld tlen} 22
St AUE ARVN0] Hidlke nlolth

40
1o
o J

Az 2 By

1. AlES A=

2 4Ugo) AE¢H F(Selaginella tamariscina)2 LEIFE
GFAAHA I E)ollA] FUBI] AFSBIT). AW 100 goll EF 1
L& T8I 3 A1 HAA] AZE 3l 3,000 rpmlE ¢
A 22|18t &, EF7|(rotary evaporator) 2 2} EE3IICE o] %
-70C(deep freezer)ollA] 12 Al7} 0]2} BSZHAIY) U} freezer
dryer& EZ1Z A1A 10X BY 1203 g (58 & 12%)9] A
FE gom, AlBe Jgtt a2 SR 83l &
0.22 gm membrane filter & ATt RS ALRFIHCE

Ok

Hr M o2

2. A ZEpied

HL-60 AZF(Q=AMZF28)9 iy CO: uigr1@37T,
5%)01A1  10% SEHolEF(fetal bovine serum)o] FFHH
RPMI-1640(Gibco BRL, Life Technologies Inc., US.A.)ajR)ollA]
ikl o, 4 ¢ vith 3 ml9] trypsin-EDTA(Gibco BRL, Life
Technologies Inc., US.A) 89 AIE5lY AhHiYS A6}
WA AWEAEEES AoIS F ML) apoptosis #4t3} olo] &
e Yakeky dE e Yot

3. MTT assay

37°C, 5% CO; 5lollA] tHQFE Denizots} Ritad] WH™g uw}
2} MTT [3-(4,5-dimethylthiazolyl) 25-diphenyl tetrazolium
bromide] 8N & T E welloll 50 ub/well X 7}al) FIL TIA] 4 A]
7H ol Bl BHAERAL W)€ 3,000 rpmollA] 1027}
AN et = WYY formazan ZFE DMSOo| &dlAIA
micro plate reader2 540 nmollA1Q] EBTE SH5IGTE dF
24e Ugizo) BF ODS0RIS Tl HER(100% YED)
9 o OD540zkel tigt R ER FRISINTE

4. Lactate dehydrogenase(LDH)E4 T &Z¥
LDH activitye cytosol Wi &&§5l= LDH (lactate-

dehydrogenase)oll 9]l lactateQ] oxidation IHE FHsH=
BHT HARMP®0Z cytosol 19 LDH activityE #&H5)7)
A5l A 51E LDH/LD procedure (Sigma, Diagnostics)E 0]
SoInoH, myNe URE AEIJLt. & phosphate
buffer(pH 7.5)0) 52559 NADHE pyruvateZ EA)71=
RIS E O|&SH RAolth 340 nmQ| FBTY ZAE2 vl
LDH & kol vlgsh g€ o835l LDH 88T 8 &85}
At

5. Hoechst stain

ApoptosisiE o4} Fojuk= DNA 233519 JMF =5&
BEBY] A5k] Hoechst FUE AlABINCE ANEFEEO]
el MEZESE 4% formaldehyde 8HollA] IHAJ7] & PBSE
Ao)F 1 Hoechst 33342(Sigma Chemical Co. St. Louis, NY,,
US.A) &4l)ekg PBSoll 10 pMo] HA 34dld 10 8 7+
AP & TiA] PBSE MHSIL FFr|ZLZ BEBINICE

6. DNA £& % 7198

DNA B34S 80l wie Miller 59 Y7ol &5}
of AAIBIACE AEQ genomic DNA £&& Wizard genomic
DNA purification kit (promega, Madison, WI, US.A)E 01835}
%20, isopropan alcohol Xl 9l 2&%¢ DNA 70% o
g0 MAESE £ UF dARAIFcE TE &5 8H(E0 mM
HEPES pH, 74, 150 mM NaCl, 1% deoxy-chocolate, 1 mM
EDTA, 1 mM PMSF)oll €31 DNA 5 ug& 1.5% agarose gelo]]
50 V, 3 X7t B0t AUIYEE 4AI5KT ethidium bromidedy] &
A5l UVglolla] BEEIACE

7. Caspase-3 &t &3
HAWEFEES AR skl ROl FIL HL-60 Alzoj
Aelst & AZE 4 2elsld 2SR 28E A=2E 4
glAlgd R 18] AAE, 4TColA 30 2 EQF F2LEEU(1%
Triton X-100, 0.32 M sucrose, 5 mM EDTA, 1 mM PMSF, 1 ¢
/ml aprotinin, 1 y4g/ml Leupeptin , 2 mM dithioreitol(DTT), 10
mM Tris/HCI, pH 8.0)22 &3aidlod, 20 & SQF 13,000 rpmS
2 A4EXZECE AMERIGK de UFHE  Bradford
(Bio-rad)H © 2 H&5}0] assay buffer(100 mM HEPES, pH 7.5,
10% sucrose, 0.1% chaps, 1T mM PMSF, 1 pg/ml Leupetin, 2
mM DTT)o]l 3]4A|71 ¥, caspase-3 EHT EF 2 FBES LE}
- 7142A 100 pM9] 7-amino-4 coumrin(AMC)-DEVD
motif-specific peptide (Calbiochem. co. San Diego, CA )& A}&
SIR L, HETES AMCSIRIERHE 8%0] do ¥3A1I &, 8
ZEXAE 7183 37ColA 30 2 7t vigr]7) & fluorometerE
ZF8IATE olul caspase-32] 4ol 9Jal eHiEl= HHEE 380
nm®] of7]3}EH(excitation wavelength)T} 460 nm®] W&
(emission wavelength)2 AFRSICE

8. Western blot & image analysis
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AWY| Caspase-3 EHBIE E8F HL-6D AT MIANH ST F

HiQRE HL-600] AWMEREEE M2l & 48 A7 Z3sk o}
£ HL-60 MZE 4AH38lY, cold Hank’s balanced salt
solution(HBSS)E 2 3] MASIHCE ZHE M ZE lysis buffer
(phosphate buffer, pH7.4, 1% Triton X-100, 1ImM EDTA, 1 mM
PMSF, 1 pg/ml apoptinin, 1 gg/ml leupeptin) 2 & 204 51
STt 83l Al B5doll 2X sample buffer9} 430]4] 100°Cof
Al 38 ZH #Ql &, 10% sodium dodesyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE)E A|#3IRCE @719 E0] 8y
gel9] ©HMZZ nitrocellulose membrane@E transferdt &
blocking buffer(10% skim milk)& 42041 2 A7} £0} ¥1S)
71 % , primary antibodyEoll thgl A E Tris-buffered saline
off 1:1,0002% 3451 YFSAIZIC) secondary anti-rabbit IgG
conjugated horse-radish peroxydase(TBSTZ 1:1,000C.F 3|4,
Amersham, England)@} 2}2014] 1 A]7} 8K8:4}7] & enhanced
chemiluminescence kit(ECL kit: Amersham, England)& AL}
o Eo =&EA|HC} Image analysis®] ZS Vilber Lourmat
Bio-1DE FF 3

9. EARY
UEo)A] P2 AIE one-way ANOVA testE 0)28l &
A MeldlH L, p<0.05, p<0.01 £FdlA FAXE BHsIICH

4dE %

1. AMEZSE0] YUUME HL-60M E MEE] X g8

SREE0] AN EL] HL-604 29 YEgo) oy
QotH7] {5l WA IMEFEESY 8L
50, 100, 200, 400 ug/miZ XTI & 24 A17L 48 AJZF M| ZE
i ekale] AlE WEEQ] HELE MTT assay, trypan blue assay,
LDH activity assay /€ S THIEOE ST (dgy
o ER).

MTT assayE &3dld MZUEEE TS 2 IE2FE
100% = EHRIBINE AS, 88.86% (50 ug/ml), 87.92% (100 ug
/ml), 69.76% (200 ug/ml), 64.95% (400 pg/ml)Ql $XE B
AzYEEC] sLYEHOE ZoBE U 4 UJCHFig. 1A).
Trypan blue assayE 4A|SF A= WA 24 A7} AgjTolrie
HETE 100%E BISINE 4%, Fig. 1A9] ZIe} FASH
9 % (50 ug/ml), 87 % (100 ug/ml), 81 % (200 ug/ml)T} 75 %
(400 pe/mhE VIERHRACE SIAICH 48 X[ AelolAlE 87 %
(50 pg/ml), 85 % (100 ug/ml), 76 % (200 ug/ml), 55 % (400 ug
/m)E UER]o] MEHES0] et T GAlgE #EE ¢ A
RACHFig. 1B). Apoptosise: HERGH AzdolA] MlZEb Ti3 5
A @ga AEZE AAZEE BA8-12) 22 31 Art 471 4ol
Al BEE dgdas dollle AEZ4E EnE B3aE Ziol
E & apoptosis®} necrosisE BESI=H olgdgol Ut ol 4
7210l LDH activitye= cytosol W £x§5k= LDH (Lactate
dehydrogenase)oll 215104 lactate®] oxidation WE & EH =
ME AARPEP® 0 F cytosol WS LDH activity & BEEC

e
02
o
wlo
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A
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2R Azuto] mty F28 FF5 Ar1Z2aelA BER ME
BEE7} apoptosis2] Y4HHE FFSILA SINCE AYER
&= 50, 100, 200, 400 pg/mlS] HTZ Mol Ml & 24 A
T} 48 AR Fol dfulHoxgl Zol 4BAUEg Eelidlod
LDH activityE EF3INct &8E A thil 2Ty E¢
AZ LFFoiA] fold induction (%)C.8 EAEICE HA, Fwd
EXAZE 0, 50, 100, 200, 400 pg/mlE 24 A7+ M) Foff LIERS
LDH activityy= 2}2} 100 + 6.23, 100 + 4.52, 102 + 7.25, 90 +
3563} 92.7 + 546 (%) 2= FHE] T4 oW AEE HIS
U ROHEE VERIR QUCE EF AUEXRSES M2 F 48
AlZ} Zoll LERY LDH activity= 100 + 824, 1028 + 552,
103.31 + 10.09, 103.98 + 11.04, 124.04 + 6.36 (%)2.F ZAF)o]
IAsToM tid BriEe dde VUERATHFig. 10).
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Fig. 1. The viability of HL-60 cells dependent on the concentration
of ST. 1x10° cells per well were seeded and cultured in CO; incubator for 24 hr
without any treatment for stable condition. 24 hr and 48 hr were time duration for
treatment of ST. Data as Mean = S.D. A : MTT assay, B : Trypan blue assay, C
. LDH activity assay. * : statistically significant value compared with control data
(*p¢0.05, "p(0.0n
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2. UM EFoA] AWBFEEY apoptotic body #E&

Apoptosis®] EriZ Hepshs £ Mz 3719 H4
{shrinkage of cell size) P42 WEGV] ol ESHHn|E &
ol &¢t YeRstHQ) Batg AILSIRIC) Fig. 2Ce AWEREE
S 400 pg/mlE RZIT & 48 AT B F AR E EF6)
ACHx400). A& Aol A9} Zo] tHE Q] MET7](Fig. 2A)00
Higled AWMEZREE MelTdolMe B2 A2 Ax3717 A
9l 1/2 o4} Zotxl on, tih A Hole K6 52 A2} &
A BAZR ME7 BEEIAUCE Hoechst 33342 stainol| 4] HWE
ZE222 AEIsA Q& A TolAE Fig. 2B9} Zo| o] Y
o] ANESZESEMDITOl vldiA I E3 YHT FEEUL
2 FATUCL I8 Fig. 200X AWEREE 400 pg/ml A
glZolA] HlEso] o 719 F2E FJNojAlE DNA
fragmentationo] FWEEIUCE 2 AHS HL-60 M 29 E44
HEZVIE ol88ld MEZE ZALHA 8T & AggHol
A BT A} Zo] 4% formaldehyde Mol LFAIY thE
slide @lollA] Hoechst stainZ 4A15kd &S Zolth

Fig. 2. ST induced apoptotic body, chromatin condensation and
DNA fragmentation in dose-dependent manner. Cells were treated with
ST n dose-dependent manner for 48 hr. A and C) control, B and D) 400 w/ml
of ST treat-group. Apoplotic bodies were observed in C (/a) and Chromatin
condensation(,”b) and DNA fragmentation(,”b) were observed in D in ST
treat-group  (x400).

3. AMEZSE9 DNA fragmentation S g3}

Fig. 2 o419} 4@ A7l DNA fragmentation 34-& &l
3H71 Y5l agarose gel electrophoresisii & 0|23} ladder g
DNA 2E s BASIFCE Agarose electrophoresisoll 9]¢}
DNAZZE 34g BaBsl] Adl AWEREE 200 pg/mé, 400
pg/nl SEEE HL-60 M EFo) 244173 48 )17 AEigt #, vl
AP MEE UGk DNAE FE3Ich o] DNAE 15%
agarose gelo] H71FESIIL ethidium bromide EHE ol
ZAKS 23, ladder E9) DNAREE 48 A7t Al dolA] &Rl
g 4 UAUCHFig. 3).

Fig. 3. The effects of ST on DNA fragmentation observed by
electrophoresis in HL-60. Cells were seeded in ¢ 10 cm dish and cultured for
stable condition for 24 hr in CO2 incubator(see material and methods). fane 1:
control, lane 2: 200 w/ml of ST for 24 hr, lane 3 400 w/ml of ST for 24 hr, lane
4 200 wg/mi of ST for 48 hr, lane 5: 400 we/ml of ST for 48 hr.

4. AUWERZHE0] caspase-3 E4 3ol DJA]E FE

Caspase-3= Yama, Apopain 22 B2I2& RHAZ T
WS XY B, apoptosis7t FEE T, caspase-3 activity
inhibitorS AM23PH apoptosis A7t [EFHE =P
apoptosisol4] EFHQ &g sl Y= AL HEAXh wh
244, caspase-3 activityE TEGH] Ao| {FL5k= apoptosis
FEO AFHL/|HE LolH LA SIct. AWEZEE 100,
200, 400 pg/mlE HL-60 A|EFo) A7t kol A& F1
Aelsle #Es 2, AWEFEE 100 yg/mlolM e RETS
71E 18 HUS B 6, 12, 24, 36 A|7HS FEek FolxEs 2
2}, 08, 2,23, 44 8 HIUOH, AUEFEE 8 AT T A
o= ¢F 5.5 Q] caspase-3 BH T E71E VERNRICE

—&— ST 100 pg/mi
@ ST 200 pg/mi A
—-d 8T 400 pg/ml -

Caspase-3 activity
(fold induction)
@
A

0 8 12 24 36 a8
Incubation time (hr)

Fig. 4. The effects of ST on caspase-3 activity in cultured HL-60.
Cells were seeded in ¢ 10 cm dish and cultured for stable condition for 24 hr in
CO2 incubator, The effects of ST on caspase-3 were observed in various treatment
time duration and concentration of ST.

HEXREE 200 gg/mlolM s RIS 7182 A7
2 @A A3} 7hzE 13, 3.2, 39, 99, 88 wiE V2T, 36 A
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AulO] Caspase-3 X3l

7V BHA] 71 =2 oF 9.9 uhY) caspase-3 EH T E71E U
ERIRICE ARMEFEE 400 ug/ml oA 242t 211, 3.39, 111,
1346, 11.9 Hi9) caspase3 E4T 9 &715 BAFIF =L, o=
EB“%$§% 200 ug/ml T H]£E QAo E AMEREE g
= 36 Al7kHoll 7ba =2 ok 1346 WY caspase-3 4T E7}
7b BEE R} 0149 EQQH‘ AMBEEZRS A7) ST 9
EHOF caspase-3 BILE STHITIL ASE € & U
(Fig. 4).

5. Caspase &+ gloll whE PARP ThfE]l Frt A}

Poly(ADP-ribose) polymerase(PARP):= DNA SE3FH0l
BAEE duldl EXRSle 2459 sRHE &2 116 kDa9
PARP ©tHHZEIO] caspase-30] J3 89 kDa%} 24 kDad 225
ZANE RAOZ HEHTF. olol caspase-39] Xl me
PARP ThEZ 7189] ATIRIE RAKGY] Qi) ANESEE
50, 100, 2003} 400 pg/mE HL-60 MEo| 48 A7+ XEigka
Western blottingS 4AISIHC). AMBEREZES sEHE A
SlaL 48 Al St & PARP whlA dAotg AN 116
kDa9] PARP THREZ HAWEREES] ol Frighl Wt
745k 400 pg/mé MEIA) IR hH] oF 75% BE 245
a1, e HeN) 89 kDa PARP ThRE 2 AWMEZEEY &Y
SEH o EII5I0] ANEFRES 400 xg/m¢ MEIA] HET
3] oF 13,000 v BT Z7ISKNCE ol= FWEREE Ao
caspase-3 &4 E719} FAIGH ZE2E AR PARP thiE Q)
o] Alzil wiel E71E ¢ 4= ARUTH (Fig. 5).

116 kDa —» wWWW*W*
89 kDa —p e, s —
Control 50 100 200 400
A
Concentration of ST (ug/mi)
110 . . T T ; 14600
£ 1004 ° b 12000
2 90 4 k]
ES F1oo0 ©
S ~ a0 + g
i -E 70 -4 - BOD ’:_:&g ,E;
g g 60 \ L 000 ::‘ %
g Laoeo 5 &
% 40 o D\ W g
° - 2000 @
& 20 g
20 o © Lo 3
B con 5‘0 100

concentration of 8T (ug/mi)

Fig. 5. The effects of ST on PARP expression in cultured HL-60.
Cells were seed in ® 10 cm dish and cultured for stable condition for 24 hr in CO;
incubator. Then various concentration of ST were treated for 48 hr. A | Western
blotting data B ; The data was extracted from image analysis system, Right curve
(D) was the value of PARP 116 kDa and left curve (O) was the value of PARP 89 kDa.

6. AWERZSEO] Bcl-2 ThiAQ] Wiy gRol mjx|= Q&
Bcl-2= ZJEEIAY apoptosisE 25@6}-551] ol
of 7iXe FAAE BolAl MY BHA wdHEyE ARUFTIA

¢

E¢F HL60 M ZojlA M ZANE FEaH

2

(proto-oncogene)*) &, Bcl-2&= apoptosis ofl th3l ZFEQ)
AAgol U RoE LA ALY maw, B e
apoptosis®] AAZEZ JIAAL Y= FHAE LEf Bel-20d
OlX= AUERZES FFol thaia] LotRgYC) AWMERE

£ 50, 100, 200, 400 xg/mlE HL-60 E UM Foll M2l &
24 A17Y uHSISETE =8 E HL-60 | ZE Western blotting 2}
HOE Bcl-29 gl g BEBIFCH, wEE Ba-2& THA] 0|7
Al 248lo] ZAE AHESIAC (UEWE &X). 2 23} Bd-2
9 UHe AWEFEEY MY skol JEFHIE dAHAL
o, o|o]X] 4o ETE 102F ERIGHH ANEREE
50, 100, 200, 400 pg/ml ollA] Z}Z}, 86.78%, 74.73%, 45.73%,
36.67% 2 HWMEZRZEE 400 gg/ml AE)A] Bcl-ZA W3 2 244]

A3 & UEET ulasle] oF 60% ol Base o = AU
UTHFig. 6).
. A A e -
-~
A Control 50 100 200 400
Concentration of ST (ug/ml)
120 =

@

E

3

°

> —

58

g%

3

®

s

[
B control 50 100 200

ST concentration (ug/ml)

Fig. 6. The effects of ST on Bcl-2 expression in HL-60. 1x10°% Cells
were seeded in ¢ 10 cm dish and cultured for stable condition for
24 hr in CO: incubator. Cells were treated for 48 hr in various
concentration of ST (50, 100, 200, 400 wg/ml). A ; Bcl-2 protein
dose was observed by Western blot. B ; The results was analyzed
by image analyser system.

7. ANEZFEO| Bax THEE WH QRlo) njR]= G

C}E2 Bd-2 family & 3hWiZ2 T RS E0AE apoptosis F
Tk A2 U7 Baxs] wdlo] njAl= &S AT d
HEXSHES 50, 100, 200, 400 ug/mlE HL-60 MM 2ol A
2Ist & 241171 viYBIPTE AHE HL-60 MEE Western
blotting RH Q2 Bax9] WA E FHGIN L THA] olnlA] E46}
o ZAUE AESIKCH (LEYY FE). 1 20 Bax LIS A
BEZREEY sTol JEHE F7IEHAUC oln|A] B4 o)
22 10007 BRIBEE HWMEFREE 50, 100, 200, 400 pg/ml
ollA] 24z}, 113.96%, 126.78%, 143.47%, 154.32% 2 AWEREE
400 pg/ml A2]A} BaxS] w32 24412 A & iR vl &
150% ol&t E7taS ¢ 4 UKITHFig. 7).

129
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BB - oldY - QPEY - ZUF - YET  BUR - QHE - PUS

————————

Control 50 100 200 400

Concentration of ST { ug/ml)

180 o

160

Protein expression volume
{% of control)

B 100 200

ST concentration {ug/mt)

Fig. 7. The effects of ST on Bax expression in cultured HL-60. 1x1¢°
Cel's were seed in 9 10 cm dish and cultured for stable condition for 24 hr in CO»
incubator. Cells were treated for 48 hr in various concentration of ST A © Bax
protein dose was odserved by western blot. B : The results analyzed by image
analyser system.
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Jo
QE
=

) BE T YA ROLY, web
A sishEE, B, XEolM, A4 Q5T £, g Hjo)
& E oy 7R A=eg
0) HAME| o]20ix] ML) HENS - WES} -
5) - Masly WE0) WL, o)A YRH T =
B BAECEN FO FHUEAES AYstL sk
1719} AT Aol YB S F= yWaolt. Sslola e
2 FIEEH) - ARNAHEERE) - 24 A RE %)
&9 wadolol gslo AL FARIED] 718o] AFEE 7)
S A(FIRE) - S@E5SF(RRER)S ¥I|7 ez 71H
Ho|(SFBIF) - 1 TR (EHERS Hald dao) Lo
A2 7VIBE(RERE), LT EREBR)SI] EHEE A
Z olaig 4= AP 51 AAZIsEE0l UxEo] F4E
HE)H AHEQ) oj¥o)] RuAIT NEEW 51 WHICHE ¥
218 Exol FEE & YUY, A2 @] wrlol
EAQEIE0] ATol 95l BUSSHNE YolLks B
), SE(EMm), SE(Hm), SRPY(MRUR) L +50KE) S

o) He|Hso ¥E0F 018 XA, WY, T4}, 9F0U B
Al 27} 22 Sl E goluls RAMEINRS, RAY 2|5
H ZAlolL} MERIIEY B0l BF oj@9] WFo| &8 4 )
= A0 o853 YTk, Apoptosiss= 1980 At F¥i7|HE]
£Q TRIEOIE AMZNES Folo] TURHEA Be Rol &
HHO WEE 71X 2o E3) AAA WA AT 44,
23} 2 7)5eUd So] £9504 83T ULo) weiHEch 1

2Lt O1& apoptosis@] 71% ol Aoll7} 2H4351H ko] 2ot &
AxI ol e WA, APHRERE, SHEldas W HIVIE &
ECIL BUEIQCESY. A2 dFol 9siH arlola] &8) Al

l_. 10
8He W2

cyclophosphamide,

SIMAE, E38|l arac,  cis-platinum,

adriamycin,  etoposide,  teniposide,
vincristine, mitoxantrone, taxol, hydoxyurea & bleomycin 2
CIISH A ZF o)A apoptosisE FE5HL JThaL BHEA T, L &
8717 S8 Fas/Fas ligand system, sphingomyelin/ceramideZ
22 ‘Q@ R7)5 ™ AN early immediate gene)S] 23, apoptosis
BE MEFF A0 caspase, DNA fragmentationg Y071
endonuclease £0] TFH= AO0Z HUHT Y. wat
Al Gl §84E apoptosis R 50 YT Aol U
7} wiioll apoptosis®] HETH WHSIEQ) 7)1H S B UREH
g Ts] At &77 wiEA AgE 1 s dFolct. d
e BAEo] S0l thdd 220 2A&E9 MAE, £8X
Fsrkm), SEANGEmER 8578 TR I Y A
olth Aol 2EE AWERESol e 2 48U 4E ¢
FEPoA o] Ve A BFEEY FAQMIFo UF
O1&0] FUAIR S WHEBINIL & EPS UM EFol)A] AW
EFEE9 FURES apoptosisTHHolgh= AL WIS
LAY ZHE UES typan blue cell counting, LDH activity
assay RHE ESIH TAEOZ cell viabilityE BESITE &
25 A3} MTT assay, typan blue cell countingoilAls= S&)E
HOZ ML WEGO] 24BN, LDH activityd) xjol= A
EFEE 400 pg/mlo) 55004 TiA E716IRXE HlZAME 1}
A9 E44) necrosisS} apoptosis9] IFEo} o= FE FAlol &
ofg ¢ USS A IA REIS HILE HojA] Tt
e = AR §, o] HEZA M disholl EolUe &olle
MNEZY = 248 X8 M ZU9) sh3jo) Q)8 Al ZE 9 B
2 AQthe AS guishiil AIREH, o] gl AWEF
E0] A FolM MNEYEESS HIKAPTIE dhdo] FHi
necrosis 2TH= apoptosisoll Z&ch= Aotk AS Jare
ol @2 o) 5o KEAH MIBIICHEg 1). AWE
E0| gAUANZA MEYEES ZAAITIAL ESE o] 7
apoptosis IV} FAISIZE Fig. 20141 H& v} Zo] §
A BRE AT Apotosis?] HelatEQl EA2 MZEAV]
o] EAau AEUOZEE Axutgrirt &6k 4 ke o
2 Fehol AZUEE0] MERCE ¥dH MEZEE "old
L2 apoptotic bodyE &435}1l, chromatin condensationo]L}
nuclear fragmentation F2= DNA fragmentation 59| $4o] ¢
ot UEA Yrh ol WA Ydid HnlHS ES
HehdEol BEE AIES A, HZ9) 712} apoptotic body,
nuclear fragmentationo] FWEZREE Az|ToAE BEE 4
U e, £3 AE7 A BAAlE A 22 Zo] BEERY
CHFig. 2). Apoptosis®] E2A1% h1Q] DNA fragmentation §4}
Z FEsA ERIGH] Qo] AWEREE 200 pg/mt, 400 ug/
. SEE HL-60 M EZFo)l 24A174 48417 AElst & A718S
ol A HEFRCE e NEE £HSH & DNAE &6}
KFom 1.2% agarose gelol] H7|H &3 ethidium bromide 48
& &3l £AKSH 23, ladderd 9] DNAREO] 48 A7} A2l
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AW Caspase-3 &3l E¢ HL-6D MEolA] MZEAE SEHH

i &)
L

> o

AEHQ) @TE ESI apoptosisoll BAFlE 43 14 719 &7
AXE HASIRTH. 018 Ced-39) £Q40] IA BARIROH
QizlfAe] YERHAY wdd BE 7t IPHITH
Caspase-3= C. elegans® Ced-3ol #Ydt= FHAIE Yama,
Apopain O E2|2r} 199k Alnemri 50 9J3lo} B
o] XIS7A] apoptosisoll A EFHQ] A& SHL e ALE ¥
SAHCE YHlE ST, caspase-3E AIE W {ukd AP B,
apoptosis7} REEIMH?), caspase-3 &M AXAE AMBEHH
apoptosis A&7t FEFE ARTIS B 4 ok 2 A
H5Z] AWMEFEEY caspase-3 Eol Xl &

/mlo] BT s ANEREE Xl F 48 A7 AIQIEHQ]
E7124E VERRR2H, 200 gg/ml, 400 pg/mle] sTolAlE
FWERZE Xl & 36 A7) ALXE Bl & Fofxle &
o] FEFYCE ol AENASY ZAE QI caspase-39
gdo] zolkl BAElid A}EPCHFig. 4). Poly(ADP-ribose)
polymerase(PARP)= DNA $Edt&o] BAZE ol E5H
Ho%E0 sz 2 116 kDa2l PARP HHlE10] caspase-30])
ol3f 89 kDag} 24 kDa®] RZHEE ZJHA apoptosis9] ZHgofl &
odohs AOE WHAH”. 18R ZWE PARPY W A
WEZREE 100 wg/ml8] 5%, 48 Al A Fo g€
caspase-32] 280}l Q3] PARPY HeiRyo] AlZtEs & ¢
UKICHFig. 5). Fig. 501419) AEZETH= 116 kDao] PARP7}
caspase-39] EHo] Vg wet Betzlo] 1 g2 ATl 89
kDa%] PARP7} E7H=QCha 429k Bal-2s ZREENAY
apoptosisE RE et FAdke oF) 71N FEAL oA A
Q) HA wAaE UFURHAL (proto-oncogene)o]th. Bel-27= A}
2ol Y TE0] uhiyl WEHsH dHEE FUAZA pidEg 2
RS 26 KDaolw D|EZEe|otY] 98, AZ AL} idto)] 914
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400 pg/ml HElA] BaxQl e 244)7F A& 270l 1l
oF 150 % o1&} EIIEME & 4= UAUCE ol AEEHE AW
S FHUME Q) HL-60MEoll4] apoptosis®] Ao &S M=
AMEE 856k, ol#Er apopotosis® 7IHOEE HA4d
caspase-3, caspase-3 activity Z7}ol| W} Ztt PARP Tz 9]
Z71, Bcl-2, Bax £9 apoptosis B{QIAI7}Y 2251 USE
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