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Neferine induces p38 MAPK/JNK1/2 activation to modulate
melanoma proliferation, apoptosis, and oxidative stress
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Background: Melanoma is a malignant skin cancer that has a poor prognosis in advanced patients. The
aim of the present study was to investigate the antitumor role of neferine in melanoma.

Methods: A375 and C32 cells were selected as research vectors i vitro. Cell counting Kit-8, 5-ethynyl-2’-
deoxyuridine staining, transwell, and flow cytometry assay were used to examined cell malignant phenotypes.
Mitochondrial dysfunction was detected by 5,50,6,60-tetrachloro-1,10,3,30-tetraethyl-imidacarbocyanine
iodide staining and enzyme-linked immunosorbent assay. Reactive oxygen species (ROS) generation was
measured using oxidation sensitive fluorescent probe. The phosphorylation activity of p38 and Jun-N-
terminal kinase (JNK) 1/2 were examined by Western blot. A xenograft model was established via the
subcutaneous injection of A375 cells into the right flank of BALB/c mice in vivo.

Results: Neferine (2.5, 5, or 10 pM) treatment inhibited proliferation, invasion, and enhanced apoptotic
rate of A375 and C32 cells. Neferine treatment induced abnormal changes in mitochondrial membrane
potential. Further studies showed that neferine could significantly increase the production of reactive oxygen
species (ROS) and 3,4-methylenedioxyamphetamine (MDA) content, decreased the superoxide dismutase
(SOD) level. Neferine (5, 10, or 20 mg/kg) obviously suppressed the weight and size of the xenograft tumor,
the number of apoptotic cells i vivo, and the expression of Ki67" and survivin® decreased. Notably, neferine
also activated the phosphorylation of p38 and JNK1/2.

Conclusions: Neferine inhibits the proliferative and invasion ability of melanoma cells and promotes
their apoptosis, ameliorating the malignant progression of melanoma, likely achieved by upregulating the

phosphorylation levels of p38 mitogen-activated protein kinase and JNK1/2.
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Introduction

Melanoma is a serious form of malignant skin cancer,
accounting for 65% of all skin cancers globally. It is
estimated that approximately 55,500 people die of melanoma
each year (1). Studies have shown that melanoma originates
from melanocytes in the basal layer of the epidermis
due to exposure to ultraviolet radiation and malignant
transformation of nevi (2). Melanoma is a highly aggressive
skin cancer, and its incidence increases each year (3).
"Traditional surgical and chemoradiotherapy often do not
prolong the survival of patients, especially in advanced cases.
There is no effective way to treat advanced or metastatic
melanoma, although several targeted drugs can prolong
the survival of patients with advanced melanoma in clinical
treatment (4). Melanoma has a rather poor prognosis, with
a 5-year survival rate of about 10% in advanced patients (5).
Therefore, exploring the molecular mechanisms of
melanoma is important clinical diagnosis and treatment.

Mitogen-activated protein kinase (MAPK) plays an
important regulatory role in cell growth, differentiation,
apoptosis, and stress response (6), which includes
extracellular signal-regulated kinase, Jun-N-terminal kinase
(JNK), and p38 MAPK. In melanoma, MAPK signaling is
involved in the migration and invasion of melanoma cells (7),
and JNK supports melanoma cell survival by controlling cell
cycle arrest and apoptosis (8). Oxidative stress is involved in
the pathological processes of cancer, which has a wide range
of significance in apoptosis and non-apoptotic cell death (9),
and the reactive oxygen species (ROS) level of cancer cells is
higher than that of normal cells (10). Numerous studies have
shown that excessive ROS activates p38 MAPK and JNK
signals, leading to apoptosis, autophagy, or necrosis (11,12).

Neferine is a dibenzyl isoquinoline alkaloid isolated from
the green seed embryo of Nelumbo nucifera Gaertn (13).
Studies have shown that neferine possesses high antitumor
activity. Liu er 4/. found that neferine inhibits breast cells
growth and metastasis (14). Kalai Selvi ez 4/. reported that
neferine promotes the antitumor effect of cisplatin by
mediating the mitochondrial apoptosis pathway in lung
cancer cells (11). Furthermore, it can induce the cell cycle
arrest (G1) of osteosarcoma cells (15). However, the effect
of neferine in melanoma has not been elucidated.

In the present study, we investigated the anti-tumor
effect of neferine on A375 and C32 cells in vitro. The data
indicated that neferine treatment significantly inhibited
the cell proliferation, invasion, and promoted apoptosis in
melanoma cells. Notably, we demonstrated for the first time
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that the pro-apoptotic role of neferine in melanoma was
mediated by increased ROS production and the activation of
p38 MAPK/JNKI1/2 pathways. The xenograft tumor model
was used to evaluate tumorigenesis i vivo to provide a new
medicinal method for melanoma treatment. We present the
following article in accordance with the ARRIVE reporting
checklist (available at http://dx.doi.org/10.21037/atm-20-
7201).

Methods
Main materials and reagents

Neferine (molecular formula: C;sH,,N,O,, molecular weight:
624.77, purity: 99.92%) was purchased from MedChemExpress
(Monmouth Junction, NJ, USA); its chemical structure
is shown in Figure 1A4. Antibodies from Cell Signaling
"Technology (Boston, MA, USA) and Abacm (Cambridge, UK)
were listed in Table 1. Male BALB/c nude mice (4 weeks old,
16-20 g) were obtained from the Laboratory Animal Center
of Sichuan University (Chengdu, China), and were maintained
under specific pathogen-free conditions.

Cell culture

Human malignant melanoma cells A375 and C32 were
obtained from China Center for Type Culture Collection
(Wuhan, China), and were routinely cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Gibco, Grand Island,
NE, USA) at 37 °C with a 5% CO, incubator, supplemented
with 10% fetal bovine serum (FBS; Gibco, USA) and 1%
penicillin/streptomycin (Sigma, St. Louis, MO, USA).

Cell toxicity detection

A total of 100 pL cell suspensions (1x10° cells/well) were
planted onto 96-well plates (Corning Incorporated,
Corning, NY, USA) overnight and then treated with
different doses of neferine, from 0.3 to 40 pM, for 24 h,
which was dissolved in 0.1% dimethylsulfoxide. A total of
10 pL Cell Counting Kit-8 (CCK-8) solution was added
to each well, according to the manufacturer’s instructions,
and absorbance at 450 nm was assessed using a microplate
reader (Bio-Rad, Hercules, CA, USA).

5-ethynyl-2’-deoxyuridine (EAU) staining

Cell proliferation was conducted with the EdU labeling
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Figure 1 Effect of neferine on melanoma cell cytotoxicity. (A) Chemical structure of neferine; (B,C) cell viability of A375 and C32 cells were

detected by cell counting Kit-8 assay. Data are presented as mean = standard deviation. *, P<0.05, **, P<0.01 vs. control.

Table 1 Antibody information

Antibody Source/isotype Manufacturer Art. no. Molecular weight (kDa)
Ki67 Rabbit/IgG Abcam ab92742 359
Survivin Rabbit/IgG Abcam ab76424 16
MMP2 Rabbit/IgG Abcam ab92536 74
MMP9 Rabbit/IgG Abcam ab76003 78
Bax Rabbit/IgG CSsT #2774 20
Bcl-2 Rabbit CST #4223 26
Cleaved-caspase-3 Rabbit/IgG CST #9664 17
Cleaved-caspase-9 Rabbit CST #9505 35
p38 MAPK Rabbit CSsT #9212 40
phospho-p38 MAPK Rabbit CSsT #9211 43
JNK1/2 Rabbit CST #9252 46/54
phospho-JNK1/2 Rabbit/IgG CST #4668 46/54

assay using Click-iT EdU Alexa Fluor 647 kit (Invitrogen,
Waltham, MA, USA). A375 and C32 cells were seeded onto
a 6-well plate (1x10* cells/well) and incubated for 24 h at
37 °C with 5% CO,. A total of 50 pM EdU labeling solution
was added well for 2 h under dark conditions, according to
the manufacturer’s instructions. The cells were fixed with
4% paraformaldehyde at 37 °C for 15 min, and stained with
Hoechst 33342 (ApexBio, Houston, TX, USA) at 37 °C for
10 min under dark conditions. Finally, visualized images
were captured by an inverted fluorescence microscope
(Olympus, Tokyo, Japan). The cell proliferation rate
was based on the ratio of EdU-positive nuclei (red)/blue
fluorescent nuclei.

© Annals of Translational Medicine. All rights reserved.

Transwell assay

A375 and C32 cells in serum-free DMEM (4x10° cells/
100 pL) were seeded into the upper chamber of
Transwell®-24 well permeable supports (Corning, USA)
with BD Matrigel (BD, Franklin Lakes, NJ, USA) at room
temperature for 30 min. And the lower chamber was filled
with 500 pL DMEM containing 10% FBS. After 24 h of
incubation at 37 °C, the membrane and superior lumen cells
were wiped off with an aseptic cotton swab. Then, the cells
were fixed with paraformaldehyde and stained with crystal
violet for 5 min. The invasive cells were visualized (200x
magnification) under a light microscope (Nikon, Japan).
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5,50,6,60-tetrachloro-1,10,3,30-tetraethyl-
imidacarbocyanine iodide (FC-1) staining

A375 and C32 cells were stained using JC-1, as previously
described (16); 1x10° cells were resuspended in 200 pL
DMEM (Gibco, USA) without FBS (Gibco, USA).
After 45 min of incubation, 10 mg/L 4’,6’-diamidino-
2-phenylindole dihydrochloride (Beyotime, Shanghai,
China) was added to the suspension to visualize the nuclei.
Cell samples were handled using 488 nm excitation and
registration fluorescence (green and red) by NIS-Elements
software (Nikon, Tokyo, Japan). The ratio of red and green
fluorescence intensities was used as an evaluation of the
relative membrane potential.

ROS generation

2,7-Dichlorodi-hydrofluorescein diacetate (DCFH-
DA; Sigma, USA) was used to measure intracellular ROS
production (17). A375 and C32 cells (1x10° cells) were
seeded onto a 12-well plate, and then treated with 5 mmol/L
N-acetyl-L-cysteine (Invitrogen, USA) for 1 h. The cells
with cultured with neferine (2.5, 5, or 10 pM); 6 h later,
the medium was replaced with serum-free medium, and
10 pM DCFH-DA was added to the incubated cells for
20 min at 37 °C under dark conditions. Finally, the 2 cells
were washed with phosphate-buffered saline (PBS), and
dichlorofluorescein fluorescence was immediately assessed
by a flow cytometer (Thermo Fisher, Waltham, MA, USA)
and analyzed using FlowJo software (BD, Franklin Lakes,
NJ, USA).

Cell apoptosis

Briefly, A375 and C32 cells were washed twice with ice
cold PBS, and 1x binding buffer was used to make a
1x10° cell/mL suspension. The cells were then mixed with
a cell apoptosis analysis kit (Beyotime, Shanghai, China)
at room temperature for 15 min under dark conditions,
according to the manufacturer’s instructions. Finally, red
fluorescence was detected at a 488 nm wavelength, as well as
light scattering using a Attune NxT flow cytometer (Thermo
Fisher, USA).

Western blot

Total protein was treated by RIPA lysis buffer (Beyotime,
China), separated by sodium dodecyl sulfate-polyacrylamide
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gel electrophoresis, and then transferred onto a
polyvinylidene difluoride membrane (Bio-Rad, USA).
Following post-blocking in Tris-buffered saline with Tween
20 containing 5% no-fat milk at room temperature for
2 h, the membranes were incubated with primary antibodies
against Ki67, survivin, MMP2, MMP9, Bax, Bcl-2, cleaved-
caspase-3, cleaved-caspase-9, p38, phospho-p38, JNK1/2,
and p-JNK1/2 at 4 °C overnight, followed by incubation
with corresponding antibodies conjugated to horseradish
peroxidase for 1 h at room temperature. Enhanced
chemiluminescence reagent was used to expose strips,
and quantitative analysis was done using image laboratory
software (Bio-Rad, USA); B-actin was employed as the
internal control to standardize sample loading.

Tumorigenesis model

A xenograft nude model was established in male BALB/c
mice; 0.1 mL cell suspension containing about 5x10” A375
cells was injected subcutaneously into the right flank region.
One week later, tumor size (volume >200 mm®) was used
to evaluate whether the tumors successfully formed, and
neferine (5, 10, or 20 mg/kg) or the equivalent volume of
ethanol was then injected intraperitoneally every 3 days for
30 consecutive days (18). After 30 days, the mice were killed
by cervical dislocation, and tumors were harvested to assess
tumor weight or size, followed by terminal deoxynucleotidyl
transferase-mediated dUTP nick-end labeling (TUNEL)
and immunohistochemical analysis. All experiment
procedures were carried out in accordance with the National
Institutes of Health (NIH) guide for the Care and Use
of Laboratory Animals and were approved by the ethical
committees of Sichuan Academy of Medical Sciences.

Histopathological examination

The steps for the histopathological examination were
performed as previously described (19). Tumor tissues were
fixed with 10% formalin and embedded in paraffin. The
tissues were cut into 4 pm-thick slices, and dewaxed and
rehydrated in gradient ethanol. Positive apoptotic cells were
measured using the One Step TUNEL Apoptosis Assay
Kit (Beyotime, China), according to the manufacturer’s
instructions. The antigen was repaired in 10 mM heated
citric acid buffer for 10 min, and the slices were stored in
3% H,0, for 15 min at room temperature. The slices were
incubated with the primary antibodies overnight against
Ki67 and survivin at 4 °C. The corresponding secondary
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antibody was incubated at room temperature for 1 h. The
Ki67" and survivin® cell images were analyzed with an
optical microscope (Olympus, Japan).

Statistical analysis

All experiments were repeated independently at least
3 times. Data were expressed as the mean + standard
deviation, and statistical analysis was conducted using SPSS
version 25.0 IBM, Armonk, NY, USA). Two-group or
multiple comparisons were done using Student’s #-test or
one-way analysis of variance (ANOVA), followed by Tukey’s
post-hoc test. P<0.05 indicated a statistically significant
difference.

Results
Screening of the best therapeutic dose of neferine

Cell cytotoxicity was utilized by CCK-8 assay using A375
and C32 cells treated with neferine at different doses
(0, 0.3, 0.6, 1.25, 2.5, 5, 10, 20, or 40 pM) for 24 h. As
shown in Figure 1B,C, neferine exhibited an inhibitory effect
on A375 and C32 cell viability in a dose-dependent manner;
viability decreased slightly without statistical difference with
neferine doses <20 pM. However, neferine treatment at
doses >20 pM exhibited obvious inhibitory effects on the 2
cells. Therefore, neferine doses of 2.5, 5, or 10 pM on A375
and C32 cells were chosen in a subsequent study.

Neferine inbibits the proliferation of buman melanoma cells

As shown in Figure 2A,B, the EAU staining showed that
the DNA replication rate in A375 and C32 cells was
significantly downregulated with neferine (2.5, 5, or
10 pM) treatment compared with the control group. In
addition, CCK-8assay was employed to further verify the
inhibition. Compared with the control group, the cell
viability was significantly reduced by different doses of
neferine treatment (Figure 2C,D). The protein expression
levels of Ki67 and survivin were detected by Western blot.
As shown in Figure 2E,F G, neferine significantly decreased
the protein levels of Ki67 and survivin compared with the
control group.

Neferine attenuates melanoma cell invasion

In addition to cell proliferation, we also determined the
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effect of neferine on invasion of A375 and C32 cells.
Transwell invasion assay revealed that neferine (2.5, 5, or
10 pM) significantly reduced the invasive ability compared
with control cells (Figure 34,B). Matrix metalloproteinases
(MMPs) play a key role in tumor invasion by degrading
various protein components in extracellular matrix and
destroying the tissue barrier of tumor cell invasion (20).
Consequently, the cell invasion markers MMP2 and MMP9
were assessed by western blot. Compared with the control
group, neferine significantly reduced the expression of
MMP2 and MMP?9 proteins (Figure 3C).

Neferine promotes mitochondrial dysfunction and apoptosis
of buman melanoma cells

As shown in Figure 4A4,B, the mitochondrial membrane
potential of A375 and C32 cells was analyzed using JC-1
staining. We found that the percentage of red/green was
reduced following neferine (2.5, 5, or 10 pM) treatment.
Correlatively, to verify the effect of neferine on apoptosis
of A375 and C32 cells, we employed flow cytometry and
Western blot. The data showed that the apoptotic rate
of A375 and C32 cells markedly increased after neferine
treatment (2.5, 5, or 10 pM), compared with control
group (Figure 4C,D). Neferine downregulated the protein
expression of Bcl-2 and upregulated Bax expression, as
well as cleavage of caspase-3 and caspase-9. As a result, the
ratio of Bax/Bcl-2, cleaved caspase-3/caspase-3, and cleaved
caspase-9/caspase-9 increased (Figure 4E,EG).

Neferine induces oxidative stress

The effect of neferine on oxidative stress was analyzed using
DCFH-DA assay. As shown in Figure 54, A375 and C32 that
were treated with neferine (2.5, 5, or 10 pM) had significantly
higher ROS levels than control cells. Furthermore,
compared with the control group, Neferine obviously
decreased the superoxide dismutase (SOD) level, and
increased 3,4-methylenedioxyamphetamine (MDA) content
(Figure 5B,C). To determine whether the apoptosis in
melanoma cells is mediated by elevated ROS level, we
examined neferine-induced apoptosis in above cells
pretreated with N-acetylcysteine (NAC, ROS scavenger).
In the presence or absence of NAC (10 mM), A375 and
C32 cells were pretreated for 1 h, and then were subjected
to neferine for 48 h. As expected, NAC caused a significant
decrease in ROS levels in A375 and C32 cells treated with
neferine (Figure 5D). Importantly, NAC prevented the
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Figure 2 Effect of neferine on melanoma cell proliferation. (A,B) 5-ethynyl-2’-deoxyuridine (EdU) staining of A375 and C32 cells. (C,D)
Cell viability of A375 and C32 cells exposed to 0-72 h were detected by cell counting Kit-8 assay. (E,F,G) Relative protein levels of Ki67

and survivin were detected by Western blot in A375 and C32 cells. Data are presented as mean = standard deviation. *, P<0.05, **, P<0.01 vs.

control. DAPI, 4°,6’-diamidino-2-phenylindole dihydrochloride.

production of ROS and caused a significant reduction in the
levels of cleaved caspase-3 and caspase-9 (Figure SE).

Neferine inbibits melanoma through activation of the p38
MAPK/FNK1/2 pathway

To elucidate the role of neferine in melanoma, we examined
p38 MAPK and JNKI1/2 expression. Compared with the
control group, the phosphorylation levels of p38 MAPK

© Annals of Translational Medicine. All rights reserved.

and JNK1/2 remarkably increased with neferine (2.5, 5,
or 10 pM) treatment (Figure 6A4,B,C). We used 10 pM
SB203580 to block p38 MAPK activity in A375 cells
(Figure 6D) (21). SB203580 significantly increased the level
of SOD (Figure 6E), and reduced MDA content (Figure 6F)
induced by 10 pM neferine. As shown in Figure 6G,H,1 7,
SB203580 increased DNA replication in A375 cells, and
reduced the apoptotic rate, but these changes were reversed
in A375 cells exposed to 10 pM neferine.
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Figure 3 Effect of neferine on melanoma cell invasion. (A,B) The invasion capability of A375 and C32 cells was determined by Transwell

assay, magnification at 100x. (C) The protein levels of MMP2 and MMP9 were detected by western blot. Data are presented as mean =

standard deviation. *, P<0.05, **, P<0.01 vs. control.

Neferine inhibits tumorigenesis in vivo

Xenograft tumors were formed by subcutaneously injecting
A375 cells in vivo. The results showed that tumor weight

increased, and the number of Ki67" and survivin® expression
were decreased (Figure 7C,D,E,F). Neferine treatment also

in the neferine (5, 10, or 20 mg/kg) groups and tumor

volume were obviously lower compared with the control

group, and the inhibition effect of 20 mg/kg dose was the
most obvious. (Figure 7A,B). The ratio of apoptosis were
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Discussion

obviously suppressed SOD production (Figure 7G) and
increased MDA content (Figure 7H).

Melanoma is a malignant tumor originating from the
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Figure 5 Effect of Neferine on oxidative stress of melanoma cells. (A) Reactive oxygen species (ROS) production was detected by
2,7-dichlorodi-hydrofluorescein diacetate probes. Superoxide dismutase (SOD) level (B) and 3,4-methylenedioxyamphetamine (MDA)
content (C) were detected by enzyme-linked immunosorbent assay. (D) Reactive oxygen species (ROS) production was detected by
2,7-dichlorodi-hydrofluorescein diacetate probes. (E) Relative protein levels of cleaved-caspase (Cas)-3 and cleaved-Cas-9 were detected by
western blot. Data are presented as mean + standard deviation. *, P<0.05, **, P<0.01 vs. control. *, P<0.05 vs. NAC. NAC, N-acetylcysteine.
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Figure 6 Neferine activates the p38 mitogen-activated protein kinase/Jun-N-terminal kinase (JNK)1/2 pathway. (A,B,C) Expression of p38,
p-p38, JNK1/2 and p-JNK1/2 was determined by western blot in A375 and C32 cells. After adding p38 inhibitor SB203580, the expression
of p38, p-p38, JINK1/2, and p-JNK1/2 was determined by western blot in A375 cells (D). Superoxide dismutase (SOD) level (E) and
3,4-methylenedioxyamphetamine (MDA) content (F) were detected by enzyme-linked immunosorbent assay in A375 cells. (G,I) 5-Ethynyl-
2’-deoxyuridine (EdU) staining of A375 cells. (H,J) Apoptotic ratio of A375 cells. Data are presented as mean = standard deviation. *, P<0.05,
** P<0.01 vs. control. ¥, P<0.05 vs. SB203580. DAPI, 4’,6’-diamidino-2-phenylindole dihydrochloride.

basal layer of the epidermis; it is a highly aggressive skin which confines tumor cell proliferation through multiple
cancer with high mortality (1,2). Although drugs and mechanisms. Neferine, as a dibenzyl isoquinoline alkaloid,
immunotherapy are beneficial to patients with advanced inhibits growth in several cancer cells. Zhang ez 4/. reported
melanoma, there is no effective treatment (5). Therefore, that neferine enhances the antitumor effect of imatinib
it is important to find a treatment for melanoma. The aim on chronic myeloid leukemia cells iz vitro (18). Erdogan
of the present study was to assess the role of neferine in et al. confirmed that neferine suppresses the proliferation
melanoma. We found that neferine contributes to anti- of CD44" cancer stem cells through the modulation of
tumor activity by activating the p38 MAPK/JNK1/2 apoptosis and cell cycle arrest (22). Liu ez al. also found
pathway in melanoma. that neferine inhibits MDA-MB-231 cell growth by

Many natural compounds have anti-tumor activity, downregulating the miR-374a/fibroblast growth factor
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Figure 7 Neferine inhibits tumorigenesis of xenograft tumors iz vive. (A) Tumor weight. (B) Tumor volume. (C,D) Apoptosis ratio was

detected by terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) staining; representative images were

magnified at 400x. (C,E,F) Ki67" and survivin® expression detected by immunohistochemical staining; representative images were magnified

at 200x. (G,H) Superoxide dismutase level and 3,4-methylenedioxyamphetamine content were detected by enzyme-linked immunosorbent

assay. Data are presented as mean = standard deviation. *P<0.05, **P<0.01 vs. control.
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receptor-2 axis (14). In our study, we found that neferine
inhibits cell malignant phenotypes (such as decreased
proliferation and invasion, increased apoptotic rate) in vitro
and suppresses tumor formation iz vive, indicating that
neferine could impede the growth of melanoma. In vitro
data indicated that the viability and EdU-positive of A375
and C32 cells were inhibited by neferine at a dose of 2.5, 5,
or 10 pM. In vive results further found the tumor growth
inhibitory role of neferine, manifested by tumor volume
and weight, were reduced with 5, 10, or 20 mg/kg neferine
treatment (17).

Apoptosis is a self-destructive process of cell stress,
resulting in cell death and reduced cell viability, especially
in tumor cells. Some biomarkers are used to monitor the
process of apoptosis, including caspases (23), mitochondrial
potential (24), and sub G1 group (25). Studies have shown
that the main internal and external causes of apoptosis are
related to caspases, including caspase-3 and/or caspase-9 (26).
Therefore, apoptotic induction is a useful carrier for
targeted cancer treatment (27). Previously published
literature has demonstrated that neferine causes apoptosis in
various cancers, such as lung cancer (13), breast cancer (14),
cervical cancer (28), neuroblastoma (29), and glioma (30)
by upregulating the expression of caspase-3, caspase-9, and
Bax, and downregulating the expression of Bcl-2. Therefore,
we evaluated the apoptotic effect of neferine on melanoma
cells. Our results indicated that neferine obviously induced
apoptosis of A375 and C32 cells by increasing cleaved-
caspase-3, cleaved-caspase-9, and Bax, and decreasing Bcl-2.

The pharmacological action of neferine is closely
related to mitochondrial function, which stimulates
mitochondrial-mediated ROS production and leads to
caspase-dependent apoptosis (31). Mitochondria are
considered to be an important mediator of ROS damage,
and elevated ROS levels in oxidized mitochondrial pores
can induce apoptosis (32). The most common cause of
mitochondrial dysfunction is oxidative stress, and as a result,
some researchers have focused on the causes of cancer cell
apoptosis in mitochondrial fission (33). In this study, the
results demonstrated that neferine elevated the JC-1 red/
green percentage, also reduced the production of SOD
and glutathione and increase MDA leakage. Meanwhile,
neferine significantly stimulated ROS production in
melanoma cells, ROS scavenger NAC could attenuate
neferine induced-apoptosis. Our results indicated that
neferine treatment triggered mitochondrial dysfunction
and promoted oxidative stress in vitro. In an in vivo study,
neferine treatment was found to decrease SOD level and the

© Annals of Translational Medicine. All rights reserved.
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number of positive Ki67" and survivin® cells, and increasing
MDA content (18). Therefore, we predict that neferine
therapy accelerates cancer tissue apoptosis and inhibits
in vivo melanoma tumorigenesis through mitochondrial
dysfunction-mediated oxidative stress. Nevertheless, the
regulatory role of mitochondrial dysfunction in cancer
warrants further investigation.

Interestingly, p38 MAPK and JNK are activated
under multiple stress stimuli, and the activated p38
MAPK and JNK play an important role in the antitumor
activity of natural products (34). In the present study, we
demonstrated that neferine treatment markedly elevates
the phosphorylation of p38 and JNK1/2 activation in
both A375 and C32 cells. Neferine can induce apoptosis
by activating the p38 and JNK pathways (35), which are
activated via ROS generation (36). Furthermore, SB203580,
a p38 MAPK inhibitor, reduces the apoptosis of A375 and
C32 cells. Others, SB203580 alone also decreased Neferine-
induced the levels of MDA and ROS, and increased SOD
activity. Together, our work confirmed that Neferine
inhibited melanoma through activating p38 MAPK/JNK1/2
pathway.

Conclusions

The findings of the present study indicate that neferine
inhibits proliferation and invasion of melanoma cells. Besides,
neferine could promoted apoptosis through mitochondrial
dysfunction-mediated ROS generation i vitro. Furthermore,
neferine inhibited the weight and volume of tumors in vivo.
The antitumor function of neferine in melanoma can be
utilized by activation of the p38 MAPK/JNK1/2 pathway.
The present study confirms that neferine could be a useful
agent against the development of melanoma, and provides a
novel approach for melanoma treatment.
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