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The Protective Mechanism of Zinc in Fungal Metabolite
Gliotoxin-induced Apoptosis
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Gliotoxin, a fungal metabolite, is one of the epipolythiodioxopiperazine classes and has a variety
of effects including immunomodulatory and apoptotic agents. This study is designed to evaluate
the effect of zinc on gliotoxin-induced death of HL-60 cells. Here, we demonstrated that treatment
of gliotoxin decreased cell viability in a dose and time-dependent manner. Glictoxin-induced cell
death was confirmed as apoptosis characterized by chromatin margination, fragmentation and
ladder-pattern digestion of genomic DNA. Gliotoxin increased the proteolytic activities of caspase
3, 6, 8, and 9. Caspase-3 activation was further confirmed by the degradation of procaspase-3 and
PARP in gliotoxin-treated HL-60 cells. Zinc compounds including ZnCl, and ZnSO, markedly
inhibited gliotoxin-induced apoptosis in HL-60 cells (from 30% to 90%). Consistent with anti-
apoptotic effects, zinc also suppressed the enzymatic activities of caspase-3 and -9 proteases. In
addition, cleavage of both PARP and procaspase 3 in gliotoxin-treated HL-60 cells was inhibited
by the addition of zinc compounds. We further demonstrated that expression of Fas ligand by
gliotoxin was suppressed by zinc compounds. These data suggest that zinc may prevent gliotoxin-
induced apoptosis via inhibition of Fas ligand expression as well as suppression of caspase family
cysteine proteases-3 and -9 in HL-60 cells.
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1. HL-60 M| 3= bl 2k

AR W 3 A 330 HL-60 (ATCC, CCL-240)
= CO; A WjF7]olA (37T, 5% CO,) 10% fe-
tal bovine serum (FBS: PAA Laboratories, Austria)©]
F3rE RPMI 1640 (Gibco BRL Co, Gaithersburg,
MD, USA) || 4] #jakstsich. 48413 27) 2
RPMI 1640 W el S mA|ske], 23 F 2413t &
o gliotoxin® M2 o ALmA A4 o]
dud 4394 29 FAFA.

2. Gliotoxin % Ajot

Gliotoxin- SigmaA} (St. Louis, MO, USA)ol| 4|
THACH 1 mgmly g Fo 70T B
HatH 3, AHEA] RPMI 16400 3] A a) 4] A}-&-3}
@t 28] 1 ZnCl, (Sigma Co.)%} ZnSO, (Sigma
Co)e= & b 1 mME AM&-35tg o)

3. Mz gMx £H

AL X 3-[4,5-dimethylthiazol-2-y1}-2,5-di-
phenyltetra zolium bromide (MTT, Sigma Co.) assay
£ o] &Rt Al E vl %3 (96-well plate)o] A X
(1x10° A} £4/ml)Z 100 pljwelly] BF3tai 34]
2t o] CO: A X Hjd7] Qtell M A F,
Al gz 239 A} F& Al o2,
MTT €<% (5 mg/ml in PBS)S #jj ok E 3o 2
FTH o= 1/10 IA A st 443 3 10%
sodium-dodesyl sulfate (SDS)7} ¥3¥ 0.01 N HCI
§4-& 100 wywell H7}ste] Aoty A Fo 2
&) 4" Rk formazang &8)A)7) o EL-
ISA £471 2 540 nm oM FF =S 233}
Ao

4. Hoechst 24 44

Gliotoxin©] *2] ¥ A EE-E 4% formaldehyde
Lodoa AHAZ] F PBSE o] F 1 Hoechst
33342 (Sigma Co.) @48 2k-S PBSo| 10 pMeo] =] )
B4 ste] 1023 G4 e - ohA] PBSO|A] A o)A
gBdn| P oz BAsAT

5 DNA =& YU XMI|AE

DNA £384-& doli7] 93} genomic DNA
% & Wizard Genomic DNA kit (Promega Co. Wis-

consin Medicine, WI, USA)Z ©]-&3}%c}. DNA 5
ugs 1.5% agarose geloll A A7]4E (50 V, 2A17h)
2 AA)% & ethidium bromide® ¢ A3l UVE
3lo| 4] DNA ¥4 & &8st

6. CaspaseX| cysteine protease &M F £H

HL-60 A X (1x109%2 4T 158 St lysis
buffer (1% Triton X-100, 0.32 M sucrose, 5 mM
EDTA, 1 mM PMSF, 1 pg/ml aprotinin, 1 pg/ml leu-
peptin, 2 mM dithiothreitol (DTT), 10 mM Tris/HC],
pH 8.0)cll A &35l 1 20,000x g2 15% 94 ¥
AR 944 Egete €& A E AL bi-
cinchroninic acid (BCA; Sigma Co.) 2. & ¢z
< A Fstn, MEsg A (A 100 pg)
F4]ek28-of (100 mM Hepes, 10% sucrose, 0.1%
Chaps, pH 7.5, 1 mM PMSF, 1 pg/ml aprotinin, 1
pg/ml leupeptin, 2 mM DTT)ol| & A€ & 37|23}
37°Co A 30837 A7l & fluorometer (Mole-
cular Devices Co, Sunnyvale, CA, USA)E =% 3}
Aot WA caspase-13} caspase-39] B4 &3 & 4
Z} 7)1 A 2 fluorogenic substrateQ] 7-amino-4-couma-
rin(AMC)-YVAD (Calbiochem, San Diego, CA, USA)
50 uM % 7-amino-4-coumarin(AMC)-DEVD (Cal-
biochem Co.) 50 pM-&- A} 2319 2.1, o] E 9] pro-
teolytic cleavageE =% 3}o] caspase &4 -8 AF
3l ). ojmj o) 78 excitation wavelength (380
nm)<} emission wavelength (460 nm)E Al-&3F3TH
Caspase-6 EAEA L 7]A 2 A Ac-VEID-AMC
(Calbiochem Co.) 50 uM A}-8-3}%1 2™ ©]E €] pro-
teolytic cleavageE 380 nm (excitation wavelength)$}
460 nm (emission wavelength)e] 3} 3ol A &3
Bt o}, Caspase-9 EAEA] L 7|2 24 Ac-LEHD-
AFC (Calbiochem Co.) 50 uM Al-&3tg o ol &
9] proteolytic cleavageE 400 nm (excitation wave-
length)¢} 505 nm (emission wavelength)] 3% 3}
ol =73

7. Western blotting

uj k¥ HL-60 A E ol gliotoxin2 =] 2] g 43
A1ZF Fo] M E£E 3|38}, cold Hank's balanced
salt solution (HBSS)Z 23] A& 3l c). dojz A
¥ RIPA €9 (50 mM HEPES pH 7.4, 150 mM
NaCl, 1% deoxy-cholate, 1 mM EDTA, 1 mM PMSF,
1 pg/ml aprotinin) ©. 2 &g &0 A 308 £33}
St ] AEFGf Y (EA: 200 pgyell 2 X
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sample buffer®} 4701 100°CollA 38 &2 =, 125%
sodium dodesyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE)Z Al 83} th. A7 So] By
gele] THelA 2 pitrocellulose membrane© 2 4, 30
Vol A 16A) 7k o] FA17] & blocking buffer (10%
skim milk)2 2ol A 2417t wk2-A| Z ). Anti-
procaspase-3 (Santa Cruz Co, CA, USA), anti-PARP

A

Viability (%)

0 1 2 3 4 5
Dose (uM)

Ad52 Gliotoxind] &g M ETA A Zince] oA <3

(Santa Cruz), 1.2} i anti-Fas ligand (Santa Cruz) 3}
HAE 005% (vv)2) tween-200] &-8-F Tris-buffered
sample buffer (TBST)ol] 1:10002.2 3] A 3}oqd nitro-
cellulose membraned} A}-2-0f| 4] 2A1 7+ whg-Aj 7] &
PARP®} Fas-LE ©] &8} A anti-rabbit IgG conju-
gated horse-radish peroxydase (HRP) (Santa Cruz)
£ A2 A 1At ¥H-5-A] 7] 12, Procaspase-32] ©]

B
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Figure 1. Gliotoxin decreased the viability of HL-60 cells in a dose and time-dependent manner. A, cells
were treated with different concentrations of gliotoxin and cell viability was measured by MTT assay at 6 hours
after gliotoxin treatment. B, time dependent effect of gliotoxin (5 uUM) on the viability of HL-60 cells. Data

represent the mean + SD from quadraplicates.

A

media

B

Ghotoxin

Figure 2. Gliotoxin induced chromatin fragmentation in HL-60 cells. Cells were treated with gliotoxin (5 uM)
for 5 hours. Then, cells were stained with Hoechst dye 33342 and observed by fluorescence microscopy (B).
Non-treated control showed normal nuclear morphology by diffused chromatin structure (A).
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248 A= TBSTZ 1:5,0002.2 3419 anti-mouse
IgG conjugated HRP (Santa Cruz) 33} & AF£-oj) 4
1A)2F ¥+-3-A17) &, Enhanced chemiluminescence
kit (ECL kit: Amersham)Z- o] &3l BEJ] ==
Al Zi et

Time

(Hours)

Figure 3. Gliotoxin induced ladder pattern of DNA
fragmentation in HL-60 celis. HL-60 cells (1 x 10°
cells/well) were treated with gliotoxin (5 uM) for 4
hours and DNA fragmentation was determined by
agarose-gel electrophoresis.
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1. Gliotoxin0] HL-60 M|Z o] MZEZ0f o|X|=
2k

Gliotoxin®] HL-60 A% JE&| g J&FS
olr 7] 9Ja) HL-60 A o] gliotoxin 3} 8] & A
¥ ZATE MIT ¥ o 2 23319t} Gliotox-
in 2 uM ©]38}e] FE oAM= HL-60 A X2 HE
+de F93 W3rl oy 3 pM o4
gliotoxing 6A] 7t A ] Aol M YEEo] F2l3t
Al A& AlFste 5 uMe] FEol A 50% ol
A AEEo] ZATIATY (Fig 1A). %3}, gliotoxin
o 2] HL-60 M X339 A7t ol&% WslE
2% 3}7] 938ka] 5 uMe] gliotoxin 3] 2} & HL-60
AZeo] YE&S A7HE 2 2AsE ok HL-60 A
Eo] YEEL gliotoxin 5 uM A 2] 3A)7F 0] o
@A 8] Asts 7] AlzbE o] 6A12F Bt & 50%<)
BELE Vel on, A A1 9 &8 oz ta
39t} (Fig. 1B).

Gliotoxinol] 2] &t A £ 5-Zo] A E 1A} (apopto-
sis) 7] Mol ol st miAE shgA ] AAHU)
o'?, o] & BHelsl7] 98] HL-60 A £ 2] DNA ¥
-5 Hoechst 43} genomic DNAS] agarose gel
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N W
o o
T T
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Caspase-3 Activy
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Figure 4. Gliotoxin increased the activity of caspase family cystein proteases. HL-60 Cells (1 X 10° cells/well)
were treated with 5 uM gliotoxin for various periods and activities of caspase proteases were measured using
cell lysate and fluorogenic substrates for caspase-1, 6, 8, 9 protease (A) and caspase 3-like protease (B). Data
represent the mean + SD of quadraplicates.
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Figure 5. Digestion of procaspase-3 and PARP by
gliotoxin activated caspase 3-like protease in HL-60
cells. Cells were treated with 5 uM gliotoxin for va-
rious periods and equal amount of protein (200 pg)
from cell lysate was subjected on 12.5% SDS-PAGE,
transferred onto nitrocellulose membrane and immu-
noblotted with anti-procaspase 3 (A) and anti-PARP
antibodies (B). The immunoreactive signals were vi-
sualized by Enhanced chemiluminesce (ECL) kit.

elctrophoresis ¥ o 2 2<138l9 o). Gliotoxin (5
uM) # g 6A]7F & HL-60 Al £& Hoechst & 43}
do. #gdEn A& °]‘9“€51 A4 i = HL-
60 Al =2 e}y woke] &3 e 74
& B4 a5 Yebd ¥4, gliotoxin A g T2
o] &g xztom FAdE ¥4 AR5 Ul
o (Fig. 2). T3 gliotoxin (5 pM)2 3] 2] & HL-60
M Ed| A E2] 5} genomic DNAL] 1.5% agarose A
7193 Foll A gliotoxin X} ] 2417t THE A E 1
A} (apoptosis)e] A H A S Atrte] KEeke]
DNA & o] &= t}r} 447} gliotoxin 4 &
A= oS A Atde] B £4do] A
U} (Fig. 3). ]“94 Z 7= gliotoxino] LM E
ZF HL-602] Q&2 A slA) 7)1, gliotoxinol] ] &+

HL-60 | 282 4| £ 4} (apoptosis) 7] Aol 2

4 Gliotoxinoll 2)& A E1A oA Zince] olHE A%

1001

o
—4

oA}
=]

Viability (%)

[
<

0

Gliotoxin - - - + + 4+
ZnCl, - + - - + -
ZnSO4 - - -+ — — +

Figure 6. Effect of zinc compounds on gliotoxin-
induced apoptosis. The cells were pretreated with
ZnCl, (1 mM) and ZnSO, (1 mM) for 1 hour and
followed by stimulated with 5 uM of gliotoxin for 6
hours. Cell viability was assessed by the MTT assay.
Data represent the mean + SD of quadraplicates.

slad w7 E & A Ak U
2. Gliotoxin0| caspase A0 o|x|= &t

A EuA] 93 NESS AZHALE7A F
ol A] caspase family cysteine proteases®] F 84 &
oln] 2 &aiA 31 5’?. Gliotoxinel 2] g+ HL-60
A Z A7} caspase?] EAJo & RAJAAE F
Q15}7] 93t caspase| cysteine proteases il
X} ICE-like cysteine proteasez} i1 &2 &l caspase-1
(YVAD-specific protease), CPP32-like cysteine pro-
tease?} 31 ¢2] A caspase-3 (DEVD-specific cystein
protease), caspase-6, FLICE2}t 32 &2 Z caspase-8
18] 31 caspase-99] EAZ #AE o]E caspases
9] fluorogenic substratesZ ©] &3t ZASHE T
= gliotoxin 5 pM-Z HL-60 A Eof] A28 3 12
A2t & caspaseAd] EA9 ZAl-E HL-60 A
ga ol o 2 HE 245+ Th Caspase-39} caspase-
92 gliotoxin X 2] 24| 7} o]} o]l dj 2ol W] w s}
of 208 el 8u) FUIE Had A4S BY
t}. Caspase-6% gliotoxin *] 2] 4~6A] 7ol &
o Mlmate} 2~3) Z7hE Ead DAL ek
Wt} 3} caspase-8% gliotoxin & 2] 6417t o] &
o hxZol vlwste] 2u) ZF718 84H 24

o
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Figure 7. Zinc compounds suppressed the catalytic activation of caspase-3 and caspase-9 in HL-60 cells treated
with gliotoxin. Cells (1 x 10° cells/well) were pretreated with ZnCl, (1 mM) and ZnSQ, (1 mM) for 1 hour and
followed by stimulation with 5 uM of gliotoxin for 3 hours. And then cell lysate was used to measure the
activity of caspase-3 proteases (A) and caspase-9 proteases (B) by using fluorogenic biosubstates. Data represent
mean +SD of quadraplicates. * Significantly different from gliotoxin alone at p<0.05.

B34t} (Fig 4).

Caspase-3 /g o)) ol g A £ ) jde] W3
& Western blot 43 © 2 ZA}8)$9 th. Gliotoxin 5
HME HL-60 Al 3ol 2] &, A 22 shasin A
=3 i 58 A asto] A2 9] procaspase-
3 % poly (ADP-ribosyl) polymerase 9F-& &% 5}
t} (Fig. 5). Gliotoxin =] 8] 2417} T XE] 34 kDa
WA} #2] procaspase-32] £ 7} A)2HE] o] 8|7k
o|FolE 2% Yeho] procaspase 3= LhERLEA
2okth T3k M E 1) caspase-39] 7)A F9] gt
Q1 PARPX gliotoxin 3 2] 243} o] ZHE 116
kDa®] 243 Pefo] Tl o] 86 kDaZ A H
Atk o]’de) A A gliotoxing HL-60 A Xof
2} caspase®] /3L, 53] caspases-3, 6, 8, 1]
199 BAH B 2718 Eato] HL6O0 A L1
AL RS 4 S AU

3. Zinc7} gliotoxinof| 2|3t HL-60 M| 1A}S|
MEZ U caspase E4of| o|x)&= Ps

ol o
W

A 7E A EDAF o)A Zinc o)
AA st YoF®. 224 gliotoxin
& HL-60 A E 3 Abe]l v] X zinco] &g
FA8k7] f)ste] gliotoxin®t 7| zine 8} gHEQl
ZnCl; B ZnSO+& X 2] 3+ Fof] MTT ¥ o 2 A

2
lo,

¥ AHE=g-g ZAbstE T (Fig. 6). ZnCl, R ZnSOs
o] &% g HL60 A £ YELo Fol3h
A3l E 22 5R] EUT) 5 uM gliotoxing 6A] 7F
2] A] HL-60 A E9] QEE L 40% B = 743t
B o} zine 3E2 ZnChe} ZnSO, #}2) &= glio-
toxinol] 2} & ML TALE A A st HL-602] &
& 90% o] 4o 2 3B Al F .

Zinc2) gliotoxinol] €] &+ HL-60 A) 3 1AL & Ate)
4] 7] o] caspase proteases A Z2H & £3
AIRJNAE &A3}7] Y3t zinc 0] 2] caspase
2o e Jg2 FAEE T 5 pM gliotoxin
2 3A1ZF A3 HL-60 Al £ o)l A caspase-3, 6,
8, & 9] A4H TS Fig. 49 L e
2 Z% 3R ). Gliotoxindl] ¢} 3} caspase| proea-
ses GA) ol )& zinc®] J = caspase-69} caspase-
8ol = ¥ 37 A 21t caspase-3 B 99HS A A
Zio} (Fig. 7). HL-60 A} 3ol 4] glitotoxine] 2] &}<d
oF 33ul} ol A} Z71H caspase-39] FAA FAHL
i zinc &0l ofstod oF 228) A= 2 A3}y
ATk Caspase-92] &4 A gliotoxine 138) o]
A Z7FA A o), zine 3HEHEQl ZnClL$t ZnSOs
6~84) BT Gl A4 (p<0.05) Bk 9
o A& FAFekA Gliotoxin X 2] 8417t &
A & ge) o] procaspase-3+ WENFA] gk},
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Figure 8. Zinc suppressed the digestion of pro-
caspase-3 and PARP in HL-60 cells by gliotoxin.
Zinc compounds including ZnClz (1 mM) and ZnSO,
(1 mM) were preincubated in HL-60 cells and fol-
lowed by the addition of 5 uM gliotoxin for 8 hours.
After cell lysis, equal amount of protein was used 10
subjected on 12.5% SDS-PAGE, transferred onto ni-
trocellulose membrane and immunoblotted with anti-
procaspase 3 (A) and anti-PARP antibodies (B). The
immuno-reactive signals were visualized by Enhanced
chemiluminesce (ECL) kit.

ZnCl; (1 mM)3} ZnSO4 (1 mM)E 1417+ A1) 3
% gliotoxing 8A17t P W= procaspase-3
band7} A& E o] Ho}h. g M E ] caspase-39)

714 %9 39 PARPE gliotoxin X &] 847}
& 116 kDao] 243 Fefo] walo] 86 kDa
2 FA o, ZnCh (1 mM)F} ZnSO, (1 mM)E
IAZE AA 2] & F gliotoxing 8A| 7 A2 P2
& 116 kDa®] 2243 Felo] guld o] Jep)
3L T (Fig. 8). o}“de] Ao A gliotoxine] <]
g HL-60 M 9 A £ 07} zinedl] 9 ke 24
e, o]i= zincol gliotoxino] ¢} & caspase-3
2 caspase-92] E A% 242 zincy} oA 5 A
EE AESA ) 22 AT
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Figure 9. Zinc suppressed the expression of FasL
in HL-60 cells by gliotoxin. Zinc compounds in-
cluding ZnCl, (1 mM) and ZnSO, (1 mM) were pre-
incubated in HL-60 cells and followed by the addi-
tion of 5 uM gliotoxin for 5 hours. After cell lysis,
equal amount of protein was used to subjected on
12.5% SDS-PAGE, transferred onto nitrocellulose
membrane and immunoblotted with anti-FasL.

4. Zinc7} gliotoxinof] 2|5k HL-60 MZ 2 Fas
ligand &0l o[x|= A&

Fas/Fas ligand®] Z ¥2 Fas-associated death do-
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= o]0 caspase-82] A S5 o]0 A cas-
pase cascadeE A s}A]Z1Th. Gliotoxino] 2] &}
o} caspase proteases Al & A EA 7t B4 3517
wf ol gliotoxin®] Fas ligand W& ol 1] x| = oJak
#Z olof dh&t zince] QL HL-60 A Lol A FA}
STt (Fig. 9). )27} HL-60 A T A% Fas
ligand9] @& o] &= o, zine 3 E 9 gl
otoxinT} 2] W 8- 2] &= gliotoxine o}sled =719
Fas ligand®| @& & A Z ) ol 4e 43
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xo] AEIA 5 71A F 3tyolH, zineol] ¢
gk gliotoxin F- 54 A Z 0 ALY ) W] E 7=
zinc 3+3HE-9| Fas ligand $& 9#] 245 F3¢g
A begd S AAleka ok

2

]

F%o] AME 9] 3139l ETP 259 &8t
gliotoxind A4 SA g3 ) Fo] A4 A&
Ae A dAR FriPE 2 FAF ol
ATH?. E 8 in vitro L in vivoAo] A Bz =
WA gt T AXFo FFol4] ARl
ERHoE Ad 3 Eo%zr&’i o
7)ol 2ol ojste] EA3lE AT e A

2 A% Axa a4 gmm Gliotoxin
]S'i A AN 53] HAM AN A5}
3 71AL oA A FRHo 2w wEA ¢

L
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I:]_10,11,33)' E3 ol 3t HAAA AL A JA as-
pergillosis 58] 2+ Aol ole §& Y
F de Aoz gAXT Yvh AA 2 ampho-
tericin B 22 %] g A2A/ dFA=
E 7383 aspergillosis 52 gl & AALES
75% o] kot FhY. Aspergillus fumigams\}t TF 2
BAA FFo)FAA YA & gliotoxino] #HE
o] &3 A4EA Ry aSpergiﬂoside Z#%QZ]
9} aspergillosisel] 272 <l d<lo|at:= = o}
2l g, 1 B Eg weld s side “LB‘VV] %

o 3o 2 BR gliotoxine] 2fA FEEH= W
AAEE e QA 7oy ME3AL (apo-
ptosis)e] 71 A& "] = 2 & aspergillosis®} 22
AW L o8 st B4z oH, gliotoxin®] 14}
A 2o S88A o] &H 4 Y}

Gliotoxin& FAMFE, T o}AE, A%, P
815 A2, B WEHI 72} 22 A L3olA A2
1A} (apoptosis)E ¥ oIt B Jpdix
gliotoxinol] J3f A} Apgh Wla L b A £ 3 HL-60
oA} M E A} (apoptosis)7t Yol @& & 5 AU
t}. Gliotoxin®] &7} &4 2 DNA ladders}
o ol AR L, 2L FEYgE Aol AEFE
DNA ladder7} © @o] At =3 A E11
A} (apoptosis) & FHA| 7] = AN EALD7|HA X F
83 714 % ot ulE caSPase«l g shol.
Caspaset™ BAHA HE-Yo} 2F cysteine S 712 1
e dA Bl agi=2H &2A 3} Gliotox-
inoll 2j3F A XA} (apoptosis)ol| 4] = HA] caspase
gAc] S7HeE #RE 4 YUY (Fig. 4). A X
JLA} (apoptosis)x= caspasec]] 2] &2 Q1 7 -9} H]
& ALE Jd F ded B AFdA:e
caspase?] &/ Folel M E 9 AAEF0) & ¥lm
3 B mW HL-60 A 3ol gliotoxinol] 2] 3+ A £
LA} (apoptosis) caspase Zt-8-o] o] &# Q] Ao
2 FAEG, 3 B Ay Abe}t Zo) caspase
family cysteine protease 3, 6, 8, 2 92] § 4% &
AJ o] gliotoxinel] 2]3}e] Z7}8}31 caspase 3-like
protease2| A} 3E W) 712 o] stlgl PARPS) Aok
222 old7kA 218 Bk AT T, Fas B
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e} Al E o] £7 o) wal o] ”iz—}%% A=
AR A ZAME G2 9 A J’% e
Soll dee FoP. FasE B A X
tosis)= B2 ZHE AAed o w"ﬂ A A
G2 caspaser} vk FH T oy 2 ‘?.37‘2:

3l o) & cysteine protease?] F 24 o] UFH
3 glEd], Al 34} (apoptosis)7t Lot A E 9]
DNAS] M 3lo] P E endonuclease] &AL
o AFAE BaAtE Ao WAAR. o)
= g2 2 Faso) Ao o] 8AEHY ol &
o] th& anti-sense RNAZ] A2} Interleukin-B
converting enzyme (ICE) ZHAHAE 53 24 @9
X &-Fas 3+ o] 2] 4] £ 1A} (apoptosis)e] &
A7F BaE Ak, Gliotoxino) o] & A E 1A}
M Fas-Le) ©@o] F71E-& #&tA (Fig
9). o) W& E FasLr} AN Fo| ZA43HE Fas
9 Agate] A x2 £2& FE3l= caspased}
olol} 9j& A ojR = endonucleased) T4
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ZaAbd 719 d A& &Qllr] 984 Fas
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g A E AL o 2L golglofop & Aot}
Zinc¥E in vivo R in vitro A @ RalojA A E
e dAStn gEA AP Zine 29 A
A AXE FA AEDA] B 2 49
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caspase-9 & 3-like protease®] F 4% &A1 cas-
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caspase protease &/ Ao 3 = Perry 5
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2] 8 HL-60 Al 22 &8 AE d=T9 90%
A BB A ZH o) caspase-3 R 99 §AF B4
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