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FW523-3, a novel lipopeptide compound,
induces apoptosis in cancer cells
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Abstract. FW523-3, a new lipopeptide compound, was
recently isolated and purified from the culture broth of a
marine Micromonospora chalcea. FW523-3 was shown to
inhibit the proliferation of certain cancer cells. However,
the spectra and the underlying mechanism of its antitumor
activity are unclear. In this study, the MTT and colony forma-
tion assays were employed to determine the antitumor spectra
of FW523-3 and its effect on cell proliferation, respectively.
Apoptosis was analyzed using DNA laddering assay and
flow cytometry and the involved pathways were explored by
Western blotting. Results revealed that FW523-3 exhibited
cytotoxicity in a panel of tumor cell lines including esopha-
geal squamous cell carcinoma cells (EC109), lung cancer
cells (A549 and 95D), gastric cancer cells (SGC7901), uterine
cervix cancer cells (HeLa) and hepatocellular carcinoma
cells (HepG2). Based on these results, FW523-3 inhibited the
colony formation ability of tumor cells. Moreover, FW523-3
induced apoptosis via activation of caspases 9, 7 and 3.
FW523-3 also blocked the ERK and p38 signaling pathways.
Taken together, we propose that FW523-3 acts as a broad-
spectrum antitumor drug. FW523-3 inhibits tumor cell growth
and induces tumor cell apoptosis via the mitochondrial and
MAPK pathways.
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Introduction

In 2002, an estimated 11 million new cancer cases and
7 million cancer deaths were reported worldwide, while
nearly 25 million individuals were living with cancer (1).
Despite the new advances in the treatment and care of cancer
patients, cancer remains a major disease that defies effective
cure. Currently, the majority of cancer patients are treated
with chemotherapy towards the terminal stages of various
types of cancer. However, a singular drawback of a number
of the existing cancer chemotherapeutics is their unwanted
systemic toxicity, which may result in fatality. Therefore, new
therapeutics are required for effective treatment and manage-
ment of this disease. New therapeutics with limited systemic
toxicity, easier administration, longer efficacy and ability to
act synergistically with existing chemotherapeutic drugs
should not only improve the survival and quality of life of
patients, but also be cost-effective. Thus, new drugs that are
relevant to cancer chemotherapeutics are attractive candidates
for investigation (2).

FW523-3, a lipopeptide compound, was isolated and
purified from the culture broth of a marine Micromonospora
chalcea (3). Its physicochemical properties and spectra revealed
that FW523-3 is identical to a known antitumor antibiotic,
lipopeptide rakicidin B, which exhibited a marked cytotoxicity
against the M 1009 cells (3.4). Results of a previous study showed
that FW523-3 markedly inhibits the proliferation of K562 and
L1929 cells and significantly reduces the size of the F-actin
volume, mitochondrial quantity and membrane transmembrane
potential (3,5). These studies indicate that FW523-3 may have
an antitumor bioactivity. However, the spectra and underlying
mechanism of its antitumor activity have yet to be elucidated.
In the present study, the antitumor spectrum of FW523-3 using
the MTT assay was determined, and the related pathways for its
antitumor activity were also investigated.

Materials and methods
Materials and cell culture. FW523-3 was isolated and purified

from the culture broth of a marine Micromonospora chalcea by
our team (3). Human esophageal cancer cell (EC109) and human
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Table I. Evaluation of the cytotoxicity of FW523-3 to various cell lines.
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ICy, (ng/ml)

Cells 6h 24 h 48 h 72 h

EC109 0.4470+£0.0213 0.4420+0.0465 0.1864+0.0154 0.1943+0.0098
A549 0.5079+0.0677 0.4625+0.0177 0.4105+0.0582 0.4665+0.0084
95D 0.3673+0.0319 0.2396+0.0929 0.2292+0.0131 0.3297+0.0476
SGC7901 0.5374+0.0846 0.4934+0.0560 0.5053+0.0388 0.5001+0.0335
HeLa 0.6867+0.0263 0.6088+0.0363 0.4552+0.0983 0.4535+0.0151
HepG2 0.5311+0.0114 0.4711+0.1436 0.3856+0.0467 0.4189+0.0739
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Figure 1. The effect of FW523-3 on cell colony formation. The colony-
forming ability of the FW523-3-treated cells was measured ("P<0.05;
“P<0.01, compared with the control). The experiments were repeated three
times, and data are presented as the means + SD.

uterine cervix cancer cell (HeLa) lines were cultured in 199
medium (Invitrogen, Carslbad, CA, USA) containing 10% fetal
calf serum (FCS). Human gastric adenocarcinoma (SGC7901),
human hepatocellular carcinoma (HepG2), and human lung
cancer (A549 and 95D) cell lines were maintained in Dulbecco's
modified Eagle's medium (Invitrogen) containing 10% FCS and
F12. Cells were cultured in an atmosphere of 5% CO, at 37°C.

The antibodies were used in this study: Polyclonal rabbit
anti-human Fas, polyclonal rabbit anti-human ERKI1/2,
monoclonal mouse anti-human p-ERK1/2, monoclonal mouse
anti-human p-JNK, polyclonal rabbit anti-human p38 (Santa
Cruz Biotechnology, Santa Cruz, CA, USA), monoclonal
mouse anti-human f(-actin (Sigma, St. Louis, MO, USA),
and polyclonal rabbit anti-human caspase 12 (Chemicon
International). The apoptosis Sampler kit was purchased from
Cell Signaling Technology.

Cytotoxicity assay. The MTT assay was used to determine the
cytotoxic effect of FW523-3 (6). FW523-3 was dissolved in
dimethyl sulfoxide solution (DMSO) (Sigma). Cells were seeded

into 96-well plates at a density of 1x10* cells/well (in triplicate).
Various concentrations of FW523-3 were added to the medium
24 h later. Cells treated with equal concentration of DMSO
without FW523-3 were used as controls. After incubation for
6, 24, 48 and 72 h, MTT solution (5 mg/ml) was added to the
medium. The formazan crystals that formed were dissolved by
DMSO, and absorption was measured at 490 and 630 nm with
an automatic ELISA reader. The cell inhibition rate was calcu-
lated and ICs, (50% inhibiting concentration) was analyzed by
SPSS 13.0 software. Experiments were repeated three times.

Colony formation assay. Cells were seeded into 24-well
plates at a density of 100 cells/well and cultured in the
medium containing FW523-3. After two weeks, cells were
stained with Giemsa reagent (Sigma, Saint Louis, MO, USA),
and the number of colonies (>50 cells) was calculated under a
microscope. The data were expressed as the means + SD.

Apoptosis analysis. Cells were harvested after being treated
with different concentrations of FW523-3 for 48 h cell apop-
tosis was analyzed by using DNA laddering assay and flow
cytometry. For DNA laddering assay, EC109 cells were lysed
in buffer containing 10 mM Tris-HCI (pH 8.0), 0.1 M EDTA,
and 0.5% SDS for 10 min. RNase/A and proteinase K were
added and incubated overnight at 50°C. The lysates were
extracted with phenol and chloroform and centrifuged at
12,000 rpm for 5 min. DNA was precipitated in ethanol. After
treatment with 1 M Tris-HCL (pH 8.0), 0.5 M EDTA, 20 ug/
ml RNase, DNA was electrophoresed in 1.5% agarose gel and
photographed.

In flow cytometry, after being treated with drugs, EC109
cells were trypsinized, washed once with PBS buffer, and fixed
overnight in 70% ethanol. Fixed cells were precipitated and
treated with 0.1% TritonX-100 and 0.5 xg/ml RNase. Cells were
then centrifuged at 800 rpm for 5 min and washed with PBS,
and filtered through nylon mesh. Subsequently, they were incu-
bated with 5 ug/ml propidium iodide (PI) (Sigma) for 30 min at
room temperature. After washing with PBS, the stained cells
were resuspended in PBS and analyzed using flow cytometry.

Western blotting. Cells were harvested after 48 h of treatment
with FW523-3. Cell lysates were prepared in RIPA buffer
[50 mM Tris-HCI, pH 8.0/150 mM NaCl/1% (vol/vol) Nonidet
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Figure 2. The effect of FW523-3 on cell apoptosis. (A) DNA laddering assay. (B) Flow cytometry results. Cells were treated with 0.125, 0.25 and 0.5 ug/ml
FW523-3 for 48 h prior to harvesting. Sub-G1 was a representative of a broad hypodiploid peak.
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Figure 3. The effect of FW523-3 on the caspase and MAPK pathways. (A) Western blotting analysis for the changes of caspase families in FW523-3-treated
cells. (B) Western blotting analysis for the expression of MAPK families in FW523-3-treated cells. Cells were treated with 0.125,0.25 and 0.5 pg/ml FW523-3

for 48 h.

P-40/0.5% (wt/vol) sodium desoxycholate/0.1% (wt/vol) SDS]
containing protease inhibitors, and nuclear proteins were
extracted from cells according to the instructions provided
with the nuclear extraction kit (Active Motif). Western blot-
ting was performed as previously described (7). Photography
and quantitative analyses of related-immunoreactive bands
were carried out using the FluorChem TMIS-8900 (Alpha
Innotech, Santa Clara, CA, USA).

Results

Antitumor evaluation of FW523-3 on tumor cell lines in vitro.
A panel of tumor cell lines, EC109, A549, 95D, SGC7901,
HeLa and HepG2, were used to evaluate the antitumor effects
of FW523-3 in vitro by using MTT assay. After treatment
with FW523-3 for 6, 24, 48 or 72 h, IC, values were detected.
Results indicated that FW523-3 exhibited cytotoxicity to the

tumor cell lines mentioned above (Table I). The data also
indicated that FW523-3 had a higher cytotoxicity to EC109
cells (ICs, values of EC109 cells at 48 h was the lowest in all
values). Thus, EC109 cells were selected as the model for the
subsequent studies.

Effect of FW523-3 on colony formation. A cell colony
formation assay was employed to determine the bioactivity
of FW523-3 on EC109 cells. Results showed that FW523-3
significantly inhibited tumor cell colony formation in a dose-
dependent manner. When the concentration of FW523-3
reached 0.5 pg/ml, it almost completely inhibited colony
formation (Fig. 1).

Effect of FW523-3 on apoptosis. To test whether FW523-3
killed cells by inducing apoptosis, EC109 cells were treated with
FW523-3 at concentrations of 0.125,0.25 or 0.5 ug/ml for 48 h,
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and the hallmarks of apoptosis were determined. As shown in
Fig. 2A, a DNA ‘ladder’, one hallmark of apoptosis, was appar-
ently exhibited when EC109 cells were treated with FW523-3
at a dose of 0.5 yg/ml. In addition to, and consistent with this
result, the flow cytometry revealed that sub-Gl peak, another
hallmark of apoptosis, had clearly occurred when tumor cells
were treated with FW523-3 at a dose of 0.5 pg/ml (Fig. 2B),
indicating that FW523-3 induced apoptosis of EC109 cells.

Effect of FW523-3 on the caspase cascade and MAPK
pathway. To examine whether FW523-3 induced the apoptosis
of EC109 cells through the activation of a caspase cascade,
EC109 cells were treated with FW523-3 at 0.125, 0.25
and 0.5 pug/ml for 48 h, and activation of the caspase was
measured by Western blot analysis. Caspase 7 and 3 levels
were significantly decreased when tumor cells were treated
with FW523-3 at 0.5 ug/ml, indicating that caspases 7 and 3
may be cleaved, as opposed to control cells in which no such
changes were observed (Fig. 3A). Activation of caspases 3
and 7 can be regulated by either caspase 8 via the death
receptor pathway or caspase 9 via the mitochondrial pathway
(8). Therefore, we examined which pathway was predominant
in the FW523-3-induced apoptosis of EC109 cells. As shown
in Fig. 3A, caspase 9 was cleaved in FW523-3-treated cells,
whereas caspase 8 and Fas were not changed, indicating that
the mitochondrial pathway may play a significant role in this
caspase cascade. Moreover, caspase 12, which mediates apop-
totic signals after stress in the endoplasmic reticulum (ER) (9),
was not altered. In addition, ERK and p38, two members of
the MAPK family, were significantly decreased in FW523-3-
treated cells, indicating that the MAPK signal pathway may
be involved in cell apoptosis induced by FW523-3 (Fig. 3B).

Discussion

A major obstacle to cancer chemotherapy is the development
of resistant cell populations following the relapse of an initially
responsive malignancy. Such chemoresistance has motivated
investigators to develop new drugs that are more efficacious and
have fewer side effects. A new compound, known as FW523-3,
was found to have cytotoxicity to human cancer cells such
as M109 @), K562 (5) and 1929 (3,5). In the present study,
FW523-3 was shown to exhibit strong cytotoxicity to a panel
of tumor cell lines including esophageal squamous cell carci-
noma (ECI109), lung cancer (A549 and 95D), gastric cancer
(SGC7901), uterine cervix cancer (HeLa) and hepatocellular
carcinoma (HepG2), suggesting that FW523-3 is a broad-spec-
trum antitumor drug. However, the effect of this compound on
cell apoptosis and the underlying mechanism(s) remain unclear.

Apoptosis is a genetically controlled mechanism essential
for the maintenance of tissue homeostasis, proper develop-
ment and elimination of unwanted cells. In cells undergoing
apoptosis, a fraction of nuclear DNA is fragmented to the size
equivalent of DNA in mono- or oligonucleosomes. When such
DNA is analyzed by agarose gel electrophoresis it generates
the characteristic ‘ladder’ pattern of discontinuous DNA
fragments (10,11). When such apoptotic cells are stained with
PI and analyzed with a flow cytometer, they exhibit a broad
hypodiploid (sub-G1) peak (10,11). Such a pattern of DNA
degradation generally serves as a marker of the apoptotic
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mode of cell death. We observed that the DNA ‘ladder’ and
sub-Gl peak clearly occurred in FW523-3-treated tumor cells,
indicating that FW523-3 was capable of induce apoptosis.
The family of cysteine proteases, the so-called caspases,
are critical mediators of apoptosis (9). Some of these caspases,
including caspase-8, mediate signal transduction downstream
of death receptors located on the plasma membrane, the
so-called death receptor pathway (12,13). Caspase-9 mediate
apoptotic signals after mitochondrial damage, termed the
mitochondrial pathway (14). Other caspases such as caspase-
12, localized to the ER and activated by ER stress, mediate an
ER-specific apoptotic pathway (9). Although anticancer drugs
activate the above three signaling pathways, a mitochondrial
pathway is believed to play a predominant role in anticancer
drug-mediated killing (15). In the mitochondrial pathway,
caspase 9 is a critical protease which is activated by the
release of cytochrome c, and the activated caspase 9 leads to
the activation of caspases 3, 6 and 7 and induction of apop-
tosis (16,17). We revealed that FW523-3 activated caspases
9, 7 and 3, indicating an involvement of the mitochondrial
pathway in FW523-3-induced apoptosis. In addition, numerous
mechanisms exist for the regulation of the relevant MAPK
pathways and various forms of cross-talk between these signal
transduction pathways probably exist; the likelihood of cellular
viability or death may depend on the integration of multiple
signals. Xia et al proposed that the dynamic balance between
growth factor-activated ERK and the stress-activated JNK-p38
pathway may be significant in determining whether a cell
survives or undergoes apoptosis (18). We revealed that ERK
and p38 were clearly decreased in FW523-3-treated cells, indi-
cating that the balance of MAPK family members was broken
when tumor cells were treated with FW523-3. This imbalance
of MAPK members may lead to FW523-3-induced apoptosis.
In conclusion, our data revealed that FW523-3 was a
broad-spectrum antitumor drug. It may induce tumor cell
apoptosis via the mitochondrial and MAPK pathways.
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