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B-lapachone, a quinone of lapachol extracted from the bark of the lapacho tree, has been found to
induce apoptosis in various human cancer cells. In the present study, we investigated further possi-
ble mechanisms by which B-lapachone exerts its pro-apoptotic action in cultured human lung cancer
A549 cells. B-lapachone treatment resulted in inhibition of growth and induction of apoptosis in a
concentration-dependent manner, as determined by MTT assay and flow cytometry analysis. The in-
duction of apoptosis by B-lapachone was associated with up-regulation of the expression of p53 and
p21 in both transcriptional and translational levels, and the phosphorylation of p53. In addition, 8
-lapachone activated caspase-3 and -9, and induced degradation of caspase-3 target proteins such as
poly (ADP-ribose) polymerase (PARP) and B-catenin. Furthermore, -lapachone treatment caused a
progressive decrease in the expression levels of cyclooxygenase (COX)-2 without significant changes
in the levels of COX-1, which was correlated with a decrease in prostaglandin E; synthesis. Taken
together, these results indicated that (3-lapachone may have therapeutic potential in human lung can-

cer treatment.
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p21 sence 5-CTC-AGA-GGA-GGC-GCC-ATG-3
antisence 5-GGG-CGG-ATT-AGG-GCT-TCC-3’
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COX-2 sence 5-TTC-AAA-TGA-GAT-TGT-GGG-AAA-AT-3
antisence 5-AGA-TCA-TCT-CTG-CCT-GAG-TAT-CTT-3’

GAPDH sence 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-¥
antisence 5-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3
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Fig. 1. Inhibition of the cell growth and induction of apoptosis by B-lapachone in A549 human lung cancer cells. (A) Cells were
plated at 1x10° cells per 60-mm plate, and incubated for 24 hr. The cells were treated with various concentrations of B-lapachone
for 48 hr and the viability was measured by the metabolic-dye-based MTT assay. Results are expressed as the means=S.D.
of three independent experiments. (B) Cells were incubated with various concentrations of B-lapachone. After 48 hr incubation
cells were sampled and examined under light microscopy. Magnification, X200. (C) Cells treated for 48 h with increasing
concentration of B-lapachone. Then the cells were collected and stained with PI for flow cytometry analysis. The profile
represents the increase of sub-Gl population and each point represents the mean of two independent experiments.
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Fig. 2. Induction of p53 and p21, and activation of caspases by [B-lapachone in A549 cells. (A) After 48 hr incubation with {3-lapachone,
total RNAs were isolated and reverse-transcribed. The resulting cDNAs were subjected to PCR with p53 and p21 primers
and the reaction products were subjected to electrophoresis in 1% agarose gel and visualized by EtBr staining. GAPDH was
used as an internal control. (B) The cells were lysed and then cellular proteins were separated by SDS-polyacrylamide gels
and transferred onto nitrocellulose membranes. The membranes were probed with the indicated antibodies. Proteins were
visualized using an ECL detection system. Actin was used as an internal control.
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Fig. 3. Down-regulation of COX-2 expression and inhibition of PGE, production in A549 cells after exposure to B-lapachone. (A)
After 48 hr incubation with [-lapachone, total RNAs were isolated and reverse-transcribed. The resulting cDNAs were sub-
jected to PCR with COX-1 and COX-2 primers and the reaction products were subjected to electrophoresis in 1% agarose
gel and visualized by EtBr staining. GAPDH was used as an internal control. (B) Cells were treated with the indicated
concentrations of B-lapachone for 48 hr and collected. The cells were lysed and then cellular proteins were separated by
10% SDS-polyacrylamide gels. Proteins were visualized by Western blotting using anti-COX-1 and anti-COX-2 antibodies,
and ECL detection. Actin was used as an internal control. (C) Cells were treated with the indicated concentrations of
-lapachone for 48 hr and collected. The PGE, accumulation in the medium was determined by an EIA kit as described
in materials and methods. Data represent the mean values of two independent experiments.

oAt ukehA B-lapachone # 2]l o}k hA 3£.0] T4 4]
ofl = COX-29] A& 2 &&d Aol ] 3 PGE,2] B4 A el o A
W] U2 & 7 AT

o]/¢2] Aol A B-lapachonedl] |3 A549 | A E 0] F4
A€ apoptosis FrE o BH 3 Aol Ao, o] p53
ZFstel] o3k p219] B 5719} caspase 243 Sl o A
S ¢ 4 AU 3 B-lapachonedl] 9] gk AS49 AL 9] F2
ﬂ 4 apoptosis EHZ AN HEE = PCES A AA=
0X-29] Aeld 28 zche] 938t A & 4 ATk

_12 ol o 12

dAe =

& AR(nEH}7)eR) Ao dFATA T
Hho} =8 ¥ 91591(2010-0001730).

References

1. Anderson, W. F., A. Umar, J. L. Viner, and E. T. Hawk.
2002. The role of cyclooxygenase inhibitors in cancer
prevention. Curr. Pharm 8, 1035-1062.

2. Choi, Y. H,, H. S. Kang, and M. A. Yoo. 2002. Suppression
of Human Prostate Cancer Cell Growth by B-lapachone via
Inhibition of pRB Phosphorylation and Induction of Cdk in-
hibitor p21. /. Biochem Mol. Biol. 36, 223-229.

3. Choi, Y. H, M. J. Kim, S. Y. Lee, Y. N. Lee, G. Y. Chi, H
S. Eom, N. D. Kim, and B. T. Choi. 2002. Phosphorylation
of p53, induction of Bax and activation of caspases during

10.

11.

B-lapachone-mediated apoptosis in human prostate epi-
thelial cells. Int. /. Oncal. 21, 1293-1299.

. Don, M. ], Y. H. Chang, K. K. Chen, L. K. Ho, and Y. P.

Chau. 2001. Induction of CDK inhibitors (p21(WAF1) and
p27(Kipl)) and Bak in the B-lapachone-induced apoptosis
of human prostate cancer cells. Mol. Pharmacol. 59, 784-794.

. Fujita, H,, K. Koshida, E. T. Keller, Y. Takahashi, T

Yoshimito, M. Namiki, and A. Mizokami. 2002.
Cyclooxygenase-2 promotes prostate cancer progression.

Prostate 53, 232-240.

. Gately, S. and R. Kerbel. 2003. Therapeutic potential of se-

lective cyclooxygenase-2 inhibitors in the management of tu-
mor angiogenesis. Frog Exp Tumor. Res. 37, 179-192.

. Huang, L., and A. B. Pardee. 1999. B-lapachone induces cell

cycle arrest and apoptosis in human colon cancer cells. Mal.
Med 5, 711-720.

. Hueber, A. P. Esser, K. Heimann, N. Kociok, S. Winter, and

M. Weller. 1998. The topoisomerase I inhibitors, camptothe-
cin and B-lapachone, induce apoptosis of human retinal pig-
ment epithelial cells. Exp Eye Res. 67, 525-530.

. Lee, J. H, J. Cheong, Y. M. Park, and Y. H. Choi. 2005.

Down-regulation of cyclooxygenase-2 and telomerase activ-
ity by B-lapachone in human prostate carcinoma cells.
Pharmacol. Res. 51, 553-560.

Lee, J. I, D. Y. Choi, H. S. Chung, H. G. Seo, H. J. Woo,
B. T. Choi, and Y. H. Choi. 2006. B-lapachone induces
growth inhibition and apoptosis in bladder cancer cells by
modulation of Bcl-2 family and activation of caspases. Exp
Oncol. 28, 30-35.

Li, C. J,, L. Averboukh, and A. B. Pardee. 1993. B-Lapachone,
a novel DNA topoisomerase I inhibitor with a mode of ac-



tion different from camptothecin. J Biol Chem 268,
22463-22468.

12. Meng, R. D. and W. S. El-Deiry. 2001. p53-independent upre-

gulation of KILLER/DR5 TRAIL receptor expression by glu-
cocorticoids and interferon-y. Exp Cell Res. 262, 154-169.

13.Moon, D. O,, Y. H. Choi, N. D. Kim, Y. M. Park, and G. Y. Kim.

14.

15.

16.

17.

in
Int.

2007.  Anti-inflammatory
lipopolysaccharide-stimulated
Immunagpharmacol. 7, 506-514.
Noble, J. R., K. E. Willetts, W. E. Mercer, and R. R. Reddel.
1992. Effects of exogenous wild-type p53 on a human lung
carcinoma cell line with endogenous wild-type p53. Exp Cel/
Res. 203, 297-304.

Pink, J. J., S. M. Planchon, C. Tagliarino, M. E. Varnes, D.
Siegel, and D. A. Boothman. 2000. NAD(P)H:Quinone oxi-
doreductase activity is the principal determinant of
-lapachone cytotoxicity. /. Biol Chem 275, 5416-5424.
Planchon, S. M,, J. J. Pink, C. Tagliarino, W. G. Bornmann,
M. E. Varnes, and D. A. Boothman. 2001. B-lapachone-in-
duced apoptosis in human prostate cancer cells: involve-
ment of NQO1/xip3. Exp. Cell Res. 267, 95-106.
Planchon, S. M., 5. Wuerzberger, B. Frydman, D. T. Witiak,
P. Hutson, D. R. Church, G. Wilding, and D. A. Boothman.
1995. B-lapachone-mediated apoptosis in human promyelo-
cytic leukemia (HL-60) and human prostate cancer cells: a

effects of [B-lapachone
BV2  microglia.

18.

19.

20.

21.

22

Journal of Life Science 2011, Vol. 21. No. 10 1499

p53-independent response. Cancer Kes. 55, 3706-3711.
Planchon, S. M., 5. M. Wuerzberger-Davis, J. J. Pink, K. A.
Robertson, W. G. Bornmann, and D. A. Boothman. Bcl-2
protects against B-lapachone-mediated caspase 3 activation
and apoptosis in human myeloid leukemia (HL-60) cells.
Oncal. Rep 6, 485-492.

Schaffner-Sabba, K., K. H. Schmidt-Ruppin, W. Wehrli, A
R. Schuerch, and J.W. Wasley. 1984. B-lapachone: synthesis
of derivatives and activities in tumor models. [ Mead Chen
27, 990-994.

Weller, M., ]. Rieger, C. Grimmel, E.G. Van Meir, N. De
Tribolet, S. Krajewski, ]J. C. Reed, A. von Deimling, and J.
Dichgans. 1998. Predicting chemoresistance in human ma-
lignant glioma cells: the role of molecular genetic analyses.
Int. J. Cancer 79, 640-644.

Weller, M., S. Winter, C. Schmidt, P. Esser, A. Fontana, ]J.
Dichgans, and P. Groscurth. 1997. Topoisomerase-I in-
hibitors for human malignant glioma: differential modu-
lation of p53, p21, bax and bcl-2 expression and of
CD95-mediated apoptosis by camptothecin and
-lapachone. Int. J. Cancer 73, 707-714.

Wuerzberger, S. M., J. ]. Pink, S. M. Planchon, K. L. Byers,
W. G. Bornmann, and D. A. Boothman. 1998. Induction of
apoptosis in MCF-7:WS8 breast cancer cells by [-lapachone.
Cancer Res. 58, 1876-1885.

ZE : B-lapachonedi| 2|5t A549 OIX|H M S| apoptosis

Hoist:

GEEEERCEE LR ER)

59l wjol &

B-lapachone2 Fu]oll 2HA8h= lapacho U5 (Tabeuia avellanedad Sl
frehs Aoz 4EA A & AT A9 A HFAZE

B2 AALAEAA apoptosisE
-lapachone®]l 93 apoptosis 3 ZFoJA YEtes ®
-lapachone®] *2]® A549 A X = A T

[T H 0
O] %J\’ETE‘ _’—)ﬁ]i:_' i

MTT assay$} flow cytometry

L

ps3 T A9 Qe F7hsh AR ol

R EE

FFA 5

A

=
caspase-3<] 7]

B Aol Ante B-lapachoned 44 714 9
2ol F= Aotk

SFE2} cyclooxygenase—2 &4 X5}

S A 01834 BK21 Program) 2 E-F1lo] @ 27 )bl E)

7kl whet AEEo] HAH
shed 8135k Th. B-lapachonedl 23k A549 A 3E e
%2} p537} cyclin-dependent kinase A3 AI¢] p219] &S HAF & M FFolA
E3 B-lapachone

[poly(ADP-ribose) polymerase, B-catenin
At} o}& 8 B-lapachone cyclooxygenase (COX)-22] mRNA ¥ ©@ulZ o] By &
FEFE WA A Fken, B-lapachoneo] |7 COX-29] W A=

Mol g8 quinoneA g YFOE
ez B

A= ATt
o] apoptosis ¥
494
S7HR LT,
caspase-37 95 Z43tA 7 on, &5t E

4 phospholipase C-y1]9] Q#H3}E
Ak o COX-19]

prostaglandin E,2] 473 A 3}e] ¥

o)<} tj&o] B-lapachoneo] HIAIZNA 7]

o
/g—ET——I

EThe 2487 Aol A

o,

°

L=

=
T3
%
AR
=

rob





