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Euphorbia fischeriana Steud inhibits malignant melanoma
via modulation of the phosphoinositide-3-kinase/Akt
signaling pathway
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Abstract. Fuphorbia fischeriana Steud, a traditional
Chinese medicine, has been shown to inhibit the growth of
various cancers by the induction of apoptosis and cell cycle
arrest. The purpose of the present study was to investigate
the association between the phosphoinositide-3-kinase
(PI3K)/protein kinase B (Akt) signaling pathway and the
inhibitory effect of Euphorbia fischeriana Steud on the
growth and metastasis of melanoma B16 cells in vitro, and
the underlying mechanisms. MTT assay results indicated
that Euphorbia fischeriana Steud inhibited the growth of B16
cells in a time- and dose-dependent manner. Flow cytometric
analysis revealed that Euphorbia fischeriana Steud markedly
induced apoptosis of the B16 cells, with arrest at the GO/G1
phase of the cell cycle. In addition, in a Transwell assay
Euphorbia fischeriana Steud significantly suppressed the
migration of B16 cells. Western blot analysis revealed that
the expression levels of phosphatase and tensin homolog
(PTEN) were upregulated, and the phosphorylation of Akt
was downregulated, which resulted in inhibition of the
PI3K/Akt signaling pathway and the eventual suppression of
its downstream targets, such as matrix metalloproteinase-2
mRNA, in B16 cells. The results demonstrated that
Euphorbia fischeriana Steud inhibited the growth and
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migration of B16 cells, possibly via modulation of the
PI3K/Akt signaling pathway and upregulation of PTEN
expression levels, in addition to downregulation of p-Akt
expression. The aforementioned findings suggest that
Euphorbia fischeriana Steud may have broad therapeutic
applications in the treatment of malignant melanoma.

Introduction

Malignant melanoma has become a frequently occurring
malignancy with an annual increase of ~3% (1). The majority
(~90%) of patients with early detected melanoma are curable;
however, the efficiency of clinical drugs in the treatment of
patients with advanced metastatic melanoma is <20% (2), and
the 5-year survival rate is <5%, with a median survival time
of only 2-8 months (3,4). Numerous studies have confirmed
that the poor prognosis of malignant melanoma is primarily
attributable to the high incidence of distant metastasis and a
strong capacity for invasion (5-7). Therefore, the development
of more effective therapies for the inhibition of metastasis
presents a challenge for the treatment of malignant melanoma.

Chemotherapy has a significant role in the treatment of
cancer. However, the majority of chemotherapy drugs also
destroy normal cells, leading to adverse effects (8). Therefore,
the identification of natural compounds with a wide range of
anticancer activities, high selectivity for the destruction of
cancer cells and low toxicity of normal cells is of importance
in cancer research. Euphorbia fischeriana Steud (also
known as lang-du), a herbaceous plant used in traditional
Chinese medicine (TCM), has demonstrated inhibitory
effects through its capacity to induce apoptosis, suppress
growth and cause cell cycle arrest when assessed within
several cancer cell lines, including leukemia and prostate
cancer (9,10). Results from preliminary studies have indicated
that Euphorbia fischeriana Steud inhibits the metastasis
of melanoma cells through the regulation of certain
metastasis-related gene expression levels (11,12). However,
the mechanisms involved have yet to be fully elucidated.

In the present study, the activities of
Euphorbia fischeriana Steud against the highly metastatic
B16-F10 mouse cell line and its association with the
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phosphoinositide-3-kinase (PI3K)/protein kinase B (Akt)
signaling pathway, were investigated.

Materials and methods

Materials. Dulbecco's modified Eagle's medium (DMEM),
penicillin, streptomycin, fetal bovine serum (FBS),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), trypsin-EDTA and propidium iodide (PI)
were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Fibronectin was purchased from BD Biosciences (Franklin
Lakes, NJ, USA) and Transwell chambers from Costar
(Corning Inc.,NY,USA). Antibodies against phospho (p)-Akt,
phosphatase and tensin homolog (PTEN) and B-actin were
purchased from Cell Signaling Technology, Inc. (Danvers,
MA, USA ). Polyacrylamide and the protein assay kits
were obtained from Bio-Rad Laboratories, Inc. (Hercules,
CA,USA). Western blotting detection reagents were purchased
from GE Healthcare Life Sciences (Chalfont, UK). Phospho
(p)-Akt, matrix metalloproteinase-2 (MMP-2) and B-actin
primers, and reverse transcription-polymerase chain reaction
(RT-PCR) kits (Takara RNA PCR Kit) were purchased from
Takara Bio, Inc. (Otsu, Japan).

Extraction of Euphorbia fischeriana Steud. The roots of
Euphorbia fischeriana Steud were purchased from Lunan
Pharmaceutical (Linyi, China). The powdered roots of
Euphorbia fischeriana Steud were extracted by heating in
88% ethanol at 50°C. Following precipitation, the cooled
solution was filtered and evaporated under reduced pressure
to generate a residue. The extract was then suspended in
distilled water. After a second precipitation step using
water, the supernatant was condensed as an extract
of Euphorbia fischeriana Steud for use in the in vitro
experiments. The extract contained ~0.53% jolkinolide (A
and B), 1.06% fischeriana (A and B) and flavonoids (1.75%).

Cell culture andinvitro growth assays. The murine melanoma
cell line B16-F10 (B16) was obtained from the American
Type Culture Collection (Manassas, VA, USA). The B16
cell line was cultured (3x10° cells/well) in DMEM medium
containing 10% heat-inactivated FBS, glutamine (2 mM;
Hyclone; GE Healthcare Life Sciences), penicillin (100 U/ml;
Sigma-Aldrich) and streptomycin (100 xg/ml; Sigma-Aldrich)
at 37°C in a humidified incubator with 5%atmospheric CO,.
In the treatment groups, the cells were cultured in DMEM
supplemented with 10% FBS containing 0.8, 1.2, 1.4, 1.6.
1.8 and 2.0 mg/ml concentrations of Euphorbia fischeriana
Steud, whereas cells in the control group were treated with
0.1% dimethylsulfoxide (DMSO; Sigma-Aldrich). The cell
growth was evaluated at 24 and 48 h after treatments with
MTT assay kits. Briefly, the murine melanoma cell line
B16 was seeded in 96-well culture plate (3x10° cells/well)
and cultivated for 24 h. Euphorbia fischeriana was then
added to final concentrations of 0.8, 1.2, 1.4, 1.2, 1.8 and
2.0 mg/ml. After 24 and 48 h, 10 I MTT (10 ug/ml) was
added to cells in the plate and incubated for 4 h at 37°C.
Then, 150 ul DMSO was added to each well and incubated
for 20 min at room temperature. Following incubation, the
absorbance was measured at 570 nm using a Multiskan MS
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spectrophotometer (Labsystems, Stockholm, Sweden). Each
experiment was replicated three times.

Flow cytometry for analysis of the cell cycle and apoptosis.
B16 cells were treated with Euphorbia fischeriana Steud
at concentrations of O (control, 0.1% DMSO), 0.8, 1.4 or
2.0 mg/ml for 24 h. The treated B16 cells were detached
in phosphate-buffered saline (PBS)/2 mM trypsin-EDTA,
centrifuged at 335 x g for 5 min at 4°C and then resuspended in
250 ul hypotonic fluorochrome solution (PBS, 50 ug PI, 0.1%
sodium citrate and 0.1% Triton X-100; Sigma-Aldrich) with
RNase A (100 U/ml; Sigma-Aldrich). The DNA content of
the cells was analyzed by flow cytometry (BD FACSCalibur;
BD Biosciences) with 20,000 events analyzed per sample.
Cell cycle distribution and apoptosis were determined on the
basis of the DNA content and the sub-Gl cell population,
respectively.

In vitro migration assays. B16 cell migration was evaluated
using fibronectin-coated polycarbonate filters in modified
Transwell chambers. In brief, B16 cells (5x10%) were seeded
onto the upper chamber in 200 pl serum-free medium
containing Euphorbia fischeriana Steud at the concentrations
of 0 (control, 0.1% DMSO), 0.8, 1.4 or 2.0 mg/ml; the lower
compartment was filled with a chemo-attractant (0.66 ml
DMEM supplemented with 10% FBS). Following a culture
period of 6 h (for the migration assay) at 37°C, the cells
transplanted to the lower surface of the filter were fixed
and stained with PI. The cells on the upper side of the filter
were removed using a cotton swab. The migrated cells on
the underside of the filter were counted and recorded for
imaging under a fluorescence microscope (TE2000-U; Nikon
Corporation, Tokyo, Japan). Experiments were replicated three
times.

Western blot analysis. To determine the effects of
Euphorbia fischeriana Steud on the expression levels of
PTEN and p-Akt in B16 cells, cells were treated with
Euphorbia fischeriana Steud at various concentrations (0, 0.8,
1.4 or 2.0 mg/ml) for 24 h. The treated cells were washed with
ice-cold PBS and suspended in lysis buffer (Sigma-Aldrich)
on ice for 30 min. Lysates were cleared by centrifugation at
4360 x g for 20 min at4°C.Equal amounts of cell extracts (60 ug)
were resolved by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, transferred to nitrocellulose membranes
(Sigma-Aidrich), and probed with primary antibodies to human
PTEN (1:1,000; mouse monoclonal; 14642S; Cell Signaling
Technology, Inc.), p-Akt (1:1,000; rabbit polyclonal; 4685S;
Cell Signaling Technology, Inc.) and anti-f-actin (1:1,000;
mouse monoclonal; A1978; Sigma-Aldrich) at 4°C overnight.
The membranes were then washed with T-TBS buffer (Takara
Bio, Inc.) 3 times for 10 min, and subsequently incubated
at room temperature for 2 h with goat anti-mouse (1:1,000;
sc2005; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and
goat anti-rabbit (1:1,000; sc2004; Santa Cruz Biotechnology,
Inc.) horseradish-conjugated secondary antibodies. -actin
was used as a loading control. After washing with T-TBS
buffer 3 times, detection was performed using an enhanced
chemiluminescence system (Amersham ECL Western Blotting
Detection Reagent; GE Healthcare Life Sciences).
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Gene Primer and Probe Sequence (5'-3") Amplicon size (bp)
Phosphorylated-Akt 56
Forward CAATTCCGGTCTGAGGAA
Reverse CACATGGGAAGTGTTGTCTG
Probe CTTCTGACGCGCCTGCCCTC
MMP-2 96
Forward CTGGGAGCATGGAGATGGATA
Reverse AAGTGAGAATCTCCCCCAACAC
Probe ACATGCCTTTGCCCCGGGCA
[(-actin 70
Forward GGAAGCACATCATGGGTCAGA
Reverse TACGCATCTTCATCTTCCTCCATT
Probe TGTGGCAGACTACATGCGCTACC

MMP-2, matrix metalloproteinase-2.

RT-PCR. Total cellular RNA was extracted from the cells
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) from B16 cells treated with
Euphorbia fischeriana Steud at different concentrations
(0/0.1% DMSO vehicle as control, 0.8, 1.4 or 2.0 mg/ml) for
24 h according to the manufacturer's protocol, and quantified
by spectrophotometry (NanoDrop 2000c; Thermo Fisher
Scientific, Inc.). An RT-PCR kit was used. Equal amounts
of RNA were used for cDNA synthesis in 20 ul reactions
containing primers (Table I; Bao Biological Engineering Co.,
Ltd., Dalian, China), 2 pl total RNA and ddH,0O. Cycling
conditions comprised of denaturation for 30 sec at 95°C,
followed by 40 cycles of amplification (at 95°C for 5 sec and
60°C for 30 sec) and a final elongation step at 72°C for 10 min.
To control the PCR reaction components and the integrity of
the RNA, 2 ul of each cDNA sample was amplified separately
by p-actin specific primers. RT-PCR analyses were carried
out in duplicate from =3 independent RNA samples. The
experimental data was normalized to the B-actin expression
value, and the relative expression levels were calculated using
the 244 method (13).

Statistical analysis. Data are expressed as mean + standard
deviation and statistical analysis was conducted using SPSS
software, version 13.0 (SPSS, Inc., Chicago, IL, USA). One-
or two-way analysis of variance followed by the Bonferroni
post-hoc analysis was performed to establish whether
significant differences existed among groups. Values between
different treatment groups at different times were compared.
Mean concentrations and cell viability or migration (%) are
shown for each group. For all tests, P<0.05 was considered to
indicate a statistically significant difference.

Results
Euphorbia fischeriana Steud inhibits the growth of Bl16

cells in a time- and dose-dependent manner. The cell
growth inhibition rates for 0.8, 1.2, 1.4, 1.6, 1.8 or 2.0 mg/ml

100
80
60
40
20

0

Inhibition Rate

Control 0.8 1.2 1.4 1.6 1.8 2.0
Concentration of Euphorbia Fischeriana Steud (mg/ml)

Figure 1. In vitro effects of Euphorbia fischeriana Steud on the growth of B16
cells. B16 cells were cultured for 24 or 48 h in Dulbecco's modified Eagle's
medium containing Euphorbia fischeriana Steud at various concentrations.
The effects of Euphorbia fischeriana Steud on cell growth were determined by
MTT assay. Statistical analysis was performed using an analysis of variance
followed by the Bonferroni test. The figures are representative of three similar
experiments. The ICy, values at 24 h and 48 h were 1.5 and 1.3 mg/ml, respec-
tively. Results obtained between the control and Euphorbia fischeriana Steud
groups differed significantly as a function of Euphorbia fischeriana Steud
concentration and time of exposure (P<0.05). "P<0.05 vs. the control group.
MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

Euphorbia fischeriana Steud at 24 h were 24.2,41.7,47.8,54.7,
61.5 and 64.7% and at 48 h were 28.7, 48.3, 53.7, 56.2, 65.6
and 70.2%, respectively (Fig. 1). The plots are representative of
three similar experiments performed. The ICs, values at 24 and
48 h were 1.5 and 1.3 mg/ml, respectively. The in vitro growth
assay revealed that Euphorbia fischeriana Steud suppressed
the growth of B16 cells in a dose-and time-dependent manner
following treatment of the cells with Euphorbia fischeriana
Steud at concentrations of 0.8-2.0 mg/ml for 24 and 48 h,
respectively.

Euphorbia fischeriana Steud induces apoptosis and
GO/GI cell cycle arrest in B16 cells in a dose-dependent
manner. Flow cytometric analysis (Fig. 2A) revealed that
Euphorbia fischeriana Steud (0, 0.8, 1.4 or 2.0 mg/ml)
significantly induced the apoptosis of B16 cells at 24 h with
apoptosis rates of 13.97+0.58, 24.26+0.91 and 41.82+0.63%
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Figure 2. Induction of apoptosis and GO/G1 arrest in mouse malignant mela-
noma cells (B16 cells). (A) Fluorescence-activated cell sorting analysis of
cell cycles and apoptosis in B16 cells treated for 24 h with Euphorbia fisch-
eriana Steud at the indicated concentrations. The (B) percentage apoptosis
and (C) proportion of cells in the G2/M+S phase in cells treated with
Euphorbia fischeriana Steud are presented. Euphorbia fischeriana Steud (0,
0.8, 1.4 or 2.0 mg/ml) induced apoptosis of B16 cells at 24 h with apoptosis
ratios of 13.97+0.58, 24.26+0.91 and 41.82+0.63% vs. control, respectively
(P<0.05). "P<0.05 vs. the control group; “P<0.05 vs. every other group.

compared with the control, respectively (P<0.05). Values
of 2.0, 1.4 and 0.8 mg/ml group, compared with the
control group, differed significantly (P<0.05; Fig. 2B).
Furthermore, Euphorbia fischeriana Steud also induced a
concentration-dependent GO/G1 arrest and a reduction in the
proportion of cells in the G2/M and S phases (Fig. 2C).

Suppression of migration, upregulation of PTEN protein
expression and downregulation of Akt activation in Bl16
cells by Euphorbia fischeriana Steud. A migration assay
in fibronectin-coated Transwell chambers revealed that,
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Figure 3. Suppression of migration and pro-matrix p-Akt/PTEN activation
in B16 cells by Euphorbia fischeriana Steud. (A) Mouse melanoma B16 cell
migration was examined in the presence of Euphorbia fischeriana Steud at the
indicated concentrations. Compared with the control, Euphorbia fischeriana
Steud at 2.0 mg/ml significantly decreased migration of B16 cells (P<0.01).
Euphorbia fischeriana Steud at 0.8 or 1.4 mg/ml also inhibited the migration
of B16 cells (P<0.05). (B) The expression levels of PTEN and p-Akt proteins in
each group were analyzed by western blotting. Euphorbia fischeriana Steud
at all concentrations tested (0.8, 1.4 or 2.0 mg/ml) upregulated PTEN and
downregulated p-Akt expression levels in B16 cells in a dose-dependent
manner. B16 cells treated with Euphorbia fischeriana Steud at different
concentrations had significantly reduced ratios of p-Akt to PTEN. For each
experiment, three assays were performed. "P<0.05; “P<0.01, statistically
significant vs. control; p-Akt, phospho-protein kinase B; PTEN, phosphatase
and tensin homolog.

after 24 h of exposure to Euphorbia fischeriana Steud with
concentrations of 0.8, 1.4 or 2.0 mg/ml, the migration of B16
cells was significantly suppressed with inhibition rates of
17.58, 26.06 and 43.64%, respectively (Fig. 3A). Western blot
analysis confirmed that, compared with the controls, p-Akt
protein expression levels were reduced, and PTEN protein
expression levels were increased in the cells treated with
Euphorbia fischeriana Steud at concentrations of 0.8, 1.4 and
2.0 mg/ml.

Suppression of the mRNA expression of p-Akt and MMP-2
in B16 cells by Euphorbia fischeriana Steud. RT-PCR
analysis demonstrated that the mRNA expression of
p-Akt and MMP-2 in B16 cells following treatment with
Euphorbia fischeriana Steud at concentrations of 0.8, 1.4 or
2.0 mg/ml Euphorbia fischeriana Steud for 24 h was reduced
in a concentration-dependent manner (Fig. 4).

Discussion

Malignant melanoma is a lethal type of skin cancer, accounting
for 80% of skin cancer mortalities (14). The high degree of
malignancy and occurrence in a dormant state, in addition to a
strong tendency for distant metastasis, invasion and migration,
presents a challenge in the provision of a successful clinical
treatment. As a result, the median survival following malignant
melanoma invasion or metastasis is 2-8 months (15-17). Current
clinical chemotherapy drugs for melanoma demonstrate
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Figure 4. Effects of Euphorbia fischeriana Steud on the mRNA expression
levels of (A) p-Akt and (B) MMP-2 in B16 cells. Expression levels of mRNA
were detected by reverse transcription-quantitative polymerase chain reac-
tion after cells were treated for 24 h with Euphorbia fischeriana Steud at
0 (control), 0.8, 1.4 or 2.0 mg/ml. mRNA expression levels were normalized
to B-actin. For each experiment, three assays were performed. The density
of the band (normalized to f-actin) is presented as the mean + standard
deviation relative to that of the control (designated as 1.00). Significant
reductions in mRNA expression levels were obtained for p-Akt (n=3) and
MMP-2 (n=3). "P<0.05 vs. control. MMP-2, matrix metalloproteinase;
p-Akt, phospho-protein kinase B.

poor efficacy, with <20% being effective (18). Furthermore,
adverse effects such as bone marrow suppression and
immunosuppression lead to the treatments being intolerable for
patients (19). Recent developments in the characterization of
certain abnormal cell signal transduction pathways associated
with malignant melanoma have indicated the importance and
feasibility of their use in the treatment of the aforementioned
conditions. Several therapies targeting abnormal signal
pathways involved in malignant melanomas have recently been
used (20,21), however, their efficacy when administered as a
single-agent is poor and the median progression-free survival
remains at only 2.8 months (22).

Results from recent studies have revealed that an abnormal
absence of the PTEN gene exists in 30-50% of melanoma
cell lines (23,24). Low expression levels of PTEN lead to
an ineffective inhibition of Akt activation, resulting in an
over-activation of the PI3K/Akt pathway, which promotes the
metastasis of tumor cells (25). Activation of the PI3K/Akt
pathway may activate the protein P705! through the tuberous
sclerosis complex 1/2-mammalian target of rapamycin
(mTOR) pathway, and thereby promote the reconstruction of
actin filaments (26,27). Aberrant activation of mTOR may
also increase MMP-2 expression levels, which can cause
degradation of the extracellular matrix and lead to promotion
of tumor cell metastasis (28). Thus, abnormal activation of
the PI3K/Akt pathway in malignant melanoma promotes the
migration of tumor cells through the induction of degradation
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and enhanced motility (29-31). In the present study, it was
demonstrated that suppression of the PI3K/Akt pathway
greatly contributes to the inhibition of the proliferation and
migration of melanoma B16 cells.

Euphorbia fischeriana Steud has been used for the
treatment of tumors for numerous years in China. The
aforementioned TCM has attracted considerable attention as
it strongly inhibits the activity of a variety of tumor cells as
a result of a broad spectrum of antitumor properties, while
displaying minimal side effects (12,32). In the present study,
Euphorbia fischeriana Steud was selected as the raw material
for investigation, and water extraction (2 g crude drug/l ml
extracted liquid) was conducted, with the predominant
chemical constituents of extraction being Euphorbia lactones,
flavonoids, terpenoids, Euphorbia alcohol and tannins,
as identified through pharmacological analysis. Results
from numerous basic research studies have demonstrated
that Euphorbia fischeriana Steud can function as a strong
inhibitor of proliferation and induction of apoptosis in a
variety of tumor cell lines (33-35). In addition to its capacity
to suppress the proliferation of malignant melanoma B16
cells, Euphorbia fischeriana Steud also demonstrates the
ability to regulate the expression levels of factors that are
associated with melanoma cell transfer (36). In the present
study, the cell signal transduction pathway and molecular
mechanisms of Euphorbia fischeriana Steud associated with
the inhibition of metastasis of malignant melanoma cells, were
examined. Results obtained from studies such as the present
one may provide the experimental evidence required for the
development of Euphorbia fischeriana Steud in the treatment
of malignant melanoma. Furthermore, an understanding of
the mechanisms of Euphorbia fischeriana Steud provide
the foundation for the identification of other novel natural
compounds with low toxicity and high selectivity for the
destruction of various cancer cells.

In the present study, it was demonstrated that the aqueous
extract of Euphorbia fischeriana Steud inhibited the growth
and migration of B16 cells in a dose-dependent manner and
induced apoptosis and GO/GI cell cycle arrest in B16 cells.
Euphorbia fischeriana Steud also suppressed the PI3K/Akt
signaling pathway in B16 cells through the upregulation of
PTEN and downregulation of p-Akt expression levels and
also by reducing the mRNA expression levels of p-Akt and
MMP-2. To the best of our knowledge, no other reports exist
detailing the association between the PI3K/Akt signaling
pathway and the inhibitory effects of Euphorbia fischeriana
Steud on the growth and metastasis of melanoma B16 cells
in vitro, and the underlying mechanisms. The data provided
in the current study suggest that Euphorbia fischeriana Steud
may have potential in therapeutic and/or adjuvant therapeutic
applications for the treatment of human melanoma and other
cancers.

In the present study, a series of experiments directed
at examining the association and mechanisms between the
PI3K/Akt signaling pathway and the inhibitory effects of
Euphorbia fischeriana Steud on the growth and metastasis of
melanoma B16 cells were performed. The results demonstrate
that Euphorbia fischeriana Steud inhibited the growth
and metastasis of B16 cells, possibly via modulation of the
PI3K/Akt signaling pathway, with upregulation of PTEN
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expression levels and downregulation of p-Akt expression
levels.
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