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Cell context-dependent activities of parthenolide in
primary and metastatic melanoma cellsbph_749 1144..1157
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Background and purpose: Growing evidence implicates NF-kB as an important contributor to metastasis and increased
chemoresistance of melanoma. Here, we report the effects of parthenolide on either untreated, cisplatin- or TNFa-treated
melanoma cell lines A375, 1205Lu and WM793, exhibiting different levels of constitutive NF-kB activity.
Experimental approach: Electrophoretic mobility shift assay was used to assess changes in NF-kB activity, and real-time PCR
to evaluate expression of NF-kB-regulated genes. Cell cycle arrest and apoptosis were assessed by flow cytometry. Cell death
was also visualized by fluorescence microscopy. Migration was determined by scratch assay and invasiveness by Matrigel assay.
Key results: Parthenolide suppressed both constitutive and induced NF-kB activity in melanoma cells. This was accompanied
by down-regulation of cancer-related genes, with NF-kB-binding sites in their promoters, including: Bcl-XL, survivin, cyclin D1,
interleukin 8 and matrix metalloproteinase 9. When the various effects of 6 mM parthenolide were compared, apoptosis
associated with loss of mitochondrial membrane potential was most efficiently induced in 1205Lu cells, cell cycle arrest in G0/G1

phase was observed in WM793 cells, and high metastatic potential was markedly reduced in A375 cells. These findings not only
reflected differences between melanoma cell lines in basal expression of NF-kB-regulated genes, but also suggested other
parthenolide targets involved in cell cycle progression, migration, invasiveness and survival.
Conclusions: Inhibition of constitutive and therapeutically induced NF-kB pathway by parthenolide might be useful in the
treatment of melanoma, although the diversity of changes induced in melanoma cells with different genetic backgrounds
indicate context-dependent poly-pharmacological properties of this compound.
British Journal of Pharmacology (2010) 160, 1144–1157; doi:10.1111/j.1476-5381.2010.00749.x
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Abbreviations: DYm, mitochondrial transmembrane potential; AO, acridine orange; ATCC, American Type Culture Collection;
Bcl-XL, Bcl-2-related gene, long isoform; DMSO, dimethyl sulphoxide; DNMT1, DNA methyltransferase 1; EB,
ethidium bromide; EMSA, electrophoretic mobility shift assay; FACS, fluorescence-activated cell sorting; FBS,
fetal bovine serum; FITC, fluorescein isothiocyanate; HDAC1, histone deacetylase 1; IgG, immunoglobulin G;
IKK, IkappaB kinase; IL-8, interleukin 8; KINK-1, inhibitor of IKKb; MDM2, murine double minute 2; MMPs,
matrix metalloproteinases; MMP-9, matrix metalloproteinase 9; MTT, thiazolyl blue tetrazolium bromide;
NF-kB, nuclear factor kappa B; NHEM, neonatal human epidermal melanocytes; ns, non-specific; PI, pro-
pidium iodide; ROS, reactive oxygen species; SERCA, sarcoplasmic/endoplasmic reticulum Ca2+-ATPase; Sp1,
specificity protein 1; ss, supershift; TMRE, tetramethylrhodamine ethyl ester; TNFa, tumour necrosis factor
alpha; VGP, vertical growth phase

Introduction

Cutaneous melanoma, the most aggressive form of skin
cancer, is highly resistant to chemo-, radio- and immuno-
therapy, and long-term survival of patients with metastatic
melanoma is rare. Novel therapy strategies for melanoma are

therefore urgently needed, especially when the increase in
incidence observed lately is considered (Jemal et al., 2008).

The sesquiterpene lactone parthenolide is an active compo-
nent of the herb feverfew (Tanacetum parthenium), which has
been used for a long time for the treatment of inflammation,
migraine, menstrual irregularities, fever and rheumatoid
arthritis. Recent studies have revealed that parthenolide also
has anti-proliferative and pro-apoptotic effects against a
variety of tumours both in vitro and in animal models (see
Zhang et al., 2005; Bedoya et al., 2008). Particularly, partheno-
lide combined with arsenic trioxide (Duechler et al., 2008) or
lactacystin (Cory and Cory, 2002) in leukaemia cells, and with
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sulindac in pancreatic carcinoma (Yip-Schneider et al., 2005),
mediated growth suppression and apoptosis and it reduced
metastasis in combination with docetaxel (Sweeney et al.,
2005). Moreover, parthenolide was one of the first reported
drugs showing toxicity against cancer stem cells, either alone
(Guzman et al., 2005; Zhou et al., 2008; Kawasaki et al., 2009)
or in combination with vinorelbine (Liu et al., 2008). The
mechanisms underlying the anti-cancer properties of par-
thenolide are diverse. A structure-function relationship study
has indicated that parthenolide is able to interact with
nucleophilic sites of proteins such as exposed cysteine resi-
dues (Hehner et al., 1998). It can promote apoptosis of cancer
cells through increasing intracellular concentration of reac-
tive oxygen species (ROS) (Wen et al., 2002; Wang et al.,
2006), and sustained activation of c-Jun N-terminal kinase
(Nakshatri et al., 2004). Recently, it has been demonstrated
that parthenolide can deplete histone deacetylase 1 (HDAC1)
(Gopal et al., 2007), inhibit tubulin carboxypeptidase activity
(Fonrose et al., 2007) and promote the ubiquitination of
murine double minute 2 (MDM2) (Gopal et al., 2009). Other
studies have revealed that parthenolide promotes in vitro and
in vivo DNA hypomethylation by inhibiting DNA methyl-
transferase 1 (DNMT1) (Liu et al., 2009). The inhibition of the
transcription factor NF-kB by parthenolide via targeting the
IKK (IkappaB kinase) complex was first observed in HeLa cells
(Bork et al., 1997). Parthenolide can also suppress NF-kB DNA-
binding activity via direct modification of the p65 subunit
(García-Piñeres et al., 2001). Active NF-kB modulates the
expression of a number of genes involved in cell survival,
proliferation, angiogenesis, metastasis and inhibition of apo-
ptosis (Baud and Karin, 2009). NF-kB has been reported to be
constitutively activated in many cancers including melanoma
(Melnikova and Bar-Eli, 2008; Baud and Karin, 2009; Yang
et al., 2009). Therefore, parthenolide as an inhibitor of IKK
activity, and/or DNA-binding activity of p65 subunit of
NF-kB, could be considered to have promise in the treatment
of melanoma. Moreover, inhibition of NF-kB might sensitize
cancer cells to death-inducing stimuli including chemothera-
peutic drugs. Increased efficacy of anti-cancer treatment by
combining the inhibition of NF-kB pathway with conven-
tional chemotherapy has already been shown for ovarian
cancer (Mabuchi et al., 2004), breast cancer (Patel et al., 2000)
and melanoma (Schön et al., 2008).

In a previous study, preincubation of parthenolide with the
thiol nucleophile N-acetyl-cysteine protected melanoma cells
from parthenolide-induced cell death suggesting reaction
with intracellular thiols as the mechanism responsible for
parthenolide activity in melanoma cells (Lesiak et al., 2010). A
direct covalent interaction of a Michael acceptor pharma-
cophore of parthenolide with cysteine residues in some pro-
teins important for melanoma development might therefore
be responsible for effects triggered by parthenolide. One of
the proteins, the activity of which could be decreased by
Michael type covalent modification is IKKb, a kinase activat-
ing transcription factor NF-kB (Wang et al., 2006).

The major aim of the current study was to investigate the
effects of parthenolide on NF-kB activity in melanoma cells
either untreated or treated with cisplatin. The cutaneous
melanoma cell lines from the vertical growth phase (VGP)
with competence for metastasis (WM793), the lung variant of

WM793 established in nude mice (1205Lu) and highly aggres-
sive melanoma cells (A375), all with constitutive NF-kB activ-
ity, were used in this investigation. Our results showing the
inhibitory effect of parthenolide on NF-kB activity prompted
us to study its effects on NF-kB downstream pathways leading
to changes in cell cycle progression, migration, invasiveness
and apoptotic response. Although the work presented here
strongly indicates that parthenolide could act as an inhibitor
of NF-kB pathway, the diversity of response to this drug
observed in three melanoma cell lines suggests that NF-kB
pathway could be considered as only one of the potential
targets of parthenolide in melanoma cells.

Methods

Cell lines and drugs
WM793B cells, obtained from ATCC (American Type Culture
Collection; Manassas, VA, USA), were maintained in 2%
medium containing a (4:1) mixture of MCDB153 medium
with 1.5 g·L-1 bicarbonate and Leibovitz L-15 medium with
2 mM L-glutamine, 0.005 mg·mL-1 bovine insulin, 1.68 mM
CaCl2, 2% FBS (fetal bovine serum) and antibiotics. A375 and
1205Lu cell lines (a gift from Prof Piotr Laidler, Jagiellonian
University, Poland) were maintained in RPMI1640 medium
supplemented with 10% FBS and antibiotics. Neonatal
human epidermal melanocytes (NHEM; Clonetics Melano-
cyte Cell Systems from Cambrex Bio Science, Walkersville,
MD, USA) were maintained in medium used for culturing of
WM793 cells with supplements for melanocytes (Provitro,
Berlin, Germany). For experiments, medium was substituted
with fresh medium containing 0.5% FBS. Parthenolide
(BIOMOL International, Exeter, UK) was dissolved in dim-
ethyl sulphoxide (DMSO). An equivalent concentration of
DMSO was used in the control cultures. Cisplatin (EBEWE,
Unterach, Austria) was dissolved in culture medium immedi-
ately before use. Treatment with tumour necrosis factor
(TNFa; 20 ng·mL-1; Sigma-Aldrich, St. Louis, MO, USA) was
carried out for 1 h.

Nuclear extract preparation and electrophoretic mobility shift
assay (EMSA)
Melanoma cells were grown for 3 days. After preliminary
time-response experiments, cell cultures were treated with
parthenolide or vehicle (DMSO) for 3 h at indicated concen-
trations or pretreated with parthenolide for 1 h, and then
treated with cisplatin for 2 h. In some experiments, cells were
stimulated with TNFa (20 ng·mL-1) for 1 h. Nuclear extracts
were prepared from adherent cells as described previously
(Moll et al., 1995). Double-stranded DNA oligonucleotide
containing NF-kB-binding sequence (5′-AAT TAG TTG AGG
GGA CTT TCC CAG GC-3′) was [a-32P]dATP end-labelled
using Sequenase 2.0 (USB Corporation, Cleveland, OH, USA),
and purified on 7% PAGE. Labelled oligonucleotide
(100 000 cpm), 15 mg of nuclear extract proteins, 2 mg of
poly[dIdC]·[poly[dIdC] were incubated in binding buffer (Szu-
lawska et al., 2005) for 20 min. After electrophoresis on native
5% polyacrylamide gels in 0.5 ¥ TBE buffer, vacuum-dried gels
were visualized by Molecular Imager® FX (Bio-Rad, Hercules,
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CA, USA). The specificity of the protein-DNA complexes was
confirmed by competition experiments with a non-
radioactive oligonucleotide with NF-kB-binding site (specific
competitor), or an oligonucleotide with unrelated sequence
(Sp1-binding site: 5′-ATT CCC CGC CCC CGC CCC C-3′). For
the supershift experiments, nuclear extracts were pre-
incubated with 4 mg of appropriate antibodies purchased from
Santa Cruz Biotechnology (CA, USA): anti-p50 (sc-7178 X)
and anti-p65 (sc-372 X), and IgG (sc-2027). The densitometric
analysis of EMSA results was performed using Quantity One
version 4.4.1. Software (Bio-Rad, Hercules, CA, USA).

RNA, primers and quantitative real-time PCR
Total RNA and cDNA were prepared as described before (Szu-
lawska et al., 2007). Amplification reactions were performed
using Kapa SYBR Fast qPCR kit (Kapa Biosystems, Cape Town,
South Africa), 250 nM primers and 25 ng DNA template per
reaction. The primers used for real-time were following: cyclin
D1: 5′-CCC GCA CGA TTT CAT TGA AC-3′ and 5′-AGG GCG
GAT TGG AAA TGA AC-3′; interleukin-8 (IL-8): 5′-AGG TGC
AGT TTT GCC AAG GA-3′ and 5′-TTT CTG TGT TGG CGC
AGT GT-3′; matrix metalloproteinase 9 (MMP-9): 5′-GAC CAG
GAC AAG CTC TAC GG-3′ and 5′-CAG AAG CCC CAC TTC
TTG TC-3′; Bcl-XL: 5′-GGC GGA TTT GAA TCT CTT TCT C-3′
and 5′-TTA TAA TAG GGA TGG GCT CAA CC-3′; survivin:
5′-GCT TTC AGG TGC TGG TAG-3′ and 5′-GAT GTG GAT
CTC GGC TTC-3′. Gene expression levels were tested using
the Rotor-Gene 3000 Real-Time DNA analysis system (Corbett
Research, Morklake, Australia). The relative expression was
based on the expression ratio of the target genes versus a
reference gene RPS17 (QuantiTect Primer Assay, Qiagene,
Valencia, CA, USA). To calculate the relative gene expression
ratios, a mathematical model was used which included an
efficiency correction for real-time PCR.

Cell cycle analysis
Melanoma cells were treated with vehicle or drugs at the
indicated concentrations for 24 h, harvested by trypsinization
and stained with propidium iodide (PI). The cell cycle profiles
were obtained by flow cytometry (FACSCalibur, Becton Dick-
inson, San Jose, CA, USA). ModFit LT 3.0 software (Verify
Software, Topsham, MN, USA) was used to calculate the per-
centages of cells in each cycle phase.

Flow cytometric analysis of cell death and dissipation of
mitochondrial membrane potential
In each of the following assays, cells were treated with drugs
at the indicated concentrations for 22 h, except for viability
assay where 4 h treatment was used in addition. Adherent and
floating cells were combined. Flow cytometry was used to
assess the percentages of PI-negative cells, which were then
shown as viability (%). The detection of apoptotic and
necrotic cells was carried out by dual staining with FITC-
conjugated Annexin V and PI (Roche Diagnostics, Man-
nheim, Germany) as described before (Sztiller-Sikorska et al.,
2009). To monitor changes in mitochondrial membrane
potential (DYm), cells were loaded with tetramethyl-

rhodamine ethyl ester (TMRE) (Molecular Probes, Invitro-
genen, Eugene, OR, USA). All flow cytometry analyses were
performed using FACSCalibur. Results were processed by
using CellQuest software (Becton Dickinson).

Acridine orange/ethidium bromide staining
Cells treated with drugs for 22 h were stained with acridine
orange (AO) and ethidium bromide (EB) (Sigma-Aldrich), and
examined by fluorescence microscopy (Olympus BX41,
Olympus Optical Co, London, UK) as described before (Czyz
et al., 2008). In each experiment, more than 200 cells were
analysed and then percentages of apoptotic or necrotic cells
were calculated.

Migration and invasion assays
Mitomycin (5 mg·mL-1; Sigma-Aldrich) was used in confluent
cultures for 2 h to inhibit proliferation. Multiple uniform
streaks were made on the monolayer cultures, and the pic-
tures were taken at 0 h and after 10 h of incubation in
medium containing 0.5% FBS and drugs at the indicated
concentrations. A digital camera (Olympus C-5050) attached
to an inverted phase contrast microscope (Olympus CKX41)
was used. Five to eight fields were analysed (about 300 cells in
control culture) in each experiment. Cells in the middle of the
scratched area were not counted.

The cell invasion assay was performed using BD BioCoatTM

Matrigel Invasion Chambers (BD Biosciences, Bedford, MA,
USA) with an 8 mm pore size PET membrane. Nearly confluent
cultures of melanoma cells were either treated with vehicle
(DMSO) or drugs for 3 h. After trypsinization, 50 000 cells
were seeded in Matrigel invasion chambers. After 17 h of
additional incubation with drugs, non-invading cells were
removed from the upper surface of the membrane, and the
cells on the lower surface were fixed with ethanol and stained
with haematoxylin and eosin, photographed under the
microscope (Olympus BX41), and counted in at least 10 fields.

Statistical analysis
Data represent means � SD from at least three separate experi-
ments. The significance of a difference in mean values for any
tested parameter was validated by a Student’s paired t-test.
The difference was considered significant if P < 0.05.

Results

Parthenolide inhibits constitutive and induced NF-kB activity in
melanoma cells
NF-kB DNA-binding activity was observed in all tested mela-
noma cell lines as shown by EMSA (Figure 1A). In untreated
melanoma cells, the lowest level of NF-kB activity was
observed in WM793 cells. Parthenolide inhibited the activity
of NF-kB in a dose-dependent manner, most efficiently at a
high concentration of 24 mM given for 3 h, although a loss of
binding activity was also observed at lower concentrations.
Parthenolide did not decrease cell viability at this time point
(Figure 1D, open symbols). Shorter (2 h) or longer (20 h) incu-
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bation time did not intensify the effect of parthenolide on
NF-kB activity (not shown). The A375 cells were the least
sensitive, as 12 mM parthenolide reduced intensity of the
NF-kB band only to about 75% of that in the control cells,
whereas for WM793 and 1205Lu cells the reduction was to
approximately 41% and 37% respectively (Figure 1B). IC50

values for the inhibition of NF-kB activity were calculated
(Table 1). A significant stimulation of NF-kB activity was
observed in TNFa-treated A375 and WM793 cells but not in
1205Lu cells (Figure 1C). Cisplatin slightly increased the level
of NF-kB activity but only in A375 cells (Figure 1C). To deter-
mine the combined effect of parthenolide and cisplatin on
NF-kB activity, cells were pretreated with 24 mM parthenolide
for 1 h and then treated with 24 mM parthenolide and 5 mM
cisplatin for additional 2 h. NF-kB activity was diminished by
this combined treatment to a similar level as in cells treated
with parthenolide alone. These results demonstrate that par-
thenolide is an inhibitor of constitutive, as shown for all three
cell lines, as well as cisplatin-induced NF-kB activity in A375
cells.

Parthenolide represses NF-kB-dependent gene expression
The expression of some proliferative, anti-apoptotic and
metastatic genes, which have NF-kB-binding sites in their
promoters, was assessed by real-time PCR (Figure 2). As in
EMSA experiments, parthenolide at 12 mM and 24 mM was
used either alone or in combination with 5 mM cisplatin. For
1205Lu cells which appeared to be more sensitive to par-
thenolide treatment (Figure 1D), lower concentrations of the
compound were included.

Cyclin D1, a key cell cycle regulator, is over-expressed in
melanoma cells. NF-kB controls cyclin D1 expression through
direct transcriptional regulation mediated by several NF-kB
DNA-binding sites in the promoter region. Parthenolide at
12 mM significantly decreased cyclin D1 expression in all
tested cell lines, whereas 5 mM cisplatin induced an opposite
effect but only in A375 cells. When parthenolide was used
together with cisplatin, the mRNA level of cyclin D1 was
decreased to a similar extent as in parthenolide-treated cells.
Exposure of melanoma cells to parthenolide affected the
expression of the anti-apoptotic genes, Bcl-XL and survivin.

Figure 1 Parthenolide attenuated NF-kB activity in untreated and cisplatin-treated melanoma cells. Confluent cultures of A375, 1205Lu
and WM793 cells were incubated with parthenolide (PN) or cisplatin (cisPt). In combined treatment, cells were pretreated with 24 mM
parthenolide for 1 h, and then 5 mM cisplatin was added and incubation was continued for 2 h. In some experiments, cells were stimulated
with TNFa (20 ng·mL-1) for 1 h as shown for A375 cells. To confirm NF-kB-binding specificity, competition assay was conducted with
100-fold excess of non-labelled NF-kB oligonucleotide (s), and non-specific (ns) oligonucleotide (Sp1-binding site). (A) supershift experi-
ment with anti-p50 or anti-p65 antibodies was included. IgG antibody was used as a negative control. The arrows indicate the NF-kB-
DNA-specific complex (NF-kB) and supershift (ss). (B) The NF-kB activity was quantified by densitometric scanning and expressed as
percentages of the activity obtained in untreated cells. Half maximal inhibitory concentration (IC50) values were calculated and are shown
in Table 1. (C) Effects of cisplatin (5 mM) and TNFa (20 ng·mL-1) on NF-kB DNA-binding activity in tested melanoma cell lines. (D) Viability
of melanoma cells, assessed by flow cytometry after 4 h and after 22 h treatment, with the indicated concentrations of parthenolide, is
shown as percentage of PI-negative cells. The data are means � SD of three independent experiments. NF-kB, nuclear factor kappa B;
TNFa, tumour necrosis factor alpha.
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Parthenolide decreased the mRNA level of Bcl-XL and, in
combined treatment with cisplatin, it counteracted a signifi-
cant increase of Bcl-XL expression caused by cisplatin in A375
cells. Survivin, an inhibitor of apoptosis and mitotic regula-
tor, is over-expressed in melanoma cells. In our study, the
expression of survivin was markedly affected by parthenolide
in 1205Lu and W793 cells, but not in A375 cells. NF-kB is also
necessary for synthesis of the angiogenic factor
interleukin(IL)-8. Parthenolide at 6 mM markedly reduced
expression of IL-8, and this effect was enhanced at higher
concentrations (Figure 2). Expression of IL-8 was strongly
up-regulated in response to 5 mM cisplatin, and this effect was
also significantly reduced by parthenolide. The mRNA level of
MMP-9, which is linked to invasion, was affected by par-
thenolide and cisplatin. Parthenolide significantly reduced,
whereas cisplatin increased, expression of MMP-9 in all cell
lines. When used in combination with cisplatin, parthenolide
diminished MMP-9 gene expression to a similar level as when
used alone.

In contrast to WM793 cells, NF-kB activity was not signifi-
cantly changed in 1205Lu cells upon TNFa stimulation
(Figure 1C). Therefore, we evaluated changes in mRNA level
of Bcl-XL and MMP-9 after 1 h TNFa treatment. In 1205Lu
cells, TNFa slightly but significantly decreased their expres-
sion levels to 0.79 � 0.05 and 0.71-fold control respectively.
As expected, WM793 cells responded differently to TNFa
treatment with increased expression of Bcl-XL (1.12 � 0.07-
fold control) and MMP-9 (1.14 � 0.04-fold control).

In summary, 5 mM cisplatin markedly increased the expres-
sion of IL-8 and MMP-9 in all tested cell lines, whereas Bcl-XL

and cyclin D1 expression was only increased in A375 cells.
Parthenolide at 12 mM significantly reduced expression of all
tested genes except for survivin in A375 and WM793 cells.

Diverse effects of parthenolide and cisplatin on cell cycle
progression in tested melanoma cells and melanocytes
Expression of cyclin D1, which is important in the G1/S tran-
sition, was decreased by parthenolide in all tested cell lines
(Figure 2). Therefore, cell cycle analysis was performed in
adherent cells exposed to parthenolide for 24 h (Figure 3A).
Parthenolide at 6 mM induced growth arrest in Go/G1 phase in
WM793 cells, whereas in 1205Lu cells, at this concentration,
it generated mainly hypodiploid cells. To show cell cycle
arrest in Go/G1 phase in 1205Lu cells, a lower concentration of
parthenolide was used (Figure 3B). Although cyclin D1
expression in A375 cells was also reduced by parthenolide
(Figure 2), these cells did not accumulate in G0/G1 after this
treatment (Figure 3A), which suggested that the G1/S transi-
tion in this case was cyclin D1-independent.

Cisplatin at 5 mM accumulated melanoma cells in S phase.
This effect was clearly visible in all cell lines (Figure 3A).
However, when 1205Lu and WM793 cells were exposed to
combined treatment with parthenolide and cisplatin, they
were arrested in G0/G1 phase. In turn, the accumulation of
A375 cells in S phase after combined treatment was similar as
that observed for cisplatin treatment, which confirmed above
results showing no substantial influence of 6 mM parthenolide
on A375 cell cycle profile.

When cell cycle profiles were generated for normal melano-
cytes (NHEM) treated with 12 mM parthenolide for 24 h, noTa
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signs of cell death and no changes in the distribution in cycle
phases were observed (Figure 3C) indicating that partheno-
lide, even at that high concentration, was not lethal to
normal melanocytes.

Parthenolide promotes apoptosis in melanoma cells via
disruption of mitochondrial function
It has already been shown that constitutive activity of NF-kB
in melanoma cells, which can be further enhanced by the
treatment with anti-cancer drugs, leads to a strong anti-
apoptotic signal. To test whether parthenolide would increase
apoptosis in cisplatin-treated melanoma cells, we employed
flow cytometric analysis of Annexin V/PI-stained cells
(Figure 4A), and fluorescence microscopy for acridine orange/
ethidium bromide (AO/EB)-stained cells (Figure 4B). Cisplatin
at 2 or 5 mM did not induce apoptosis. About 80% of 1205Lu
cells treated with 6 mM parthenolide were Annexin V-positive,
and showed morphological features of apoptosis in AO/EB
dual staining. A375 and WM793 cells were much less affected.
To search for an explanation for the differences in apoptotic

response between tested cell lines, we compared the relative
expression of two anti-apoptotic genes Bcl-XL and survivin in
untreated melanoma cells, taking the expression of those
genes in A375 cells as a reference. In comparison with the
mRNA level observed in untreated A375 cells, untreated
1205Lu cells had much lower level of Bcl-XL mRNA (0.57 �

0.14-fold, P < 0.005), whereas the expression of survivin was
the highest in untreated WM793 cells (2.69 � 1.16-fold, P <
0.05). The differences in basal levels of Bcl-XL and survivin
mRNAs observed in tested cell lines could partially explain
why 1205Lu cells were the most, and WM793 cells were the
least, sensitive to parthenolide.

Anti-apoptotic members of the Bcl-2 family maintain the
integrity of the mitochondrial membrane. The observed
decrease in gene expression of Bcl-XL after parthenolide treat-
ment (Figure 2) prompted us to investigate the effects of par-
thenolide on mitochondrial transmembrane potential (DYm).
In untreated and cisplatin-treated cultures, the majority of
cells was within the population with high DYm (Figure 5).
Parthenolide caused a significant dissipation of DYm. In
1205Lu cells, parthenolide at 6 mM was sufficient to decrease

Figure 2 Expression levels of NF-kB-dependent genes, also those enhanced by cisplatin (cisPt) treatment, were reduced in melanoma
cells treated with parthenolide (PN). Decreased mRNA levels in A375, 1205Lu and WM793 cells upon 4 h (Bcl-XL, cyclin D1) or 16 h (survivin,
IL-8, MMP-9) drug treatment were analysed with real-time PCR as described in Materials and Methods. Data represent means � SD of
at least three independent experiments (*P < 0.05, **P < 0.01). Bcl-XL, Bcl-2-related gene, long isoform; IL-8, interleukin 8; MMP-9,
matrix metalloproteinase 9.
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DYm in about 87% of the cells, whereas in A375 and WM793
cells, a loss of DYm was observed only in about 40% of the cells
(Figure 5). Interestingly, at least additive effects on DYm were
observed when A375 and WM793 cells were treated simulta-
neously with 6 mM parthenolide and 5 mM cisplatin.

As 1205Lu cells were much more sensitive to parthenolide
than two other melanoma cell lines (Figure 1D, Figure 3A,
Figure 4A,B and Figure 5), we used a lower concentration of
parthenolide to assess its effects on tested parameters in these
cells. Parthenolide at 3 mM which arrested cells mainly in
G0/G1 (Figure 3B), induced apoptosis in about 14% of cells
(Figure 6A). The percentage of Annexin V-positive cells was
increased when 3 mM parthenolide was combined with 5 mM
cisplatin. Although the dissipation of DYm was enhanced by
the combined treatment, this effect was not statistically sig-
nificant (Figure 6B).

Parthenolide inhibits migration and invasion of melanoma cells
As MMP-9 expression in melanoma cells was significantly
affected by parthenolide (Figure 2), migration and invasive-
ness were assessed. The migratory behaviour was determined
by a scratch wound healing assay (Figure 7A). Migration was
not affected by cisplatin. Parthenolide at 6 mM did not
decrease migration of A375 cells, which had the highest
migration capacity among untreated cultures, but the relative
number of slowly migrating WM793 cells was reduced by
50%. 1205Lu cells became rounded and some of them
detached from the plate surface during 10 h of incubation.
Therefore, the results obtained for 1205Lu did not reflect
parthenolide-reduced migration capacity but rather showed
induction of apoptosis in those cells.

The effects of parthenolide on the invasive potential of
melanoma cells were determined using the Matrigel invasion

Figure 3 Diverse effects of parthenolide (PN) and/or cisplatin (cisPt) on cell cycle progression in A375, 1205Lu, WM793 cells and normal
melanocyte (NHEM) cultures. (A) Distribution of the adherent cells through the cell-cycle phases was analysed by flow cytometry in
adherent cells treated with drugs or vehicle for 24 h. Representative histograms and data from three independent experiments are shown.
To calculate percentages of the cells in each fraction ModFit LT 3.0 software was used. For the parthenolide-treated 1205Lu cells, it was
not possible to obtain valid data because of the high percentage of cells in the hypodiploid fraction. Therefore, parthenolide at lower
concentration (3 mM) was used either alone or in combination with 5 mM cisplatin (B). (C) Parthenolide at 12 mM did not affect distribution
of normal melanocytes (NHEM) in cell cycle and did not increase their accumulation in subG1 phase. NHEM, neonatal human epidermal
melanocytes.
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Figure 4 Parthenolide (PN) but not cisplatin (cisPt) at low concentrations induced apoptosis in melanoma cells. (A) Externalization of
phosphatidylserine was determined by Annexin V/PI staining and flow cytometric analysis. One representative of three independent experi-
ments and bars showing average percentages of Annexin V-positive cells. (B) Dual staining (AO/EB) of melanoma cells. Representative
microscopic fields and quantitative data presenting percentages of apoptotic and necrotic cells are shown. The data are means � SD of three
independent experiments (P < 0.05, except for cisplatin treatment where no significant differences vs. control were obtained). AO, acridine
orange; EB, ethidium bromide; PI, propidium iodide.
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assay. 1205Lu cells did not penetrate Matrigel to an extent
sufficient for this analysis (Figure 7B), even when the incuba-
tion was prolonged to 28 h (not shown). Parthenolide
decreased the invasiveness of A375 and WM793 cells in a
concentration-dependent manner (Figure 7B). The number of
invasive melanoma cells was significantly reduced after treat-
ment with 3 mM parthenolide for 20 h. Parthenolide at 12 mM
completely blocked invasion of A375 and WM793 cells
through Matrigel. When the average numbers of untreated
cells penetrating Matrigel were compared, it appeared that the
invasiveness of untreated WM793 cells was 63% of that
observed for untreated A375 cells. As differences in MMP-9
expression might contribute to the observed reduction of
invasiveness, we assessed the relative expression levels of
MMP-9 in all three cell lines. We found that the level
of MMP-9 mRNA was about five times lower in untreated
1205Lu cells and about four times lower in untreated WM793
cells, than that in untreated A375 cells (Figure 7C). This could
explain why the invasive potential of WM793 cells, which
was already low in untreated cells, was strongly affected by
parthenolide.

Parthenolide attenuates an increase in NF-kB activity and cell
invasiveness triggered by TNFa in WM793 cells
We extended our study further and examined the suppression
of TNFa-induced NF-kB activity by pretreatment with par-
thenolide. For this experiment, we chose WM793 cells with
the lowest constitutive NF-kB activity. Indeed, TNFa, a well-
known inducer of NF-kB transcription factor, significantly (by
about 50%) increased NF-kB activity in WM793 cells
(Figures 1C and 8A) without reducing cell viability (not
shown). This was accompanied by increased invasiveness of
WM793 cells (Figure 8B) and increased expression of MMP-9
(Figure 8C). Parthenolide prevented TNFa-induced NF-kB
activation, invasiveness and MMP-9 expression in WM793
cells (Figure 8).

Discussion and conclusions

Melanoma is not a uniform cancer. Diverse molecular changes
underlying melanoma development need to be addressed for
effective treatment (Chin et al., 2006; Yang et al., 2009;
Smalley, 2010). An IKK/NF-kB module belongs to one of the
important signalling pathways constitutively activated in
melanoma cells. It provides protection from apoptosis and
contributes to the chemoresistance of melanoma cells. There-
fore, inhibitors of NF-kB pathway are considered as an adju-
vant approach in melanoma treatment (Sweeney et al., 2005;
Schön et al., 2008; Baud and Karin, 2009).

In the current study, we focused our attention on partheno-
lide, which is already recognized as an inhibitor of NF-kB
(Bork et al., 1997). We investigated its effects on three well-
defined melanoma cell lines, characterized by the BRAFV600E

mutation, wild-type p53, and as shown by our study different
basal constitutive NF-kB activity. Upon parthenolide treat-
ment, the highly metastatic A375 cells were markedly affected
in their ability to invade collagen matrix, whereas 1205Lu
cells were efficiently stimulated to undergo apoptosis. VGP
primary WM793 cells were the least sensitive, and mainly cell
cycle arrest in G0/G1 phase was observed. These diverse out-
comes suggest that parthenolide might be recognized as an
example of a poly-pharmacological drug able to bind and
modulate multiple targets in melanoma cells, and NF-kB
pathway could be one of such targets.

Our experiments measuring the expression of NF-kB-
dependent genes provided the mechanistic evidence for the
diverse biological effects of parthenolide in melanoma cells.
Constitutive NF-kB activation has been shown to promote
oncogenic phenotype of melanoma cells partially via IL-8
expression (Peng et al., 2007), and increased serum concen-
tration of IL-8 in melanoma patients correlates with poor
prognosis (Ugurel et al., 2001). Expression of IL-8 in A375 cells
was markedly reduced by another IKK inhibitor, KINK-1
(Schön et al., 2008). Our data provide evidence that partheno-

Figure 5 Loss of mitochondrial transmembrane potential (DYm) was markedly increased in A375 and WM793 cells when 6 mM parthenolide
(PN) was combined with cisplatin (cisPt). Cells were stained with TMRE and analysed by flow cytometry. Representative histograms from one
typical experiment are shown. Data from three independent experiments are expressed as percentage of cells with low TMRE fluorescence. (P
< 0.05, except for cisplatin treatment). TMRE, tetramethylrhodamine ethyl ester.
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lide can reduce expression of IL-8 mRNA in melanoma cells,
also in those treated with cisplatin. IL-8 downstream of the
p38/NF-kB pathway is important for melanoma cell migration
and proliferation, including A375 cells (Estrada et al., 2009).
Therefore, the reduced IL-8 expression (Figure 2) could be
partially responsible for decreased ability to migrate and pen-
etrate collagen matrix observed in our study (Figure 7A and
B). The extracellular matrix degradation involves a number of
proteins including the MMPs. High and inducible expression
of MMP-9 is observed in aggressive stages of melanoma, and
its inhibition reduced the metastatic potential of melanoma
cells (Huang et al., 2005). Inhibitory effects of parthenolide on
tumour growth and MMP-9 protein level in a xenograft model
of renal cell carcinoma were correlated with inhibition of
NF-kB activation (Oka et al., 2007). In the current study, par-
thenolide suppressed mRNA expression of MMP-9 in meta-
static A375 cells with high endogenous MMP-9 mRNA levels,

and in primary WM793 cells with four times lower expression
of that proteinase (Figure 7C). Parthenolide-induced inhibi-
tion of MMP-9 mRNA expression was shown in THP-1 mac-
rophages (Dell’Agli et al., 2009) and W256 carcinosarcoma
cells (Idris et al., 2009). Parthenolide reduced migration of
mammary carcinosarcoma cells in vitro, and prevented
osteolytic bone metastasis in vivo (Idris et al., 2009). The
metastasis-preventing effects of parthenolide were observed
in breast cancer cells (Sweeney et al., 2005) and osteosarcoma
cells (Kishida et al., 2007). These findings together with our
current results suggest that parthenolide is a promising can-
didate for an anti-metastatic drug.

Enhanced cyclin D1 expression is one of the regulatory
mechanisms that melanoma cells use to overcome the G1

checkpoint. We found that parthenolide significantly
decreased cyclin D1 expression in melanoma cells. This might
contribute to accumulation of cells in G0/G1 phase in 1205Lu
and WM793 cells (Figure 3). In addition, parthenolide might
inhibit the transition from G1 to S phase via epigenetic regu-
lation of p21 expression (Gopal et al., 2007). Parthenolide-
induced G0/G1 phase cell cycle arrest was also observed in
vascular smooth muscle cells (Weng et al., 2009) and human
cholangiocarcinoma cells (Kim et al., 2005). In contrast, par-
thenolide induced G2/M arrest in hepatoma cells (Wen et al.,
2002). This indicates that inhibition of the cell cycle phase
might be cell-type-specific, and the cellular context-
dependent influence of parthenolide on cyclin D1 expression
might be one of the factors which can explain some of these
differences.

Melanoma cells overexpress several anti-apoptotic proteins
and the efficacy of anti-melanoma treatment depends on
inhibition of expression of anti-apoptotic genes regulated by
NF-kB (Yang et al., 2009). Our findings demonstrate that par-
thenolide could mediate its pro-apoptotic properties at two
levels: upstream of mitochondria through down-regulation of
Bcl-XL expression, and downstream through down-regulation
of survivin expression. The differences between melanoma
cell lines in the basal expression of Bcl-XL and survivin or
other anti-apoptotic proteins, as well as their dependence on
signalling pathways other than IKK/NF-kB, might contribute
to the apoptotic response to parthenolide treatment observed
in tested cell lines. The chemoresistant phenotype associated
with melanomas could be the cooperative phenotype that
results from activation of several pathways (Smalley, 2010).
Their individual contributions and significance for overall
drug resistance may differ markedly and the current results
are compatible with this hypothesis. As summarized in
Table 1, half maximal inhibitory concentration (IC50) values
for NF-kB inhibition were similar in 1205Lu and WM793 cells,
but parthenolide-induced changes in cell fate were different
in these two cell lines. 1205Lu is the lung metastatic variant
of WM793 established in nude mice. This could explain why
having similar levels of NF-kB, these two cell lines responded
almost identically to parthenolide in terms of inhibition of
NF-kB activity. Different changes in viability of these cells
suggest that NF-kB level was not the only factor determining
cell death in response to parthenolide treatment. Some com-
parative genomic hybridization (CGH) and DNA microarray-
based gene expression profiling analyses carried out in
1205Lu and WM793 cells (Gallagher et al., 2005), revealed

Figure 6 Low concentration effects of parthenolide (PN), alone or
in combination with cisplatin (cisPt), in 1206Lu cells. (A) Apoptosis
was assessed by flow cytometric analysis of Annexin V-FITC/PI-stained
cells. Data from two independent experiments are expressed as
average percentages of Annexin V-positive cells � SD. (B) Changes in
mitochondrial membrane potential were determined by flow cytom-
etry after TMRE staining. Representative histograms from one typical
experiment are shown. Data from two independent experiments are
expressed as percentage of cells with low TMRE fluorescence � SD.
FITC, fluorescein isothiocyanate; PI, propidium iodide; TMRE, tetram-
ethylrhodamine ethyl ester.
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that hypermethylation occurred with melanoma progression
from the WM793 to the 1205Lu cells. As parthenolide was
shown to be an inhibitor of DNA methyltransferase 1 (Liu
et al., 2009), it is possible that parthenolide-induced hypom-
ethylation in 1205Lu cells might contribute to effects specific
for this cell line.

In addition to the direct effect of parthenolide on NF-kB
activity, targeting this transcription factor could indirectly
influence the pro-apoptotic activity of the tumour suppressor
p53 (Kim et al., 2009). It is reasonable to assume that par-
thenolide, by inhibiting constitutive NF-kB activity, might
simultaneously decrease repression of p53 pathway as inac-
tive NF-kB is no longer able to up-regulate MDM2, or seques-
ter p300 and CBP, or form a stable association of p65–p53 at
the p53-responsive promoters to inhibit transcription. More-
over, it has recently been demonstrated (Gopal et al., 2009)
that parthenolide could regulate p53 activity by promoting
MDM2 ubiquitination. Parthenolide, by inhibiting NF-kB and
activating p53 could therefore affect simultaneously two
pathways crucial for cancer development. This is of impor-
tance as in most cases of melanoma, p53 is expressed in its
wild-type configuration and NF-kB activity is constitutive.

In conclusion, we have found that parthenolide can
induce anti-metastatic and pro-apoptotic effects in mela-
noma cells, that these effects, although not exclusively, are
associated with the suppression of NF-kB activity and that
parthenolide can counteract the cisplatin-induced or TNFa-
triggered up-regulation of some NF-kB-dependent genes. The
underlying mechanisms include down-regulation of genes
expressing the anti-apoptotic proteins Bcl-XL and survivin,
as well as cyclin D1, MMP-9 and IL-8. Finally, the diversity

of outcomes in three melanoma cell lines suggests cell
context-dependent, poly-pharmacological properties of
parthenolide.

Our results clearly indicate that parthenolide could be
therapeutically exploited in melanoma. In addition to the
long history of medical application of Tanacetum parthenium,
a plant where parthenolide is a major bioactive component,
this compound has already been shown to be safe in Phase I/II
clinical trials (Murphy et al., 1988; Curry et al., 2004). It is,
however, important to note that the studies on the bioavail-
ability of parthenolide are not conclusive yet (Sweeney et al.,
2005; Dell’Agli et al., 2009). Parthenolide was shown to be
toxic to hepatoma and leukaemia cells but not to normal liver
and haematopoietic cells (Wen et al., 2002; Guzman et al.,
2005), and as revealed by our study also non-toxic to normal
melanocytes. Parthenolide could be considered for prophylac-
tic treatment after surgery of primary melanoma lesions to
prevent their metastasis. Used for centuries for migraine treat-
ment, it is apparently able to cross the blood–brain barrier. As
30% of metastatic melanoma patients have metastases in the
brain, where surgical interventions are of limited use, par-
thenolide might be of value in preventing or reducing such
metastases. A protective function of parthenolide on renal
tissue observed during cisplatin chemotherapy (Francescato
et al., 2007) warrants its evaluation in combination with other
anti-cancer agents. However, recently, parthenolide acted as
an inhibitor of the sarcoplasmic/endoplasmic reticulum Ca2+-
ATPase (SERCA) and induced resistance to doxorubicin in
human colon cancer cells (Riganti et al., 2009). Therefore, the
possibility that parthenolide might reduce the efficacy
of some anti-cancer drugs must be borne in mind. Future

Figure 7 Effects of parthenolide (PN) and cisplatin (cisPt) on melanoma cell migration and invasiveness. (A) Parthenolide but not cisplatin
reduced the migratory potential of WM793 and A375 cells, whereas results obtained in 1205Lu cells did not reflect the parthenolide-reduced
migration capacity, due to increased cell death. Phase contrast microphotographs were taken after creation of wounds (0 h), and after 10 h
of incubation of wounded cultures with parthenolide and/or cisplatin. About 300 migrating cells in untreated cultures were counted in 5–8
fields in each experiment. The same number of fields were used for counting cells in treated cultures, and their migratory potential was
expressed as percentage of that obtained for control culture. Data are means � SD of three independent experiments (P < 0.05, except for
cisplatin treatment). (B) Parthenolide reduced the invasiveness of melanoma cells. Melanoma cell invasiveness was determined using a
Matrigel-precoated cell culture inserts. Representative images from one typical experiment are shown. Scale bars, 10 mm. Magnification
of insets was increased twice. (C) MMP-9 expression in untreated 1205Lu and WM793 cells in comparison with the expression in untreated
A375 cells, measured by real-time PCR. Data represent means � SD of three independent experiments (P < 0.01). MMP-9, matrix
metalloproteinase 9.

�

Figure 8 Parthenolide (PN) prevented TNFa-induced NF-kB activation, MMP-9 expression and invasiveness in WM793 cells. (A) TNFa
(20 ng·mL-1)-induced NF-kB activity was reduced by 6 mM parthenolide. The NF-kB activity levels were estimated by densitometric scanning
and shown as percentages of the activity level obtained in untreated cells � SD (P < 0.05). Invasiveness (B) and MMP-9 expression (C) of
WM793 cells increased by TNFa treatment were significantly reduced by parthenolide treatment (P < 0.01 from control, P < 0.05 from
TNFa-stimulated). MMP-9, matrix metalloproteinase 9; NF-kB, nuclear factor kappa B; TNFa, tumour necrosis factor alpha.
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investigations to determine the combined effects of partheno-
lide and anti-cancer drugs in animal models and clinical trials
are necessary to validate the usefulness of parthenolide as an
adjuvant and also as part of a more personalized combination
therapy for melanoma patients.
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