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Capsaicin induces apoptosis and autophagy
in human melanoma cells
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Abstract. Melanoma is the most lethal type of skin cancer;
rapid metastasis and resistance to conventional radio- and
chemotherapy make melanoma the most aggressive type of
skin cancer. In addition, there is a high recurrence rate within
1 year among patients with melanoma following traditional
treatment by chemotherapy or immunotherapy, and these
treatment options are only useful in advanced stages. As the
efficiency of treatment options for melanoma is not ideal, the
present study aimed to confirm that capsaicin has inhibitory
effects on the human melanoma A375 and C8161 cell lines
in vitro. Capsaicin, the active component of peppers, has
been reported to possess substantial anticarcinogenic and
antimutagenic activities. Additionally, capsaicin exhibits an
inhibitory effect on tumor growth in numerous malignant
cell lines. In the present study, flow cytometry, fluorescent
puncta detection and western blotting were performed. The
experimental results indicated that capsaicin activated
apoptosis, and that apoptosis induction was associated with
poly(ADP-ribose) polymerase (PARP) cleavage and activation
of caspase-3. Additionally, the formation of autophagosomes
and accumulation of microtubule-associated proteins 1A/1B
light chain 3B-II and beclin 1 suggested that capsaicin induced
autophagy in human melanoma cells. Furthermore, inhibiting
capsaicin-induced autophagy promoted the activation of
cleaved caspase-3 and PARP proteins, which are associated
with apoptosis. In addition, inhibition of autophagy using
3-MA enhanced capsaicin-induced cell death, indicating that
capsaicin-induced autophagy is a pro-survival process in
cells. In conclusion, the results of the present study revealed
that capsaicin induced cell apoptosis and autophagy in human
melanoma cells and capsaicin may be considered as a novel
candidate drug for melanoma treatment.
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Introduction

Melanoma is a malignancy of melanocytes, which originate
from pigment-producing cells initially derived from the
neuroectoderm that can be found throughout the skin, iris and
rectum (1). An epidemiological study has demonstrated that
ultraviolet radiation exposure and severe sunburns are the major
risk factors for developing melanoma (2). The cutaneous form
of the disease is common in the Western world; 76,380 new
cases and 10,130 cases of cancer-associated mortality were
attributed to melanoma in the United States in 2016 (3), and it
caused the majority (75%) of cases of skin cancer-associated
mortality. It has been reported that the global incidence rate of
melanoma is 15-25/100,000 individuals (4), with an increase
in melanoma-associated mortality every year. Following
traditional therapy, the 5-year survival rate of patients with
metastatic melanoma is consistently <10% in the majority of
cases (5). Additionally, until 2010 no randomized clinical trial
could provide evidence that the survival rate can be improved
for those with advanced-stage metastatic melanoma (1).
Therefore, investigating effective agents or adjuvant therapies
for the treatment of melanoma is a continuing concern.
Capsaicin (8-methyl-N-vanillyl-6-nonenamide) is one of
the ingredients in capsicum, the active component of peppers.
While chili peppers are extensively used in food as a pungent
spice (6), China is one of the first countries to use peppers
as a medicine. Capsaicin is a major active compound from
chili peppers and has numerous beneficial roles in humans,
which are similar with the practice of Traditional Chinese
Medicine. In Traditional Chinese Medicine, peppers are used
to treat various diseases, including abdominal pain, colds and
rheumatism. Previous studies have documented that capsaicin
has anti-inflammatory, analgesic, anesthetic and detoxification
effects (7-10). Furthermore, a previous study has reported that
capsaicin is a potential agonist of transient receptor poten-
tial cation channel subfamily V member 1, and may exert
its effects through the receptor-dependent pathway and the
receptor-independent pathway (6). In addition, by inducing
apoptosis and autophagy in numerous types of malignant cell
lines, studies have revealed that capsaicin has an inhibitory
effect on tumor growth, which demonstrates that capsaicin
has potential anticancer effects (11), including in prostate
cancer cells (12), human nasopharyngeal carcinoma (13),
colon adenocarcinoma (14,15) and hepatocellular carci-
noma (16). However, to the best of our knowledge, no study
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has investigated whether capsaicin could induce apoptosis and
autophagy in human melanoma cells.

Apoptosis and autophagy are two types of programmed
cell death (PCD). Cell death can be classified through morpho-
logical differences as a hallmark of cancer. Apoptosis is
characterized by cell shrinkage, dynamic membrane blebbing,
nuclear condensation and fragmentation, and loss of adhesion
to neighboring cells or the extracellular matrix (17). Inducing
cell apoptosis is considered a reasonable and promising chemo-
preventive or chemotherapeutic strategy for tumor cells (18).
Autophagy, or type I PCD, is a cellular self-catabolic process:
Cytoplasmic constituents are isolated in double membrane
vesicles, through the lysosome-dependent machinery, and
fused by lysosomes where they are degraded (19). Autophagy
is a tightly regulated strategy developed by cells to provide
energy and nutrients by digesting long-lived or damaged
cytosolic proteins and organelles. As a novel cancer therapy,
targeting PCD through modulation of autophagy could be an
effective approach for alleviating treatment resistance in apop-
tosis-defective tumor cells (20). Under certain circumstances,
autophagy constitutes a stress adaptation that suppresses apop-
tosis (21). This is a complex functional association between
apoptosis and autophagy, which serves critical functions in
cancer development and progression.

The aim of the present study was to determine whether it
is possible for capsaicin to suppress human melanoma cells
in vitro, and to investigate the effect of capsaicin on induc-
tion of apoptosis and autophagy in human melanoma cells.
Furthermore, the functional association between apoptosis
and autophagy was investigated.

Materials and methods

Chemicals and reagents. Capsaicin (purity >98%) was purchased
from Shanghai Yuanye Bio-technology Co., Ltd. (Shanghai,
China). Dulbecco's modified Eagle's medium (DMEM), trypsin,
fetal bovine serum (FBS) and dimethyl sulfoxide (DMSO) were
purchased from Gibco; Thermo Fisher Scientific, Inc. (Waltham,
MA, USA). EDTA-free trypsin was purchased from HyClone;
GE Healthcare Life Sciences (Logan, UT, USA). A fluores-
cein isothiocyanate (FITC)-Annexin V kit was obtained from
Nanjing KeyGen Biotech Co., Ltd. (Nanjing, China). Propidium
iodide (PI) was purchased from Takara Bio, Inc. (Otsu,
Japan). 3-methyladenine (3-MA) was purchased from Selleck
Chemicals (Houston, TX, USA). Antibodies against cleaved
poly (ADP-ribose) polymerase (cleaved-PARP) (cat no. 5625),
cleaved caspase-3 (cat no. 9664), microtubule-associated
proteins 1A/1B light chain 3B (LC3B) (cat no. 3868), beclin 1
(cat no. 3495) and GAPDH (cat no. 5174) were purchased from
Cell Signaling Technology, Inc. (Danvers, MA, USA).

Cell lines and cell culture. The human melanoma A375
and C8161 cell lines were obtained from Peking Union Cell
Resource Center (Beijing, China). The cells were cultured in
DMEM supplemented with 1% penicillin-streptomycin and
10% FBS in a humidified atmosphere with 5% CO, at 37°C.
A375 and C8161 cells in the treatment group were treated with
different concentrations of capsaicin (0, 25, 50, 100, 200 and
400 Mm) at 37°C for 24 or 48 h, whereas cells in the control
group were treated with equivalent volumes of DMSO.
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Cell viability assay. The effect of capsaicin on cell viability
was measured using a Cell Counting kit-8 (CCKS; Dojindo
Molecular Technologies, Inc., Kumamoto, Japan) assay.
A375 and C8161 cells (100 ul) were seeded in a 96-well
plate at a density of 2x10* cells/ml and were incubated
overnight at 37°C in an atmosphere containing 95% air
and 5% CO,. Subsequently, the cells were treated with
various concentrations of capsaicin (25, 50, 100, 200 and
400 uM). After 24 or 48 h, 10 ul CCK8 solution was added
to each well for 2 h at 37°C according to the manufacturer's
protocol. The absorbance at 450 nm was measured using
the iMark microplate reader (Molecular Devices, LLC,
Sunnyvale, CA, USA).

Apoptosis analysis by flow cytometry. A375 cells
(5x10* cells/ml) were placed in 6-well culture plates and treated
with capsaicin at indicated concentrations (0, 50, 100, and
200 uM) or DMSO for 24 h. Following capsaicin treatment,
the cells were harvested by EDTA-free trypsin, washed twice
with cold PBS and resuspended in binding buffer at a concen-
tration of 1x10° cells/ml. Subsequently, cells were incubated
with FITC-conjugated Annexin V and PI (5 pl each) for 15 min
at room temperature in the dark. Subsequently, the samples
were analyzed using a flow cytometer r3.1 (FACSCalibur; BD
Biosciences, San Jose, CA, USA).

LysoTracker® red staining. A375 cells were seeded in 6-well
plates (1 ml per well) at a density of 5x10° cells/ml and treated
with or without 100 #M capsaicin for 24 h at 37°C. Subsequently,
the cells were incubated with 50 nM LysoTracker® Red
DND-99 (Invitrogen; Thermo Fisher Scientific, Inc.) in the
dark for 30 min at 37°C. Immunofluorescence images were
captured using a confocal laser scanning microscope (Leica
Microsystems GmbH, Wetzlar, Germany).

Green fluorescent protein (GFP)-LC3 puncta assay. The
formation of fluorescent puncta of autophagosomes was
analyzed in cells transfected with GFP-LC3. A375 cells were
cultured in 6-well plates at a density of 5x10° cells/ml and
transfected with 2 ug/ml GFP-LC3 plasmid (Genomeditech
(Shanghai) Co., Ltd., Shanghai, China), using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to
the manufacturer's protocol. After 24 h post-transfection, the
cells were treated with or without 100 #M capsaicin for 24 h
at 37°C. Immunofluorescence images were captured using a
fluorescence microscope.

Western blot analysis. A375 cells were cultured in 6-well
plates at a density of 5x10° cells/ml and treated with capsaicin
(0, 50, 100 and 200 gM) for 24 h at 37°C. Cells were lysed
in ice-cold radioimmunoprecipitation assay buffer (Beyotime
Biotechnology Co. Ltd., Shanghai, China) containing a
protease and phosphatase inhibitor cocktail for 30 min on ice,
centrifuged at 13,000 x g for 15 min at 4°C and the supernatant
was collected. A Pierce bicinchoninic acid protein assay kit
(Pierce; Thermo Fisher Scientific, Inc.) was used to quantify
the protein concentration. Subsequently, 10% SDS-PAGE
was performed. Equivalent amounts of protein (40 pg) were
loaded, separated and transferred to a polyvinylidene difluo-
ride membrane (EMD Millipore, Billerica, MA, USA). After
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Figure 1. Inhibitory effect of capsaicin on cell viability in human melanoma A375 and C8161 cell lines. Cells were treated with various concentrations of
capsaicin (25, 50, 100, 200 and 400 M) for 24 or 48 h. A Cell Counting kit-8 assay was performed to assess melanoma cell viability. (A) Growth of A375 cells
was inhibited in a dose- and time-dependent manner following capsaicin treatment. (B) Dose- and time-dependent response of C8161 cells following capsaicin

exposure for 24 or 48 h. "P<0.05 compared with control group.

blocking in 5% non-fat milk for 1 h at room temperature, the
membranes were incubated with primary antibodies (1:1,000;
cleaved-PARP, cleaved caspase-3, LC3B, beclin 1 and
GAPDH) at 4°C overnight. Subsequently, the membranes were
washed and incubated with horseradish peroxidase-conjugated
secondary antibody (cat. no. 7074s; Cell Signaling Technology,
Inc.; dilution, 1:5,000) for 1 h at room temperature. Proteins
were detected using an enhanced chemiluminescence kit
(EMD Millipore).

Statistical analysis. All data represent at least three indepen-
dent experiments and are expressed as the means + standard
deviation. Student's t-test was used to compare differences
between two groups, and one-way ANOVA analysis of vari-
ance and Dunnett's post hoc test were used for calculating the
significance between different groups. All statistical analyses
were performed using SPSS v19.0 software (IBM Corp.,
Armonk, NY, USA). "P<0.05 was considered to indicate a
statistically significant difference.

Results

Capsaicin inhibits A375 and C8161 cell viability. The impact
of the inhibitory effects of capsaicin in human melanoma
cells was investigated. A375 and C8161 cells were treated
with various concentrations of capsaicin (25, 50, 100, 200
and 400 uM) for 24 or 48 h. Subsequently, cell viability
was measured by the CCKS8 assay. As shown in Fig. 1, the
viability of melanoma cells was significantly decreased
following capsaicin treatment, which indicated that capsaicin
caused cell viability inhibition in a time- and dose-dependent
manner.

Capsaicin induces apoptosis of human melanoma cells.
Flow cytometry was performed to ascertain whether capsa-
icin induced apoptosis, which may mediate the inhibitory

effects of capsaicin on human melanoma cell viability. The
results demonstrated that treatment of melanoma cells with
capsaicin resulted in a dose-dependent increase in apoptotic
cells (Fig. 2A and B). Furthermore, specific signaling proteins
involved in apoptosis were investigated by western blotting. As
shown in Fig. 2C, the expression levels of cleaved caspase-3
and cleaved PARP were increased in the A375 and C8161
cells following capsaicin treatment. These data indicated that
capsaicin promoted caspase-dependent apoptosis to decrease
A375 and C8161 cell viability.

Capsaicin activates autophagy in human melanoma cells.
To determine whether capsaicin may trigger autophagy in
melanoma cells, the LysoTracker® Red and GFP-LC3 puncta
transfection methods were used to label cellular acidic
compartments and analyze the formation of fluorescent puncta
of autophagosomes, respectively. The results revealed that
upon exposure to capsaicin (100 xM) for 24 h, the fluorescence
intensity in melanoma cells exhibited a clear increase (Fig. 3A).
Additionally, capsaicin treatment resulted in an increase in
GFP-LC3 puncta formation in melanoma cells (Fig. 3B). To
verify the aforementioned findings, autophagy-associated
protein levels in the cytoplasm were assessed by western
blotting. As shown in Fig. 3C, the expression levels of LC3B
and beclin 1 in melanoma cells were increased in a concentra-
tion-dependent manner following capsaicin treatment, which
indicated that capsaicin may induce autophagy in melanoma
cells via the upregulation of autophagy-associated protein
expression levels.

Capsaicin-induced autophagy inhibits apoptosis to protect
cell survival. It has been reported that autophagy has a dual
role in cancer, serving as an antagonist to block apoptotic cell
death or to protect cell survival (20). Therefore, an autophagy
inhibitor, 3-MA (2.5 mM), was used to investigate the role
of autophagy in melanoma cells. The results revealed that
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Figure 2. Capsaicin induces apoptosis of human melanoma cells. (A) Following treatment with three concentrations of capsaicin for 24 h, the cells were
incubated with FITC-conjugated Annexin V/PI and apoptosis induction was analyzed by flow cytometry. (B) Quantification of the apoptosis rates of melanoma
cells following capsaicin treatment. The histograms indicate the proportion of apoptotic cells from three separate experiments. (C) Cells were treated with
various concentrations of capsaicin (50, 100 and 200 yM) for 24 h. Western blotting was used to analyze the expression levels of the apoptosis-associated
proteins cleaved PARP and caspase-3. 'P<0.05, “P<0.01 compared with the control group.

following treatment with 3-MA, the inhibitory effect of capsa-
icin on cell viability were increased (Fig. 4A). Additionally,
in response to autophagy inhibition, the A375 cells turned to
apoptosis following capsaicin treatment, as demonstrated by
the flow cytometry assay (Fig. 4B and C). Western blotting
data revealed that the expression levels of cleaved caspase-3
and cleaved PARP were increased following capsaicin and
3-MA treatment (Fig. 4D). In conclusion, capsaicin-induced
apoptosis was increased by the inhibition of autophagy,
which indicated that the autophagy induced by capsaicin may
suppress apoptosis to protect cell survival.

Discussion

Melanoma is the most aggressive and treatment-resistant
type of skin cancer (22) that arises from malignant trans-
formation of melanocytes. The development of melanocytes
is modulated by the receptor tyrosine kinase c¢-KIT and
microphthalmia-associated transcription factor (23).
Additionally, a 2002 genome-wide screen revealed that
B-Raf proto-oncogene, serine/threonine kinase (BRAF)
point mutations are highly frequent in melanoma and
less frequent in other types of cancer (24). The adenosine
triphosphate-competitive BRAF inhibitors, vemurafenib and
dabrafenib, are targeted therapy options with substantial
efficacy against melanoma, and provide similar clinical
benefits (25,26). However, vemurafenib and dabrafenib only

produce rapid initial disease stabilization in melanoma (27).
The emergence of drug resistance and disease progression,
along with regressions on BRAF inhibitors, leads to the
majority of patients to relapse within 1 year (28). Traditional
treatment by chemotherapy or immunotherapy is only useful
in the advanced stages. Over the last decade, several novel
therapies for treating melanoma have emerged. A number of
drugs can target specifically mutated melanoma cells, block
or trigger important signaling pathways, or unblock immune
checkpoints (29). Although there has been considerable
progress in the melanoma-targeted therapy and immuno-
therapy field, there remains a great challenge to prevent the
emergence of resistance (22). Capsaicin is a naturally occur-
ring alkaloid and its biological effects have been extensively
studied (30). Previous studies have demonstrated that capsa-
icin has a variety of pharmacological activities, including
anti-itching (31), anti-inflammatory (9) and analgesic (32)
effects. Additionally, capsaicin has attracted widespread
interest due to its antitumor effects (11,33,34) and it has been
reported to exert notable effects on human melanoma cells.
A previous study demonstrated that capsaicin could inhibit
B16-F10 melanoma cell migration via the phosphatidylino-
sitol 3-kinase/protein kinase B/Racl signaling pathway (35).
Additional effects of capsaicin have been reported, including
the reduction of proliferation and viability of cancer cells,
by causing G,/M phase arrest and resulting in activa-
tion of caspase-3, -8 and -9, which are associated with
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Figure 3. Induction of autophagy by capsaicin in human melanoma cells. (A) Cells were treated with capsaicin (100 zM) for 24 h following incubation with
50 nM LysoTracker® Red DND-99. Lysosomes and autolysosomes were labeled with LysoTracker®. The red color intensity reflects cellular acidic compart-
ments. Images were captured by fluorescence. Scale bar=5 ym. (B) Melanoma cells were transiently transfected with GFP-LC3 plasmid for 24 h and treated
with or without capsaicin (100 M) for 24 h. The green puncta represent formation of autophagosomes. Immunofluorescence images were captured using a
fluorescence microscope. Scale bar=5 ym. (C) Cells were treated with various concentrations of capsaicin for 24 h. Western blotting was performed to examine

the expression levels of LC3-I, LC3-II and beclin 1.

apoptosis (13,36). Therefore, an intriguing area in the field
is the study of natural dietary phytochemicals, including
capsaicin, for safe and effective treatment of melanoma.

In the present study, the human melanoma A375 and
C8161 cell lines were selected to analyze the chemotherapeutic
capacity of capsaicin for human melanoma. The data revealed
that capsaicin may suppress cell proliferation, induce apoptosis
and induce autophagy via the upregulation of expression levels
of cleaved caspase-3, cleaved PARP, beclin 1 and two types
of LC3B proteins in human melanoma cells. Additionally, the
results of the present study revealed that inhibiting autophagy
may strengthen the negative effect of capsaicin on melanoma
cell viability, and indicated that capsaicin-induced autophagy
may protect cell survival.

Apoptosis and autophagy jointly determine cellular
fate (37). PCD that culminates in rapid cell loss is required
to maintain homeostasis and is involved in the host response

to pathogens. This process can be regulated or unregulated,
and apoptosis is known as the regulated type (38). The regu-
lation of apoptosis is divided into two major pathways: The
extrinsic (death receptor-mediated) pathway and intrinsic
(mitochondria-mediated) pathway, which are triggered by
plasma-membrane receptors with soluble molecules or by
various mitochondrial stimuli, respectively (39). Caspase-3,
one of the 13 aspartate-specific cysteine proteases in the
caspase family, serves a central role in the execution of
apoptosis, and is primarily responsible for the cleavage of
PARP during cell death (40). Previous studies have reported
that cell apoptosis is triggered by caspase-dependent
or caspase-independent pathways with the former being the
most common (18,36,39,40). Cleavage of PARP is considered
a central indicator of apoptosis (41). Our results indicated that
capsaicin induced apoptosis in human melanoma cells through
activation of caspase-3 and PARP.
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Figure 4. Inhibition of autophagy increases capsaicin-induced apoptosis. (A) A375 cells were incubated with 3-MA (2.5 mM) for 2 h, and subsequently treated
with various concentrations of capsaicin for 24 h, followed by a Cell Counting kit-8 assay to determine cell viability. (B) Following treatment with capsaicin
(200 uM) and 3-MA (2.5 mM) for 24 h, A375 cells were incubated with FITC-conjugated Annexin V/PI and the differences in induction of apoptosis were
analyzed by flow cytometry. (C) Histograms indicating the proportions of apoptotic cells from three separate experiments. (D) Western blot analysis of the
expression levels of the apoptosis-associated proteins cleaved PARP and caspase-3. "P<0.05, compared with capsaicin treatment group or control group.

In this study, following capsaicin treatment, the proportion
of LC3B-I, LC3B-II and beclin 1 in human melanoma cells
was increased as determined by immunoblotting. The present
study demonstrated that capsaicin could induce autophagy,
which is the phenomenon of cell ‘self-eating’ (42). The mecha-
nism of autophagy is typically a stress adaptation in response
to various stress stimuli, including starvation, hypoxia,
endoplasmic reticulum stress and oxidative stress (43). It has
been demonstrated that capsaicin could increase levels of the
autophagy markers LC3-II and autophagy related 5, enhancing
p62 and Fap-1 degradation, and increasing caspase-3 activity
to induce autophagy and apoptosis, respectively (13,42).
Previously, the dual roles of autophagy in cancer have been
verified, namely, protecting cell survival or contributing to
cell death (44.,45). Autophagy functions as a recycling process,
being principally cytoprotective, recycling long-lived proteins,
and defending cells from damaged organelles and protein
aggregates. In contrast, excessive autophagy can induce cyto-
toxicity, which promotes cell death. When flawed apoptosis is
induced in normal cells or cancer cells, or apoptosis blocks
tumor development, autophagy may act as a backup strategy
to stop cell processes or a strategy to promote other cell death
mechanisms (46). In the present study, inhibition of autophagy

by 3-MA increased the expression levels of cleaved caspase-3
and cleaved PARP, which may lead to an increase in melanoma
cell death. These findings suggested that, in human melanoma
cells, capsaicin-induced autophagy may serve a prosurvival
role by suppressing apoptosis. Therefore, autophagy cannot
only be considered a tumor-inhibiting process but may also
be considered a tumor-promoting process. In summary, agents
that inhibit autophagy could be used as adjuvants for capsaicin
and may be used for antitumor treatment in the future.

In conclusion, capsaicin was demonstrated to exert a
negative effect on cancer cell viability, and induced apop-
tosis of human melanoma A375 and C8161 cells via the
activation of cleaved caspase-3 and PARP. Additionally,
capsaicin-triggered autophagy contributed to cell survival
by suppressing apoptosis of melanoma cells. However, in
order for capsaicin to become a drug candidate for mela-
noma treatment, further issues need to be clarified: The
precise dose-effect association between capsaicin and trig-
gered autophagy; whether there could be a ‘double-edged
sword’ effect of capsaicin-triggered autophagy when
culturing melanoma cells with more specific concentra-
tions of capsaicin; the mechanism and pathway by which
capsaicin activates apoptosis and autophagy; and whether
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capsaicin exerts favorable antitumor effects in vivo. These
issues will be investigated in a future study.
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