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Abstract

Natural product compounds are the source of numerous therapeutic agents. The marine

environment produces natural products from a variety of structural classes exhibiting activity

against numerous disease targets including anticancer agents.

Among these, pectenotoxin-2

(PTX-2), which was first identified as a cytotoxic entity in marine sponges, which depolymerizes
actin filaments, was found to be highly effective and more potent to activate an intrinsic pathway
of apoptosis in p53-deficient tumor cells compared to those with functional p53 both in vitro
and in vivo. However, the anti-proliferative mechanism of the compound at non-cytotoxic concen-
trations has not yet been explored. In the current study, we sought to investigate anti-proliferation
and apoptosis of PTX-2 against U937 human leukemic cells and its underlying molecular
mechanism. Exposure of U937 cells to PTX-2 resulted in growth inhibition and induction of
apoptosis in dose- and time-dependent manner as measured by MTT assay, fluorescent microscopy
and flow cytometric analysis. The anti-proliferative effect of PTX-2 was associated with a marked
increase in the expression of cyclin-dependent kinase p21 (WAF1/CIP1) mRNA which was tumor
suppressor p53-independent. The increase in apoptosis was connected with a time-dependent
down-regulation of anti-apoptotic Bcl-Xp and inhibitor of apoptosis proteins (IAPs) family such
as XIAP and cIAP-2. Though additional studies are needed, these findings suggested that PTX-2-in-
duced inhibition of U937 cells was associated with the induction of apoptotic cell death and
the results provided important new insights into the possible molecular mechanisms of the anti-cancer

activity of PTX-2.
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Fig. 1. Chemical structure of pectenotoxin-2.
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Table 1. Gene-specific primers for RT-PCR

Gene name Sequence
GAPDH Sense 5'-CGG AGT CAA CGG ATT TGG TCG TAT-3'
Antisense 5'-AGC CTT CTC CAT GGT GGT GAA GAC-3'
Fas Sense 5'-TCT AAC TTG GGG TGG CTT TGT CTT C-3'
Antisense 5'-GTG TCA TAC GCT TTC TTT CCA T-3'
FasL Sense 5'-GGA TTG GGC CTG GGG ATG TTT CA-3'
Antisense 5'-AGC CCA GTT TCA TTG ATC ACA AGG-3'
Bax Sense 5'-ATG GAC GGG TCC GGG GAG-3'
Antisense 5'-TCA GCC CAT CTT CTT CCA-3'
Bel-2 Sense 5'-CAG CTG CAC CTG ACG-3'
Antisense 5'-GCT GGG TAG GTG CAT-3'
Bel-X Sense 5'-CAG CTG CAC CTG ACG-3'
L Antisense 5'-GCT GGG TAG GTG CAT-3'
XIAP Sense 5'-GAA GAC CCT TGG GAA CAA CA-3'
Antisense 5'-CGC CTT AGC TGC TCT CTT CAG T-3'
CIAP-1 Sense 5'-TGA GCA TGC AGA CAC ATG C-3'
Antisense 5'-TGA CGG ATG AAC TCC TGT CC-3'
IAP-2 Sense 5'-CAG AAT TGG CAA GAG CTG G-3'
Antisense 5'-CAC TTG CAA GCT GCT CAG G-3'
lin A Sense 5'-TCC AAG AGG ACC AGG AGA ATA TCA-3'
cyein Antisense 5-TCC TCA TGG TAG TCT GGT ACT TCA-3'
cvelin Bl Sense 5'-AAG AGC TTT AAA CTT TGG TCT GGG-3'
¥ Antisense 5'-CTT TGT AAG TCC TTG ATT TAC CAT G-3'
cdc2 Sense 5'-GGG GAT TCA GAA ATT GAT CA-3'
Antisense 5'-TGT CAG AAA GCT ACA TCT TC-3'
cdk2 Sense 5'-GCT TTC TGC CAT TCT CAT CG-3'
Antisense 5'-GTC CCC AGA GTC CGA AAG AT-3'
53 Sense 5'-GCT CTG ACT GTA CCA CCA TCC-3'
p Antisense 5'-CTC TCG GAA CAT CTC GAA GCG-3'
21 Sense 5'-CTC AGA GGA GGC GCC ATG-3'
p Antisense 5'-GGG CGG ATT AGG GCT TCC-3'
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Fig. 2. Anti-proliferative effects of PTX-2 in U937 human
leukemia cells. After cells were seeded, the cells were treated
with 0, 10, 20, 30, 40 and 50 ng/ml PTX-2 for 24h and 48h,
respectively. Then, MTT assay was performed. Results are
expressed as averages +/- SD form separate experiments.
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Fig. 3. (A) Inhibition of cell viability by PTX-2 in U937
human leukemia cells. Cells were seeded as described in ma-
terials and methods, and treated with 50 ng/ml PTX-2 for
the indicated times. The viable cells were counted by
hemocytometer. Results are expressed as averages +/- SD
from three separate experiments. (B) Induction of apoptotic
bodies by PTX-2 treatment in U937 human leukemia cells.
After treated with PTX-2 for indicated times, cells were fixed
and stained with DAPI. The nuclear morphology was photo-
graphed with a fluorescence using blue filter. Magnification,
X400.
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Fig. 4. Effect of PTX-2 on the cell cycle distribution in U937
human leukemia cells. U937 cells were treats with PTX-2
50 ng/ml for indicated times. Cells were fixed and then
stained with PI. The percentages of each fraction were de-
termined by DNA flow cytometry. Data are means average
of two separate experiments.
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Fig. 5. Induction of Cdk inhibitor p21 and inhibition of tumor
suppressor p53 by PTX-2 treatment in U937 human leukemia
cells. After treated with 50 ng/ml PTX-2 for each time in-
cubation, total RNAs were isolated and RT-PCR analysis
were performed using p53 and p2l primers. The resulting
cDNAs were subjected to PCR with indicated primers and
the reaction products were subjected to electrophoresis in a
1% agarose gel and visualized by EtBr staining. GAPDH was
used as a house-keeping control gene (A) and mRNA levels
were normalized against GAPDH (B).
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Fig. 6. Induction of Bax and inhibition of Bcl-X; by PTX-2
in U937 human leukemic cells. After incubation with 50
ng/ml PTX-2 for indicated times, total RNAs were isolated
and reverse-transcribed. The resulting cDNAs were subjected
to PCR with Bax, Bcl-2 and Bcl-X;, primers and the reaction
products were subjected to electrophoresis in a 1% agarose
gel and visualized by EtBr staining. GAPDH was used as
an internal control (A) and mRNA levels were normalized
against GAPDH (B).
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Fig. 7. Effects of PTX-2 treatment on the level of IAPs family
in U937 human leukemia cells. After incubation with 50
ng/ml PTX-2 for indicated times, total RNAs were isolated
and reverse-transcribed. The resulting cDNAs were subjected
to PCR with indicated primers and the reaction products were
subjected to electrophoresis in a 1% agarose gel and vi-
sualized by EtBr staining. GAPDH was used as an internal

control (A) and mRNA levels were normalized against
GAPDH (B).
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