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Cucurbitacin B (CuB) is reported to have anti-prolifer-
ation effects on a variety of tumors including mela-
noma, and more effective regimens by combination of
this agent with others are under investigation. In this
study, the anti-melanoma effect of CuB as a single
agent and in combination with valproic acid (VPA),
an inhibitor of histone deacetylase (HDAC), was evalu-
ated in B16F10, a mouse melanoma cell line. The
results demonstrated that CuB inhibited the prolifer-
ation of the cell line in a dose-dependent manner.
However, it was likely that a pro-survival compensa-
tory response, involving the induction of autophagy
and upregulation of anti-apoptotic Bcl-2 protein, was
induced by CuB treatment, which might greatly
decrease the cytotoxicity of this agent. Supporting this,
the melanoma cells were found to be more sensitive to
the combination of CuB with chloroquine, a well-
known autophagy inhibitor. And CuB-induced autop-
hagy was associated with c-Jun N-terminal kinase
(JNK) activation, at least partly, since inhibition of
JNK activity by SP600125 could alleviate the autop-
hagy. When CuB was combined with VPA, the two
drugs showed synergistic cytotoxicity by induction of
cell apoptosis. Moreover, the multiploidization effect of
CuB was also suppressed in the presence of VPA. In
contrast to the transient activation of JNKs by CuB,
the combination of CuB and VPA resulted in pro-
longed JNK activation, although at low level after 4 h.
Our results demonstrated that HDAC inhibitor VPA
can sensitize B16F10 cells to CuB treatment through
induction of apoptotic pathway.
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Introduction

Melanoma is the most fatal form of skin cancer with
growing incidence throughout the world. There are no effi-
cacious therapies to malignant melanoma by now. The alky-
lating agent dacarbazine as a single agent remains to be the
current standard treatment, although few patients can
achieve remission from distant metastases, and the 5-year
survival rate is ,10% [1]. Thus, new agents and/or therapy
strategies with different action targets need to be developed.

Cucurbitacin B (CuB), a triterpenoid compound, is one of
the most abundant members of cucurbitacins in
Cucurbitaceae plants. Cucurbitacins have been used as folk
medicines for centuries in China and India for their anti-
inflammatory, anti-diabetic, and abortifacient effects [2]. In
recent years, a large body of evidence have revealed that CuB
and its relatives inhibit the growth of a wide spectrum of
human malignant cells both in vitro and in xenografted
tumors, including breast cancer [3], glioblastoma multiforme
[4], myeloid leukemia [5], pancreatic cancer [6], and laryngeal
cancer [7]. In order to understand the mechanism of CuB
activity on tumor cells, several studies have demonstrated that
CuB induces tumor cell apoptosis by downregulation of
signal transducers and activators of transcription-3 (STAT3)
activation, while it may also exhibit anti-tumor effects
without influencing STAT3 activation in human hepatocellu-
lar carcinoma (BEL-7402) and colon adenocarcinoma (SW
480) cells [6,8,9]. As a transcription factor, STAT3 regulates
a number of genes that are vital for cell proliferation, angio-
genesis, and survival. In normal cells, STAT3 is strictly con-
trolled, while in tumor cells, it is often found constitutively
activated, which contributes to the malignant transformation
and cellular resistance to apoptosis [10–12].

The histone deacetylase (HDAC) inhibitors activate
tumor suppressive genes, including p21 and cyclin-
dependent kinase inhibitors, and p53, while suppress

Acta Biochim Biophys Sin 2011, 43: 487–495 | ª The Author 2011. Published by ABBS Editorial Office in association with Oxford University Press on behalf of the

Institute of Biochemistry and Cell Biology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences. DOI: 10.1093/abbs/gmr032.

Acta Biochim Biophys Sin (2011) | Volume 43 | Issue 6 | Page 487

D
ow

nloaded from
 https://academ

ic.oup.com
/abbs/article/43/6/487/937 by guest on 18 April 2024



oncogene expression by increasing histone acetylation
[13–15]. Thus, the combination of conventional che-
motherapeutic agents with HDAC inhibitors is believed
to be a promising co-therapy for the treatment of
drug-refractory tumors by circumventing the activation of
survival pathways [16–18]. Valproic acid (VPA), currently
used as an anti-convulsant and anti-depressant, has recently
garnered attention as an anti-cancer agent. Through specific
inhibition of HDAC1 and HDAC2, VPA elongates the G1

phase of cell cycle [19], and inhibits a myriad of cell
growth and replication processes [20]. Recently, VPA has
been reported to sensitize small cell lung cancer to the
standard chemotherapeutic first-line regimen (cisplatin þ
etoposide) [17].

In this study, the anti-melanoma effects of CuB as a
single agent and in combination with VPA were evaluated
in B16F10 mouse melanoma cell line. Our results demon-
strated that CuB and VPA independently inhibited the pro-
liferation of B16F10 cells in a dose-dependent manner. As
reported in other cancer cells [4–6,8,21], CuB alone inhib-
ited cell proliferation of melanoma cells via G2/M phase
arrest. It also could induce a pro-survival response in mela-
noma cells, involving induction of autophagy and upregu-
lation of anti-apoptotic Bcl-2 protein. Combination of CuB
with VPA showed synergistic cytotoxicity by induction of
apoptotic pathway in the cell line. Moreover, the multiploi-
dization effect of CuB was also suppressed in the presence
of VPA. Our results suggest that combination of HDAC
inhibitors with CuB may provide an effective regimen
against melanomas.

Materials and Methods

Chemical reagents
CuB (molecular weight 558.7) with 98% purity was
obtained from Zhongxin Innova Laboratories (Tanjin,
China), dissolved in dimethyl sulfoxide (DMSO) at
10 mM and stored at 2208C. Diluted working solution
was prepared freshly before each experiment. Triton
X-100, sodium deoxycholate, dithiothreitol, propidium
iodide (PI), and DMSO were from Sigma (St Louis,
USA). RNase A was purchased from Invitrogen
(Carlsbad, USA). The antibodies against phospho-stress-
activated protein kinase/c-Jun N-terminal kinase (JNK)
(T183/Y185), phospho-STAT3 (Y705), phospho-eIF2a,
phospho-H2A.X, acetyl-histone H3K9, histone H3,
eIF2a, Bcl-2, BAX, cleaved caspase-3 were products of
Cell Signaling Technologies (Danvers, USA). The anti-
bodies against STAT3, survivin, and b-tubulin were
bought from Santa Cruz Biotechnology Inc. (Santa
Cruz, USA) and anti-LC3B antibody was from Sigma.

Cell culture
Mouse B16F10 cell line was obtained from the Cell Bank
of the Chinese Academy of Sciences (Shanghai, China),
cultured in Dulbecco’s Modified Eagle Medium (high
glucose; Invitrogen) supplemented with 10% fetal bovine
serum (Gibco/Invitrogen), 100 U/ml penicillin G and
100 mg/ml streptomycin (Invitrogen), and maintained at
378C in a humidified incubator of 5% CO2.

Measurement of cell proliferation and viability
Cell viability was measured by MTS assay (CellTiter 96
Aqueous ONE Solution kit; Promega, Madison, USA).
Briefly, B16F10 cells were seeded into 96-well plates at
5 � 103 cells per well (100 ml) for 24 h. The next day, the
medium were replaced with fresh medium containing
appropriate concentrations of drugs or vehicle (DMSO).
After incubation for 48 h, 20 ml MTS reagent was added to
each well and incubated at 378C for 1–4 h. The absorbance
at 490 nm was measured using a microplate reader (Model
680; Bio-Rad, Richmond, USA). Three independent
experiments were performed, each in triplicates. The 50%
inhibition concentrations (IC50) were derived from the
dose–response curve

Cell cycle analysis
B16F10 cells seeded in six well plates were incubated with
CuB for 24 or 48 h in the presence of appropriate drugs.
Afterwards, the cells in each well were harvested and
washed twice with cold phosphate-buffered saline (PBS).
Next, the cells were fixed with 70% cold ethanol at
2208C for at least 1.5 h, and then stained with PI solution
(50 mg/ml PI with 30 mg/ml RNase A) at 378C for 1 h.
DNA content in each sample was analyzed by a flow
cytometer (FACSCalibur; Becton Dickinson, Mountain
View, USA).

Western blot analysis
Cells were seeded in 75 cm2 flasks and treated with indi-
cated drugs or vehicle for 24 h. CuB concentration was
1 mM. Cell lysates were prepared by lysing PBS-washed
cells with RIPA buffer (Beyotime, Haimen, China) con-
taining 1% Nonidet P-40, 0.5% sodium deoxycholate,
0.1% sodium dodecyl sulfate (SDS), 50 mM Tris-HCl,
pH7.4, supplemented with NaF, NaVO4, EDTA, and pro-
tease inhibitor cocktail. Supernatants were collected after
centrifugation of cell lysates at 12,000 rpm for 30 min at
48C. Protein concentrations were determined by BCA
reagents (Pierce, Rockford, USA). Forty micrograms of
total protein was separated by SDS–polyacrylamide gel
electrophoresis followed by electro-transfer to polyvinyli-
dene difluoride membrane. For detection of acetylated-
histone H3, phospho-H2A.X, H3, and LC3B levels,
samples were prepared in 2 � SDS loading buffer followed
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by sonication. The blots were probed with indicated anti-
bodies and then visualized by enhanced chemilumines-
cence (BeyoECL Plus; Beyotime).

Statistical analysis
Data were presented as mean+SD. Statistical analysis was
performed using GraphPad Prism version 4.0 (GraphPad
Software Inc., San Diego, USA). One-way analysis of var-
iance followed by Dunnett’s multiple comparison test was
used to analyze the statistical significance of three or
more groups. P-values ,0.05 were considered statistically
significant.

Results

CuB and VPA synergistically inhibited
the proliferation of melanoma cells
As shown in Fig. 1(A), CuB, in a dose-dependent manner,
inhibited the proliferation of B16F10 cells with an IC50

value of 0.32+0.04 mM [Fig. 1(A)]. VPA also showed a
dose-dependent inhibition on the cell line. Its IC50 value
was 11.97+2.42 mM. When the concentration was
,1.6 mM, VPA showed little cytotoxicity [Fig. 1(B)].

When VPA was combined with CuB, a greater cytotox-
icity was detected [Fig. 1(C)]. Their combination indexes,
as analyzed by the CalcuSyn v2.0 software, were all ,0.7,
which indicates that the two drugs had strong synergistic
activity on inhibition of cell growth [Fig. 1(D)].

VPA induced hyperacetylation of histone H3
in melanoma cells
VPA has been discovered not only to inhibit class I HDACs,
but also induce proteosomal degradation of class II HDACs
[22–24]. In this study, the HDAC inhibitory activity of VPA
was evaluated by the hyperacetylation of histone H3 in cells
after VPA treatment. The results show that VPA treatment
for 24 h significantly upregulated the levels of acetylated
histone H3 in melanoma cells, while CuB could slightly
reduce the HDAC-inhibiting activity of VPA (Fig. 2).

CuB treatment induced endoplasmic reticulum (ER)
stress and autophagy in melanoma cells
Since the inhibition of HDAC activity influences the
profile of protein expression in cells, we are interested in
whether VPA treatment would induce an unfolded protein
response (or ER stress). Previous studies have indicated
that, on environmental stress, the protein translation
initiator eIF2a is phosphorylated by protein kinases and
the global protein translation is decreased to alleviate the
cellular injury or alternatively induce cell apoptosis [25].
The phosphorylation of eIF2a also mediates the conversion
of LC3-I (18 kDa) to LC3-II (16 kDa), an essential step in

formation of autophagosome, in response to ER stress [26].
Therefore, ER stress was evaluated by the level of phos-
phorylated eIF2a in this study. The results showed that a
significant upregulation of phosphorylated eIF2a was
observed in VPA-treated melanoma cells [Fig. 3(A)],
suggesting that ER stress was induced by VPA treatment.
However, the induction of ER stress by single-agent VPA
did not result in induction of autophagy as indicated by
levels of LC3-II (16 kDa) [Fig. 3(B)].

CuB is reported to inhibit cell proliferation by targeting
actin cytoskeleton [4,5]. We also observed that CuB treat-
ment resulted in cell morphology alteration and rapid bleb-
bing in the cells (data not shown), suggesting the
disruption of cellular actin cytoskeleton. After treatment
with CuB for 24 h, both phosphorylated eIF2a and LC3-II
(16 kDa) were markedly upregulated [Fig. 3(A,B)],
suggesting that CuB could induce both ER stress and
autophagy in B16F10 cells, which is similar to other drugs
targeting cytoskeleton [27,28]. In addition, autophagy in
CuB and VPA combination group was similar to that
treated with CuB alone [Fig. 3(B)], while the ER stress
markers were higher in CuB plus VPA group than in either
CuB- or VPA-treated groups [Fig. 3(A)].

Suppression of autophagy by chloroquine sensitized
melanoma cells to CuB treatment
As shown in Supplementary Fig. S1, CuB markedly
induced cell cycle arrest in G2/M phases and formation
of multiploid cells. No significant cell apoptosis was
observed by the flow cytometry analysis based on PI stain-
ing of the DNA contents. These results suggested that the
induction of autophagy by CuB might serve as a pro-
survival response. In order to confirm this, we determined
the cytotoxic and apoptotic effects of CuB plus chloro-
quine (CQ), a well-known autophagy inhibitor. MTS assay
showed that the cell viability was significantly decreased in
CuB plus CQ groups in comparison with the CuB-treated
group [Fig. 4(A)]. Flow cytometry analysis revealed that
higher apoptotic peaks were detected in the CuB plus CQ
groups as compared with the CuB group [Fig. 4(B)]. These
results suggested that CuB-induced autophagy in mela-
noma cells was a pro-survival response and conferred
resistance to the cytotoxicity of CuB.

CuB plus VPA led to the prolonged activation
of JNK1 and JNK2
Both JNK1 and JNK2 were activated rapidly by CuB, and
reached their highest peaks at 30 min, then decreased in a
time-dependent manner. The phosphorylated JNKs in
CuB-treated cells were decreased back to baseline until
24 h [Fig. 5(A)]. The activation of JNKs contributed, at
least partly, to CuB-activated autophagy, since the inhi-
bition of JNK by SP600125 lowered the level of LC3-II,
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an autophagy indicator [Fig. 5(B)]. VPA did not induce
JNK activation [Fig. 5(C,D)], and it also did not induce
the significant autophagy [Fig. 3(B)]. In contrast to the
transient activation of JNKs by CuB, the combination of
CuB and VPA resulted in prolonged JNK activation,
although at a low level after 4 h [Fig. 5(C,D)]. These

Figure 1 Synergistic inhibition of the proliferation of mouse B16F10 melanoma cells by CuB plus VPA B16F10 cells were treated with CuB and/

or VPA for 48 h, and cell viability was evaluated by MTS assay. CuB (A), VPA (B), and their combination (C) in a dose -dependent manner inhibited

the growth of B16F10. Data are presented as mean+SD. (n ¼ 3). *P , 0.05 and **P , 0.01. Drug interaction analysis using the CalcuSyn v2.0

software indicated that CuB and VPA had strong synergistic activity on inhibition of B16F10 cell growth (D).

Figure 3 Analysis of ER stress (A) and autophagy (B) induced by
CuB and/or VPA treatment B16F10 cells were treated with 1 mM

CuB in the presence/absence of VPA for 24 h. Cell lysates were resolved

by electrophoresis, transferred to PVDF, and probed with indicated

antibodies by western blotting. One representative of three independent

experiments is shown. The relative densitometry values of P-eIF2a

against eIF2a (A) and LC3-II (16 kDa) against b-tubulin (B) are shown.

Figure 2 Inhibition of HDAC activity by VPA in melanoma cells
B16F10 cells were treated with 1 mM CuB in the presence/absence of

VPA for 24 h. Cell lysates were resolved by electrophoresis, transferred to

PVDF, and probed with indicated antibodies by western blotting. One

representative of three independent experiments is shown. The relative

densitometry values of each acetylated histone H3 band was normalized

to the total histone H3 levels. Ac-H3, acetylated histone H3.
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results suggested that JNK activation was associated with
the induction of autophagy.

CuB and VPA combination resulted in aggravation
of DNA damage and cell apoptosis
Next, we evaluated the apoptotic effects of VPA and/or
CuB treatments on melanoma cells. One of the typical
characteristics of cell apoptosis is DNA fragmentation,
which is caused by the activation of caspase-3 and is
partly the consequence of failed DNA damage repair. In
response to genotoxicity, H2A.X is quickly phosphory-
lated (resulting in g-H2A.X) to recruit other repair
factors to the damaged site [29,30]. It was observed that

treatment with VPA alone increased the level of
g-H2A.X, indicating that VPA was a DNA damage
inducer in melanoma cells [Fig. 6(A)]. Furthermore,
VPA treatment induced cell apoptosis as indicated by
cleaved caspase-3 (activation), an executor of the apop-
totic pathway [Fig. 6(B)]. Flow cytometry analysis also
demonstrated that there was a small fraction of
VPA-treated cells undergoing DNA fragmentation
(sub-G0/G1 peak), while a greater fraction was arrested
at G0/G1 phase [Fig. 7(A,B)]. In accordance with the
cytotoxicity of VPA [Fig. 1(B)], the expression of survi-
vin was also suppressed in a dose-dependent manner by
VPA [Fig. 6(B)].

Figure 5 Evaluation of JNK1 and JNK2 activation in melanoma cells (A) B16F10 cells were treated with 1 mM CuB for indicated time. (B) JNK

pathway inhibitor SP600125 suppressed the activation of JNKs induced by CuB treatment, and resulted decreased level of LC3-II (16 kDa). (C,D)

Combination of CuB and VPA resulted in sustained JNK activation. Cell lysates were resolved by electrophoresis, transferred to PVDF, and probed with

indicated antibodies by western blotting. One representative of three independent experiments is shown. The relative densitometry values of each band

were normalized to b-tubulin. The values under LC3 were the ratios of LC3-II (16 kDa) against b-tubulin.

Figure 4 The autophagic pathway inhibitor CQ reduced the cell viability (A) and increased the apoptotic cells (B) of CuB-treated cells Cells

were treated with indicated concentration of CuB and 5 mM CQ for 48 h. Cell viability was calculated from MTS assay (A), and the fractions of

apoptotic cells were evaluated as the sub-G0/G1 peak (apoptotic peak) by flow cytometry (B).
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Although 1 mM CuB alone induced a sharp decrease in
survivin [Fig. 6(B)], which corresponded to the arrest of
cell cycle in G2/M phases [Fig. 7(A,B)], it did not activate
caspase-3 [Fig. 6(B)]. Moreover, CuB treatment resulted in
the upregulation of Bcl-2 while BAX expression was not
affected. The g-H2A.X level in CuB-treated cells was even
lower than the basal level of control [Fig. 6(A)]. Consistent
with these results, flow cytometry analysis demonstrated
that CuB treatment did not induce a sub-G0/G1 peak. Most
of the cells were arrested in G2/M phase and a small frac-
tion of cells were multiploid (.4N) in this group. When
incubated with CuB for 48 h, about 22% cells had .4N
DNA content [Fig. 7(A,B)]. These results suggested that
CuB inhibited the proliferation of melanoma cells by arrest-
ing cell cycle, while conferred resistance of the cells to
apoptosis.

When 1 mM CuB was used with 5 mM VPA for 24 h,
both cleaved caspase-3 and g-H2A.X were higher than the
other groups, while Bcl-2 and survivin levels were greatly
decreased [Fig. 6(B)]. It was noted that about 33% of the
cells underwent DNA fragmentation (sub-G1/G0 peak), and
the multiploidization effect was totally suppressed in this
group [Fig. 7(A,B)]. These results demonstrate that combi-
nation of CuB and VPA could aggravate DNA damage,
and induce cell apoptosis.

Discussion

In this study, we show that single-agent CuB inhibited the
proliferation of melanoma cells in a dose-dependent
manner. However, our data also clearly demonstrate that a
compensatory response, as indicated by increased
phospho-eIF2a and Bcl-2 levels, was induced by CuB
treatment. Moreover, the induction of autophagy seemed to
confer resistance of cells to CuB treatment, since the
addition of the well-known autophagy inhibitor CQ to
CuB-treated cells resulted in more cytotoxicity and apopto-
sis. Our observations in CuB-treated melanoma cells are
supported by a large number of previous works that the
induction of autophagy may protect cancer cells from
drug-induced apoptosis [31]. It is therefore important to
develop new strategy to overcome this pro-survival
response induced by many antitumor agents.

The administration of CuB may greatly sensitize a
variety of cancers to other anti-cancer agents. For example,
the combination of CuB with cisplatin induces more apop-
tosis in pancreatic and laryngeal squamous cell carcinoma
cells by downregulating Bcl-2 expression and STAT3 phos-
phorylation [6,32]. In this study, we evaluated whether
HDAC inhibitor VPA and CuB had synergistic effects on
melanoma cells. HDAC inhibitors such as suberoylanilide
hydroxamic acid and VPA, which regulate a large number
of genes functioning in cellular metabolism and cell survi-
val, represent a new group of antitumor drugs [33]. The
antitumor effect of VPA by induction of cell apoptosis has
been reported in various cancers, such as small cell lung
cancer, chronic lymphocytic leukemia, and hepatoma
[17,34,35]. VPA treatment also sensitizes tumor cells to
some first-line antitumor drugs, such as doxorubicin, cis-
platin, and etoposide [16,17]. Consistent with these reports,
our results demonstrated that a combination of CuB with
VPA overcame the resistant compensatory response and
multiploidization effect induced by CuB. By combination
of CuB and VPA, the apoptotic pathway was activated in
the melanoma cells, and a significant fraction of cells
underwent apoptosis as evidenced by caspase-3 activation
and induction of sub-G0/G1 peaks.

We observed that autophagy was also induced by combi-
natorial CuB and VPA. It is not clear whether the induced
autophagy pathway contributes to the apoptosis in the CuB
plus VPA-treated cells. Autophagy is regulated by several
pathways, including AMP-activated protein kinase/mamma-
lian target of rapamycin (mTOR), phosphatidylinositol
3-kinase/RAC-alpha serine/threonine-protein kinase (Akt)/
mTOR and mitogen-activated protein kinase/extracellular
signal-regulated kinase/mTOR [31]. Activation of JNKs
facilitates the dissociation of Beclin-1 from Bcl-2/Beclin-1
complex, leading to the initiation of autophagy [36].

Figure 6 CuB and VPA combination resulted in phosphorylation of
H2A.X and activation of apoptosis pathway B16F10 cells were

treated with 1 mM CuB and/or VPA for 24 h. Cell lysates were resolved

by electrophoresis, transferred to PVDF, and probed with indicated

antibodies by western blotting. One representative of three independent

experiments is shown. The relative densitometry values of each band were

normalized to total histone H3 (A) or b-tubulin (B).
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However, persistent JNK activation may also result in cell
apoptosis. We presumed that it was the prolonged acti-
vation of JNKs that led to the increase of cell death under
the combinatorial action of CuB and VPA. Other investi-
gators have also demonstrated that the persistent activation
of JNKs contributes to the cell death induced by cisplatin,
2-methoxyestradiol, and 12-otetradecanoyl-phorbol-13-
acetate [37–40]. Consistent with these studies, we observed
that sustained activation of JNKs by CuB plus VPA was
associated with more DNA fragmentation and cell apopto-
sis, whereas transient activation of JNKs by CuB, was
related to less cell death.

On the other hand, the activation of JNKs by mitogen-
activated protein kinase kinase (MAPKK) MEKK1 contrib-
utes to the activation of STAT3 in different types of cells
treated with growth factors, such as epidermal growth
factor and platelet-derived growth factor [41]. STAT3 is a
latent transcription factor that is well known to be activated
by IL-6. The activation of STAT3 usually promotes cell
proliferation and prevents cells from apoptosis. For
example, most cancer cells, instead of normal ones, are
characterized by constitutive activation of STAT3 [42]. In
this study, CuB treatment also induced STAT3 activation in

the melanoma cells (Supplementary Fig. S2), which was
likely to protect cells from apoptosis. However, STAT3
activation may also block cell cycle progression by increas-
ing the expression of p21Waf1/Cip1 gene [43]. The activation
of STAT3 and up-regulation of p21Waf1/Cip1 expression by
cucurbitacin glucosides are associated with cell cycle arrest
and cell death [44]. Other investigators have indicated that
VPA, as well as other short-chain fatty acid HDAC inhibi-
tors, induces G0/G1 arrest by increasing the expression of
p21Waf1/Cip1 in a variety of cancers cells [45–47]. Although
the p21Waf1/Cip1 expression was not determined in this
study, the G0/G1 arrest in the VPA-treated melanoma cells
suggests that VPA treatment might increase the expression
of p21Waf1/Cip1 in this cell line. In addition, the effect of
VPA on cell cycle arrest, which is likely due to an increase
of p21Waf1/Cip1 expression, might also account for the
inhibitory effect of combinatorial CuB and VPA on multi-
ploidization. In other words, VPA treatment arrested the
bi-nuclear or tetraploid cells at G0/G1 phase, although we
were unable to distinguish them from the G2/M phase cells
by flow cytometry. Furthermore, the addition of VPA
enhanced the activation of STAT3 in CuB-treated mela-
noma cells (Supplementary Fig. S2). Previous studies

Figure 7 Cell cycle distribution and DNA fragmentation of B16F10 cells treated with CuB (1 mM) and/or VPA for 48 h After treatment, cells

were stained with PI, and DNA contents were evaluated by flow cytometry. Both flow cytometric data (A) and histogram (B) are presented. Data in the

histograms are means+SD from one of the three independent experiments. The 2N, 4N, and 8N indicate cells with diploid, tetraploid (or binuclear),

and eight-ploid (or four nuclear) DNA contents, respectively. M1, sub-G1/G0; M2, G1/G0; M3, S; M4, G2/M; M5: eight-ploid (.4N).
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have revealed that sustained activation of both STAT3 and
JNKs may result in cell apoptosis [48]. In addition, the
enhancement of STAT3 activation and the downregulation
of survivin expression were simultaneously observed in
CuB and VPA-treated cells in this study. Taken together,
we speculate that the sustained JNK activation may act in
synergy with the enhanced STAT3 activation, and even-
tually lead to enhanced apoptotic cell death in the CuB plus
VPA groups. However, it remains to be determined whether
the enhanced STAT3 activation in the CuB plus VPA
group is caused by sustained activation of JNKs.

In summary, VPA, an HDAC inhibitor, could act with
CuB synergistically to inhibit the growth of melanoma
cells and enhance the activation of apoptotic pathway. The
combinatorial effects of CuB plus VPA were likely due to
the sustained activation of both JNKs and STAT3, although
the role of STAT3 activation in induction of cell apoptosis
still needs to be clarified. Our results suggest that combi-
nation of CuB and HDAC inhibitors may provide a novel
regimen against melanomas.

Supplementary Data

Supplementary data are available at ABBS online.
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