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B-lapachone suppresses the proliferation of human malignant
melanoma cells by targeting specificity protein 1
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Abstract. 3-lapachone ($3-1ap), a novel natural quinone derived
from the bark of the Pink trumpet tree (Tabebuia avellanedae)
has been demonstrated to have anticancer activity. In this study,
we investigated whether [3-lap exhibits anti-proliferative effects
on two human malignant melanoma (HMM) cell lines, G361
and SK-MEL-28. The effects of p-lap on the HMM cell lines
were investigated using 3-(4,5-dimethylthiazol-2-yl)-5-(3-carb
oxymethoxyphenyl)-2-(4-sulfophenyl-2H-tetrazolium (MTS)
assay, 4'.6-diamidino-2-phenylindole (DAPI) staining,
Annexin V and Dead cell assay, mitochondrial membrane
potential (MMP) assay and western blot analysis. We
demonstrated that (-lap significantly induced apoptosis and
suppressed cell viability in the HMM cells. Intriguingly, the
transcription factor specificity protein 1 (Spl) was signifi-
cantly downregulated by B-lap in a dose- and time-dependent
manner. Furthermore, 3-lap modulated the protein expression
level of the Spl regulatory genes including cell cycle regulatory
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proteins and apoptosis-associated proteins. Taken together,
our findings indicated that $-lap modulates Spl transactivation
and induces apoptotic cell death through the regulation of cell
cycle- and apoptosis-associated proteins. Thus, B-lap may be
used as a promising anticancer drug for cancer prevention and
may improve the clinical outcome of patients with cancer.

Introduction

Human malignant melanoma (HMM), the most deadly
form of skin cancer, is found in the outer layer of the skin
and is responsible for ~60% of lethal skin tumors (1). HMM
incidence and mortality have steadily increased over the last
50 years in the fair-skinned population (2). The most common
risk factors for the development of HMM include exposure
to ultraviolet radiation (especially in childhood), fair skin,
dysplastic nevi syndrome, age and family history (3). Current
treatment modalities for HMM, including surgery, radiation
and chemotherapy, are not efficient enough to prevent the
spread of metastases in up to 50% of patients (4). For patients
with stage IV disease, the melanoma has spread beyond the
local area into other parts of the body or internal organs.
Although surgery and radiation therapy are the main treatment
for malignant melanoma, systemic therapy such as cytotoxic
chemotherapy and immunotherapy is the mainstay of treat-
ment for most patients with stage IV melanoma (5). Therefore,
there is an ongoing quest for novel effective chemotherapeutic
agents for HMM. One of the recently suggested agents for the
treatment of cancer is B-lapachone (f-lap).

B-lap (3.4-dihydro-2,2-dimethyl-2H-naphthol[1,2-b]pyran-
5,6-dione) is a natural quinone derived from the bark of the
Pink trumpet tree (Tabebuia avellanedae), which has been
used in traditional medicine for centuries (6). Previous studies
have reported that -lap has anti-bacterial (7), anti-fungal (7),
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anti-inflammatory (8), anti-viral (9), anti-proliferative (10,11),
anti-psoriasis (12), and anti-arthritic properties (13). In addi-
tion, B-lap was also reported to sensitize cancer cells to ionizing
radiation (14), DNA damaging agents (15) and increase the
generation of reactive oxygen species (16). In particular, the
anti-proliferative effect of p-lap on various cancer cell lines
including prostate cancer (10,11,17), breast cancer (18,19), lung
cancer (20) and gastric carcinoma (21) has been reported.

Specificity protein 1, a member of the specificity
protein/Kruppel-like factor family of transcription factors, is
responsible for a variety of cellular processes (22). Previous
studies have reported that Spl is related to tumorigenesis by
modulating transcription associated with cell growth and
proliferation (23). Furthermore, Spl is highly expressed in
various cancer cell lines compared to normal cells. In this
regard, a decrease in cancer proliferation was found to occur
following inhibition of Spl by small interfering RNA in nude
mice (15,24-26). Hence, many studies have revealed that regu-
lation of the function by Spl is a promising therapeutic target
in cancer (27).

Although the anti-proliferative properties of f-lap against
several cancer cell lines have been demonstrated, its effect
on HMM and the mechanisms of B-lap-induced apoptosis
are not yet fully understood. In this study, we examined the
effect of B-lap on two HMM cell lines, G361 and SK-MEL-28.
We determined that 3-lap inhibited cell viability and induced
apoptosis in the G361 and SK-MFEL-28 cells. The results from
the present study provide experimental evidence to support the
hypothesis that -lap decreases Spl expression and inhibits
HMM cell viability by inducing cell cycle arrest and apoptosis.
Our results reinforce the potential pharmacological interest of
[-lap, as confirmed by the suppression of Spl in HMM cells.

Materials and methods

Cell culture. Human malignant melanoma (HMM) cell lines,
G361 and SK-MEL-28, were cultured in Hyclone Dulbecco's
modified Eagle's medium (DMEM; Welgene, Dea-gu, Korea)
with 10% fetal bovine serum (FBS) and 100 U/ml each of
penicillin and streptomycin (Gibco, Grand Island, NY, USA)
at 37°C with 5% CO, in a humidified atmosphere.

Cell viability assay. Viability of the G361 and SK-MEL-28
cells treated with B-lap was measured using the CellTiter96®
Aqueous One cell proliferation assay kit (Promega, Madison,
WI, USA) according to the manufacturer's instructions. The
effect of B-lap on the viability of the G361 and SK-MEL-28
cells was estimated by 3-(4,5-dimethylthiazol-2-yl)-5-(3-carb-
oxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS)
assay. G361 (3x10°) and SK-MEL-28 (3x10°) cells were seeded
into 96-well plates and were treated with various concentra-
tions of B-lap for 24 and 48 h. MTS reagent was added directly
to the cells and incubated at 37°C. Absorbance was measured
using an absorbance microplate reader (Biotek, Winooski, VT,
USA) at 490 nm. All experiments were carried out in tripli-
cates, and the percentage of cell viability of the B-lap-treated
cells was normalized to that of the untreated control cells.

DAPI staining. Chromatin condensation and nuclear
fragmentation in apoptotic cells were assessed by
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4',6-diamidino-2-phenylindole (DAPI) staining. G361 and
SK-MEL-28 cells were treated with various concentrations
of B-lap for 48 h and then harvested by trypsinization. The
detached cells were fixed in 100% methanol at room tempera-
ture for 30 min, deposited on slides, and stained with DAPI
(Sigma-Aldrich, St. Louis, MO, USA) solution (2 ug/ml). Cell
morphology was observed under a FluoView confocal laser
microscope (Fluoview FV10i; Olympus Corporation, Tokyo,
Japan).

Annexin V and Dead Cell assay. Annexin V and Dead Cell
assay was performed using Muse™ Cell Analyzer from
Millipore (Billerica, MA, USA) following the manufac-
turer's instructions. Briefly, after treatment with the various
concentrations of B-lap, the G361 and SK-MEL-28 cells were
incubated with Annexin V and Dead cell reagent (7-ADD) and
the events for dead, late apoptotic, early apoptotic, and live
cells were counted.

Mitochondrial membrane potential (MMP) assay. MMP was
determined with 5,5',6,6'-tetrachloro-1,1',3,3'-tetraethyl-benz-
imidazolyl-carbocyanine iodine (JC-1) by using the Muse™
Cell Analyzer from Millipore following the manufacturer's
instructions. The samples were analyzed by flow cytometry
and counted (10,000 cells/sample). Loss of MMP was quan-
tified as the percentage of cells expressing JC-1 monomer
fluorescence.

Western blot analysis. G361 and SK-MEL-28 cells were
treated with B-lap, and then the cells were washed twice with
ice-cold PBS. Whole cell lysate was prepared using M-PER®
Mammalian Protein Extraction reagent (Thermo Scientific,
Rockford, IL, USA) containing a protease inhibitor cocktail
(Roche, Switzerland). Protein concentrations were estimated
using the BCA protein assay kit (Thermo Scientific). The
samples were separated by 8 or 12% SDS-polyacrylamide gel
electrophoresis, and were then transferred to polyvinylidene
difluoride (PVDF) membranes (Millipore). The membranes
were blocked with 5% (v/v) skim milk in TBS buffer containing
0.1% Tween-20 and then incubated with the primary antibody
overnight at 4°C. Subsequently, the membranes were washed
5 times in TBS buffer including 0.1% Tween-20 for 10 min and
incubated with horseradish peroxidase-conjugated anti-mouse,
anti-rabbit or anti-goat IgG antibodies. The membranes were
visualized using a chemiluminescent ECL detection kit
(Thermo Scientific) and detected using ImageQuant Las 4000
Mini (GE Healthcare Life Sciences) according to the manufac-
turer's instructions.

Statistical analysis. Data are reported as the means + SD of
triplicate independent experiment. Statistical significance was
assessed using the Student's t-test. A value of P<0.05 compared
with the untreated control was considered to be statistically
significant.

Results
fB-lap inhibits the cell viability of HMM cells. Previous studies

have reported that B-lap has anti-proliferative effects on
several different cancer cells (10,11). The structure of (-lap is
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Figure 1. Effect of -lapachone (8-lap) on the cell viability of the HMM cells. (A) Chemical structure of 3-lap. (B) Effect of B-lap on the cell viability of G361
and SK-MEL-28 cells. G361 (3x10°) and SK-MEL-28 cells (3x10°) were seeded into 96-well plates and incubated for 24 and 48 h with 1,2 and 3 uM of f-lap
or without in DMEM. The cell viability was measured by MTS assay as described in Materials and methods. The results are expressed as the means + SD.
(n=3). (C) Morphological changes including an increase in rounded cell and a decrease in the whole cell number were noted in the G361 and SK-MEL-28 cells

treated with 0, 1,2 and 3 uM of p-lap for 48 h.

shown in Fig. 1A. To investigate the effect of -lap on G361
and SK-MFEL-28 cells, cell viability was measured using MTS
assay. The cell viability of G361 was 56.5+0.02, 50.9+0.01 and
50.5+0.01 following treatment with 1, 2 and 3 uM of B-lap,
respectively, compared with the untreated control cells at 48 h
post-treatment. In the case of SK-MEL-28 cells, cell viability
was 74.5+0.03, 44.1+0.03 and 37.0+0.02 following treatment
with 1, 2 and 3 uM of (-lap for 48 h, respectively, compared
to that of the untreated control cells at 48 h post-treatment.
The results indicated that B-lap decreased the viability of
G361 and SK-MEL-28 cells in a dose- and time-dependent
manner (Fig. 1B). Following, the morphological alterations of
the G361 and SK-MEL-28 cells were observed using an optical
microscope following treatment with (3-lap (1-3 M) for 48 h.
As shown Fig. 1C, the numbers of irregular and rounded cells
were increased by (3-lap (0, 1, 2 and 3 uM). Thus, these results
determined that B-lap inhibited the cell viability of the HMM
cells.

B-lap induces apoptosis in HMM cells. In order to inves-
tigate apoptotic morphological alterations in the G361 and
SK-MEL-28 cells, they were treated with B-lap at various
concentrations (0, 1,2 and 3 uM). The cells were stained with
DAPI and then observed under a FluoView confocal laser
microscope. As shown in Fig. 2A, the percentage of cells with

nuclear condensation and perinuclear apoptotic bodies was
increased in a B-lap dose-dependent manner in the HMM cells.
We confirmed that apoptosis was mainly induced upon
exposure to B-lap by the Annexin V and Dead Cell assay and
MMP assay in the G361 and SK-MEL-28 cells. The upper
right quadrant and the lower right quadrant, respectively, indi-
cated late and early apoptotic cells and the percentage of these
apoptotic cells was increased by B-lap (1,2 and 3 uM) when
compared to the cells without treatment (Fig. 2B). The lower
left quadrant indicated depolarized cells and the percentage of
these cells was increased by (3-lap (0, 1,2 and 3 uM) (Fig. 2C).
These results indicated that B-lap treatment effectively inhib-
ited cell proliferation, leading to apoptosis in the HMM cells.

Expression of Spl is suppressed by [5-lap in HMM cells. Spl
is overexpressed in various human cancers, including human
glioblastoma (28), lung cancer (24) and pancreatic cancer (29),
and is regulated by chemotherapeutic agents (30) and natural
compounds, including honokiol and esculetin (27,31). Thus,
we investigated whether the expression level of Spl was regu-
lated by B-lap in the HMM G361 and SK-MEL-28 cells. We
determined whether the expression level of Spl was altered
by pB-lap in the G361 and SK-MEL-28 cells. We detected Spl
expression levels by western blot analysis. The expression
levels were significantly reduced in the treated cells, with a
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Figure 2. Apoptotic effect induced by -lapachone (f-lap) in the HMM cells.

Cells were incubated with pB-lap (0, 1, 2 and 3 yM) for 48 h. (A) Treated or

untreated cells were stained with DAPI, and the cells with DNA fragmentation and chromatin condensation were quantified. Data are shown as the mean + SD
(n=3). A significant difference compared to the untreated control cells, “P<0.05. (B) Dot graphs of the Annexin V and Dead Cell assay. Annexin V indicates
apoptotic cells and Dead cell assay is indicative of cell necrosis. The cells treated with f3-lap were assessed using the Annexin V and Dead cell assay, as

described in Materials and methods. The upper right quadrant indicates late

apoptotic cells and the lower right quadrant indicates early apoptotic cells.

(C) Mitochondrial membrane potential as measured by JC-1 staining. JC-1 staining is indicative of the disruption of mitochondrial membrane potential and

the lower left quadrant indicates depolarized cells.

maximum decrease of 62.4+0.01% in the G361 cells compared
to the untreated cells and a maximum decrease of 61.6+0.01%
was noted in the SK-MEL-28 cells compared to the untreated
group (Fig. 3A and B). To further determine the apoptotic effect
by the downregulation of Spl in the cells treated with (3-lap,
we treated the G361 and SK-MEL-28 cells with 3 uM B-lap
for different times (0, 12, 24 and 48 h) and investigated the

expression levels of PARP and cleaved PARP (Fig. 3C and D).
Thus, these results demonstrated that $-lap induces apoptosis
through downregulation of Spl.

fB-lap regulates cell cycle arrest and apoptosis in the HMM
cells. To investigate the regulatory effect of B-lap, we exam-
ined the changes in expression levels of Spl downstream
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Figure 3. Effect of f-lapachone (B-lap) on specificity protein 1 (Spl) protein expression in the HMM cells. (A) G361 and (B) SK-MEL-28 cells were treated
with different concentrations of -lap (0, 1,2 and 3 uM) for 48 h. The cell lysates were separated by SDS-PAGE and then transferred from SDS-PAGE gels
to membranes and subjected to western blot analysis for Spl. Equal loading protein was confirmed using (3-actin. The histogram shows the ratio of Spl to
actin expression, and the results are expressed as the average of triplicate samples from three independent experiments. “P<0.05 vs. the untreated control cells.
(C) G361 and (D) SK-MEL-28 cells were treated with 3 yuM B-lap for 0, 12, 24 and 48 h and then expression levels of Spl, PARP and cleaved PARP were

detected. Equal loading protein was confirmed using 3-actin.
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Figure 4. Effect of f-lapachone (f-lap) on downstream target proteins of specificity protein 1 (Spl). (A) G361 and (B) SK-MEL-28 cells were incubated with
B-lap (1,2 and 3 uM) or without for 48 h. The cell lysates were lysed and then the samples were subjected to western blot analysis using antibodies against p27,
p21, cyclin D1 and survivin. Equal loading protein was confirmed using (3-actin. The values were measured by ImageJ densitometry (NIH, USA) and the data
are expressed as a representative of two or three independent experiments.
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targets and apoptosis-related proteins. The cell cycle arrest  cyclin D1 and survivin, were decreased by B-lap in a concen-
proteins, including p27 and p21, were significantly increased  tration-dependent manner (Fig. 4). In addition, we assessed the
following treatment with different concentrations of B-lap, expression levels of several pro- and anti-apoptotic proteins
whereas cell proliferation and survival-related proteins, in the (-lap-treated G361 and SK-MEL-28 cells. As shown
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Figure 5. Effect of B-lapachone ($-lap) on the apoptosis of HMM cells. (A) G361 and (B) SK-MEL-28 cells were treated with (3-lap (0, 1,2 and 3 M) for 48 h.
The cell lysates were lysed and then the samples were subjected to western blot analysis using antibodies against Bcl-2, Bcl-x1, Bax, PARP and caspase-3.
Equal loading protein was confirmed using [3-actin. The values were measured by ImageJ densitometry (NIH, USA) and the data are representative of two or

three independent experiments.

in Fig. 5, B-lap reduced the expression of Bcl-2 and Bcl-xl,
and increased the expression of Bax to induce apoptotic cell
death. B-lap also concentration-dependently caused activation
of caspase-3 and PARP in the HMM cells. Our results showed
that B-lap induced the downregulation of Spl, resulting in cell
cycle arrest and induction of apoptosis in the HMM cells.

Discussion

HMM is one of the most deadly types of skin cancer and
its incidence has increased over the last 50 years in the
fair-skinned population (2). Surgery, thermotherapy, chemo-
therapy and radiotherapy are used to treat HMM although
these methods cause side effects, such as cytotoxicity to
normal cells and host immune reaction (32). Hence, the objec-
tive of studies has concentrated upon natural compounds
derived or originating from Mother Nature (33). Moreover,
the value of natural compounds with anti-proliferative
properties has been considered to play an important role
in cancer therapy. In the present study, we concentrated on
the anti-proliferative effect of f-lap, a novel natural quinone
derived from the bark of the Pink trumpet tree (Tabebuia
avellanedae) (34). B-lap has been reported as being a topoi-
somerase | and II inhibitor (35,36), and was found to inhibit
lymphocyte- (37), neutrophil- (37) and macrophage-related
joint inflammatory (37). Thus, -lap may be a potential agent
against anti-proliferation. In this regard, several studies have
reported that 3-lap has an anti-proliferation effect on various
cancer-derived cells, including breast carcinoma (18,19) pros-
tate carcinoma (10,11,17), lung carcinoma (20) and gastric
carcinoma (21). Despite numerous studies on cancer cells, the
anti-proliferative properties of f-lap on HMM cells are not
well understood.

In the present study, we demonstrated that -lap induced
apoptosis in HMM G361 and SK-MEL-28 cells. The apop-
tosis was accompanied by morphological alterations, such as

chromatin condensation and rounded cells. We observed an
increase in nuclear condensation and perinuclear apoptotic
bodies though DAPI staining, and determined changes in the
percentages of apoptotic and depolarized cells by Annexin V
and Dead Cell assay and MMP assay following [-lap treat-
ment. These results suggest that B-lap induces apoptosis in
HMM cells.

The transcription factor, Spl, is responsible for a variety
of cellular processes, including transcription initiation,
survival, cell growth, differentiation, metabolism and
angiogenesis (38,39). Previous studies have reported that
Spl is overexpressed in cancer cells and contributes to the
formation of cancer (40) as well as regulates cell cycle- and
apoptosis-associated proteins (25,41,42). In addition, several
studies have shown that inhibition of Spl plays a role in
growth inhibition and induction of apoptosis in malignant
pleural mesothelioma and that Spl is activated in melanoma
cells (43,44). For these reasons, the regulation of Spl has
been suggested to enhance the efficacy of cancer therapy and
improve poor prognosis. Our data showed that the expression
level of Spl was significantly deceased in the B-lap-treated
HMM cells.

p21 and p27 are well known as negative regulators of
cell cycle progression (45). The functions of p21 and p27 are
responsible for sub-G1 phase arrest by interaction between
cyclins and cyclin-dependent kinase (CDK) complexes (46,47).
Cyclin DI performs functions, including proto-oncogene (48),
tumorigenesis (49), cell maintenance (49) and integrator of
extracellular signals of cells in early to mid-G1 phase (50).
Survivin, an inhibitor of apoptosis (IAP) (51), plays an impor-
tant role in mitosis and cell cycle arrest and apoptosis (52)
and is also associated with Spl-related oncogenes (53). The
apoptotic caspases appear to be activated in a protease cascade
and activated apical caspases respond to apoptotic stimuli and
directly activate the effector caspases in a precisely controlled
process (54). Among these caspases, caspase-3 plays a central
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role in the execution phase of both the intrinsic and extrinsic
pathways of apoptosis by cleaving key cellular proteins,
such as PARP (55). These cleavages regulate disassembly of
the cell into the typical apoptotic morphological alterations,
including cell shrinkage, chromatin condensation and DNA
fragmentation (56). PARP is activated by binding DNA strand
breaks produced by various DNA damaging agents, including
hydrogen peroxide (57). Bcl-2 and Bcl-xl, blockers of cell
death, are anti-apoptotic proteins and Bax, which promotes
cell death, is a pro-apoptotic protein (58,59). The results
showed that [3-lap-induced apoptosis was accompanied by
the upregulation of p27, p21 and Bax and downregulation of
cyclin D1, survivin, Bcl2, Bel-x1, PARP and caspase-3, strongly
suggesting that f-lap is a potential apoptosis-inducing agent
by regulating Spl protein to exert anti-proliferation activity in
HMM cells.

In the present study, we investigated the anti-proliferative
effect of B-lap on HMM cells. The results of our study
showed that B-lap inhibited cell growth and induced apoptosis
through regulation of anti- and pro-apoptotic proteins by Spl.
Therefore, these results suggest that the anti-proliferative and
apoptotic effects of f-lap are modulated by the regulation of
Spl-mediated gene products.
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