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Sendeng-4 is a traditional Chinese medicine that has been successfully applied to anti-inflammatory diseases in clinical practice.
Monomers within Sendeng-4 showed promising antitumor activity against lung cancer, colon cancer, and cutaneous cancer.
However, potency of Sendeng-4 in melanoma has not been explored. /is study aims to explore the potential application of
Sendeng-4 in melanoma treatment. In the present study, we systemically investigate the possibility of Sendeng-4 for treatment of
melanoma cancer in vitro by proliferation assay, colony formation, flow cell cytometry, RNA-seq, western blot, and fluorescence-
based assay. Our data demonstrated that Sendeng-4 suppresses the proliferation and colony formation capacity of melanoma cells
and induces cell cycle block at G2/M phase and eventually cell death. Mechanistically, transcriptome sequencing demonstrates
that the PI3K-AKT pathway was significantly inactivated upon Sendeng-4 exposure, which was confirmed by western blot
showing decreased phosphorylation of AKT. In addition, decreased BCL-2 expression and increased BAX expression were
observed, suggesting programmed cell death via apoptosis. Moreover, LC3-II production as well as autophagosomes formation
was observed as demonstrated by western blot and immunofluorescence, indicating elevated autophagy network by Sendeng-4
stimulation. Collectively, we concluded that Sendeng-4 might be used as an anticancer drug for melanoma.

1. Introduction

Melanoma is one of the most malignant forms of cutaneous
cancer, with an increasing incidence since 1970s [1].
According to the data from World Cancer Fund, nearly
300,000 newly diagnosed melanoma were reported in 2018,
accounting for about 1.7% of all cancer types [2]. Highest
risk factors for melanoma include ultraviolet radiation ex-
posure that causes DNA damage and mutations, especially
in the lighter skin population and family history of mela-
noma with genetic instability mutations [3–5]. /e most
frequently mutated genes include BRAF, RAS-family genes,
NF1, hTERT, CDKN2A, PTEN, TP53, and ARID2, of which

BRAF mutations accounts for around 50% of melanomas
[6–8]. /e other risk factors include arsenic, alcohol con-
sumption, and infection. /e 5-year survival rates for
melanoma patient depends on the stage at which melanoma
is diagnosed, for example, the 5-year survival rate for lo-
calized melanoma is more than 98%; however, the rate for
metastatic patient is only 22.5%. Surgical excision to remove
localized lesion or affected lymph nodes remains the primary
option for melanoma patients [9]. Additionally, combina-
tional strategies including targeted therapy, radiation
therapy, and chemotherapy showed promising clinical
outcomes, and the improvement of which was further driven
by clinical usage of immune checkpoints inhibitors,
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especially in advanced melanoma [10–13]. Although con-
siderable progress has been made in both diagnosis and
treatment in melanoma, management of the advanced
metastasis melanoma and overcome drug resistance remain
a challenge, largely due to lack of understanding of the
molecular mechanism for melanoma development. /ere-
fore, there is an urgent need to identify new targets and
molecular markers associated with melanoma cancer
progression.

Mongolian medicine Sendeng-4 is a traditional Chinese
medicine composed of four medicinal herbs, including
Xanthoceras sorbifolia, Toosendan fructus, Gardeniae fructus,
and Chebulae fructus [14, 15]. Sendeng-4 is traditionally used
as decoction; however, capsules and other formulations have
also been selected in clinical practice. /e most appropriate
indications for Sendeng-4 include arthritis, edema, and other
diseases, mainly through clearing away heat and dampness [14,
16]. Existence of monomers with anti-inflammatory and
analgesic effects including gallic acid, myricetin, quercetin, and
sterols, have been confirmed, which is conducive to establish a
reasonable quality evaluation system and to understand the
molecular mechanism of Sendeng-4 in clinical practice [14,
15]. In addition, accumulating evidence demonstrates anti-
tumor activity against a wide range of cancer including leu-
kemia, colon cancer, bladder cancer, and lung cancer, for
Sendeng-4 containing monomers, such as Gardenia jasmi-
noides, Quercus pilosula, and Toosenda neem [15, 17, 18].
However, except for anti-inflammation and antioxidation
activity, the antitumor activity of Sendeng-4 is scarcely eval-
uated, especially in melanoma. In the present study, we sys-
temically studied the potential antitumor activity of Sendeng-4
against melanoma, which provided new perspective for un-
derstanding the clinical application of Sendeng-4. Our pre-
liminary findings demonstrated that Sendeng-4 suppressed
melanoma proliferation in vitro, mainly through induction of
cell death by autophagy and apoptosis.

2. Materials and Methods

2.1. Chemicals and Reagents. Sendeng-4 was purchased
from the Chinese National Institute (Beijing, China); an-
tibodies for AKT (4685), phosphor-AKT (4060), ERK
(4695), phosphor-ERK (4370), LC3B (ab192890), Beclin-1
(3495), β-actin (3700), JNK (ab179461), phosphor-JNK
(ab124956), p38 (8690), phosphor-p38 (4511), BAX
(89477), BCL2 (15071) were purchased from Abcam and
Cell Signaling Technology. CCK-8 kit for cell proliferation
detection, enhanced chemiluminescent (ECL) kit for
western blot, and bicinchoninic acid (BCA) kit for protein
quantitation were all purchased from Helix Biotech.
Rapamycin (S1039) and 3-MA (66389) were purchased
form the Selleck.

2.2.Cells andCell Culture. /e humanmelanoma cancer cell
line A375 (ATCC® CRL-1619) was obtained from American
Type Culture Collection (ATCC). A875, HFF-1, and HSAS3
cell lines were purchased from the National Laboratory Cell
Resource (NICR). Cells were maintained in a 37°C incubator

with 5% CO2, cultured in DMEM medium (Corning,
USA) supplemented with 10% fetal bovine serum (FBS)
(Gibco, 10099–141) and 1% penicillin-streptomycin
(Gibco,15070063). Cells were passaged with trypsiniza-
tion every 3 days.

2.3. Stable Cell Line. To construct A375 cells stably trans-
fected with GFP-LC3 or mRFP-GFP-LC3, we firstly cloned
the coding sequence into the lentiviral vector (pCDHL-
puro) and then transfected the expression construct with
package plasmids (psPAX2 and pMD2.G) into HEK293 cells
by PEI. Lentiviruses were collected 48 hours later and were
concentrated by PEG8000-based method. A375 cells were
transduced with lentiviruses for 48 hours and then were
treated with puromycin for 48 hours to kill the untransfected
cells.

2.4. Cell Proliferation Assay. To confirm the proliferation
activity of A375 cells upon drug treatment, cells were pre-
plated in the culture plate of 96-well form at a concentration
of 5000 cells per well. Gradient dilution (3000 μg/ml, 1000 μg/
ml, 300 μg/ml, 100 μg/ml, 30 μg/ml, 10 μg/ml, 3 μg/ml, 1 μg/
ml, 0.3 μg/ml, 0.1 μg/ml, and 0.03 μg/ml) of the drug or
solvent was added to the cell culture medium the next day,
and the cells were incubated for 3 days. /e cell culture was
changed to complete medium supplemented with 10 μl of
CCK-8 reagents and incubated at 37 degrees for another hour.
Absorbance at 450 nm was quantitated by enzyme-linked
immunoassay analyzer Multiskan™ FC (/ermo), and data
were analyzed by GraphPad Prism 5.0.

2.5. Colony Formation Assay. A375 cells (1000 cells) were
cultured in a plate with a diameter of 6 cm and supplemented
with solvent or Sendeng-4 of different concentrations. /e
cells were then cultured for another 2 weeks, and the me-
dium was changed every 3 days, until the plated single cell
has grown into clone visible to the naked eye. /e clones
were then fixed with paraformaldehyde and then were
washed and stained with crystal violet at room temperature
for 30minutes. Number of clones on every plate were
counted and analyzed.

2.6. Next Generation Sequencing. A375 cells treated with
Sendeng-4 for 3 days were collected for total RNA isolation
via Trizol-based methods as described. mRNA was purified
by column hybridized with Oligo dT and then reverse
transcribed into cDNA. Subsequently, cDNA samples were
subjected to sonication for fragmentation and then were
ligated to adaptor for amplification and sequencing.

2.7.Western Blot. Total protein of A375 cells was isolated by
RIPA lysis buffer, and the protein concentration was con-
firmed by BCA-base assay. 30 μg of the total protein was
resuspended in 1x sample buffer containing SDS, β-ME,
Tris-HCl, and bromophenol blue and was boiled at 100
degrees for 5 minutes and then was loaded and separated by
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SDS-PAGE electrophoresis. Subsequently, separated pro-
teins were then transferred onto the PVDF membrane and
then were blocked with 5% nonfat milk followed by incu-
bation with specific antibody at 4 degrees overnight. /e
membranes were then blotted with the corresponding sec-
ondary antibody conjugated with HRP. Signals were col-
lected by the ECL-based method, and the intensity was
quantitated by ImageJ.

2.8. Mitochondrial Potential. Melanoma cells’ suspension
was made by trypsinization, and cells were stained with JC-1
probe at 37 degrees for about 1 hour. /e stained cells were
then analyzed by flow cell cytometry, and positive cells were
calculated by GraphPad.

2.9. Statistical Analysis. All the experiments were performed
in triplet, and result was expressed as mean± SD. All the data
were analyzed by GraphPad Prism 5, and t-test and one-way
ANOVA were used to calculate the significance between
treatment and groups.

3. Results

3.1. Sendeng-4 Suppressed Melanoma Cell Growth In Vitro.
Although existence of monomers with antitumor activity in
Chinese compoundmedicine-Mongolian Sendeng-4 has been
confirmed by several reports, its potential application in
tumor treatment has not been explored. To investigate
whether Sendeng-4 has antitumor activity in cutaneous
cancer, we firstly analyzed the potency of Sendeng-4 on
melanoma cell proliferation in both A375 and A875 cells. /e
results showed that Sendeng-4 suppressed melanoma cells in
a dose-dependent manner, with an IC50 of 233.8 ug/ml for
A375 and 248.7 ug/ml as shown in Figures 1(a) and 1(b).
However, no significant cytotoxicity effects were observed
with normal skin cells (Supplemental Figure 1A). We hy-
pothesized that Sendeng-4 might inhibit cell growth through
some unknown pathway. Interestingly, as compared to the
control group, morphology of cells stimulated with higher
concentration of Sendeng-4, exhibiting spherical phenotype,
suggesting cell cycle arrest or cell death (Figures 1(c) and
1(d)). To extend our findings that Sendeng-4 exerted in-
hibitory effect on melanoma growth in vitro, we employed
congenic formation assay to assess the toxicity of Sendeng-4
on A375 cells. Colony formation capacity was significantly
impaired by Sendeng-4 (Figures 1(e)–1(h)). Collectively,
these findings suggest that Sendeng-4 is a potential candidate
drug for melanoma.

3.2. Sendeng-4 Induced Melanoma Cell Cycle Arrest and Cell
Death. To check whether Sendeng-4 leads to cell cycle ar-
rest, A375 and A875 cells were fixed with ice-cold methanol
and then stained with propidium iodide (PI) to analyze DNA
content by flow cell cytometry. As expected, the cell cycle
profile of melanoma cells demonstrated significant G2/M
phase block (Figures 2(a)–2(d)), consistent with the previous
findings that more spherical cells were observed when

exposed to higher dose Sendeng-4. Interestingly, percentage
of the S-phase cells was also decreased in higher dose groups.
Although it remains unclear how Sendeng-4 stimulation
leads to cell cycle block, accumulating studies have reported
the cell death induced by long-time cell cycle arrest. In
support of our hypothesis, cell apoptosis upon treatment
with Sendeng-4 was assessed by Annexin-V/PI staining and
analyzed by flow cell cytometry. As observed in Figures 2(e)–
2(h), both early apoptosis and late apoptosis were signifi-
cantly elevated. In addition, mitochondrion membrane
potential was determined by flow cell cytometry, and Sen-
deng-4 treatment induced potential lose in a dose-depen-
dent manner (Supplemental Figures 1B and 1C).

3.3. Sendeng-4 Inhibits PI3K-AKT Pathway. In order to
further explore the potential effect for Sendeng-4 upon
melanoma cells, whole cell transcriptome was performed to
assess the expression profile of A375 cells. As compared with
the control group, 1066 genes were upregulated and 2570
genes were downregulated in the Sendeng-4 exposure group
(Figures 3(a) and 3(b)). Kyoto Encyclopedia of Genes and
Genomes (KEGG) including cell adhesion molecules
(CAMs) analysis demonstrated pathways in cancer, PI3K-
AKT signaling pathway, focal adhesion pathways, and
regulation of actin cytoskeletons (Figure 3(c)). Of note, the
PI3K-AKTpathway accounts for physiological roles such as
cell proliferation and migration, which are consistent with
documented findings that Sendeng-4 containing monomers
exert antitumor activity through MAPK pathway and cell
apoptosis. /us, we then sought to clarify whether MAPK-
related pathways could be affected by Sendeng-4 stimula-
tion.We observed that phosphorylation of AKTat serine 473
was significantly inhibited (Figures 4(a) and 4(b)), sug-
gesting decreased activity of the AKT signaling pathways,
which are correlated with cell proliferation, metastasis, and
many other physiological processes. Additionally, phos-
phorylation of ERK and JNKs were also decreased upon
Sendeng-4 stimulation, suggesting a broad impact on cell
growth. Moreover, proapoptotic factor BAX was signifi-
cantly induced; on the contrary, the antiapoptotic factor
BCL-2 was dramatically decreased in a dose-dependent
manner, which were all consistent with the phenotype de-
termined by flow cytometry.

3.4. Autophagy of Melanoma Cells Were Elevated upon Sen-
deng-4 Stimulation. Autophagy arises in cells to maintain
homeostasis by degradation and recycling of cellular com-
ponents. Autophagy is also elevated upon stimulation with
exogenous stress such as bacteria, virus, or other forms of
pathogens. Defects in autophagy pathway have been re-
ported to be related with a variety of diseases including
tumor, infectious, and neurodegeneration diseases [19, 20].
Of note, autophagy is tightly regulated via phosphorylation
of mTOR by the PI3K-AKTpathway [21]./erefore, we then
sought to validate the potential outcome for autophagy
pathway upon Sendeng-4 stimulation. As shown in
Figures 5(a)–5(c), compared with the vehicle group, Sen-
deng-4 treatment leads to dramatically increase of LC3
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(LC3-I and LC3-II), which is a well-characterized marker for
autophagy, suggesting elevation of the autophagic flux.
Accordingly, expression of Beclin-1 is also increased upon
Sendeng-4 treatment (Figures 5(a)–5(c)). Moreover, for-
mation of autophagosome upon Sendeng-4 stimulation was
observed by fluorescence reporter, which is consistent with
the elevation of LC3 (Figures 5(d)–5(g)).

3.5. Sendeng-4 Treatment Increased Autophagic Flux. In
order to further confirm the stimulatory effect of Sendeng-4
on autophagy, we then established melanoma cell lines that
stably expressed with RFP-GFP-LC3. As compared with the
control cells, more autophagosomes positive for both RFP
and GFP were observed upon Sendeng-4 treatment
(Figures 6(a)–6(c)). In addition, more autophagosomes that
are positive for RFP staining were observed in cells treated
with higher dose Sendeng-4. Taking together, these findings
indicated that Sendeng-4 strongly activated the autophagic
flux in melanoma cells.

Regarding the bilateral roles of autophagy in tumor
development, we next checked whether the Sendeng-4
mediated autophagy activation promotes or inhibits mel-
anoma tumor growth. To this end, melanoma cells were
treated with Sendeng-4 and/or autophagy inhibitor (3-MA)
or activator (rapamycin). Interestingly, inhibition of
autophagy by 3-MA alleviated the Sendeng-4 mediated
melanoma cell death and, on the contrary, was augmented
by autophagy activation, as evidenced by the half maximal
inhibition concentration of Sendeng-4 on melanoma cells
(Supplemental Figures 1D and 1E). Furthermore, the an-
titumor roles of autophagy under the context of Sendeng-4

treatment was further demonstrated by upregulation of
BAX and downregulation of BCL2 as determined by
western blot (Supplemental Figures 2A–2C). Collectively,
Sendeng-4 suppressed melanoma activity via activation of
autophagy.

4. Discussion

Autophagy is an evolutionarily conserved pathway regu-
lating the cell hemostasis through degradation and recycling
under both physiological and pathological conditions
[21, 22]. /ree types of autophagy have been described such
as macroautophagy, microautophagy, and chaperone-me-
diated autophagy. Macroautophagy is mainly responsible for
bulk degradation of the cytoplasmic components upon
stressful conditions, which involves formation of bilayer
spherical autophagosomes mediated by ATGs [21, 22]. For
example, upon stimulation, such as starvation or growth
factor deprivation, the upstream suppressor mTOR was
inactivated by phosphorylation, thus leading to ULK1/2
activation and phosphorylation of downstream effectors
[23]. Notably, posttranslational modification of ATG8 with
phosphatidylethanolamine (PE) is a crucial event for the
formation of autophagosomes [24]. /e resultant vesicle was
then fused with lysosome for subsequent degradation and
recycling [25]. /e microautophagy differs from macro-
autophagy by direct engulfment of the cytosolic material
through inward folding of the lysosomal membrane. /e
chaperone-mediated autophagy is specific to mammalian
cells, referring to lysosome-dependent degradation of
HSP70 complex chaperoned molecules, such as nonessential
or wrong folding proteins [25–28].
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Figure 1: Seneng-4 suppressed proliferation and colony formation of melanoma cells. (a, b)/e inhibitory curve assessed by CCK-8 assay in
both A375 cells and A875 cells, n� 5. (c, d) Representative images of melanoma cells treated with different concentrations of Sendeng-4,
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As documented, roles of autophagy in cancer develop-
ment and progression remain controversial. Autophagy is
required for the hemostasis of cell to prevent tumorigenesis,
and absence of autophagy master genes, such as Beclin-1,
ATG5, and UVRAG, has been reported in multiple cancers
including breast cancer lung cancer [29, 30]. On the con-
trary, autophagy is believed to promote tumorigenesis by
antagonizing genotoxic stress and inflammation and mi-
croenvironment remodeling. In accordance with this notion,

advanced form of cancers always exhibits autophagic-pro-
ficient state [31, 32]. Interestingly, cancers with Ras mutation
are highly dependent on autophagy. As demonstrated in a
Drosophila melanogaster malignant tumor model, tumors
cells with Ras mutation induced higher levels of autophagy
at both tumor cells and surrounding normal cells, thus
providing nutrients to facilitate tumor growth [33]. Ac-
cordingly, autophagy restraining by pharmacological in-
hibitors provided new strategies for cancer treatment [34].
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In addition, specific gut microbes hijacked the autophagy
network to alter colorectal cancer chemotherapeutic re-
sponse, thus leading to chemoresistance and recurrence [35].
Collectively, roles of autophagy in tumorigenesis and de-
velopment are largely context-dependent.

Cutaneous melanoma ranks the most aggressive form of
cancer, especially the cases with distal metastasis. While new
approvals have yet been granted in the past decades, 5-year
survival for metastatic melanoma remains less than 30% [1].
Aberrant expression autophagic genes have been docu-
mented as observed in clinical samples, and LC3-II ex-
pression and beclin-1 in melanoma patient parallels disease
stage and progression. Additionally, clinical administration

of temozolamide and sorafenib led to elevated autophagic
activity, which warranted benefits from chemotherapy [36].
In accordance with this, combinational therapy of chemo-
therapy regimens and autophagic inhibitors is now been
tested in numerous clinical trials [37].

In the present study, for the first time that we demon-
strated the potential application of the traditional Chinese
medicine Sendeng-4 in cutaneous melanoma treatment. In
brief, Sendeng-4 stimulation leads to delayed proliferation,
impaired colony formation, cell cycle arrest, and eventually
cell death. Mechanically, Sendeng-4 treatment inactivated
the PI3K-AKT pathway, as indicated by the decreased
phosphorylation of AKT. Furthermore, the autophagic
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Figure 5: Sendeng-4 promote cell autophagy. A375 and A875 cells were treated with different concentrations of Sengdeng-4 for 12 h. (a)
Western blot analysis was performed to measure protein levels of LC3I/II, beclin-1, and p62. ß-Actin was used as an internal control. (b, c)
Quantification of (a). (d, f ) Immunofluorescence was performed to measure cell autophagy. (f, g) Quantification of (d).
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activity was dramatically increased upon Sendeng-4
treatment in melanoma cells. As documented, Sendeng-4
has been administrated to alleviate inflammation and pain
in clinical practice for long time [14,15]. However, in-
flammation is tightly correlated with tumor development
contributing to its growth and metastasis by remodeling
the tumor microenvironment. Moreover, chronic in-
flammation increased the risk for tumorigenesis, and anti-
inflammation agents have also been administrated to
cancer patients, mostly in a combinational regimen. As a
traditional Chinese medicine extracted form Xanthoceras
sorbifolia, Toosendan fructus, Gardeniae fructus, and
Chebulae fructus, monomers isolated from these herbs
have been documented with roles in antitumor effect. For
example, recently study reported that polymethoxy-
flavones from Gardenia oudiepe (Rubiaceae) induce cy-
toskeleton disruption-mediated apoptosis and sensitize
BRAF-mutated melanoma cells to chemotherapy [38]. In
addition, antitumor effects have also been reported by
other group that the ethanol extract of baked Gardeniae
fructus exhibits in vitro and in vivo antimetastatic and
antiangiogenic activities in malignant cancer cells by
suppression of the NF-κB and HIF-1α pathways [39].
Consistently, our present study suggested similar clues for
clinical application of Sendeng-4 in cancer treatment,
whereas with a new molecular mechanism. However,
further research should be undertaken to investigate the
whether this antitumor was due to polymethoxyflavones
or other kinds of monomers. Collectively, our data
demonstrated possibility to treat melanoma with

Sendeng-4, which is a traditional anti-inflammation
Chinese medicine.

5. Conclusions

In conclusion, our findings demonstrated that Sendeng-4might
be used as an anticancer drug for melanoma. Mechanically, the
underlying molecular interplay between PI3K-AKT pathway
and autophagy network might be responsible for Sendeng-4
induced cell suppression and death. Nevertheless, further
studies should be warranted to fully elucidate the physiological
process affect by Sendeng-4 and to design the most suitable
therapy schedule. We hope that our findings could provide a
new insight for treatment of melanoma cancer.
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Figure 6: Autophagic flux in elevated upon Sendeng-4 stimulation. (a) Detection of autophagic flux with the mRFP-GFP-LC3 reporter, and
confocal microscopy images merger with GFP and RFP fluorescence of representative cells. (b) Calculation of red foci and yellow foci are
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