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Growth Inhibition of Human Lung Carcinoma Cells by
B-lapachone through Induction of Apoptosis
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The DNA topoismerase I inhibitor B-lapachone, the product of a lapacho tree
(Tabebuia avellanedae) 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 cell viability and cell
proliferation was observed as measured by hemocytometer counts and MTT assay. The
B-lapachone- treated cells developed many of the hallmark 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 Bcl-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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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’
Bel-XsL Sence 5’-CAG-CTG-CAC-CTG-ACG-3’
Antisence 5’-GCT-GGG-TAG-GTG-CAT-3’
Bcl-2 Sence 5’-CAG-CTG-CAC-CTG-ACG-3’
Antisence 5’-GCT-GGG-TAG-GTG-CAT-3’
p53 Sence 5’-GCT-CTG-ACT-GTA-CCA-CCA-TCC-3’
Antisence 5’-CTC-TCG-GAA-CAT-CTC-GAA-GCG-3’
p21 Sence 5’-CTC-AGA-GGA-GGC-GCC-ATG-3’
Antisence 5’-GGG-CGG-ATT-AGG-GCT-TCC-3’
hTERT" Sence 5’-AGC-CAG-TCT-CAC-CTT-CAA-CC-3’
Antisence 5’-GTT-CTT-CCA-AAC-TTG-CTG-ATG-3’
hTEP-1° Sence 5’-TCA-AGC-CAA-ACC-TGA-ATC-TGA-G-3’
Antisence 5’-CCC-CGA-GTG-AAT-CTT-TCT-ACG-C-3’
hTR® Sence 5’-TCT-AAC-CCT-AAC-TGA-GAA-GGG-CGT-AG-3’
Antisence 5’-GTT-TGC-TCT-AGA-ATG-AAC-GGT-GGA-AG-3’
c-myc Sence 5’-AAG-ACT-CCA-GCG-CCT-TCT-CTC-3’
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’
“telomerase reverse transcriptase
“telomerase-associated protein
‘telomeric repeat binding factor
dglyceraldehyde-S-phosphate dehydrogenase
A B
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Fig. 1. Anti-proliferative effects of B-lapachone treatment in AS549 human lung carcinoma cells. A549 cells were
seeded and treated with B-lapachone at different concentrations for 48 h. (A) The viable cells were counted after (-
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 separate experiments.

B-lapachone (uM/ml)
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Fig. 2. Morphological changes, chromatin chondensation and DNA fragmentation by p-lapachone treatment in A549
human lung carcinoma cells. (A) Cells were untreated or treated with P-lapachone for 48 h, stained and then
photographed by microscope (Magnification, x200). (B) The untreated cells and p-lapachone treated cells for 48 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, x400). (C) Genomic DNA was extracted and
analyzed by 1% agarose gel electrophoresis in the presence of EtBr.
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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. A549 cells were treated with indicated
concentrations of P-lapachone. (A) After 48 h incuba-
tion, total RNAs were isolated and RT-PCR was per-
formed using Bax, Bcl-2 and Bcl-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 proteins were resolved on
12% SDS-polyacrylamide gels and transferred onto
nitrocellulose membranes. Western blots were detected
with antibodies against Bax, Bcl-2 and Bcl-xL, and ECL
detection.
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Fig. 4. Up-regulation of tumor suppressor p53 and Cdk
inhibitor p21 by p-lapachone treatment in A549 human
lung carcinoma cells. A549 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 p21 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 nitro-
cellulose membranes. Western blots were detected with
antibodies against p53 and p21, and ECL detection.
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Fig. 5. Effects of p-lapachone on the levels of telo-
mere-regulatory genes expression in A549 human lung
carcinoma cells. Cells were treated with various con-
centrations of P-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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