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Induction of Apoptosis by Camptothecin in HL-60 Cells
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Abstract — Camptothecin (CPT) has been known to induce apoptosis in various cancer cell lines. To
examine the intracellular apoptotic death signal initiated by CPT, we investigated the possible connection
between caspase-3 activation and GSH depletion during CPT-induced apoptosis in HL-60 cells. Treatment
of cells with 1uM CPT induced PARP cleavage accompanied by DNA fragmentation. z-VAD-fmk, a
caspase-3 inhibitor, blocked the CPT-induced DNA fragmentation. Pretreatment of cells with N-ace-
tylcysteine, a precursor of GSH biosynthesis, failed to inhibit CPT-induced PARP celavage and DNA frag-
mentation. No significant changes in GSH levels were observed during 6 hr after CPT treatment. Taken
together, these results show that GSH depletion is not essential for caspase activation during CPT-induced
apoptosis. We also investigated whether CPT-induced apoptosis is associated with changes of the levels of
Bax and Bcl-2, two proteins involved in the control of apoptosis. Bcl-2 levels exhibited a late decrease com-
pared with the kinetics of DNA fragmentation, whereas Bax levels increased more rapidly after CPT treat-
ment. These results suggest that Bax plays more important role than Bcl-2 in inducing DNA fragmentation
and may function upstream of proteolytic activation of caspase-3 pathway in CPT-induced apoptosis.

Keywords [] Camptothecin, PARP cleavage, caspase-3, GSH depletion, Bcl-2, Bax.

FedAlel 2% Fravh= dHE] v IA T2 A AR W Fasttha shach

& AP LS 507 fEghomy et Apoptosis®] 33}+a 7)o A2 FH} apop-
ok H o2} 7Y A DNA &4 80 9 tosis 5219 FH0) wet olu AL o s
& FF HWBY0] apoptosis H= Fold FEY) = vERiI 1 o] V|2 42 FEAHQ S

o

& F3lof ojFolicky WSIFE. Apoptosise %8 A Bk H29) A7 Pl oJahE Az

o] AZof| Rhgsto] dofvk= 553 F59 Hgow
] nuclear condensation, membrane blebbing & ¢}
Hefstal Wale) DNA fragmentation dA4to] LieRG
T} Apoptosist BIAATAR] AE2) AAZ 915 o]
2 71A ) H&E ot o] Hgo] &AEH oA
of thgt Wdo] A7) A9E BuET gk wet
A 4] apoptosis 157148 W= Ao] FE

F 2 Rl 9t Beli= o] Axtel|w.
(H3h) 02-820-5607 (H2) 02-816-7338

385

aspartate-specific cysteine protease &<l caspase
7} apoptosis frzoll 352 0% #Hojeh= Q8 Q)
21 Fo g AHFTIY Caspases A|EY) oa] =
B PRES o] BEEYE Ao RN NS £
°7 {FEsh=t] caspased] 71ARA b F LA
WE RO ZA caspase-3 714 Q) poly(ADP-ribose)
polymerase (PARP) 7} it} FE3t njEZ=glo} 1t
of A= bel-2 FHAF AL apoptosis 4 o]
Hoghs FEFAQ 2R Ao deq Qs
Bcl-2 A apoptosis® AISH= A1} Zalsk= A



386 BE -

]

x

T

K

z] .

L

A%

o & e Q)+, Bel-24 BelxL2 apoptosise
o4&} Bax, BdxSE< Fee #ES gt
Bcl-2t& caspase®] #/J3HE Al Eh reactive oxy-
gen species (ROS) ] S A3 2M apoptosis
= gAgtcta g}, #HIZoll ROS7} caspase-39) &
Azl 3ol gofdtths A7 Bal ek TNF-
0,2 FAS,™ chemotherapeutic agent 52| apopto-
sisfrEAlel 9J8le] ROS Aol FX1=™, ROSE Al
U glutathione (GSH) pool& iLZA|# apoptosis
FE AZHGAZS AF3t B QIekR
BlekA|o] 2%k apoptosis =172 o27HA] E4
3] g AA & ok vk wEka #ekA9] apoptosis
FE ARE 47] fskd & A7olAM= topoisome-
rase 1 A3A¢] camptothecin (CPT) & 4183} apo-
ptosis T2 FEAQ Ao BTz caspase-3°]
gk 23} oof tigk ROSS| TS FAJ3l o,
apoptosis 8 w2l Bcl-29} Baxell tigh 93
z2AYskt), 2 A A3 CPTE caspase-38 2493}
slglon] gkl NACGE olof digh Maiahe-& v+
ERA] 9kt 53 CPTS) caspase 8/d8h #gellA
A GSH 3140] dojutx] sttt ol9} 22 A3}
o 5} ROSE CPT9) apoptosis =74 cas-
pase-3 BA3lolli= TFHA] = AYS AAEISITH

AEYY

Al2F —RPMI 1640 % fetal bovine serum-> Gi-
beo (USAAFS] Z1-& AME-3131T N-acetyleysteine,
glutathione®- Sigma Al2%¥E|, PARP antibody=
Behringer MannheimAFZ 58|, z-VAD-fmk+= Update
Biotechnology (UBI) A2 HE T8t 1, bax X
bcl-2 &A= Santa Cruz Biotech (USA) #l&& A}
£3t5ich

MZHi - HL-60 A E= 5% CO, M7 1olM 10%
Zejo}d o] E3E RPMI 1640 Ad7u)A| oA ik
stk Wik 25 37Co H, wiA| ol SHEAEA
penicillin (100 units/m/)Z} streptomycin (100 pg/m’)
& sttt kEAE e 2% FBSE X%
&t RPMI 1640 =]l 5X10° cellsym/®] FEE
A)EE Ath Cell viability:= trypan blue exclusion
o2 =43t

DNA fragmentation —5x<10°2] A

)

Ay =1
s

A7k

PBSgHElo g S ¥ MHF F 300we) extraction
buffers 7}3k 50°CellA 16+ {59t shaking incu-
bation3t2ith. 52| phenol : chloroform : isoamyl alco-
hol (25:24:1) EFHE 718 dHAS AASL Lo
2 42¢] 7.5M ammonium acetate 0.54] 2} 29} 2]
BroeheS Wi £83] —20°CellA AR A%t
320,000 g2 2047 Y4lEElste] DNARHES o
9t} ©]7& centrifugal evaporatorolld olg+E-2 2
gz, 100w TE buffer? resuspensiondt ¥
0.1% SDS, 20 pg/m/ DNase-free RNase AZ 32|
3lo] RNAZ AA% ¥, 1% agarose geloll 10w
A2 E loading 3] 50VE 2417t A7GEST &
ethidium bromide (0.5ug/m) = % Uuv
transilluminatorol| A #2313t}

GSH level &#H - GSH= Calbiochem(cat. #
354102)°14 7913t GSH assay kitZ 7HA31 573}
Rk 5x10°9) AEE sl B o, ice-
cold PBSE 200w 7}3+It). sonicationdled G2
cell lysatesE YAEe]dte] L2 244 Bradford
Hog cha Aasigict. 1 mgell gk A7 el
%20] 10% metaphosphoric acidE 713t A7
I AR NS FER) 3 Az A Ale] whE} total
GSHE =43tk

Western blot — 2t2e] A@FolA Rolxl MEF
lysis buffer? MIXEE £3|A17]13L Bradford ‘& &
dlo] chalale] ok Ao T ZA% F, F U
50ugel L3l FEE-S SDS-polyacrylamide gel
#7199% (SDS-PAGE)3}1L ©]& nitrocellulose paper
o $1 F A} sk @izl A(PARP, Bcl-2,
22 Bax)@ HHSA|ZTh 13 &4 Wk & peroxi-
dase7} #-&9 23 A ZE A7 & ECL(enhan-
ced chemiluminescence) B o2 @izl Hkgo] ¥
35 gotrgtrh

gk

HEE

HL-60 A|EZoA CPTS MEZF2] AAAES 1Y)
9lele] AFe 1uM CPTZ 7B}o] trypan blue
exclusion HPHO % viabilityS 4815tk CPTS 7+
FE 6 Aol AEZ20] dAET] Al 24
AIZE Fofl= 90% o)l AAEUTHFig. 1A). AIE
Z2) oA Z-go] apoptosisell 23t FHEAA| Lot B

J. Pharm. Soc. Korea



Camptothecin® apoptosis

FEAE 387

Viability (% of control)

0 3 &6

12 24

Time (h)

Fig. 1 — Induction of apoptotic cell death by CPT in HL-60 cells.
(A) Exponentially growing cells were exposed to 1 pM
CPT for various times and the viability was evaluated
using trypan blue dye exclusion. (B) Cellular DNA was
extracted and subjected to electrophoresis by 1% agarose

gel.
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Fig. 2 — CPT-induced cleavage of PARP. HL-60 cells were
treated with CPT (1 uM) for 0~6 h. Cell lysates were
resolved by SDS-PAGE and blotted onto nitrocellulose
membrane, and PARP cleavage was visualized with anti-
PARP antibody (Behringer Mannheim).
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Fig. 3 -~ Effect of NAC on CPT-induced apoptosis and PARP
cleavage. (A) HL-60 cells were pretreated with 20 mM
NAC or GSH for 2 h and then exposed to 1 pM CPT for
indicated time. Cellular DNA was extracted and su-
bjected to electrophoresis by 1% agarose gel. (B) HL-60
cells were pretreated for 2 h with 20 mM NAC or GSH
followed by treatment with 1pM CPT for 4 h. Cells were
harvested, lysed, and mixed with SDS sample buffer.
The proteins were analyzed with a 7.5% SDS-PAGE and
PARP cleavage was analyzed by Western blot as
described under the Materials and methods section.
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Fig. 4 — Glutathione levels in HL-60 cells treated with CPT. Cells
were harvested and glutathione levels were measured as
described under the Materials and methods section.
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Fig. 5 — Effects of CPT on levels of Bcl-2 and Bax protein. Total
cellular homogenates were analysed by SDS-PAGE, fol-
lowed by Western blotting using anti-bcl-2 or anti-bax
antibody, as described in the Materials and methods
section.
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