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> Malignant melanoma, one of the most aggres-
sive skin cancers, has a very high mortality rate.
Currently, the number of drugs to treat melanomais
low. Although new immunotherapeutic approaches
based on the use of antibodies against immune
checkpoints have shown long term responses, it
is urgent to develop novel anti-melanoma drugs
with a high efficiency and a low toxicity in a large
number of patients. Lycorine, a natural product,
has been reported to exert antitumor effects on
some cancers. However, the impact of lycorine on
melanoma cells is still unknown. Using the CCK8
assay, we found that lycorine can suppress the
proliferation of melanoma A375 cells in a dose-
time-dependent manner. Moreover, a transwell
assay showed that lycorine inhibited the migration
and invasion of A375 cells significantly. Further,
lycorine treatment could induce the apoptosis of
the A375 cells. Biochemical analyses showed that
the expression level of the anti-apoptosis Bcl-2
protein decreased, while the expression of the
pro-apoptosis protein Bax and active caspase-3
increased after lycorine treatment. Finally, using
western blot assay, we found that the antitu-
mor effects of lycorine on A375 cells might be
through the inactivation of the PI3K/Akt signaling
pathway. Based on these observations, we suggest
that lycorine may be an interesting candidate for
further studies on its ability to represent a novel
antitumor drug for human melanoma treatment in
the future. <
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Introduction

Malignant melanoma is aggressive, and its incidence
has been rising worldwide over the past three decades
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[1, 2]. Although a lot of efforts have been made to improve mela-
noma treatment recently, the overall median survival of melanoma
patients is only 4-6 months, even though the use of anti-immune
checkpoint antibodies has shown remarkable results in about 20%
of the patients, with long-term survival. Tumor metastasis and the
lack of effective drugs are the main reason for the poor overall
survival rate [2-4]. Thus, there is an urgent need to find some novel
effective drugs to inhibit the proliferation and metastasis of mela-
noma cells.

Natural products possess multiple bioactivities and serve as excellent
drug leads for cancer treatment [5-7]. Lycorine, an active alkaloid
extracted from a common herbal medicine (Lycoris radiate), was
reported to possess anti-viral, anti-inflammatory and anti-can-
cer activities [8-10]. Notably, it has been found that lycorine can
suppress the development of various malignant tumors, including mul-
tiple myeloma, hepatocellular carcinoma, and prostate cancer [11-
13]. However, whether lycorine can target melanoma cells remains still
unclear.

In this study, using melanoma A375 cells as target cells, we found
that lycorine has an antitumor effect on melanoma growth and inva-
sion property in vitro. This could be through the blockade of the PI3K/
AKT signaling pathway and the induction of apoptosis as also reported
in this issue by Li and Huang when the JTC-801 drug was evaluated in
vitro using the M14 melanoma cells.
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Materials and methods

Chemicals and reagents

Lycorine (purity > 98%) was purchased from Shanghai Yuanye Bio-
Technology (Shanghai, China). A 40 mM stock solution was prepa-
red in dimethyl sulfoxide (DMSO) and stored at -20°C in aliquots.
Dimethyl sulfoxide (DMSO) was purchased from Sigma (St. Louis, MO,
USA). RPMI-1640 medium, fetal calf serum (FCS), L-glutamine were
purchased from GIBCO Invitrogen Life Technologies (Carlsbad, USA).
Primary antibodies against AKT, p-AKT, mTOR, p-mTOR, 4€BP1, Bax,
Bcl-2, Active caspase-3 and actin were purchased from Cell Signaling
Technology, Inc. (Beverly, USA). The enhanced chemiluminescence
(€CL) detection system was obtained from Millipore. (Millipore, USA).

Cell culture

The HEMa and A375 human melanoma cancer cell lines were purchased
from ATCC. A375 cells were maintained at 37°C, in a 5% CO, humidified
incubator, in RPMI-1640 medium supplemented with 10% heat-inacti-
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Figure 1. Lycorine inhibits the
proliferation of A375 cells in
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for each group.

vated FCS, 2 mM glutamine,
100 U/mL penicillin and
0.1 mg/mL streptomycin.
HEMa cells were cultured in
serum-free M254 medium
supplemented with human
melanocyte growth sup-
plement (HMGS).

Western blot

Cells were homogenized in

ice-cold RIPA buffer, which

contained 25 mM Tris-HCl

(pH 7.6), 0.1% sodium

dodecyl sulfate (SDS), 150
mM NaCl, 1% NP-40 and 1% sodium deoxycholate with
phosphatase and protease inhibitors. Lysates were cen-
trifuged at 14,000 x g for 15 min at 4 °C. The amounts
of protein from each treated cells were detected and
normalized using the BCA assay. Equal amounts of pro-
tein (20 pg/lane) were loaded onto SDS-PAGE gels and
subsequently transferred to PVDF membranes. The blots
were then incubated separately overnight at 4 °C with
primary antibodies directed against AKT, p-AKT, mTOR,
p-mTOR, 4€BP1, Bcl-2, Bax, Active-caspased and actin.
After washing with TBST buffer, the membranes were
incubated with a secondary antibody (Proteintech) for
2h at room temperature. The blots were then revealed
using the ECL detection system (Millipore). Densito-
metric analyses of the bands were performed using the
Quantity One software (Version 4.5.0.). The proteins
were quantified and the results expressed as a ratio to
GAPDH quantity. Experiments were repeated five times.
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Figure 2. Lycorine inhibits A375 cell invasion and migration. A. A375 cell invasion and migration after lycorine treatment (x200 magnification). B.

Statistical graph for A375 cell invasion and migration after lycorine treatment. ** P<0.01 compared with control group. All values are presented as

means + S.D. n = 3 for each group.

Cell Counting Kit 8 (CCK-8) assay

Normal human primary epidermal melanocytes (HEMa) and A375 cells
were seeded in 96-well plates at a density of 1,000 cells/well in 100pL
of culture medium with different lycorine (0, 2, 10, 50 pM) doses for
72 h. Twenty-four, 48 h, 72 h and 96 h after lycorine (at 50 pM) treat-
ment, 10 pL CCK-8 solution were added to each well and incubated for
1.5 hours at 37 °C. The optical density (0.D.) was measured at 450 nm
using a microplate reader. The experiment was repeated 3 times.

Transwell migration and invasion assay

Migration and invasion assays were carried out using 24-well transwell
chambers plate (Millipore, USA). For invasion experiment, Matrigel (BD,
USA) was dissolved overnight in serum-free RPMI-1640 medium (dilu-
ted 1:6). 100 pul were then added into the upper part of the chamber.
After shaking evenly, the plate was incubated into a CO, incubator for
4-6 h at 37 °C until gel formation. 1 x 10° cells per well in 100 pL of
serum-free medium were pretreated with lycorine and loaded into the
upper chamber. 500 puL medium with 10% FBS were then added to the
lower chamber. After incubation for 48 h at 37 °C into a CO, incuba-
tor, cells remaining in the upper chamber were removed with a cotton
swab. Cells that had crossed the membrane and present in the lower
chambers were fixed and stained in 4% paraformaldehyde and 0.1%
crystal violet solution. Five random fields (x 200) were examined under
the microscope. The number of invasive or migratory cells was then
determined and the mean values were calculated. €ach experiment was
performed three times.

The migration experimental procedure was similar to the invasion
assay, with no matrigel in the chambers.

Flow cytometric analysis

After being treated with lycorine for 24 h, cells were harvested, washed
twice with PBS, and were then resuspended in Annexin V binding buffer
and incubated with Annexin V-FITC/PI (Beijing 4A Biotech, China) in
the dark for 15 min at room temperature. The percentages of apoptotic
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cells were determined using flow cytometry. Results
were analyzed by Flowjo software. Experiments were
repeated five times.

Statistical analysis

Statistical analyses were performed using the SPSS
18.0 software. All data were presented as the mean =
standard deviation (S.D.). Data of only two groups were
analyzed with the Student’s t-test. One-way ANOVA fol-
lowed by the LSD test was used for three or more groups
analysis. P values < 0.05 were considered as statistically
significant.

Results

Lycorine inhibits the proliferation of the A375
melanoma cells

Firstly, a CCK8 assay was used to examine the effect
of lycorine on the proliferation of A375 cells. After
being incubated with different doses of lycorine (2, 10,
50 uM) for 72 h, the viability of A375 cells decreased
significantly in a dose-dependent manner (p<0.01).
The inhibition was the strongest with 50 pM lycorine
(p<0.01). Moreover, only a marginal cytotoxicity was
observed when normal melanocytes HEMa were cultured
with 50 uM lycorine. Thus, 50 pM lycorine were used in
the following experiments. Next, the effect of lycorine
on the proliferation of A375 cells at different time
points was examined. The 0.D. values after 48h and 72h
licorine treatment were significant lower compare to
those observed with the NC group (both p<0.05). It sug-
gests that the proliferation of A375 is also inhibited by
lycorine in a time-dependent manner (Figure 1).
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Figure 3. Lycorine induces A375 cell apoptosis. A. A375 cells analysis by flow cytometry after double Annexin V/FITC staining. B. quantitative ana-
lyses of the flow cytometry results shown in A (A375 cell apoptosis). C. Western blot of apoptosis-related proteins in lycorine-treated A375 cells.

D. quantitative analysis of the Western blot images shown in C. The relative protein expression levels were normalized to the actin protein levels.

** P<0.01 compared with control group. All values are presented as means = S.D.

Lycorine suppresses the migration and invasion of A375 cells

Then we evaluated the effect of lycorine on migration and invasion of
A375 cells by the transwell migration and invasion assays (Figure 2).
The numbers of migrated and invasive cells in the lycorine-treated
cell group were lower than those of the NC group (both p< 0.01). These
results suggest that lycorine efficiently inhibits the migration and
invasion of the A375 melanoma cells.

Lycorine promotes the apoptosis of A375 cells

We used a double Annexin V-FITC / Pl staining and a western blot assay
to verify whether the effect of lycorine on A375 cells was correlated
with cell apoptosis. Flow cytometry analysis showed that the percen-
tage of apoptotic cells after lycorine treatment was significantly
increased (p< 0.05). We then analyzed the changes in the expression
levels of apoptosis-related Bcl-2, Bax and Active caspase-3 molecules
after lycorine treatment by western blotting. The expression level of
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n = 5 for each group.

the anti-apoptotic protein Bcl-2 was decreased. Howe-
ver, the expression levels of the pro-apoptotic protein
Bax and of Active Caspase-3 were increased (p< 0.05).
All these results indicated that lycorine induces the
apoptosis of A375 cells at least in vitro.

Lycorine inhibits the PI3K/Akt signaling pathway in
A375 cells

PI3K/Akt /mTOR signaling pathway is one of the key
pathway related to cell proliferation, survival and
metabolism. Abnormal expression and dysregulation of
this pathway are frequently observed in various types
of tumors. To analyze whether the effect of lycorine
on cells was through the PI3K/Akt/mTOR signaling
pathway, we examined the expression changes of key
proteins of this pathway by western blot (Figure 4).
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We found that the phosphorylation of Akt and mTOR was significantly
inhibited in A375 cells treated with lycorine (p<0.05). In addition, lyco-
rine treatment down-modulated the activity of 4€BP1, a downstream
protein in the PI3K signaling pathway, by decreasing its expression
(p<0.05). Thus, lycorine treatment inhibits the PI3K/AKT/mTOR signa-
ling pathway in A375 cells.

Discussion

In the present study, we show that lycorine suppresses the prolife-
ration, migration and invasion of melanoma A375 cells effectively.
Moreover, the apoptosis of A375 cells is increased after lycorine
treatment. These effects of lycorine in A375 cells might be regulated
through the inhibition of the PI3K signaling pathway.

As a natural alkaloid, lycorine exists in the flowers and bulbs of some
Amaryllidaceae species, including spider lilies (Lycoris), daffodils
(Narcissus) and snowdrops (Galanthus) [14]. Although the potential
targets or underlying mechanisms of lycorine action are still unclear,
lycorine is a promising potential clinical drug or lead for tumor treat-
ment because of its various biological effects and low cytotoxicity
[15, 16]. Thus, the role of lycorine in melanoma needed to be further
clarified. In our study, we found that lycorine suppresses proliferation,
migration and invasion of A375 cells effectively, which are consistent
with findings reported in breast cancer, bladder cancer and myeloma
[11,17,18]. All these results suggest that lycorine can be a promising
candidate for the treatment of skin cancer in the future.

Tumor cells grow rapidly due to the activation of the cell cycle pro-
gression. Cell cycle arrest is one of the mechanisms that has been
advocated to inhibit tumor growth [19, 20]. Some studies show that
the antitumor effects of lycorine might be related with an accelerated
apoptosis [13, 18]. Consistant with these reports, using flow cytometry
analysis, we found that lycorine significantly increases the percentage
of apoptotic A375 cells. In addition, the expression of the anti-apop-
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totic protein Bcl-2 decreased, while the expression of
the pro-apoptotic protein Bax and of Active Caspase-3
increased. These results indicate that lycorine could
induce the apoptosis of melanoma cells. The lack of
toxicity observed when the HEMa normal melanocytes
were tested suggests that licorine could play an effi-
cient role against melanoma tumor cells.

Many reports have shown that the PI3K/Akt signaling
pathway is involved in multiple cellular functions,
including cell proliferation, apoptosis and inva-
sion [21-23]. Thus, the PI3K/Akt pathway is usually
regarded as one of the key target for various tumors
treatment [24-26], including melanoma. Calero et al
indicated that the combination of the HSP90 inhibitor
17AAG with the PI3K/mTOR inhibitor NVP-BEZ235 has
a synergistic activity in decreasing melanoma cell
growth, inducing apoptosis and targeting simulta-
neously the MAPK and PI3K/Akt/mTOR pathways [27].
In addition, a study suggests that baicalein, a natural
flavonoid, inhibits B16F10 melanoma cell migration
and invasion, possibly by inhibiting the phosphoino-
sitide 3-kinase/Akt signaling pathway [28]. However,
whether lycorine inhibits A375 cells proliferation,
apoptosis and invasion through a down-modulation of
the PI3K/Akt signaling pathway was still unknown. In
the present study, we found that the phosphorylation
of Akt and mTOR was significantly inhibited in A375
cells treated with lycorine. The amount of p70S6K and
Cyclin D1, two downstream targets of Akt, was also
inhibited in lycorine-treated A375 cells. These data
strongly suggest that the anti-melanoma effect of
lycorine might take place through the down-modula-
tion of the PI3K/Akt/mTOR signaling pathway.
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In conclusion, lycorine induces the apoptosis of A375 cells and inhi-
bit its proliferation, invasion and migration in vitro, likely through

the inactivation of the PI3K signaling pathway. Therefore, our data
indicate that lycorine might be a drug candidate for the treatment

of

melanoma. More works are needed to confirm in vitro with other

melanoma cell lines and in vivo using preclinical animal models the

anti-melanoma activity of licorine. ¢
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