
Abstract. Neuroblastoma is a common solid tumor of children
that arises from the sympathetic nervous system. Much work
has consequently focused on the possibility of inducing
marked cell death in neuroblastoma, and the new effective
drugs are required. We have newly synthesized LB-18, closely
related to lembehyne A (LB-A), a polyacetylene derived from
a kind of marine sponge. LB-A has been shown to induce
p21/WAF1 and causes G1 phase arrest in mouse neuroblastoma
Neuro2A cells; however, we show here that LB-18 causes
cell death in human neuroblastoma KP-N-TK cells in a dose-
dependent manner. TUNEL assay and flow cytometric analysis
showed that the cell death caused by LB-18 was associated
with the DNA damage but the pan-caspase inhibitor, zVAD-
fmk, could not prevent the cell death. Western blot analysis
and cleavage of the caspase-3 or -7 substrate assay showed
that LB-18 could not activate caspases 3, 7, 8 and 9. These
results suggest that LB-18 causes caspase-independent cell

death in human neuroblastoma cells. In the future, LB-18 may
be useful for cancer therapeutics, especially for neuroblastoma.

Introduction

Neuroblastoma is a common type of childhood malignant
tumor. In cases with advanced stage, complete recovery is
still rare. Despite progress with various therapies, consisting
of chemotherapy with hematological stem cell transplantation,
surgical and radiation therapies, the prognosis of advanced
neuroblastoma remains poor (1). Therefore, new therapeutic
approaches involving the discovery of novel effective drugs
are needed.

Aoki et al reported that lembehyne A (LB-A), a new
polyacetylene alcohol derived from an Indonesian marine
sponge of Haliclona sp., induces cellular differentiation in
mouse neuroblastoma Neuro2A cells (2,3). Also, LB-A
enhanced p21/WAF1 expression, thereby causing G1 phase
arrest (3,4). Further, structure-activity relationship study has
shown that the length of the long carbon-chain parts of the
lembehynes and the stereochemistry of the hydroxyl group at
the C-3 position are very important for the induction of cellular
differentiation (5,6). LB-18, which is one of the synthetic
lembehyne analogues with an 18 carbon-chain frame, was
revealed to be the most effective in the induction of different-
iation and p21/WAF1 expression (6; data not shown). The
structure of LB-A and LB-18 is shown in Fig. 1.

Here, we show that LB-18 induces cell death in human
neuroblastoma KP-N-TK cells (7,8). To investigate the effect
on the cell death induced by LB-18, we performed WST-8
[2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulfophenyl)-2H-tetrazolium, monosodium salt] assay, 4,6-
diamidino-2-phenylindole (DAPI) staining, terminal deoxy-
nucleotidyl transferase (TdT)-mediated dUTP nick-end labeling
(TUNEL) assay, flow cytometry, Western blot analysis, and
caspase-3/7 enzyme assays. KP-N-TK cells treated with LB-18
exhibited DNA degradation without caspase activation. The
data show that LB-18 may induce cell death through caspase-
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independent pathways in human neuroblastoma KP-N-TK
cells.

Materials and methods

Materials. LB-18 was synthesized and purified as described
previously (5). The drug was dissolved in 100% ethanol
and continuously preserved at -20˚C. Fenretinide [N-(4-
hydroxyphenyl) retinamide] was obtained from Toronto
Research Chemicals Inc. (North York, ON, Canada) and
dissolved in ethanol. 

Cell culture. KP-N-TK cells have been established and cultured
in Dulbecco's modified Eagle's medium (DMEM) containing
10% fetal bovine serum, 4 mM L-glutamine, 100 U/mol of
penicillin G and 100 μg/ml of streptomycin. The cells were
incubated at the temperature of 37˚C in a humidified atmo-
sphere of 5% CO2 in air (7,8).

DAPI staining. Cells were cultured on 6-well plates, washed
twice with PBS and fixed in 4% paraformaldehyde (PFA) for
30 min. After washing with PBS, the cells were incubated in
1 μg/ml 4,6-diamidino-2-phenylindole (DAPI) solution for
30 min in the dark. The cells were observed using a fluor-
escence microscope (Zeiss, Oberköchen, Germany). 

WST-8 assay. WST-8 [2-(2-methoxy-4-nitrophenyl)-3-(4-
nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, mono-
sodium salt] colorimetric assay was performed using Cell
Counting Kit-8 (Dojin East, Tokyo, Japan) according to the
manufacturer's instructions. Cells (5,000 cells/well) were
seeded into 96-well cell plates in 100 μl of culture medium
for 24 h prior to drug exposure, and then treated with various
concentrations of drugs for various durations. After drug
exposure for the indicated concentrations and times, the
medium was discarded and replaced with 90 μl of fresh
medium. Next, 10 μl of WST-8 reagent solution was added
and incubated for 4 h at 37˚C in an incubator. Cell viability
was determined colorimetrically by the optical density (OD)

at a wavelength of 450 nm, with a microplate reader (Titertek
Multiscan MCC, Dainippon Pharmaceutical, Osaka, Japan). 

LDH assay. The release of lactate dehydrogenase (LDH) was
evaluated using a CytoTox-ONE™ Homogeneous Membrane
Integrity Assay kit (Promega Co., Madison, WI, USA) accord-
ing to the manufacturer's protocol. Data were analyzed using
the Student's t-test and differences from the controls were
considered significant when p<0.05.

TUNEL assay. TUNEL assay was performed using a Meb-
stain™ apoptosis kit (Medical & Biological Laboratories
Co., Ltd., Nagoya, Japan) according to the manufacturer's
instructions and analyzed with a FACScalibur (BD Biosciences
Immunocytometry Systems, San Jose, CA), and Cell Quest
software (BD Biosciences Immunocytometry). Data were
analyzed using Student's t-test and differences from the controls
were considered significant when p<0.05.

Caspase-3/7 assay. The caspase-3/7 enzyme activity assay was
measured using an APO-ONE™ homogeneous caspase-3/7
assay kit (Promega Co., Madison, WI, USA) according to the
manufacturer's protocol and analyzed with a fluorescence
microplate reader (GENious™, TECAN, Mannedorf/Zurich,
Switzerland). Data were analyzed using Student's t-test and
differences were considered significant from controls when
p<0.05.

Flow cytometric analysis. Cells were suspended in PBS
containing 0.1% Triton X-100 and 0.1% RNase A. The
suspension was filtered through 50-μm nylon mesh and nuclei
were stained with 50 mg/ml of propidium iodide (PI). The
DNA content was analyzed with a FACScalibur (BD Bio-
sciences Immunocytometry Systems), and Cell Quest software
(BD Biosciences Immunocytometry). Data were analyzed
using Student's t-test and differences from the controls were
considered significant when p<0.05. Pan-caspase inhibitor
zVADfmk was obtained from R&D systems (Minneapolis,
MN, USA).

Protein extraction and Western blotting. Cells were scraped
and centrifuged at 300 x g for 5 min. After the supernatant
was aspirated, cell pellets were washed twice with ice-cold
PBS, and were suspended with lysis buffer (50 mM Tris-HCl,
pH 7.5, 1% SDS). The suspension was homogenized by
sonication and centrifuged at 15000 x g for 15 min at 4˚C.
The supernatant was collected and kept for analysis. The
extracts (50 μg) were separated with 12% SDS-PAGE, and
transferred to PVDF membrane. Monoclonal antibodies to
ß-actin (Sigma-Aldrich, MO, USA), caspase-7 (R&D Systems),
caspase-8 (Medical & Biological Laboratories), caspase-9
(Medical & Biological Laboratories) and caspase-10 (Medical
& Biological Laboratories) were used as probes. Signals
were detected using an ECL Western blot analysis system
(Amersham Pharmacia, Biotech, Inc., NJ, USA). 

Results

LB-18 causes cell death in human neuroblastoma KP-N-TK
cells. We first investigated the effect of LB-18 on the growth
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Figure 1. The chemical structures of lembehyne A (A) and LB-18 (B).
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of human neuroblastoma KP-N-TK cells. The dose- and time-
dependent effects of LB-18 on cell growth were examined
using a WST-8 assay. Fig. 2A shows the growth of human
neuroblastoma KP-N-TK cells in the presence or absence of
various concentrations of LB-18. KP-N-TK cells treated with
LB-18 displayed dose- and time-dependent decreases in
WST-8 activity. Treatment with LB-18 at 30 nM or more
significantly reduced viable cells. We next performed a lactate
dehydrogenase (LDH) assay to analyze cell death. LB-18
increased the release of LDH into the media, while N-(4-
hydroxyphenyl) retinamide (fenretinide), which is a well-
known agent causing apoptosis in KP-N-TK cells (8), did not
increase LDH release (Fig. 2B). These results suggest that
LB-18 causes cell death in human neuroblastoma KP-N-TK
cells.

Features of cell death induced by LB-18. To determine whether
LB-18-induced cell death is apoptotic or not, cells were exposed
to 20-100 nM LB-18 for 48 h and observed by DAPI staining
(Fig. 3). KP-N-TK cells treated with 1.0 μM fenretinide
displayed the typical morphological hallmarks of apoptosis,
including intense shrinkage, chromatin condensation and
nuclear fragmentation. In contrast, no significant change
occurred in cells treated with LB-18 at 20 or 50 nM. LB-18
at 100 nM caused chromatin condensation but not nuclear
fragmentation. In TUNEL assay, which measures DNA strand
breaks in individual cells, LB-18 at 20 nM or more, effectively
increased the TUNEL positive cells (Fig. 4). Fenretinide at
2.5 μM as a positive control also increased the TUNEL positive
cells 48 h after the treatment. To further verify if LB-18 induces
DNA damage, flow cytometric analysis was carried out for cells
exposed to LB-18 or fenretinide as a positive control (Fig. 5).
Treatment with LB-18 or fenretinide increased the sub-G0/G1
peak. Next, we examined whether benzyloxycarbonyl-Val-
Ala-Asp(OCH3)-CH2F (zVAD-fmk), which is a pan-caspase
inhibitor and interrupts apoptosis efficiently, decreases the
sub-G0/G1 population induced by LB-18 or fenretinide.
zVAD-fmk did not inhibit the induction of the sub-G0/G1
peak by LB-18, whereas zVAD-fmk inhibited the induction
of the sub-G0/G1 peak by fenretinide. These data indicate
that LB-18 induces cell death, not showing typical features of

Figure 2. LB-18 inhibited cell growth and induced cell death in human
neuroblastoma KP-N-TK cells. (A) The effect of LB-18 on cell growth was
determined using a WST-8 colorimetric assay. Cells were treated with
various concentrations of LB-18 or equivalent ethanol (EtOH) for 6-24 h.
Viable cells were assayed using a WST-8 colorimetric assay, as described in
Materials and methods. (B) The cell death caused by LB-18, fenretinide
(FR) or equivalent ethanol (EtOH) was determined by measuring the release
of LDH from the dead cells. Cells were treated with various concentrations
of LB-18 or FR for 12 or 24 h. The release of LDH from the cells was
determined as described in Materials and methods (means ± SD, n=3). Each
value was compared with the control (0.1% EtOH). *P<0.05.

Figure 3. Nuclei of KP-N-TK cells were treated with various concentrations
of LB-18, 1.0 μM fenretinide (FR), or equivalent ethanol (EtOH) for 48 h,
and were stained with DAPI. White arrows indicate the condensed nuclei
(treated with LB-18 at 100 nM). White dotted arrows indicate the condensed
and fragmented nuclei (treated with FR at 1.0 μM). DAPI staining was
performed as described in Materials and methods.
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apoptosis, and suggest that the death induced by LB-18 is
caspase-independent.

LB-18-induced cell death is not associated with caspase
activation. Caspases, a family of cystein proteases, are an
integral part of the apoptotic pathway (9). To examine the
effects of LB-18 or fenretinide on the activities of the caspases,
we performed Western blot analysis of caspases 9, 8, 10 and
7 when LB-18 or fenretinide was added at the indicated
concentrations (Fig. 6A). In this cell line, the expression of
caspase 10 could not be detected in KP-N-TK cells (data not
shown). Fenretinide activated caspases 9, 8 and 7. In contrast,
there were no obvious changes in any caspases when treated
with various concentrations of LB-18. Further, we measured
the caspase-3/7 activity using cleavage of the DEVD-peptide,
the substrate of caspase 3/7. The amount of cleaved DEVD-
peptide increased in the cells treated with fenretinide but not
with LB-18 (Fig. 6B). These results are consistent with the
result that zVAD-fmk could not block the induction of the
sub-G0/G1 population (Fig. 5) and indicate that the death
induced by LB-18 is likely to be caspase-independent and not
typical apoptotic cell death.

Discussion

LB-18 has been synthesized from LB-A and found to be the
most effective in inducing cellular differentiation in mouse
neuroblastoma Neuro2A cells (3-6). In the present study,
in contrast, LB-18 caused marked cell death in human
neuroblastoma KP-N-TK cells. In addition, we found that
LB-18 similarly caused cytotoxicity in human neuroblastoma
cell lines, KP-N-TK (7), KP-N-DZ (7), SH-SY5Y and GOTO
cells, and found that the IC50 of LB-18 was different in each
cell line (data not shown). It is known that amplification of
the N-myc proto-oncogene (MYCN) is the most important

genetic feature of advanced-stage neuroblastoma and an
adverse prognostic indicator (10-13). Only 30 nM of LB-18
caused marked cell death in KP-N-TK cells with MYCN
amplification, which raises the possibility that LB-18 is useful
for treatment of human neuroblastoma with MYCN ampli-
fication (data not shown).

We found several apoptotic features in LB-18 that induce
cell death, such as DNA damage and chromosome conden-
sation. Flow cytometric analysis and TUNEL assay suggest
that LB-18 at 20 or 30 nM or more caused nuclear DNA
damage (Figs. 4 and 5). On the other hand, when observed
with DAPI staining, the nuclei of the cells treated with 20, 50
or 100 nM of LB-18 did not show nuclear fragmentation,
though only chromosome condensation was observed at
100 nM of LB-18 (Fig. 3). The results indicate that LB-18
causes DNA damage but not nuclear fragmentation, which is
one of the well-known features of apoptosis. 

In agreement with the above results, we found that the
cell death induced by LB-18 is independent of the activation
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Figure 4. Assessment of DNA damage by TUNEL assay. KP-N-TK cells
were treated with various concentrations of LB-18, 2.5 μM fenretinide (FR),
or equivalent ethanol (EtOH) for 18 or 48 h, harvested and fixed, and then
TUNEL assay was performed as described in Materials and methods. The
percentage of TUNEL positive cells is shown (means ± SD, n=3). Each
value was compared with the control (0.1% EtOH). *P<0.05.

Figure 5. Assessment of cellular DNA contents by flow cytometric analysis.
After incubation for 48 h with 20-100 nM LB-18, 2.5 or 5.0 μM fenretinide
as a positive control or equivalent ethanol (0.1%) with or without zVAD-
fmk, a pan-caspase inhibitor, cells were collected and their isolated nuclei
were analyzed by flow cytometry as described in Materials and methods.
(A) Representative flow cytometry histogram patterns. Upper panels,
without zVAD-fmk. Lower panels, with zVAD-fmk. (B) The percentage of
sub-G0/G1 populations analyzed using Cell Quest software. The means of
experiments are shown (means ± SD, n=3). *P<0.05.
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of caspases (Figs. 5 and 6). Caspases 3 and 7 are executive
caspases, i.e. ‘the final exit of apoptosis’ (9). Fig. 6B shows
that capase-3/7 activity was not activated significantly by
LB-18 treatment. Further, we could not detect the activation
of any caspases by Western blotting experiments (Fig. 6A).
The data are consistent with the result that the pan-caspase
inhibitor, zVAD-fmk, had no protective effect for KP-N-TK
cells treated with LB-18 (Fig. 5). We therefore conclude that
cell death induced by LB-18 is caspase independent and not
typically apoptotic, but further examination is required.

Here, we show that a novel drug, LB-18, a derivative of
lembehynes derived from a marine sponge, causes cell death
efficiently and caspase-independently in human neuroblastoma
cells. Molecular study of caspase-independent cell death has
just emerged, but with plentiful and hopeful possibilities
(14-19). Although the precise molecular mechanisms of the
caspase-independent cell death are controversial, the inducers,
such as LB-18, of caspase-independent cell death might be

beneficial in killing cancer cells that have acquired resistance
to caspase-dependent therapy. 
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Figure 6. The effect of LB-18 is independent of activation of caspases. (A)
KP-N-TK cells were treated with the indicated concentrations of LB-18, 1 μM
of fenretinide (FR) as a positive control or equivalent ethanol (0.1%) for 24 h,
and the expression of caspase-9, -8, and -7 proteins was examined by
Western blotting, as described in Materials and methods. ß-actin was chosen
as a loading control. (B) KP-N-TK cells were treated with the indicated
concentrations of LB-18, 2.5 μM of fenretinide, or equivalent ethanol (0.1%)
for 24 h, and then the caspase-3/7 activity was determined as described in
Materials and methods. The means of experiments are shown (means ± SD,
n=3). Each value was compared with the control (0.1% EtOH). *P<0.05.
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