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Stellettin A Induces Oxidative Stress and Apoptosis in HL-60 Human Leukemia and LNCaP
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The present study has demonstrated a differential cytotoxicity of stellettl) Befween human leukemia HL-60 cells

(ICs0 0.4 ug/mL) and human prostate cancer LNCaP cel
activation of NADPH oxidase, the dramatic generation of

Iss{I220 ug/mL). Treatment of cells with revealed the
reactive oxygen species, and the dissipation of mitochondrial

membrane potentials, with HL-60 cells being more sensitive than LNCaP cells by an order of magnitude. Immunoblotting

analysis further demonstrated a stronger upregulation of

the apoptosis marker proteins, FasL and caspase-3, in HL-60

cells, and pretreatment of cells with antisense oligonucleotide for caspase-3 abolished apoptosis. All available evidence
suggests that induces oxidative cell death through a Faslaspase-3-apoptotic pathway.

The marine environment is a rich source of macro- and
microorganisms, estimated to contain over a million specEse
tremendous marine biodiversity provides a prolific source for the
discovery and development of innovative therapeutic agents.
Many bioactive compounds have been isolated from marine
organisms in the past decade, and about forty potential anticance
agents, including six from marine algae, have been under clinical
investigationt~8 Many novel compounds, such as manoalide from
the spongé_uffariela variabilis” and okadaic acid frorlalichon-
dria okadai® are inhibitors of cell signaling pathways and are
commercially available as biochemical probes.

Stellettins belong to a group of isomalabaricane triterpenes
present in several marine sponge genera suclasgis Stelleta
and Rhabdastrell@ They have also been found by our group in
Geodia japonicd® These isomalabaricane triterpenoids were
reported to exhibit cytotoxicity in an NCI scre&#:2showing high
sensitivity toward leukemia cells and cells deficient in cyclin kinase
inhibitor p21? Breast and ovarian cancer cell lines were found to
be less sensitive to these compouts, yet the underlying
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Figure 1. MTT cytotoxic assay showing HL-60 human promy-
elocytic leukemia cells were more sensitive than LNCaP human
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mechanism has remained unclear. Such a selective cytotoxicity isprostate cancer cells to the cytotoxicity bby at least an order of

an interesting property that warrants further investigation. In the
present study, we compared the cytotoxicitylodgainst HL-60
human leukemia cells and LNCaP prostate cancer cells and
demonstrated thdtinduces more potent oxidative stress in HL-60
cells than in LNCaP cells, leading to Fastaspase-3 apoptosis.

Results and Discussion

Geodia japonicaSollas (Geodiidae) is a marine sponge indi-
genous to the South China Sea. Previous chemical investigation
on this genus have led to the isolation of a number of secondary
metabolites, including barettin, geodiamolides, geodiastatins, geo-
diatoxins, geodisterol, and isomalabaricane triterpenitis?®
Stellettins A ) and B, two members of the isomalabaricane
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magnitude after treatment for 48 h € 3).

triterpenoid class first reported fro8telletta tenuig® were purified
from G. japonicatogether with two new isomalabaricanes, geoditins
A and B19In our hands, results of the MTT assay after treatment
for 48 h revealed that has at least an order of magnitude stronger
cytotoxic effect for HL-60 cells (16 0.4 ug/mL) than for LNCaP
cells (1Go 120 ug/mL) (Figure 1). This finding is in general
agreement with reports from other investigators using the NCI 60-
cell-line assay pandl*121.22The cytotoxic potency was shown to
be relatively weak in ovarian tumor cells and breast cancer ¥ells.
Normal HL-60 cells are round with a central nucleus, while
LNCaP cells are spindle-shaped with an oval nucleus (Figures 2a
and 2c). Apoptotic bodies were observed in both cell types after
treatment withl for 24 h (Figures 2b and 2d). A high percentage
of apoptotic HL-60 cells ¥ 50%) was counted with 4g/mL of 1,
but <10% apoptosis was observed in LNCaP cells withg2
mL. Apoptotic death is a stress response of cells to cytotoxic agents
that might be executed either through a receptor-mediated pathway
involving a death ligand/receptor that activates caspase-8 or through
the receptor-independent pathway that involves the cyclin-kinase
inhibitors p53/p21. Both pathways would lead to a translocation
of pro-apoptotic Bax protein to the mitochondria, thereby resulting
in a dissipation of mitochondrial membrane potential, as well as
an activation of caspase-3 and execution of the apoptotic machin-
ery23 On the other hand, apoptosis can be prevented by the anti-
apoptotic bcl-2 protei? In a previous study, we have demonstrated
that 1 induced reactive oxygen species, dissipated mitochondrial
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Figure 2. Fluorescence micrographs showing normal, round HL-60 cells with a central nucleus (a) and spindle-shaped LNCaP cells with

an oval nucleus (c). Apoptotic bodies were prominent in HL-60 cells but not in LNCaP cells after treatmedtfaitB4 h (b and d)

(300x).

membrane potential, and activated the caspase-3 apoptotic pathway Reactive oxygen species (ROS) are produced by phagocyte

in HL-60 cells?® This response (56% apoptosis withud/mL 1
for 24 h) was now shown to be completely inhibited by antisense

NADPH oxidase (phox) as a host defense against invading
organisms. NADPH oxidase is composed of two membrane

caspase-3 oligonucleotide (100 nM) but not by sense caspase-3components, gp91phox and p22phox, and four cytoplasmic com-

oligonucleotide (51%), confirming the apoptotic response is medi-
ated through a caspase-3 pathway.

Apoptotic factors are maintained in intact mitochondria, and
perturbation of mitochondria would result in a dissipation of
mitochondrial membrane potential (MMP) and the release of
apoptotic factors (e.g., cytochron® to trigger cell apoptosis.
Strong mitochondrial staining was revealed by a mitotracker to be
distributed uniformly throughout the cytoplasm of both untreated
HL-60 cells and LNCaP cells. However, the staining became
moderate in LNCaP cells and very weak in HL-60 cells after
treatment withl for 24 h. As a result of mitochondrial dissipation,
the mean fluorescence intensity (MFI) for MMP in normal HL-60

ponents, p47phox, p67phox, p40phox, and Rac, which upon
activation are translocated to the plasma membrane for functional
assembly. Increasing evidence has demonstrated that ROS are not
only crucial for their bacteriocidal activities but also important in
cell oxidative signaling, proliferation, differentiation, and de#th.

In addition, the generation of ROS is not a unique characteristic of
phagocytes, but also a general feature in many cells, in which they
are generated by phox homologues such as NOX1, NOX3, NOX4,
and NOX5?7 To study the contribution of NADPH oxidase toward
the initiation of apoptosis by, cells were treated with for 5 h

and subjected to RT-PCR analysis of transcription of NADPH
oxidase components. Results shown in Figure 5 confirmed the

cells dropped dramatically from 80.05 to a nearly undetectable level presence of the phox enzyme system in undifferentiated human

(3.09) at 4ug/mL by flow cytometric analysis (Figure 3a), whereas
LNCaP maintained its MMP at normal range (M#140) at doses
up to 20ug/mL (Figure 3b).

Consistent with microscopic observations, results obtained with
immunoblotting analysis showed an upregulation of pro-apoptotic

promyelocytic leukemia HL-60 cef%but not in prostate cancer
LNCaP cells® An increase of transcription of NADPH oxidase
components, gp91phox, p47phox, and p67phox, was detected in
HL-60 cells cultured in the presencebfup to 10ug/mL), whereas
these species were undetected in LNCaP cells even at higher

marker proteins, FasL and caspase-3, in both HL-60 cells and concentrations (up to 4@g/mL). A mild transcriptional expression

LNCaP cells after treatment withfor 24 h. Active caspase-3 was
particularly abundant in HL-60 cells even atuf/mL but was
undetectable in LNCaP cells even at2f/mL. The anti-apoptotic
bcl-2 protein was maintained at a normal range in LNCaP but only
half in HL-60 cells with 1ug/mL of 1 (Figure 4).

of NOX1, NOX4, and NOX5 was, however, measured in LNCaP
cells but not in HL-60 cells, probably because of an absence of
NOX components in the latter. The exact roles of these NOX
expressions in the process of cytotoxic reaction or the cell signaling
pathway remain unclear, yet a preliminary biochemical experiment
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Figure 3. Results of mean fluorescence intensity (MFI) measured by flow cytometry showing a dose-dependent depolarization of
mitochondrial membrane potential (MMP) in HL-60 cells treated witfor 24 h (a). The MMP in LNCaP cells did not change after
treatment (b).
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Figure 4. Immunoblotting analysis of apoptosis marker proteins
shown in HL-60 cells and LNCaP cells after treatment with various 0 : : : . . .
concentrations of for 24 h. Equal amounts of proteins in the cell 0 2 4 6 8 10 12
lysate from each treatment group were subjected to gel electro- stellettin A (1) (ug/mL)

phoresis and immunoblotted with antibodies against FasL, Bcl-2, _. . . .
and caspase-3. FasL protein increased in a dose-dependent mannéfgure S. Dose-dependent increase of NADPH oxidase transcrip-

in both cells, whereas Bcl-2 protein decreased gradually in HL-60 10N (gp91phox, p22phox, p67phox, and p47phox) shown in HL-
cells, but remained at normal levels in LNCaP cells. Abundant 60 cells treated witfi for 5 h. The NADPH oxidase components

active caspase-3 was already demonstrated in HL-60 cells treated? LNCaP cells remained relatively unchanged (data shown in
with 1 at 1 xg/mL, but not in LNCaP cells, even at 2@/mL. Supporting Information).

Experimental Section
dlhd demo;strat:ah ROS gte?_eratl?n_tln #I\é(?g_cells]é:)_@dtatgltﬂot h Test Compound. Stellettin A (1) was isolated from the marine
S _own). Ince the apoptotic aclivity o IS mediate roug spongeGeodia japonicaas described previousty The compound was
mitochondrial perturbation and activation of caspase-3, our results jissolved in DMSO to make a stock solution of 40 mg/mL, which was
demonstrating a higher transcription of NADPH oxidase and then diluted to appropriate concentrations with culture medium before
apoptotic marker proteins (caspase-3 and FasL), as well as agach experiment. The final concentration of DMSO did not exceed 0.5%
dissipation of mitochondrial membrane potential, are in agreement in any experiment.
that the HL-60 cells have a higher sensitivity to the cytotoxicity of Cell Cultures. Human promyelocytic leukemic HL-60 cells (CCL-
1 than LNCaP cells. 240) and the LNCaP human prostate cancer cell line (CRL-1740) were
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obtained from American Type Culture Collection and routinely cultured Acknowledgment. The authors would like to thank Miss N. L. Y.

in sterile 35 mm culture dishes with IMDM medium or RPMI 1640 Wong and Miss Q. Wang for their technical assistance. This study was
medium, supplemented with 10% fetal bovine serum (FBS, GIBCO supported by a grant awarded to C.-T.C. by the Hong Kong Research
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mL streptomycin at 37C in an atmosphere of 95% air and 5% £0

Cytotoxicity Assay. HL-60 cells or LNCaP cells (% 10" cells/0.1 Supporting Information Available: Primer sequences of NADPH
mL/well) were incubated in the presence of serial dilutionsldh oxidase and homologue genes; effect on apoptosis of sense and antisense

96-well culture plates (Falcon, Becton-Dickinson, Franklin Lakes, NJ) ¢ ; ac: ani ;
: , X pase-3 oligonucleotides; epifluorescence microscopy of cells treated
for 48 h, then reacted with MTT [3-(4,5-dimethylthiazol-2-y1)-2.5- iy 1 showing mitochondrial membrane potential stained with

diphenyltetrazolium bromide] at 37 for 2 h. The reaction product, oo cier: and effect ol on NADPH oxidase transcription. This
formazan, was extracted with dimethyl sulfoxide, and the absorbance .

was read at 540 nm. Results were reported as the mean values anaﬂlformation is available free of charge via the Internet at http://
standard deviations of triplicate sampfés. pubs.acs.org.
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