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Growth Inhibition of Human Lung Carcinoma Cells by (-lapachone
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The DNA topoismerase | inhibitor B-lapachone, the product of a lapacho tree (Tabebuia avelianedae) from South
America, activates a novel apoptotic response in a number of cell lines. In the present report, we investigated the
effects of B-lapachone on the growth of human lung in human non-small-cell-lung-cancer A549 cells. Upon treatment
with B-lapachone, a concentration-dependent inhibition of cel viability and cell proliferation was observed as measured
by hemocytometer counts and MTT assay. The B-lapachone-treated cells developed many of the halimark features of
apoptosis, including membrane shrinking, condensation of chromatin and DNA fragmentation. These apoptotic effects
of B-lapachone in A549 cells were associated with a marked induction of pro-apoptotic Bax expression, however the
levels of anti-apoptotic Bci-2 expression were decreased in a dose-dependent manner. Accordingly, elevated amount
of cyclin-dependent kinase inhibitor p21 expression accompanied by up-regulation of tumor suppressor p53 was
observed. By RT-PCR analyses, decrease in gene expression level of telomerase reverse transcriptase and telomeric
repeat binding factor were also observed. Thus, these findings suggest that B-lapachone may be a potential anti-cancer
therapeutics for the control of human lung cancer cell model.
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DNA topoisomerase &9 AMAE &edZ B-lapachone
(3,4-dihydro-2,2-dimenthyl-2H- napthol{1,2-b]pyran-5,6-dione)=
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1. QA9 it 4 B-lapachoned] X&)

2 U0 AFES A549 Q1 HIYAMEE American Type
Culture Collection (Rockville, MD, USA)olA FI5Ii o
RPMI-1640 Bl A1 & 0] 831 5% CO,, 37°COl £718MA] ulLsh
Sict. B-lapachone Biomol (Plymouth Meeting, PA, USA)of|A]
15199 oM o] 44 alcoholol] =] 10 mME] stock EH S
2 AHZERSH H -20°Coll RAsled BE ST uiAlo) 3Male A
21313
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FUlE GHEE BEFI0 U4A7F B0 ¢S F, B
SLHEE Melsl] 48A17F St tiUBIFATE 484]
¥ A2l &, trypsing XEI5HI phosphate-buffered saline (PBS)
T2 ABIC) 01F trypan blue @A EH F hemacytometerE:
olgsky Aot e MEY £E FHi wiXlolA Xkt QA £
HiZalrt E&  Blapachoneo] AzZi® wiAE HMAIL
tetrazolium bromide salt (MTT, Sigma Chemical Co., St. Louis,
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MO, USA) A|0FZ 05 mg/ml S5 7}t HE 2 HZHlAZ 3416}
ol 2 mid} BF5L0] 3417 B0 ket thE, MTT A|okg AlA
3L dimethylsulfoxide (DMSO, Sigma)E & 71510 welloll 44

¥ formazing =Q] % ELISA reader (Molecular Devices,
Sunnyvale, CA, USA)& 540 nmojj4 EHTE HH3INCH
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B-lapachoned)l 9|g} QHM FE Q) apoptosis 2t AR E 2015}
7] Hst o) el sk TAS 915K B-lapachoned] AZIE Al
EEE PBSE MGk 3.7% paraformaldehyde® 2}2oiiA] 10
B2 1817 & @F GMEFQ] 4,6-diamidino-2-phenylindole
(DAP], Sigma) EXE ol &3dla] 1087 HASIATE ol AX

& U4 PBSE 23] &

of s el Hals

A8 & fluorescence microscopeE O] &5}

YT 8] aaleict.
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ZH)|¥ M ZE PBSE 448 & apoptotic DNA Ladder Kit
(Roche Molecular Biochemical, Manheim, Germany)& AFHE 61
DNA fragmentation 34} GJ2E FASI9ICE & binding/lysis
bufferg o]&sle] Mzug thldm dg =i the,
ethanolo] E3% washing buffer® o] &3k Al Aol 1,
elution buffer2 DNA fragmentsE Jo{UATCE Foitd DNAE
Ze2ro] DNA loading buffer®} 430] 1% agarose (Sigma) gel=
o183l 120 V Z7sloiM HolrZl %, gelg
bromide (EtBr, Sigma) 8 05 A5l UV-transiluminator =
DNA fragment®] (1 2& HEBIT

ethidium

Table 1. Gene-specific primers for RT-PCR

(Gene name Sequence
Bax Sence 5-ATG-GAC-GGG-TCC-GGG-GAG-3
Antisence 5-TGG-AAG-AAG-ATG-GGC-TGA-3
BOIXS/L Sence 5-CAG-CTG-CAC-CTG-ACG-3
Antisence 5-GCT-GGG-TAG-GTG-CAT-3
Bolo Sence 5-CAG-CTG-CAC-CTG-ACG-3
Antisence 5-GCT-GGG-TAG-GTG-CAT-3
053 Sence 5-GCT-CTG-ACT-GTA-CCA-CCA-TCC-3
Antisence 5-CTC-TCG-GAA-CAT-CTC-GAA-GCG-3
001 Sence 5-CTC-AGA-GGA-GGC-GCC-ATGS
Antisence 5-GGG-CGG-ATT-AGG-GCT-TCC-3'
WTERT' Sence 5’-AGC—CAGJCT—CAC—CTT—CAA-CCG‘,
Antisence 5-GTT-CTT-CCA-AAC-TTG-CTG-ATG-3
ATEP-17 Sence 5:-TCA-AGC-CAA-ACC-TGA-ATOTGA—GG:
Antisence 5-CCC-CGA-GTG-AAT-CTT-TCT-ACG-C-3
hTR Sence 5’;TCT-AAC-CCT-AAC-TGA-GAA-GGG-GGT-AG-B"
Antisence  5-GTT-TGC-TCT-AGA-ATG-AAC-GGT-GGA-AG-3
c-mye Sence 5’V—AAGvACT—CCA-GCG-CCT-TCT-CTC-S"
Antisence 5-GTT-TTC-CAA-CTC-CGG-GAT-CTG-3
GAPDH! Sence 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3'

Antisence 5-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3'

Ttelomerase reverse transcriptase, 2:telomerase-associated protein, 3itelomeric repeat
pinding factor. 4:glyceraldebyde-3-phosphate dehydrogenase

5. Reverse transcription-PCR 247
Y Z7oA FHIE YMEE HU2E RNAzol
B(TEL-TEST, Inc., Texas, USA)Z 0]&5k total RNAE 2215}
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dct. 22l¥ RNAE HESH F, oligo dT primer?} AMV
reverse transcriptaseE O|80HH 2 g9 RNAoIA] ss cDNAE
MBIt o] (DNAZE template AFESH] THEF T4t SFX}
& polymerase chain reaction (PCR) 2¥1 02 S Z51CHTable
1). olul housekeeping FFHAW! glyceraldehyde-3-phosphate
dehydrogenase (GAPDH)Z internal controlZ A}&3}Frt 2}
PCR AH2EE 1% agarose gelE 0|88l 17|¥ &8I EtBrE
gAst & UV OPO1 141 Eelsisich

6. M718 & 4 Western blotting

&4} 2 B-lapachoneo] AZ1E wiAjollA] A}t MEEE lysis
buffer? 38 &, THAURNE ME W ZRIES BelAT
5 ZE0) ThH Qg SDS-polyacrylamide gel H7|8&CE £E)
SlEch 22l A E ¢h38F acrylamide gelE nitrocellulose
membrane (Schleicher and Schuell, Keene, NH, USA)S &
electroblottingo]l Q& HolAlZ1 &, 10% skim milkE &S5}
PBST (0.1% Tween 20 in PBS)o] 4TolA] 1417 o]}
incubationdPHA] HIE0]1Z Q] ThRE Sl the} blockingS 414]
siict. 1211 58 el thel S membraneo] & &EA|
7 2 N dEE 427 &, PBSTE Aol EF Aol
THSH O1RL BHA RIS UAIGH
(ECL) 89 (Amersham Life Science Corp., Arlington Heights,
IL, USA)g A &A17] D}% X-ray filmoll Z1BAIA B4 Tl Ao
e BAGITE 2 Ao A8FH

% enhanced chemilL.uminoesence

S ES Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA) % Calbiochem
(Cambridge, MA, USA)oA] FI8IR oM, ol A E AHSH
peroxidase-labeled donkey anti-rabbit immunoglobulin %!
peroxidase-labeled  sheep  anti-mouse

Amersham Corp. (Arlington Heights, IL, USA)ollA] FRI819ATH
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Fig. 1. Anti-proliferative effects of B-lapachone treatment in A549
human lung carcinoma cells. A543 cells were seeded and treated with B
-lapachone at different concentrations for 48 h. (A) The viable cells were counted after
B-lapachone treatment by hemacytometer counts of trypan blue-excluding cells. Results
are expressed as average from two separate experiments. (B) After 48 h incubation with
B-lapachone, MTT assay was performed. Results are expressed as average from two
separale experiments.
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Fig. 2. Morphological changes, chromatin chondensation and DNA
fragmentation by B-lapachone treatment in A549 human lung
carcinoma cells. (A) Cells were untreated or treated with B-apachone for 48 h,
stained and then photographed by microscope. Magnification, x200. (B) The untreated
cells and Brlapachone treated cells for 48 h were harvested, and spun down. After
fixing, the cells were stained with DAPI solution. Stained nuclel were then observed
under fluorescent microscope using blue filter. Magnification, x400. (C). Genomic DNA
was extracted and analyzed by 1% agarose gel electrophoresis in the presence of EtBr.

3. Bel-2 familyQ] wldlol] v B-lapachoned] &gk

Bal-2 familyol] £3k= B 71X £Q3 QIAHES apoptosis
B ZFo] 71z hEAQ! SAXE YedA gL, 15 B2
= anti-apoptotic 2X}E2A] apoptosis®] Fa2 AXGHE 7158
71X, Bax pro-apoptotic 2AME Bax THEZ! whsl9] S7h=
apoptosis®] T AV} Art. ol F FHARE AEZ W 4]
¥ & mitochondriaZ 2E{9] cytochrome ¢& FEIAIH SUAH)
FHXR] p53, caspases, DNAY] Tt 319} H#H endonuclease
59 848 =gy, o152 AE dimerd] HENE Exid)
o 289 Wl sFd wslyt ZeiEH apoptosis7h FabEE
Ao LEd ATP?. Wl QA HYME A5904 B
-lapachoneol] 2|8} apoptosis Ftoll o]F FHX7F BEF O} QU
=A19 o2& RT-PCR XU Western blotting Q2 FAISH A=
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Tk A3 #R0] e Bax RAARY] WEHE HAL Y HE
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OlFA 1L Y2 AlAIBIHA F= Aojrt. 2 a9 dies
Choi et al >0l QI8+ A AN .9} FT41QHM) Z, Wuerzberger
et alPoll 918} LM E, Weller et alPol] Q)3 AR TIE S0
A] #HEHE B-lapachoneo] Qg apoptosis FatollA] LIERS §14
W FASH HARIE ¢ 4 UACE EFE Bal-2 FEALZE Q191 E0
Tl e wE Al Zofl A B-lapachoneo] 9]} apoptosis/} & A|
S22 B-lapachoneol] 218} apoptosis 32kl Bal-29] igizH
aofl WE Baxd] YAET7I7F EQ8 FEE ol Yes HUE
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Fig. 3. Up-regulation of Bax and down-regulation of Bcl-2 by B
-lapachone treatment in A549 human lung carcinoma cells. A543
cells were treated with indicated concentrations of B-lapachone. (A) After 48 h
incubation, total RNAs were isolated and RT-PCR was performed using Bax, Bcl-2 and
Bel-xL primers described in materials and methods. GAPDH was used as a
house-keeping control gene. (B) After 48 h incubation, cells were lysed and equal
proteing were resoved on 12% SDS-polyacrylamide gels and transferred onto

nitroceliviose membranes. Western blots were detected with antibodies against Bax, Bel2
and BelxL, and ECL detection.
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422 B-lapachone®] A2]ofl IS Bt 9] SAIH|
Aol BEUAA FHA BE AEF7) 2FE AHMAUAREY 2k
319 ddo] AR ARE FAR] Yske] SRR
R EYAA AR B 7HE 598 p53 B AAHe] A
719 kol 523 AL Sh= Cdk inhibitor p219] w0
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Fig. 4. Up-regulation of tumor suppressor p53 and Cdk inhibitor p21
by B-lapachone treatment in A549 human lung carcinoma cells.
AS49 cells were treated with indicated concentrations of B-lapachone. (A) After 48 h
incubation, total RNAs were isolated and RT-PCR was performed using p53 and p2t
primers described in materials and methods. GAPDH was used as a house-keeping
control gene. (B) After 48 h incubation, cells were lysed and equal proteins were resolved
on 10% or 12% SDS-polyacrylamide gels and transferred onto nitroceliulose membranes.
Western blots were detected with antibodies against pd3 and p21, and ECL detection.
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L319] 7oA A= telomere®] A4S HARA| Q) OFE ol &
Aol ol= DNA damaging agentol] 25} p53 & p219)
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Fig. 5. Effects of B-lapachone on the levels of telomere-regulatory
genes expression in A549 human lung carcinoma cells. Cells were
treated with various concentrations of B-lapachone. After 48 h incubation, total RNAS
were isolated, and RT-PCR was performed using indicated primers. The amplified PCR
products were subjected to electrophoresis in a 1% agarose gel and visualized by EtBr
staining. GAPDH was Used as a house-keeping control gene.
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