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Abstract

The DNA topoismerase I inhibitor B -lapachone, the product of a tree from South America, is known to exhibit
various biological properties, however the mechanisms of which are poorly understood. In the present report, we

investigated the effects of S-lapachone on the growth of human prostate carcinoma DU-145 cells. Upon treatment
with g -lapachone, a concentration-dependent inhibition of cell viability was observed and cells developed many of
the hallmark features of apoptosis, including condensation of chromatin and DNA fragmentation. Flow cytometry
analysis confirmed that g-lapachone increased populations of apoptotic-sub Gl phase. In addition, proteolytic

cleavages of poly (ADP-ribose) polymerase (PARP) and f-catenin protein were observed after treatment of J-

lapachone. These apoptotic effects of A-lapachone in DU-145 cells were associated with marked induction of Bax

protein, however the levels of Bcl-2 expression were decreased in a dose-dependent manner.
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Fig. 1. (A) Chemical structure of j-lapachone.
Growth inhibition by f-lapachone treatment.
DU-145 cells were seeded at an initial density of 0.5 x
10" cells per 100-mm plate, incubated for 24 h, and
treated with S -lapachone at different concentrations for
24 h. Cell number was determined by hemacytometer
counts of ftrypan blue-excluding cells. Each point
represents the mean * SE. of two independent
experiments.
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apoptosis (programmed cell death)S d27|= o2 X
18 v} Avh21,24,30-32,41,43]. Leukemic HL-60 HEE

e ¢t AEE 0] & AFolA S-lapachoned FF

AFAA p53 2 apoptosis A AR Bel-29] wrd
£ §338H apoptosisE F2311S[243110] HiE o] A
¥ 4% A9} 9#F apoptosis i 717 A4S %

A=} o] Fo)A gt} 28y @A7A 28 Rt B
3 o Sox BFsn MEFAA S -lapachoned)
og gl e RAMERH 1AL 48] A9 L
uk7h Qi

&3 apoptosise 5o] WA TA U DNA &4, vhelg| &

78 T4 93 £34 23 M dojv= Fud QA
Hho) 71 o) Mol A necrosiss} THHW, A HEFF
A E2E AEEY AAE 9T T2 Food212]

Apoptosise N EF7] & Ty HYEHOE FA|d
dojg 4 gou2744], BAHL AEF79 ooy
HMEF71ZH £23 cyclin-dependent kinases (Cdks)
g4 o] ¥i3l7} apoptotic cell death?] FU<lo] & & Qlt}
[36]. Apoptosise] fato] p530]u}, Bal-2 & Bax$} 22 #
AA7} #gtre Abdo] d# AWM apoptosiset AHg

24 J)do] HZ Bol ¥y A UTH3]. 2F dEFHA
A0 2 Bel-2= apoptosisE 9AshE WY, Baxw iy

H AL 1) apoptosisE fFrE3eH, F @RS M Zdimer
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A38HA A cytochrome c9} 2-& apoptosis o] #d
AALEe ZAd| #Fel3r1,16,2338]. T

0]Z Boz ICE/CED-like protease family %A
apoptosis o] 23 9Eg sk, oS proenzyme
e 2 A8t BaxE ¥ 33} apoptosis =5 E43}
AFE Azl s SABHE cysteine-related proteasesZ
gol AF e HHFHoz AX U EAde B 14
gt A o] Fafol] e ghri{28,38].

B dFd A+ DNA topoisomerase I JAA S-
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B A7 Asjo] o3 B-lapachoned] H] F& &
Aoz DU145 AP4 ¢AEe 4Fe JA=H%eH,
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<3 Bax9 2d %7} 2 Bc29] #E At 8-
lapachoned] 213} apoptosis o] F83 23102 e
S o 4 QST
M2 Y
otM|Z ol HiY % B-lapachones| X2
B Ay A3 DU-145 APH ¢AEE American

Type Culture Collection (Rockville, MD, USA)eljA 7<)
s9.00 DMEM A2 o] &3te] 5% CO, 37Ce) 23
3ol A w3ttt B-lapachone Biomol (Plymouth
Meeting, PA, USA)dlA FU3st92o7 ©|& ¢4 alcohol
o o} 10 mM9] stock §H0 2 A23I H 20T B
ato] A4 FLE WA FAsd AHstHTh

otHze| MEOlN U HehH wa By

B-lapachone?] Azl 9 FAEe] 4G4 EAE
2l5le) DU-145 ¥ & 100-mm plateo]] 0.5 x 1 0 Az

223 F 2447 wjgsisich 2447 F B-lapachoneo]
=rdz MY WxE 2dstn 2447 o w3
trypsing A28} phosphate-buffered saline (PBS)E
Astark. $A% AXES trypan bluez FA4Y
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DNA topoisomerase I HA| 4| £ -lapachoned] 23t

WAz A Ee} wmatch GAEY Fejol
A= B-lapachones} S Yoty 98t HMIE
coverslip ¢loll A B & 24A17 FoF S-lapachoneg
2] ¥ Wright-staining (Fisher Scientific, Pittsubergh,
PA, USA)E AAlste dAul Aol A @2

DAPI g4z Stt o o
B-lapachoneol] o}g+ QHH| X 9] apoptosis 43 o LE &
Ask7] A% o Fejwst #EE st B-lapachoneo]

Held AEEE PBSZ FA3AL 3.7% paraformaldehyde
2 A4 1087 2370 3 83 G249 46

diamidino-2-phenylindole (DAPI, Sigma Chemical Co., St.
Louis, MO, USA) €94 o] &3} 1087+ 434t o]
S AXE tr] PBSE 23 A8 I fluorescence
microscopeE ©|&3to] 3o Hel W E A4 vlns}
ATH]

DNA fragmentation &4

FHIE A XE PBSE A3 & apoptotic DNA Ladder
Kit (Roche Molecular Biochemical, Manheim, Germany)&
A}-8-3le] DNA fragmentation 84 o2& zA}slgch &
binding/lysis bufferS o] gs}a] AT Tuinw 234
& S99 g, ethanolo] & washing bufferg o] &
gte] & 2 MoJuj 1, elution buffer® DNA fragments
£ otk Aol DNAE H3#¢ DNA loading
buffer?} 410] 1% agarose (Sigma) gel& o] &3t 120 V
Z7A3q A HolAlZl F, gel2 ethidium bromide (EtBr,
Sigma) 03 GM3e UV-transiluminator2 DNA
fragments] o138 PsETHA]

DNA flow cytometry 24
A4 2 B-lapachoneo] 3Hrd AN A AP AEES

PBSZ FA| W Aoz, 14 M(70% ethyl alcohol, 0.5%
Tween20)& F7}8t] 4T AN A7) X, date] Eo]3)
o2 ZAfse PFEZY DNA intercalating dye

propidium iodide (P, concentration, 50 ug/m{; Sigma)$}
10 kunit®} RNase (Sigma)g A 2sta 4ColA 1A7HE¢H
A} o]F A PBSE AEE F H oY F,
nylon mesh2 AMZolg]E shidez wojuz DNA

Hed dAEe] AgA 71dd+

flow cytometry (Becton Dickinson, San Jose, CA, USA)d]
HEAA YPikgo] wWE histogramE ModiFit LT
(Becton Dickinson) Z21%-3 Al-&3te] EA)51930}{8].

Western blot analysis ¥ &

A8 H[7,8]0 ?ﬁ?‘f}@ 94 2 B-lapachonec] X2 g
o)A A NEES lysis buffer2 &3 F, u&

Apez AT ) AAES 2N T 33 oua
SDS-polyacrylamide gel A7]4Fo s Egd. £
dl A8 53 acrylamide gel S
(Schleicher and Schuell, Keene, NH, USA)© 2 electroblotting
of os HolAlz7l &, 10% skim milkE 33+ PBS-T
(0.1% Tween 20 in PBS)ol} 4CollA 1A} o] 4} incubation
SHHA H]Eo|H9] Tl S tdk blockingS AAISHH
o 22in 54 2Eded g3 $AE membraneo] &
AA 3 gA w3 4ozl &, PBSTZ Aojuin 53
gAo gt oz A W& AAF & ECL (Enhanced
ChemiLuminoesence) £ % (Amersham Life Science Corp.,
Arlington Heights, IL, USA)S & 8A171 oh& X-ray film
of RN 54 paAe F& BAdA 2 299
A FAHEL Santa Cruz Biotechnology Inc. (Santa
Cruz, CA, USA) ¥ Calbiochem (Cambridge, MA, USA)
A TP, oz FAZ AL  peroxidase-

labeled donkey anti-rabbit immunoglobulin @ peroxidase-

nitrocellulose membrane

labeled sheep anti-mouse immunoglobulin® Amersham
Corp. (Arlington Heights, IL, USA)ollA] F<]8t%ch.
2n ¥ 2

UM Zf M0l o|x|= B-lapachonel| Y&

AF APH DU-145 FA TS A% mA= 8-
lapachone?] H3k-g Holr7] 3l 24ATHEA 8-
lapachone-& #2]3 & Aoldde MEE hemacytometerE
o] &3t ZAIS|E H3}, Fig. 1B 3 A -lapachoned]
e 94&%43 FALS F40) AU, 53]
ZAE B F 23 uM¢ S-lapachone X oA 50% A

= AZEZAA 347} AR, ole e FFHY IY
A SAER2431), FEAR[21], HAGAE[NT] R St
ME[BO] S vebd AREH FABIAS 223 8-
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Fig. 2. Morphological changes, chromatin chondensation

and DNA fragmentation by A-lapachone treatment
in DU-145 cells.
Cells were untreated or treated with 5 M §-
lapachone for 24 h, stained and then photographed by
microscope. Magnification, x200 (A). The untreated cells
(cont) and A-lapachone treated cells with 5 ¢ M for 24
h were harvested, and spun down. After fixing, the
cells were stained with DAPI solution. Stained nuclei
were then observed under fluorescent microscope using
blue filter. Magnification, 400 (B). Genomic DNA was
extracted and analyzed by 1% agarose gel electrophoresis
in the presence of EtBr. Molecular weight standards of
DNA/Hind Il fragments are shown in lane 1 (C).
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B-lapachoned| 2|$t apoptosise| 74
B-lapachonedl] 9|3 A} NEAFHY AA o A
& 3ej2 wFo| apoptosis FLF A#AAo] JEAE =
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AbstA k. Fig. 2Boj vFERd whe} o] A4 wiA| oM A
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AATH29]. 3HA apoptotic body B4} A apoptosis
o] AWM A ZAd| s Féte DNA fragmentation o
agarose gel A7)YF0.2 ZABIAT. olE 93t
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Fig. 3. Induction of sub-Gl by j-lapachone treatment.
Exponentially growing DU-145 cells were treated with
8 -lapachone for 24 h and flow cytometric cell cycle
analysis was performed comparing untreated controls
with cells treated with j-lapachone. Arrows mean the
portions of apoptotic sub Gl-population.



DNA topoisomerase I ¢ & A} S -lapachoned] 2J3t AP A A Eo} A

ARem o]E DNA flow cytometryS o] &3to] 213 2
3, Fig. 3ol vehd ule} o] B-lapachone & &3
O 2 apoptosis S &u]dE sub-Gl7)o| &3 AX
29 W=7t SRS ¢ & Ak

B-lapachonedl &/st PARP ¥ B-catenin® deg-

radation

o] oAl 9o}zl B-lapachoned] o3t AHH AL
apoptotis 8] H-712 Q1 £79} apoptosis 5 7] 3
Mo dgoz Western blot 40 23 poly (ADP-
ribose) polymerase (PARP) ¥ S-catenin®] &&ol| WX+
fB-lapachone®] @& ZAlIAT. & L2l upeh 2o
EA U, 97 A= 93t apoptosis7t Yoj}H PARP
gwlge Bndoz Fale duld Ha) 39S AN,
3 A7 Z439 Mxe 73S PARP @2 116 kDa9
a1 7}Z]Z]U} apoptosis7} Yol Z-$- 85 kDa =27]
9Hg A28 4 9rH20,22]. £3] PARPE AAAH T
o] DNA repalrb} genomic stability2] 2ol ¢ 8
g2 319[40], apoptosis®] F}4 ZF caspased}s HA
g4 s duiAde] Ea7 dojipw[20,22] PARPY &
&4 7'5e) A2 U89 34731 DNA repair #40]
AR HAHUH2I). Fig. 4olM & 4 e e} o] A
B Aol A wj ke MEES] A9 116 kDa 930l 7Z3 5
bandE & 4 4oy B-lapachoneo] Hg AT AL
PARP ©@eld.2 116 kDa @ 85 kDa X|djA H& == 270
o) bandg BT ¢ UAT £ AFEA 24252
85 kDadl| 3j%al= bande] @do| F7lEo] B-lapachone
el FE AU AT 4FAA7L apoptosis?]
W AHAQ #AV dde A F Yehfols
o, 2 71 & FFY SAXAe} #EH AsH F
g Zzto]ti{11,30,32].

& catenin family ¥ &(qe, 8 Z 7)) ZE A X
A BEE e A EA 9 AZ A E-cadherin® Ag3te] Al
X dH7150 83 988 §rH1942]). E3] S -catenin
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o $a359 ME 23 BAE apoptosis ZHF} AHA
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Fig. 4. Degradation of PARP and p-catenin in j§-
lapachone- treated cells.
Cells were treated with indicated concentrations of S -
lapachone. After 24 h incubation, cells were lysed
and equal proteins were resolved on 8% SDS-
polyacrylamide gels and transferred onto nitrocellulose
membranes. Western blots were detected with
antibodies against PARP and f-catenin, and ECL
detection.

cell apopotosis)7} Yol L} 6272 kDaZ @H3}7} dojd
t}H13,39]. A-lapachone 2]l 23t apoptosis7} o] 3
4 Bde] eAY HRE ZAEY] YA 8-
lapachoneo] &8 A ojA 2}k HIZE9] B-catenin ¥
#L 2AS 239 Fig 49 2 E AdA A 2
Y ATE9 AL 92 kDa2] F bando] w3 o] ZslH =T
B-lapachoneo] A2 ® FA XM= Hsx JEHO2
9¥3E bande] 4 AAY 4 Uk ojd A=
B -lapachonedl] 2]3F <AIE o AAHQ e AFHF2
A9 F sl F= Aoy, o)} d#d A
714 Ao Hore 9sjx = BH cadherin B A E 79
A3 24 2 kinase G459} AFE A7 L 7H AT

Bcl-2/Bax family2| &0l o|xl= B-lapachone?

o:l%t

Apoptosis®} AAAGE 7HAE 7 dEHQ] FAAY
Bcl-2/Bax family % Bcl-2& anti-apoptotic EALZ A
91?‘1] e 715E 7MW, Baxe
pro-apoptotic ¥A}Z Bax T A @& 9| F7}= apoptosis
o fa3 FA Aok O]E FoRAAE AW 278
% mitochondriaZ 2 € 9] cytochrome ¢& FAIA %
A GAAQ p53, caspases, DNA2| ©@#slel Agg
endonuclease $9] A& ZHICH2733]. o]lEL AME

apoptosis®} &

Vol. 12. No. 4 (2002. 8) / 473



dimers ez ZAsY 159 Fd $Fd Wil 2
# 5™ apoptosis7} FEEE Ao.2 EBA UTH1,16,23,39].
webd A7t HAYPM GHEA  B-lapachoned] 2}
T FEEHY A=AY AR
S XA A3, Fig. 59 verd sl o] apoptosisE
Wik Az BEo] & Bax AEAY AL 8-
lapachone 4 ¥ 5 uM HzolM ¢ F7hg Wi,
Bcl-22] @&& 4 uM B-lapachone AT AFEE A9
Wo] §x ¥gteh. o] A f-lapachone Aol <3
apoptosiso] fridrell= HAF Bcl-2/Bax family7} $23
Vs 91“]3}% Roln, Baxd| F7I2 g
apoptosis F& #d F25Y AT o] FAL UF
T B A7 A Weller F[41]
o] o3 glioma A ¥ % Hueber S[18]o] &g+ wetAta)A)
¥ o)A B-lapachoneo] &3t apoptosis &4 YEIAA
% A 235 Jepa Qloh Ba-29] =% HddE

apoptosis fdl| ol &

4o 1

leukemia M| XA B -lapachoned] 2|3t apoptosis7} <A
HA&[32]& B-lapachoned] ¢]gt apoptosis #ol Bcl-2
o WE 7L E}E BaX«l HEZML L HE st
= Aol

<4 Bax

<+— Bcl-2

Fig. 5. Up-regulation of Bax and down-regulation of Bcl-2 by
A -lapachone treatment. DU-145 cells were treated with
indicated concentrations of jJ-lapachone. After 24 h
incubation, cells were lysed and equal proteins were
resolved on 12% SDS-polyacrylamide gels and transferred
cnto nitrocellulose membranes. Western blots were
detected with antibodies against Bax and Bcl-2, and ECL
detection.
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