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ABSTRACT : Fungal metabolite, gliotoxin is an epipolythiodioxopiperazin (ETP) class and has various
roles including immunomodulatory and apoptotic effects. This study was designed to evaluate the mecha-
nism by which gliotoxin exerts the apoptosis on human promyelocytic leukemic HL-60 cells. Herein, we
demonstrated that the gliotoxin decreased the cell viability in a time-dependent manner. Gliotoxin-induced
cell death was confirmed as apoptosis characterized by chromatin condensation and ladder-pattern frag-
mentation of genomic DNA. Gliotoxin increased the catalytic activities of caspase-3 and caspase-9. Activa-
tion of caspase-3 was further confirmed by degradation of procaspase-3 and poly(ADP-ribose) polymerase
(PARP) by gliotoxin in HL-60 cells. Furthermore, gliotoxin induced the changes of mitochondrial transmem-
brane potential (MTP). Antioxidants, including GSH and NAC, markedly inhibited apoptosis with consistent
suppression of enzymatic activity of caspase-3, caspase-9, and MTP loss in gliotoxin-treated cells. Taken
together, we suggest that glictoxin functions as an oxidant and plays proapoptotic roles in HL-60 cells via
activation of intrinsic caspase cascades as well as mitochondrial dysfunction.
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Z3+2] HAAFE]] gliotoxine- epipolythiodioxopiperazine
(ETP) rings 7K+ 3gEe] stz 2 oduix v
(Taylor, 1971). ETP classt® 55422 brldged disulfide
piperazinedione six-membered ring®] TZF 7}A]=4], ©]
gt 724 54 b Fel gliotoxin 7&"4*& g YE 7]
Hy 24 7%, 282 MESA 2L geks A
&35 Yebdok(Trown 5, 1972). A FolA Penicil-
lium, Aspergillus, Gliocladium, B Thermoascus 5|
gliotoxing At X 3)vh(Johnson &, 1943,
Richard %-, 1994; Waring 5, 1987). ETP class 33h&-2-

-
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AR = A2 2 el o3t Axat 3471 9l
o Aspergillus fumigatusell 2s|A WA=+ gliotoxin
aspergillosiss A 71 Z 22 B ise] Qlth(Bodley
=, 1992).

Gliotoxin®] AAW FAJ2H8ol st A& 7142 &+
H3x] ko) BAJAEAS] A 123l o] gliotoxin®]
dithiol 37} MEWe] free thiol group?t HHS-3}ed
disulfideZ A3l o5 A 7[eg WA 75
AEol AAIFEZ gJch(Eichner %, 1988; Suen 5, 2001;
Zhou 5, 2000). 2] A gliotoxinel 8|3t A| 54
o] A E A apoptosis) 71l 3o A A7 &
AAE, THE, BAHE, ¥ FAMEAA Bise] gl
(Beaver -5, 1994; Park -, 1998, 1999; Waring 5-, 1988,
1990a, b).
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E AFA A= gliotoxing AFE WEH 4| E£3 HL-60
o} NEIAE Zef51lem A< caspase®] TAIH
e)sky w3E ujshghe B 13k vl glek(Park S, 1998,
1999). HZETA} AR whE A E" "l 23k AE
o] &, M Ee] 7123} d4k(blebbling), M E AW Z
% %o 27} 94 (chromatin}?] 5%, endonuclease
o] FAslol] oJsk DNA®Y Al meoke] 4, trans-
glutaminase®] A3} 2 o] AHAxlz}l olXEE] 44
(apoptotic body)®] A& FHFIH(Choi, 1998). 2]
Bae) ofshd mlEE=g]ols AETAR] 27|RkE<l
EZegole] BRI wisls A Fo2N MEIAL
£ A= T3 I3 Tk vt 4R 3l
o}, =g nEZEe]ol= cytochrome 2] Wl ]sjA
caspase®] BAIZHE AT A=A Qi V| EEE
olo| A N FAZ HlEE|oJA|&= cytochrome ¢ apoptotic
protease activating factor-1(Apaf-1), deoxyadenosine tri-
phosphate(dATP)¢} ZAgshd, o] H3FAlE 4| procas-
pase-9¢} Agsl o] EAE A3} A7 F 39 cas-
pase-35 FAIAA M EIA}L FAkE 8 (Budihardjo
%, 1999; Desagher g, 2000; Green &, 1998; Susin &,
1999).

2T gliotoxinell )8 A EAF 710l F3E ToFE B
37} et Rl EEER LS AR MEAL 71
Tk A= vl v]E3 AR oot =38t gliotoxinel] £] &k
A EIAZY ABA == EZYE FYH gliotoxine] A
= FAARAEA ] HEWelA DNA £A4tolvt wiA
Al AZAEE FATIE A A& dEA QA
(Braithwaite 5, 1987; Shah %, 1995; Suen &, 2001;
Zhou -, 2000) ool #F A3t 7L oA #HHA|A|
A3 ek, wf2bA] o] AT gliotoxinel] )8t HL-60
WY T A X9 F5ollA caspase family A P n|=
Z=gof] AR} 55 ARSI gliotoxinel] 23 Al
Z3AF 71A 3 gliotoxinell sliH AAE AR o
&g skt sgid.

II. A= & &Y
1. =

) MEZE

HL-60 AE= AL 98T AEF2N 85 A LT3
(KNCC, Agaishanpl A Sopio} Acjujesiai A%
& A

2) Aok 8l 77
RPMI 1640, $-ello} &3] (fetal bovine serum, FBS), &

A 2 trypsin 52| AlEa ] 223 A2 GIBCO
BRILAHGrand Island, NY, US.A)EHE] 351910,
wjoF4-7](24 well plate$} 10 cm dishy= FalconAH(Becton
Dickinson, San Jose, CA, U.S.A)ollA 438k 218319
t}. Gliotoxin, methylthizol-2-yl-2, 5-diphenyl, tetrazolium
bromide(MTT), Hoechst 33342, propidium iodide(PI),
bicinchoninic acid(BCA), reduced glutathione(GSH), N-
acetyl-L-cysteine(NAC), sodium dodesyl sulfate(SDS),
dimethyl sulfoxide(DMSO)= Sigma*}H(St. Louis, Missouri,
USA)EHE 790381913, JC-12 Molecular probesAt
(Eugene, OR, U.S.A)2FE 43135}t Genomic DNA
isolation kit Promega*H(Madison, WI, U.S.A)ZH-E T
JslaAct. Caspase-39] 712 <] Ac-DEVD-7-amino-4-methyl-
coumarin(AMC)$} caspase-92] 7]%2¢] Ac-LEHD-7-amino-
4-trifluorometer(AFC)y= CalbiochemAHSan Diego, CA,
U.S.A)EHE] 745}5).2H, caspase-3, poly(ADP-ribose)
polymerase(PARP)e| ®gF 3HAd]3:= Santa CruzA}(Santa
Cruz, CA, US.A)ZHE] 7431},

2, 2hH

1) HL-60 M= BHQF 2 A|2Fxq2]

HL-60= CO, A w7914 (37°C, 5% CO,) 10% -$-
elo} FA o] E3hEl RPMI 1640 viR| 2 wiekslsict. 244]
7t 712 RPMI 1640 wiFl-E& A 5P, mid-log phase
o 2l MFol| gliotoxing &gt FH AHETA} FAlT} o]
o Aatd Ak AY-S w31}, Gliotoxin 1 mg/
mp ollebgel] Hof -70°Cell EAsERAL, AHEA] RPMI
1640 wiA]el| EAsjA AR-EIA.

2) M= g4 =3

A E BT MTT assays ol-4315ich. A= wiofs
(96-well plate)el] AFEAX10° AEZS/mHS 100 pwl/well
A B3le] 3A]7F o] A} CO, Ml wlek7]bell A A7)
&, Age) "ast 4 A9 A 5§ A G,
MTT £ (5 mg/ml, PBS)& vk §=9) 1/10=5A 37}
aledch. 447 F 10% SDS7F EFE 0.01 N HCl £
< 100 pl/well A7Esled Abolols M Eel] 23] A" 2
2 formazang £3|A1Z] T 96 weltd- ES353EA
(THERMO max, U.S.A)Z 540 nm 3ol A] 25 =
Aot A Z g EE AN =TT v asle] wis
(%)= FAIBFAT,

3) DNA =& ¥ TJ|¥S
DNA 2484 ZAL8] 918l genomic DNA F&-2
Wizard Genomic DNA kits °©]8313iv;. DNA 5g&



1.5% agarose gelollA Z17]1935(50 V, 2412 Al
ethidium bromide® g3l UVS-2E DNA ¥4& &
sl

4) Hoechst 2344

Gliotoxin2 2 *2]%l H|EE EZ]3}e] 1§ phosphate-buf-
fered saline(PBS, pH 7.4)2 |33} cytospin(Shandon
Southern Products Ltd., England)>-2 600 rpm, 3% 33
Asled slide glassoll H-2HA1 AT} Slide glassell ¥-2H¢ Al X
= 4% formaldehyde &-4ol|A] T2 A]7| 31 PBSE A& 5}oq
10 uM Hoechst 333422 104 48+ F o}A] PBSel|A] A1 H
3lod 3338 u)7 (Leica MPS 60, Germany)2-2 FHas)c}.

5) CaspaseH| cysteine protease EMHT FH

HL-60 ME(1X10%= ¥ I a2=8N(1% Triton X-
100, 10 mM Tris/HCI, pH 8.0, 0.32M sucrose, S mM
ethyene diamine tetraacetic acid(EDTA), 2 mM dithio-
threitol(DTT), I mM phenylmethyl sulfonyl fluoride
(PMSF), 1 pg/m! aprotinin, 1 pg/m/ leupeptin} & 15%-
3131 13,000 pm 2 155 YAl Bejsisiel. Al &
23] g AE 92 BCA kitE o]83l] wd S
B F TH100 pg)el HE NS B A58
(100 mM HEPES, pH 7.5, 10% sucrose, 2 mM DTT,
0.1% Chaps, 1 mM PMSF, 1 pug/m/ aprotinin, 1 pg/m/
leupeptin}® & 343 7| -x} 37°CAM 308 ub-E-
Al e}, Caspase-38] #AIEA2 fluorogenic substrateq!
50 UM Ac-DEVD-AMCE ARg-31912m, o] 7] 2] pro-
teolytic cleavageol] €]3led AR 3Bk 2lo) S P
% 335 A (Molecular Devices Co, Sunnyvale, CA, USA)E
ZA3}o] caspase IS AA ST o|w o] AF2- 380/
460 nm(excitation/emissionys A3}t Caspase-9 &
27 AL 7)1A = 50 uM Ac-LEHD-AFCE AHE-8151 2
o o]uje] 3L 400/505 nmre AHEEHITH.

6) Western blotting

wieFEl HL-60 H|E: gliotoxing ¥A A1ZE Azgt #+
ol MEZ A sle], WY PBSE 23] AH sl doixl Al
Fx= 48450 mM HEPES, pH 7.4, 150 mM NaCl,
1% deoxycholate, 1 mM EDTA, ! mM PMSF, 1 ug/ml/
aprotinin}®2 A3 FollA 308 HFEAIZH. AE T
(200 pg)e 2X sample buffers} E3sle] 100°CIA 3
& 7hdste] e WAlS fr=s8kem 12.5% SDS-
polyacrylamide gel electrophoresis(SDS-PAGE)E- A] 35}
Act. A7)9dFe] Ed gel®] A2 nitrocellulose mem-
brane® 2 ©]FA]7] (0.8 mA/cm?), blocking buffer(5%
skim milk)e} AF-oA 2417k WRS-AlZ e} Caspase-3 X
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PARPd] &t A= 0.05%(v/v)2] tween-20°] ¥
Tris-buffered salin(TBS-T)ol] 1:1,0002-2 3}A43}e] ni-
trocellulose membrane®} AkSol|A] 2417} BREAH O],
PARP%:- ©]2}3}4| anti-rabbit IgG conjugated horse radish
peroxidase(HRP)S- AF-2-ol|A] 147} ¥H§-A)F] AL, caspase-3
o] &t o]x}gkA= TBS-TE 1:3,00022. 31X anti-
mouse IgG conjugated HRP A5 Aol 1A]7} Bh-S-
A7) ¥, enhanced chemilluminescence(ECL) kit(Amer-
sham, Englandyg ©|-83le] Ll ZA|A HAsIH.

7) O E2=2(0t U™ 53

AZ &7)3e] shuel vlEZ=E] ko] 2 $(trans-
membrane potential)2] WS- ZALE}7] $181e] JC-1 GA
£ Aslsdc). Ml E= PBSE. 23] AlAsle] 10 ug/ml JC-
15 ZF2F RPMI wiAell 3]X3ted 2032, CO, wiod7]ell b
2171 ¥ ©}A] PBSE M|23}3L cytospin®E. 600 rpm, 3
£ 3A FAlsleq slide glassell F-2A13 0}, Slide glassel]
FEAE AEE= §3n)H (Leica MPS 60, Germany)o
2 A3l ch(Bradbury =, 2000; Facompre 5, 2000;
Salvioli -, 2000).

8) Flow cytometry =44

A EAL BARS 2AFE] Y8iA propidium iodide(PI)
2 MEE 9eAA dM3t F FACS Vantage flow
cytometry=. 33%2] Al7]1E &A43199. Gliotoxing *2]
3k M EE 70% ethanol® 4°Col|A] 4A17F F<F TA A7)
% phosphate-citrate buffer(0.2 M Na,HPO,, 0.1 M citrate)
9} AeoA 308 ukSAIZ Tl 18]35 RNase A(0.1 mg/
mle} 37°CellA 30% ¥RSAIZ] ¥ AEX propidium
iodide(PI, 50 pg/m/)2} 37°C FAloA HES-A)Z T FACS
Vantage flow cytometryS o]-&3le] 3ol M7|E A
slem] o AHHe] BAL Cell Quest software(Becton
Dickinson)& o]-&-3}gid}.

0) A ME Y
A9 A 44 ol Sl AQAsolH o) 5o
BT FFHAL AEsle] TAH 1S AZHA.

. & i
1. GliotoxinO| HL-60 M|Z2o| MEE0| 0|X|= de
Gliotoxin®] HL-60 A|3% &g W3t J3kS A)s)
7] $13}ed gliotoxin 8] §F ME FHEE MTT # 2

2 &3k}, Gliotoxin(s uM) Al ¥ HL-60 A2
AEEE A7MEE ZARE Z3) gliotoxin HE] 3417} ©)
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Fell FA A2E0%)H A= 6417E 75t F 40%2]
AEES Vel o, X} A7 o|EA ] AEE FHAat
= 9ok (Fig. 1A).

Gliotoxin®}] 2J8F M FEZEo] MEIAL 71Aef] 2)3le]
Wi7)E 7hsAdo] A= 716 (Gong 5, 1994; Park 5,
1998, 1999; Waring, 1990a), HEXA} #Ake] et
EAE sp] 94she] HL-60 A2 DNA L 3
AFe] agarose gel electrophoresis HPH S 2 EQls|gic]
Gliotoxin®-2 AzJ8F HL-60 A Eol|A 2]t genomic

A 120

100 r

80

Viability (%)

40 | E\I\E

20 1

Time (hr)
B) Gliotoxin (UM)

M 0 1 3 5

Fig. 1. Time-dependent cytotoxic effect of gliotoxin and gliotoxin-
induced DNA fragmentation in HL-60 cells. A, Cells were treated with
5 uM gliotoxin for various times and then, cells viability was measured
by MTT assay. Data represent the meanzstandard deviation (S.D.) of
quadraplicates. B, Cells were treated with various concentrations of
gliotoxin (1, 3, and 5 uM) for 6 hr and DNA fragmentation was
determined by 1.5% agarose-gel electrophoresis. Extracted DNA was
stained with ethidium bromide and visualized under UV light.

DNAY 1.5% agarose geloll %17]°3538 23} gliotoxin
GuMys A7 Aelslds o Ak AFPH 54
Q] Ale}e] =oke] DNA € (ladder-pattern fragmentation)
o] FAFI 5 uM gliotoxin M FlME o8- A7
Alcke] moke] o] PAECHFig. 1B). o] Azt
I gliotoxino] M EF HL-602] BEEE #3719,
o238t gliotoxinell )&+ HL-60 A& A& A E1A} 7]

Aol SJalel BES BBY S Ul

2. GliotoxinO| MEo| HEft®| Hstel n|=a=2|0}
of miEe|xt M0l 0K Wa

Gliotoxine]| $Jat AZ34F B4pe] Fehed 5L %

Fig. 2. Chromatin fragmentation and mitochondrial membrane
potential transition (MPT) of gliotoxin treated HL-60 cells. Cells were
treated with 5 UM gliotoxin for 6 hr, stained with Hoechst dye 33342
and observed by fluorescence microscope. (A) control cells, (B) HL-60
cells treated with 5 UM gliotoxin. Antioxidants, including 5 mM GSH
and 5 mM NAC, were preincubated for 1 hr and followed by the
addition of 5 UM gliotoxin for 5 hr in HL-60 cells. Gliotoxin-treated
cells were stained with 10 pg/m/ of JC-1 (10 x 40) and visualized
under a fluorescent microscope. The data were one of three
independent experiments. (C) control cells, (D) gliotoxin-treated HL-
60 cells, (E) pretreatment of GSH with gliotoxin, (F) pretreatment of
NAC with gliotoxin.



Ql3}7] ¢]sle] HL-60 A E2] DNA 23S Hoechst %4
22 Fol3lc). 5uM gliotoxing 6A17F 2] F HL-60
M EF Hoechst 94 F 37 Hu|F S )83 FAIA
HEF HL-60 M 232 elRI3e] 243 3efo] st
g GAS vepdoh 28l gliotoxin XS #e] o
g 2zto e 49 34 AAE Jeldloh(Fig. 24, B).

Gliotoxinell 218t HL-60 Al ZAlel|lA | EZ =20}
AL 2} WIS Elslr] $5ked IC-1 FFAAE A8
3ldet. HL-60 Ml gliotoxin(s pM)C-E 3X|7F A3
JC- 125 JAjsled 3 gadn| sl Fasieic). 1 A+
HL-60 A E£2] 3efistxql wistel 3 A 2] o
W2 &Fsgo] MEANA HAM(punctate) FENZ EE3}c}
7} gliotoxin *|2]ol| &]sled M| EA 7} 3 3 M E A
Aol w2k (diffuse) 22 ARASHE A1 3338 ehoh
(Fig. 2C, D).

Z, gliotoxinell &3F H|E A} ZAJALAG] 2]H)A]
WA W At AAEHIT Qlok(Braithwaite
%, 1987, Suen &, 2001; Shah 5, 1995; Zhou %, 2000).
aksiA o] A2)7) n| B2 =e]ole] |t A 92} W) n
2 dekE #AB] 38l gliotoxindg} A 3HAkEA
ol GSH ¥ NACE z|3}e] 9)9} 22 wjog 2A}s)
Sk, 4k 9} gliotoxin®ke] W-Exele W 2ga) HA}
g eallx] Yoz s¥Eglon n]EETa o] AR
A4 Felz HAFHFig, 2E, F)

o]Ake] Aol A gliotoxing HL-60 A Eol|A] A E A}
o Fo3 B4 F 3l skl Mks} 37 nlE
Z=eote] S Mg T3 v EZEE 0} 7% o]
Aol FEFA. 3 AA = o]23} n|E-EEE] o))
TR WIS dukei

3. EMSIN GSHRE NACT!L gliotoxinOll 2|8 HL-60
MZIAL OX= H&

Gliotoxin®ll 2]3F HL-60 M ETAl A n|EZ=E]o}e]
A2 W2} Ak sl A=) o= gh
FAEEA7E M E AEEAE TS nXERE A
%, gliotoxinel] 2J3F HL-60 M| ETA} #Ale] AL
&M wiA e 7lsAl S 2L 98t gliotoxin
7 A/l GSH 2 NACE Azjsle] PI 94 ¥
flow cytometryE o]8sle] A|F A} AEE FAlslgc
(Fig. 3). GSH ¥ NAC®] @5 A&l HL-60 M £ 17
gl fo)gt M-S xeEA] 2t} Gliotoxin(s uM)
22 5A1ZF A 2]3F HL-60 4| E2] TARE-S 34% AL 2
7}sld ot sRAkEkAlel GSHeF NAC *2l7} gliotoxinl)
gt MESAE JAlsle] HL-609) AESS dz22
FARE 55 el

279

50
40
§ 30
)
g
&
2 20
«
10
0
Gliotoxin = - - + + +
GSH(5mM) - + - - + -
NAC(5SmM) - - + - - +

Fig. 3. Effect of antioxidants, GSH and NAC, on the gliotoxin-
induced HL-60 cell death. Antioxidants, including 5 mM GSH and
5 mM NAC, were preincubated for 1 hr in HL-60 cells and followed
by the addition of 5 uM gliotoxin for 5 hr. After PI staining, apoptosis
(%) was measured by flow cytometry. The data represent mean+S.D.
of quadraplicates. * indicate significant difference at p <0.001 levels
when compared with the control group.

o] k2] Hztol| A gliotoxinel] 2|3+ HL-60 | E2] A ETL
AP} @Akslel Jale] AAHR0m, GAbsha ) o EE
Z2]ote] A A} WEE ouste] gliotoxined] £}3F Al
el gt el EAE Vel e ojulsidet.

4, EMBIH7L gliotoxinOf] 2|8t HL-60 MZEIAtY
caspase 240 O|X|= Ag

Al 3R] BEAAQ S Zesle A2 A3Ae
71H A caspase®] F8A-2 o|p] 2 oA ¢lvh(Klaus
o, 1998). I3} gliotoxinel] |3+ HL-60 M| Z2} TA} A}
o] caspase®| EA3lel gt HelekaL o] Bigl u} )
HPark ¥, 1998; Park 5, 1999). aksidle] <Js)
gliotoxin 54 HL-60 M E3A} HAFe] oA 7))
caspase protease T FZA-E E3t AIRIAE Feld}y)
f3bed caspase] FANA Ak A 28} kS FA}
3153w}, Gliotoxin(s pM)2-2. 5A|7F 22]3st HL-60 4| =4
oA caspase-3 3 caspase-99] A FHAE o]& caspase
2] substrateZ ©]-8-3te] ZAJBATH(Fig. 4A). HL-60 Al
Fof|A gliotoxinol] ©]3}e] F7}¥ caspase-3 @ caspase-9
o) 54 AL F AatsAlel] osle] A tj2F T} §-
A AE2 AslEe] Veldc) 384k caspase-3 &
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A)

o

[ caspase-3
” HEE caspase-9

£

w

i s I

Caspase activity
(fold induction)
~

-

Gliotoxin . - + + +
GSH(SmM) - + - - + -
NAC(5mM) - - + - -

B) Gliotoxin - - -+ o+ o+
GSH(SmM) - + - - *
NAC(SmM) - - + - - +
- =» o @ED s | 4+ Procaspase-3 protease
(35KDa)
Gliotoxin - - -+ o+ o+
GSH(SmM) - + - - +
NAC(SmM) - - *+ - - +
——— - @y | ¢ PARP (116KDa)
—— 4— Cleaved PARP (85KDa)

Fig. 4. Effect of antioxidants, GSH and NAC, on the activation of
caspase-3 and -9 in gliotoxin treated HL-60 cells. A, Antioxidants,
including 5 mM GSH and 5 mM NAC, were preincubated for 1 hr and
followed by the addition of 5 UM gliotoxin for 4 hr in HL-60 cells. Cell
lysate was used to measure the activity of caspase-3 and caspase-9 by
using fluorogenic biosubsrates. The data represent mean+S.D. of
quadraplicates. B, C, Antioxidants, including 5 mM GSH and 5 mM
NAC, were preincubated for 1 hr and followed by the addition of 5 uM
gliotoxin for 5 hr in HL-60 cells. After cell lysis, the equal amount of
protein was subjected on 12.5% SDS-PAGE, transferred onto
nitrocellulose and immunoblotted with anti-caspase-3 (B) and anti-
PARP antibodies (C). The immunoreactive signals were visualized by
ECL. * indicate significant difference at p <0.001 levels when
compared with the control group.

Aol Az ME ATA F 7] -] A3t A 9
£ procaspase-32+ PARPS] Western blot HIHS E3}eq
ZAFs)SITH(Fig. 4B, C). HL-60 M E% gliotoxin(5 uM)-2-
2 5A7F A2g F, Falste] A ZAWE] procaspase-32]
ofd Wss SAsd. Akl GSHeE NAC 59
=32 procaspase-3 TR o}F-3 o¥Fe] it
Tt gliotoxinel] 2j3ted kA3 Eail 35kDa®] pro-
caspase-37} ARSI Aol 2]3le] YN HEHH.
=3}, PARP HA] A7) gliotoxinell 18t 116 kDa
FAF Ao Raaaks hd3] AAlsks S B
g 4 Qe

o] Are] A= sFALEAL] gliotoxinell 2]§F A E 1AL
o3} vlo) E 2= gliotoxinel] 28} caspase-3 3 caspase-92]
T2 ol BRARRTT Bedstar qleg AAbsisde

Gliotoxim FAME, T obA|E, gAM ¥4 P81S, WEHI
7 7 A EFNA NEDAE Joioka Bad vt 9]
tH(Waring %5, 1988, 1990a, b). =3} gliotoxinel] &3} <l
Zh WY A EF HL-60 M| Zoll A M ETAL 7)ol st
A77F Barg vp oled, ol#gh Al EIAR: dFuhSel
Y EF5-5E0) MESAL 71A HAA Q) Iate s
= 829 caspase2] A3}, MAP kinase FollA A ¥E1L
Ale) A FALE @dsh= c-Jun N-terminal kinase(JNK1)
o] A3} e dFubSol A KA HAK &
A& 2H 3= AHAFAIQIAR] activating protein-1(AP-
1) 2 nuclear factor-kB(NF-xB)9] E-&84-8 E8iM A
I} frege] Bud vl 9lek(Beg &, 1996; Park %,
1998; Reap 5, 1997, Van Antwerp &, 1996; Wang %,
1996).

9]¢} 7Fo] gliotoxinoll 218t META} 7] 2] Tiekst B
Jo| = B 2T MEIAL 71H-C] Yl FoA o
&g o AR Qe v|EE =0l 7T Wl &
g AT opA7kA]l B uE u} gleh. =38} gliotoxinell &J3F
AETAZE A ZHA gliotoxine] s BAgAkAe]
23k Aka Bl 23k Hlolghs B Hol Heof 9o
v el B3 FAH AEIAL 7] wEAl u) gl

o] AT Aol gliotoxinell 2|3t A7 WHW A E£F
HL-602] A E3A} E313= A B5e] Aate}l X8l
o} A gliotoxing Al Xeoll M]g S o MELALS] 54
%9} 3}l DNA ladders #ET 4 SSiv(Fig. 1B).
Gliotoxin®] %7} %255 DNA ladder/} o Wo] #3
=|¢J}(Fig. 1B). Hoechst staining ©]-8-3}o] gliotoxin®]
AFAke] FelEhs 5A<l dAAe] 5 8 BEs
fr=gidels AMS #3335 9 (Fig. 2B). =3,
gliotoxinel] 2)3+ v|EZ=ejole] wpi Y] W3E IE3P)
A gliotoxinE 2]k HL-60 A Eell JC-1& 943}
of 3B A g At 1 Ao A A X A5
| EZ=eol= ¥ T2 FEFe] glen, JC-19] A
Hol Azl edxAE =3 il gliotoxinE A2
g N EFAME nEZTe]opr} 3 WEke g ©ol o]F
sl EAjsle A0 F o] HEAHYSS HATY 5
3Jade}(Fig. 2D). & gliotoxinol] 2J3iA v|EF=e)o} 1}
A7 AAENEE 4 F sUle. Caspase BH=E A
BuEe] Axte} FA}8H gliotoxinell ©J3)A caspase &
Aol Z713HE #AS 4 Qsdeh. 53] caspase-3, ¥
caspase-92] E4% #Ao] gliotoxindl &3] FrlskL
caspase-32] Al EW 7149 sl PARPS] Bg H2E
T AT (Fig. 4).

=3}, gliotoxinel] )8 M E 1Al fAst w2 A7}




oA B3t i E A7 AFA X gliotoxino] ME
el A s kel &3t A E2IAL FAAYE &
g 4 Qe .

SHAEEIAQ] GSH®F NACE gliotoxinol] &3] ZHAE
HL-60M %2 AEEE dx2F 57 352 A Fig.
3). 28|32 A= caspase-3 ' caspase-92] EAF
247} caspase-3 Aol 98 PARP A AAslR
(Fig. 4C). =3} gliotoxinel] n|EZ=2jo} 29} e] A E
SALSIA| oY 9)5le] HAE T (Fig. 2E, F). o|4e] A3
gliotoxin AFZHAIZA] caspase protease®] A 38t o}
Yzt wjEgEee} 7[5 H3tE §3dled HL-60 AHEelA]
AZIAE =SS o 5 I

wlebA] gliotoxin AFEA| 24 HL-60 Al EA] Al Z1
ALE F=3192H, gliotoxinoll 93t HL-60 Ml E2] HE
JAR= caspase A3} g | EEEE|olE A AlS
ALG7|He] wiZf=-& & + U

MEIANE A F83 oFE 933 x vl
EZ=golo) w3l FTe] Hle| &by n|EZ =g ol
A AEAZ BEEo)A]= cytochrome ¢} 2 caspase
activators, T|EZZ2]e} ubH$)ale] £Al T3l Bel2
family TR Sof ojs] 24 Fojzlck(Budihardjo %,
1999; Desagher &, 2000; Green 5, 1998; Susin &,
1999). £3| wEZTEolollM AHEAZR HEHIA|=
cytochrome ¢ Bel2 family iAol 93] 24 Hoix|
T, o1%A MEA=E =S cytochrome = apoptotic
protease activating factor 1(Apaf-1), deoxyadenosine tri-
phosphate(dATP)¢} Z3}51, caspase-1, caspase-2, caspase-
9 18] caspase-82] caspase recruitment domain(CARD)
He] AgS T3l 1 B o] 2AF 32 caspase-3E
A SAA MEIA EAAE FEg R ool
9] cytochrome ¢ W2 ZA3P= Bcl2 family wH3
< A F /AR 5T 5 s, AZIAE dAE
+ Bel2vh Bel-XL =i 52 A E23AF E31 ohalzlel
Baxs} heterodimerE 3/d87 v SPA oA sFsdA] ]
Al QabsiEe] 1 7S s "ok 28y Bax,
Bak, Bad 18] 3L Bcl-Xs 22 A E34} 3] ghalal L )
EZ=g etz o]FHe] cytochrome & WEY 4 Ux
pores AsZ|= I} ES| Bid wiE-e 3Asie
caspase-80l 23 HdEo] m|EZE=E|olE o]F, NFEL
ARE A8 o= deA gd.

Gliotoxin®ll 23] 555+ HL-60 A|3X2] M E3A} 3
A M= A A7 Aol AR rEZTe] o} w3}
E A 4 3t o]& gliotoxin®] P|EZER]0}E 73
8t MEA} A EE caspase-9l] AEsE AAZ Fdd
o}, Z caspase-92] &EAA A Fol 2fsled caspase-3
A 3le]| 7]e33le] PARPHDS: F-=3ict A=
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e} gliotoxinel] 2J3F | EXA} n|EZ =R o} 7-f-
s 199E Hs Bel 5] Adde viEeel)
oA2] cytochrome c®] HFE3} AAH =2 cytochrome ¢
o] WE-& 2A3H= Bel2 family T3 Hd wale gl
Sojo} & Aeleh

Al WAMEES] ETP classoll 43F= gliotoxin2- 1]
AE Y AT E5E 7T ot " S48 o
ol GAA ARl o7 4|71 S (Eichner 5,
1988; Mullbacher 5, 1986; Taylor, 1971; Trown &, 1972).
Gliotoxin®] M| E=54-2 FIYAE 53] M TellA Al5h
1 71A-E oA 7R Wl WA ¢lAl= grh(Mullbacher
%, 1987, Waring 5, 1988g, 1990a). In vitro X in vivo
9] A4 B3 AARe Eold A& &5
Aoz oupsldeal X3 g ul Lo o] 7)ol
osle] FA 3N kS AEA R A Auein
ole]z] ik (Mullbacher %, 1987). 31 o] 2|3 w4
7132 AgA aspergillosis 22 FHgA] X|&3)7] ol8]$-
o7} 2 4= g}, AAZ amphotericin B 22> A7+
A 8A7} lSol = S8k A aspergillosisel] 2]t
XA 75% o|Adelvt "oh(Burch 5, 1987). whehAd
gliotoxinel] &J3|A == WM ZE] 3t 7]%5 A
v Al Eaafe] 218 78 ¥8]E A2 gliotoxin®] P4
% 588 TASAL} aspergillosise} -2 z172] #z2]3}
A 71& 7IAE oldldke 71 At € 4
(Eichner 5-, 1984, 1986a, b; Mullbacher 5, 1985, 1987).
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