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Abstract. Pectolinarigenin a plant secondary metabolite that 
has various biological effects, including the inhibition of mela‑
nogenesis and tumor growth. Melanoma has a high degree of 
malignancy, with rapid metastasis and severe drug resistance, 
explaining the need for new candidate drugs that inhibit tumor 
growth and metastasis. However, the pharmacological action 
and mechanism of pectolinarigenin on the growth and metas‑
tasis of melanoma remain elusive. Thus, the present study 
aimed to investigate the role of pectolinarigenin in melanoma 
cell proliferation, apoptosis, migration and invasion. Apoptotic 
and metastasis‑associated proteins were analyzed using 
western blotting. The results demonstrated that pectolinari‑
genin treatment resulted in growth inhibition and apoptosis 
induction in melanoma cells, arising from the loss of mito‑
chondrial transmembrane potential, reactive oxygen species 
and the altered expression of apoptosis‑associated proteins. In 
addition, wound‑healing and Transwell assays demonstrated 
the potential of pectolinarigenin to impair the migration and 
invasion of melanoma cells in accordance with the changes in 
the expression of the associated proteins. Therefore, the results 
of the present study suggested that pectolinarigenin may serve 
a pivotal role in promoting melanoma cell apoptosis and 
reducing metastasis, and may thus be a promising potential 
candidate for an anti‑melanoma treatment strategy.

Introduction

The latest report by the World Health Organization revealed 
that there were 288,000  new cases of melanoma and 
61,000 deaths from melanoma in 2018 worldwide (1). A study 
by the American Cancer Society revealed that melanoma 
ranked as the fifth most prevalent cancer among men and the 
sixth among women, with a gradually growing incidence over 
the past years, whereas the incidence of most solid cancers has 
tended to drop or stabilize (2,3). Melanoma, which accounts 
for ~70% of skin cancer deaths, is the most lethal type of skin 
cancer, characterized by rapid deterioration, early metastasis 
and high mortality, and derives from the pigment‑producing 
melanocytes (2,4). Melanin, a natural pigment that is produced 
by a specialized group of cells known as melanocytes and by 
melanoma cells, can affect the behavior of melanoma cells 
or their surrounding environment, and abnormal melanocyte 
proliferation can develop into melanomas (5). Melanogenesis 
is subject to complex regulatory control by multiple agents, 
involving pathways that are activated by receptor‑dependent 
and receptor‑independent mechanisms in hormonal, auto‑, 
para‑ or intracrine manners, and is a metabolic pathway char‑
acteristic for melanocytes, in which L‑tyrosine is transformed 
to heterogenous melanin biopolymer through a series of 
oxidoreduction reactions (6‑9).

Lee et al (10) have demonstrated the inhibitory effect of 
pectolinarigenin on melanogenesis. In addition, induction of 
melanogenesis in melanoma cells is associated with increases 
of nuclear hypoxia‑inducible factor 1 α (HIF1‑α) expression 
accompanied by the upregulation of multiple HIF‑1‑dependent 
genes involved in the regulation of glucose metabolism, angio‑
genesis and stress responses, which suggests that melanogenesis 
serves a key role in the regulation of cell metabolism (11). In 
addition, the presence of melanin pigment or active melanogen‑
esis attenuates the sensitivity and efficacy of chemo‑, radio‑ or 
immunotherapy in patients with melanoma; thus, the inhibition 
of melanogenesis may sensitize melanoma cells and improve 
the outcome of radiotherapy in patients with melanoma (12,13). 
Since pectolinarigenin inhibits melanogenesis, it may be an 
effective approach for anti‑melanogenesis treatment  (10). 
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Melanin is produced by melanocytes and melanoma cells, 
and can transform melanocytes to proliferate abnormally and 
develop into melanomas. Therefore, it was hypothesized in the 
present study that melanogenesis may attenuate the cytotoxic 
effect of pectolinarigenin on melanoma cells, and inhibition 
of melanogenesis may sensitize melanoma cells (11‑13). This 
suggests that treatment with pectolinarigenin may be consid‑
ered as an alternative, physiologically based approach for the 
treatment of melanoma.

However, the exact biological action of pectolinarigenin 
on melanoma cells and its underlying mechanisms have not 
been reported in detail. The present study aimed to evaluate 
the potential effects of pectolinarigenin on melanoma cell 
proliferation and migration and invasion in vitro, as well as 
its underlying molecular mechanisms. Previous studies have 
reported that 30 µM pectolinarigenin treatment suppressed 
melanin biosynthesis without cytotoxicity in melan‑a cells (10), 
whereas when treated with 20 µM pectolinarigenin for 48 h, the 
viability of bone marrow macrophages was not influenced (14), 
and ≥100 µM pectolinarigenin did not affect the proliferation 
of skin fibroblasts 142BR, the IC50 of which was >100 µM 
pectolinarigenin (15). Thus, the present study proposed that 
within the 40 µM range of concentration, pectolinarigenin may 
be safe for normal cells. In the present study, we investigated 
the role of pectolinarigenin in cell proliferation, cell apoptosis, 
and cell migration and invasion in melanoma cancer cells to 
provide a new agent for an ant‑melanoma strategy.

Materials and methods

Chemicals and reagents. Pectolinarigenin, with a purity >98% 
as measured by HPLC, was purchased from Sichuan Weikeqi 
Biological Technology Co., Ltd. 3‑(4,5‑Dimethylthiazol‑​
2‑yl)‑2,5‑diphenyltetrazoliumbromide (MTT), dimethyl 
sulfoxide (DMSO), rhodamine 123 (Rh123) and 2',7'‑dichlor‑​
odihydrofluorescein diacetate (DCFH‑DA) were purchased 
from Sigma‑Aldrich; Merck KGaA. Hoechst 33258 and the 
Annexin V‑FITC and propidium iodide (PI) apoptosis detec‑
tion kit were purchased from Nanjing KeyGen Biotech Co., 
Ltd. For western blotting experiments, the primary antibodies 
against matrix metalloproteinase‑9 (MMP9, cat. no. 13667T), 
matrix metalloproteinase‑2 (MMP2, cat. no. 4022s), TIMP2 
(cat. no. 5738S), Bax (cat. no. 2772S), Bcl2 (cat. no. 4223S), 
Cleaved Caspase‑3 (cat. no. 9661S), Stat3 (cat. no. 9139S), 
phosphorylated (p)‑Stat3Tyr705 (cat.  no. 7145T) and β‑actin 
(cat.  no.  3700T) were purchased from Cell Signaling 
Technology, Inc., and the secondary antibodies were obtained 
from OriGene Technologies, Inc. For in vitro assays, pectoli‑
narigenin was prepared as a 40 mM stock solution in DMSO 
and stored at ‑20˚C. The stock solution was diluted with the 
relevant medium for subsequent applications.

Cell lines and culture. Non‑pigmented human melanoma 
cell lines A375 and CHL‑1, the former of which is recalci‑
trant and exhibits high malignancy, and mouse pigmented 
melanoma cells with high metastatic potential B16‑F10 (B16) 
were selected for the present study based on their origin, 
malignant degree and metastatic ability. The three cell lines 
were obtained from the American Type Culture Collection. 
The A375 and CHL‑1 cells were cultured in DMEM (Hyclone; 

Cyvita), and the B16‑F10 cells were cultured in RPMI‑1640 
medium (Hyclone; Cyvita), and both mediums were supple‑
mented with 10% heat‑inactivated fetal bovine serum (FBS, 
Gibco; Thermo Fisher Scientific, Inc.) and 1% penicillin and 
streptomycin. All cells were incubated at 37˚C in a humidified 
atmosphere of 5% CO2.

Cell viability assay. The viability of pectolinarigenin‑treated 
melanoma cells was determined by an MTT colorimetric 
assay. A375, B16 and CHL‑1 cells in the logarithmic phase 
were seeded into 96‑well plates at 2‑4x103 cells in 100 µl 
per well for adherence, followed by the addition of pectoli‑
narigenin diluted in culture medium corresponding to each 
cell line in a final volume of 100 µl and a final concentration 
of 0, 2.5, 5, 10, 20 or 40 µM. The cells were then cultured 
in a 37˚C CO2 incubator for 24, 48 and 72 h. Subsequently, 
20 µl 5 mg/ml MTT solution was added into each well and 
incubated for an additional 2‑4 h at 37˚C. The liquid phase 
was discarded, and the purple‑colored formazan precipitates 
were solubilized by the addition of 150 µl DMSO to each well. 
The viability of melanoma cells was assessed by a Spectra 
MAX M5 microplate spectrophotometer (Molecular Devices, 
LLC) at 570 nm.

Colony formation assay. A colony formation assay was used 
to determine the effects of pectolinarigenin on the colony 
formation rate of melanoma cells. A375, B16 and CHL‑1 cells 
were seeded in 6‑well plates at 500‑800 cells per well. At 24 h, 
the supernatants were replaced with fresh media containing 
the indicated doses (0, 2.5, 5, 10, 20 or 40 µM) of pectoli‑
narigenin, and the plates were cultured for 10‑15 days in a 
37˚C CO2 incubator. Subsequently, the cells were washed with 
PBS, followed by fixing with 100% methanol and staining 
with a 0.5% crystal violet solution in the room temperature 
for ~15 min, after which the colonies (>50 cells) were counted 
using light microscopy (Olympus Corp.).

Morphological analysis of cell nuclei by Hoechst 33258 
staining. Cell shrinkage, chromatin condensation and 
apoptotic bodies, which are typical morphologic features 
of apoptotic cells, were used to evaluate cell apoptosis as 
previously described (16). Briefly, A375 and B16 cells were 
seeded onto 18‑mm coverslips in a 6‑well plate at density 
of 3‑8x104 per well and incubated in 37˚C overnight. After 
the cells were seeded on the coverslips, the groups treated 
with various concentrations (0‑40 µM) of pectolinarigenin 
for 48 h were washed with ice‑cold PBS twice and fixed in 
ice‑cold 100% methanol for ~15 min. The cells were stained 
with the Hoechst 33258 solution, and images were captured 
under a Leica DM4000B fluorescence microscope (Leica 
Microsystems, Inc.) to observe the nuclear morphology and 
identify the apoptotic bodies.

Apoptosis assay by flow cytometry (FCM). Flow cytometry 
was utilized to test apoptosis using an Annexin V‑FITC/PI 
apoptosis detection kit according to the manufacturer's instruc‑
tions. Briefly, A375 and B16 melanoma cells were treated 
with different doses of pectolinarigenin (0‑40 µM) for 48 h, 
harvested and washed twice with ice‑cold PBS, followed by 
the addition of Annexin V‑FITC and PI in the dark for 5 min 
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in the room temperature. The apoptotic state in each group 
was analyzed by FCM (FACSCalibur; BD Biosciences), and 
Flow Jo software version 7.6.1 (Treestar) was used to analyze 
the data and determine the average apoptotic rates of three 
independent experiments.

Detection of mitochondrial membrane potential (ΔΨm). 
Mitochondrial membrane potential was detected by FCM 
using Rh123 staining. A375 and B16 cells, exposed to a range 
of concentrations of pectolinarigenin (0‑40 µM) for 48 h, 
were collected, washed and incubated with 10 µM Rh123 
for 30 min at 37˚C in the dark. Following the incubation, the 
cells were washed twice with cold PBS, and the fluorescence 
was subsequently detected by dyeing of Rh123 and FCM 
(as aforementioned and detected using the FITC channel). The 
mean values of triplicate experiment results were calculated.

Detection of reactive oxygen species (ROS). ROS was detected 
by DCFH‑DA, which is hydrolyzed by intracellular esterases 
to produce a non‑fluorescent DCFH product that can be 
oxidized by ROS and other oxidizing species to produce a 
highly fluorescent DCF product. A375 (5x104 per well) and 
B16 (5x104 per well) cells were treated with 0‑40 µM pecto‑
linarigenin for 48 h, collected, washed and incubated with 
10 µM (DCFH‑DA) for 30 min at 37˚C in the dark. Following 
the incubation, the cells were washed twice with ice‑cold PBS, 
and the fluorescence was subsequently assessed by FCM. This 
experiment was repeated three times.

Migration assay. Cell migratory ability was measured using 
a modified wound healing assay. The cells were cultured in 
6‑well plates until they reached 80% confluence. A sterile 10 µl 
plastic pipette tip was used to create a wound in each well, 
followed by washing with PBS. Fresh medium containing 2% 
FBS and pectolinarigenin (0, 10, 20 or 40 µM) was added to 
the well. After 48‑h incubation at 37˚C with 5% CO2, the cells 
that migrated into the wounded area were photographed under 
a light microscope and the cells within the area were counted 
manually. The assay was performed three times.

Transwell migration and invasion assays. A Boyden chamber 
(8‑µm pore size) migration assay was conducted as previously 
described, with several modifications (16). Briefly, 1.0x105 

A375 or B16 cells suspended in 100 µl serum‑free medium 
were added into the upper chamber of a 24‑well Transwell 
insert, and 600 µl culture medium (DMEM for A375 and 1640 
for B16) with 10% FBS was put into the lower chamber. In 
addition, pectolinarigenin (0, 10, 20 or 40 µM) was added into 
both chambers. The cells were incubated at 37˚ for 48 h, and 
the migrated cells that were attached to the lower surface of 
the Transwell membrane were fixed in 100% methanol and 
stained with 0.5% crystal violet at room temperature for 
15 min. The non‑migrated cells on the upper surface of the 
membrane were removed by cotton swabs. Images of migrated 
cells in three randomly selected fields were captured and 
evaluated under a light microscope.

The invasion assay was performed according to methods 
outlined in previous studies (17). Briefly, 60 µl diluted Matrigel 
(BD Biosciences) was placed in the upper chamber of a 24‑well 
Transwell plate and incubated at 37˚C for polymerization. The 

lower chamber was filled with 600 µl medium (DMEM for 
A375 and 1640 for B16) containing 10% FBS. Cells (A375 or 
B16) (1.0x105) in 100 µl serum‑free medium were added into 
the upper chamber and treated with pectolinarigenin (0, 10, 20 
or 40 µM). Following 48‑h incubation at 37˚C, the rest of the 
invasion assay was conducted using the same protocol as the 
migration assay. Invading cells in three areas per well were 
counted, and the inhibition rate of invasion was calculated. 
The two assays were performed three times.

Western blot analysis. A375 and B16 cells (2x105 cells) were 
seeded in petri dishes and treated with pectolinarigenin (0, 10, 
20 or 40 µM) for 48 h at 37˚C. The cells were lysed in ice‑cold 
RIPA buffer (Beyotime Institute of Biotechnology) (containing 
protease inhibitor cocktail and phosphalase inhibitor cocktail) 
for 30 min on the ice after washing twice with PBS. Protein 
lysates were centrifuged at 12,000 x g for 15 min at 4˚C to 
collect the supernatant of the lysate. Protein concentrations 
were determined by the BCA Protein Assay Kit (Pierce; 
Thermo Fisher Scientific, Inc.) using known amounts of 
bovine serum albumin (Beyotime Institute of Biotechnology) 
to standardize and equalize the protein concentration 
before loading onto gels. Protein lysates (50 µg per lane) were 
resolved by electrophoresis on 10 or 12% SDS polyacrylamide 
gels and transferred onto PVDF membranes (Amersham; 
Cytiva). The membranes were blocked with 5% skim milk in 
Tris‑buffered saline containing 1% Tween 20 (TBST; pH 7.4) 
at room temperature for 1 h, and incubated overnight at 4˚C 
with primary antibodies. After washing five times with TBST 
at room temperature, the membranes were incubated with a 
1:2,000 dilution of the relevant HRP‑conjugated secondary 
antibody for 2 h at room temperature, followed by five washes 
with TBST. The blots were developed using an enhanced 
chemiluminescence (ECL) kit (Amersham; Cytiva). A 
monoclonal β‑actin antibody was used as an internal control. 
ImagePro Plus v6.0 (Media Cybernetics) was used for densi‑
tometry analysis, and normalized against β‑actin expression. 
Original images of the blots may be viewed in Supplementary 
Figure 1.

Statistical analysis. The data are expressed as the mean ± SD 
of at least three independent experiments. The differences 
between the groups were examined by one‑way ANOVA 
followed by Dunnett's post hoc test using SPSS v16.0 software 
(SPSS, Inc.). Excel 2016 software (Microsoft Corporation) was 
used to process the figures. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Pectolinarigenin inhibits melanoma cell viability. The chem‑
ical structure, molecular weight and molecular formula of 
pectolinarigenin, a yellow powder composed of flavonoids, are 
presented in Fig. 1A. First, cell viability was examined using 
a wide range of pectolinarigenin concentrations in melanoma 
cells A375, B16 and CHL‑1 to analyze the toxic or protective 
function of pectolinarigenin in the present study. The results 
demonstrated that pectolinarigenin treatment reduced the 
viability of A375, B16 and CHL‑1 cells compared with the 
untreated control groups, and the effects appeared stronger 
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with higher concentrations (Fig. 1B). Following 48‑h exposure 
to 40 µM pectolinarigenin, the viability of the A375, B16 and 
CHL‑1 cells was reduced to 43.79, 15.94 and 34.76% of that in 
the control groups, respectively.

To validate the MTT assay results, a colony formation 
assay was performed to detect the proliferation of melanoma 
cells following continuous exposure to pectolinarigenin. The 
results demonstrated that long‑term treatment resulted in a 
decrease in the colony formation of A375, B16 and CHL‑1 cells 
(Fig. 1C and D). More specifically, pectolinarigenin exerted 
an inhibitory effect on colony number and, with no visible 
colony formation observed in the high concentration groups 
(20 and 40 µM). These results demonstrated that pectolinari‑
genin inhibited the viability and proliferation in A375, B16 
and CHL‑1 cells.

Pectolinarigenin induces apoptosis in melanoma cells. 
Hoechst 33258 staining assay was performed to initially 
assess the effects of pectolinarigenin on the induction of 
apoptosis in A375 and B16 cells. Upon exposure to pecto‑
linarigenin for 48 h, nuclear fragmentation and apoptotic 
bodies in the treated groups were observed in the A375 and 

B16 cells (Fig. 2A). In addition, the higher the pectolinari‑
genin concentration used, the more notable the apoptotic 
hallmarks the lower number of living cells, thus confirming 
that pectolinarigenin induced apoptosis in melanoma cells.

To quantify the apoptotic rates induced by pectolinarigenin, 
an Annexin V‑FITC/PI assay was performed and analyzed 
by FCM. The results demonstrated that pectolinarigenin 
induced apoptosis in both A375 and B16 cells after treatment 
with the indicated concentration of pectolinarigenin for 48 h 
(Fig. 2B and C). Treatment with 40 µM pectolinarigenin led to 
an increase of the apoptotic rate by >6‑fold in A375 cells and 
10‑fold in B16 cells compared with the respective untreated 
control groups. Thus, pectolinarigenin induced apoptosis in 
A375 and B16 cells.

The expression levels of apoptosis‑associated proteins 
Bcl2, Bax and Cleaved Caspase‑3 were determined by western 
blotting. As presented in Fig. 2D, in A375 cells, pectolinari‑
genin treatment reduced the levels of Bcl2 expression, whereas 
those of pro‑apoptotic proteins Bax and Cleaved Caspase‑3 
were increased compared with the untreated control group. 
In B16 cells, pectolinarigenin treatment downregulated the 
expression of the anti‑apoptotic Bcl2 and upregulated the 

Figure 1. Inhibitory effects of pectolinarigenin on melanoma cell viability and colony formation. (A) Chemical structure of Pectolinarigenin. (B) Melanoma 
cells (A375, B16 and CHL‑1) were treated with pectolinarigenin for 24, 48 and 72 h, and cell viability was tested by an MTT assay. (C) Effects of pectolinari‑
genin on colony formation in melanoma cell lines A375, B16 and CHL‑1. (D) Statistical analyses of the inhibition in the colony formation assays are presented 
as the percentage of surviving colonies relative to the untreated control group. Data are presented as the mean ± SD of at least three independent experiments. 
*P<0.05, **P<0.01 and ***P<0.001 vs. 0 µM pectolinarigenin.
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Figure 2. Pectolinarigenin induces apoptosis in A375 and B16 cells. (A) A375 and B16 cells stained with Hoechst 33258 were observed under fluorescence 
microscopy (x20 magnification). Red arrows indicate bright blue regions, which represent the apoptotic bodies. (B and C) The cells were exposed to the 
indicated concentrations of pectolinarigenin for 48 h. Apoptosis was assessed by a flow cytometric Annexin V/PI labeling assay. (D and E) Effects of pecto‑
linarigenin on the expression levels of apoptosis‑associated proteins in A375 and B16 cells were determined by western blotting. The protein band and the 
loading control that follows were from the different parts of the same gel, and the loading controls and protein bands were grouped together in the figure from 
different gels. Data are presented as the mean ± SD of at least three independent experiments. *P<0.05 and ***P<0.001 vs. 0 µM pectolinarigenin. PI, propidium 
iodide.
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expression of pro‑apoptotic Bax and Cleaved Caspase‑3; 
however, the loss of Bcl2 accumulation when B16 cells were 
treated with the higher concentrations of pectolinarigenin may 
have been affected by the different period of dose‑response 
curve (lag period and log period) (Fig. 2E). Thus, the higher 
concentrations of pectolinarigenin induced more loss of Bcl2 
in B16 cells.

Effects of pectolinarigenin on ΔΨm and ROS. To further test 
whether apoptosis induced by pectolinarigenin was associated 
with the mitochondrial apoptotic pathway, ΔΨm and intracel‑
lular ROS levels were measured. After 48‑h pectolinarigenin 
treatment, loss of ΔΨm (except for the 2.5 and 5 µM in B16) 
compared with that in the untreated controls was observed in 
both A375 and B16 cells (Fig. 3A and B), and the balance of 
cellular ROS levels in the two cell types was visibly disturbed 
(Fig. 3C and D), that the changes of ROS levels in the two 
cells varied significantly compared with the control group 
(P<0.05). With the increasing of concentration, ROS level may 
increase or decrease unsteadily. These results suggested that 
the mitochondria‑mediated apoptotic pathway may serve an 
important role in pectolinarigenin‑induced apoptosis in B16 
and A375 cells.

Pectolinarigenin decreases the migratory and invasive abili-
ties of A375 and B16 cells. Based on the antiproliferative and 
apoptosis‑inducing effects of pectolinarigenin, as well as 
on the metastatic capability of tumor cells, which poses the 
predominant threat in cancer‑related mortality, the present 
study investigated whether pectolinarigenin may affect the 
migration‑ and invasion‑associated abilities of melanoma 
cells. Wound healing and Transwell assays were used to vali‑
date the antimetastatic effects of pectolinarigenin on A375 
and B16 cells.

In the wound healing assay with A375 and B16  cells, 
significant reductions in cell migration were observed at 48 h 
in the groups treated with pectolinarigenin compared with that 
in the untreated control (Fig. 4A).

The results of the Transwell migration and invasion assays 
demonstrated that the numbers of cells treated with pectoli‑
narigenin that migrated to the lower surfaces of the Transwell 
membranes were reduced compared with the control group 
cells. The migration and invasion of A375 and B16 cells were 
notably diminished by pectolinarigenin (Fig. 4B and C). Taken 
together, these results demonstrated that pectolinarigenin 
inhibited cell motility and invasiveness in vitro.

The expression levels of proteins MMP2, MMP9, 
TIMP2, Stat3, and p‑Stat3(Tyr705), which are associated with 
cell migration and invasion, were determined by western 
blotting. The results demonstrated that the protein levels of 
MMP2 and MMP9 were decreased in the treated groups 
of B16 cells compared with those in the untreated control 
group (Fig. 2D and 4D). A similar result was obtained in 
A375 cells (Fig. 4E), where pectolinarigenin treatment also 
upregulated the protein expression of TIMP2 and downregu‑
lated the expression of p‑Stat3. These results demonstrated 
that pectolinarigenin inhibited cell migration and invasion 
in both A375 and B16 cells, which was associated with the 
downregulation of MMP2 and MMP9 and/or the alteration of 
TIMP2 and ‑Stat3.

Discussion

Melanoma is a highly malignant skin cancer with a consid‑
erable metastatic potential, drug resistance and poor 
treatment efficacy, as well as an increasing incidence in the 
last decade (2,18). Thus, novel and efficient alternatives to 
current anti‑melanoma agents are urgently needed.

Extensive studies have demonstrated that components 
derived from plants, which are generally considered safe, can 
exert potent anticancer activities (19). As a typical candidate, 
flavonoids have exhibited potential for cancer suppression 
through apoptosis induction and other different mechanisms, 
such as autophagy induction  (20,21). Pectolinarigenin is 
a natural extract from multiple herbal medicinal plants, 
including Cirsium japonicum, Eupatorium odoratum and 
Trollius chinensis (22). Previous studies have reported that 
pectolinarigenin demonstrates potent inhibitory activity on 
melanogenesis and effective antitumor activity in vivo and 
in vitro (10,15).

To the best of our knowledge, there has been no study on 
the biological activity of pectolinarigenin in melanoma cells, 
and the precise role and mechanism of pectolinarigenin on 
melanoma needs further research. To verify the anti‑melanoma 
effect of pectolinarigenin in this study, experiments were 
performed to demonstrate the inhibitory effect of pectolinari‑
genin on the proliferation and metastasis of melanoma cells. 
The results demonstrated that pectolinarigenin suppressed 
the viability and proliferation of melanoma cells. The next 
objective of the study was to explore the effects of pectoli‑
narigenin on apoptosis and on the underlying mechanism. 
Apoptosis is an essential mechanism targeted by numerous 
anticancer agents, characterized by shrinkage of the cell 
and nucleus, chromatin condensation and finally the forma‑
tion of apoptotic bodies (23,24). Thus, inducing apoptosis is 
regarded as a potential strategy for cancer treatments (25). 
The results of the Hoechst and the Annexin V‑FITC/PI assays 
in the present study confirmed that pectolinarigenin induced 
apoptosis in melanoma cells. In addition, Bcl‑2 family proteins 
are involved in the induction of intrinsic apoptosis, with Bcl2 
inhibiting apoptosis and Bax promoting apoptosis in various 
cell types, such as prostate and breast cancer cells (26). The 
caspase family is considered to comprise critical regula‑
tors of apoptosis initiation and execution, one of which, 
Caspase‑3, is an important effector protease that is cleaved 
and activated during apoptosis  (27). In the present study, 
pectolinarigenin treatment significantly elevated the expres‑
sion of pro‑apoptotic proteins Bax and Cleaved Caspase‑3, 
whereas the expression of the anti‑apoptotic protein Bcl2 
was reduced, which suggested the occurrence of apoptosis 
induced by pectolinarigenin and was consistent with previous 
reports that demonstrated that pectolinarigenin exerted potent 
anti‑proliferative activity in breast cancer cells by inducing 
apoptosis and the alteration of apoptosis‑related proteins (28). 
A375 and B16 cells are from different origins, which may 
cause the differences in cell sensitivity observed in the present 
study. Since pectolinarigenin inhibits melanogenesis, it may be 
an effective approach for anti‑melanogenesis treatment (10). 
In addition, inhibition of melanogenesis may sensitize mela‑
noma cells and improve the efficacy of therapy (13). Flavonoid 
extracts from flower of Paeonia decomposita and Paeonia 
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ostii inhibit tyrosinase oxidase activity and downregulate the 
expression of melanocortin 1 receptor (MC1‑R), tyrosinase 
and melanogenesis‑related proteins (29). Pectolinarigenin, as a 

natural flavonoid, may enhance the inhibitory effect of MC1‑R 
expression in B16, which is an MC1‑R positive cell. Flavonoids 
target critical oncogenic signaling pathways and receptors, 

Figure 3. Changes in mitochondrial membrane potential and ROS induced by pectolinarigenin treatment in A375 and B16 cells. (A and B) A375 and B16 cells 
were treated with pectolinarigenin for 48 h. The changes in mitochondrial membrane potential were determined by staining with Rh123, which was detected 
by flow cytometry. Red represents the control group. (C and D) A375 and B16 cells treated with various concentrations of pectolinarigenin for 48 h were 
incubated with DCFH‑DA, and the ROS levels were analyzed by flow cytometry. Red represents the control group. The results are presented as the mean ± SD 
of at least three independent experiments. *P<0.05, **P<0.01 and ***P<0.001 vs. 0 µM pectolinarigenin. ROS, reactive oxygen species; Rh123, rhodamine 123.
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Figure 4. Pectolinarigenin decreases A375 and B16 cell migration and invasion. (A) Representative images from a light microscope (x10 magnification) of 
the wound healing assay using A375 and B16 cells treated with pectolinarigenin for 48 h; The lines represent the area occupied by the initial scraping, and 
migrated cells were counted. (B) Transwell migration assay of A375 and B16 cells upon treatment with the indicated concentration of pectolinarigenin, 
after which the migrated cells were stained, photographed and quantified (x20 magnification). (C) Transwell invasion assay of A375 and B16 cells upon 
treatment with the indicated concentration of pectolinarigenin, after which the invading cells were stained, photographed and quantified (x20 magnification). 
(D and E) Expression of MMP2, MMP9, and TIMP2 were determined by western blotting with β‑actin as the internal control. The protein band and the loading 
control that follows were from the different parts of the same gel, and the loading controls and protein bands were grouped together in the figure from different 
gels. Data are presented as the means ± SD of at least three independent experiments. **P<0.01 and ***P<0.001 vs. 0 µM pectolinarigenin. MMP, matrix metal‑
loproteinase; TIMP2, tissue inhibitor or metalloproteinases 2; p, phosphorylated.
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such as PI3K/ATK, EGFR, MAPK (30), which may affect the 
sensitivity of different cell lines. Thus, subtle differences in 
cell sensitivity were observed in the present study.

Excessive or low levels of ROS disrupt the mitochon‑
drial membrane potential and induce apoptosis, which is 
associated with a decreasing mitochondrial transmembrane 
potential (31,32). The results of the present study demonstrated 
that the apoptosis induced by pectolinarigenin in melanoma 
cells was associated with the loss of ΔΨm and dysregulated ROS 
levels. Mitochondria and ROS‑generating enzymes can also be 
targeted by flavonoids; however, previous studies have reported 
that flavonoids may serve either as ROS scavengers or stimula‑
tors (30). These conflicting results may be due to the potential 
of all antioxidants to be converted into pro‑oxidants  (30). 
It may be speculated that certain flavonoids may require a 
specific dose range to act as antioxidants, whereas outside of 
this range, they may stimulate ROS production. In the present 
study, pectolinarigenin intervention affected the ROS levels in 
A375 and B16 in different ways. In A375 cells, pectolinarigenin 
served as an ROS stimulator to induce apoptosis. In B16 cells, 
low concentration of pectolinarigenin (2.5 and 5 µM) served as 
a ROS stimulator, whereas when the concentration was >5 µM, 
pectolinarigenin exerted an antioxidant effect to decrease the 
ROS content. These differences between A375 and B16 cells 
may have occurred due to the varying sensitivities of the two 
cell types. The different responses to pectolinarigenin in A375 
and B16 melanoma cells from different species are supported 
by a previous study Yang et al (33) have demonstrated that 
the ROS level in A375 cells treated with hinokiflavone was 
notably increased, whereas that in B16 cells was first increased 
and then decreased, and loss of ΔΨm and unbalanced the level 
of ROS in both A375 and B16 cells was observed. Therefore, 
it is possible that the ROS‑mediated mitochondrial apoptotic 
pathway is involved in melanoma cell death induced by 
pectolinarigenin.

Cancer is a complex process, and the hallmark migra‑
tory and invasive ability of cancer cells is the primary cause 
of cancer‑associated mortality (34). Migration and invasion 
are prerequisites for tumor metastasis, and suppressing the 
metastatic capability of cancer cells is regarded as a principal 
strategy for cancer therapy  (35). Thus, the present study 
conducted assays to evaluate the metastatic ability of A375 and 
B16 cells following exposure to pectolinarigenin. The results 
demonstrated that pectolinarigenin induced an inhibition of 
cell migration and invasion compared with those in untreated 
cells. In addition, the degradation of basement membranes is a 
key step in cellular invasion and metastasis formation. Several 
lines of evidence have implicated that MMPs serve a crucial 
role in these complex multistep processes (36). Two of these 
metalloproteinases, MMP2 and MMP9, have been reported 
to be associated with metastasis, and cancer cell invasion and 
migration into surrounding tissues are mediated by MMP2 
and MMP9 (37,38). In addition, TIMP2, a specific inhibitor of 
MMP2, is associated with the activation status of MMP2 (16). 
Stat3 is another important transcription factor that is involved 
in cell proliferation, survival, apoptosis and metastatic capa‑
bility, which also has important roles in cancer aggressiveness, 
making it an attractive target for cancer therapy (39). Thus, 
the present study assessed whether these metastasis‑asso‑
ciated proteins were associated with impaired metastasis in 

melanoma cells by western blotting. The results indicated that 
after treatment with pectolinarigenin, the metastatic ability 
of B16 cells was inhibited via MMP2‑ and MMP9‑mediated 
pathways, and the metastatic ability of A375 was inhibited 
via the Stat3/MMP2/MMP9 pathway. In addition, previous 
studies have demonstrated that by interacting with the Stat3 
pathway, pectolinarigenin can inhibit the proliferation, migra‑
tion and invasion of osteosarcoma (40), breast cancer (39) and 
colorectal carcinoma (41) cells, which is in agreement with the 
results of the present study. In vitro and in vivo experiments 
were carried out in the three cited study, which demonstrated 
that pectolinarigenin suppressed metastasis. Pectolinarigenin 
induced apoptosis in colorectal and breast cancer cells 
by increasing the ratio of Bax/Bcl2 and the expression of 
Cleaved Caspase‑3 (39,41), which was also demonstrated in 
the present study, and the ROS‑mediated mitochondrial apop‑
totic pathway was involved in the pectolinarigenin induced 
apoptosis in melanoma cells. In addition, Zhang et al  (40) 
have suggested that pectolinarigenin suppresses osteosarcoma 
growth and metastasis by SHP‑1‑mediated Stat3 signaling 
inhibition in vivo and in vitro, and pectolinarigenin signifi‑
cantly suppresses osteosarcoma cell proliferation, induces 
apoptosis and reduces the level of STAT3 downstream proteins 
cyclin D1, Survivin, Bcl‑2, B‑cell lymphoma extra‑large and 
myeloid cell leukemia 1. The anti‑melanoma effect of pectoli‑
narigenin in vivo, and the underlying mechanisms, need to be 
investigated in future studies.

The results of the present study demonstrated that pecto‑
linarigenin exhibited antitumor activity on melanoma cells, 
causing the inhibition of A375 and B16 cell viability, prolifera‑
tion, invasion and migration, and the induction of apoptosis 
via the ROS‑mitochondrial apoptotic pathway. As pectolinari‑
genin inhibits melanogenesis, it may be an effective approach 
for anti‑melanogenesis therapies  (10), and melanogenesis 
serves a key role in the regulation of cellular metabolism (11). 
Of note, based on the present results and on previous studies, 
pectolinarigenin may be offered as a new potential agent 
for melanoma treatment based on its ability to inhibit the 
cell proliferation, induce apoptosis and block migration and 
invasion. However, there are certain limitations to the present 
study. For example, in the wounding healing assay, the same 
method was used to create identical wounds in each well at 0 h, 
and there were no differences between wells when observed 
under a microscope; thus, images were not captured at 0 h, and 
the relative wound closure could not be calculated. However, 
after treatment for 48 h, the scratch was observed and images 
of every well were captured under a microscope to count 
the cells that had migrated into the wound area. Regarding 
the content of experiments, the present study focused on 
the role of pectolinarigenin in melanoma cell proliferation, 
apoptosis, migration and invasion; this was a primary study 
on the anti‑melanoma ability of pectolinarigenin, providing a 
research basis for its anti‑melanoma activity and recognizing 
its anti‑melanoma ability. The present study had some limi‑
tations, including that on in vitro studies were performed, 
without detecting changes in melanin production in pigmented 
melanoma cells. In addition, the activity of related enzymes, 
and related genes expression levels were not analyzed. In 
our future studies, in vivo experiments will be performed to 
validate the anti‑melanoma effects of pectolinarigenin. These 
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studies will involve exploring the effect of pectolinarigenin on 
tumorigenesis, malignancy and metastasis of melanoma, and 
tissue inflammation and histopathological changes in animal 
models to provide a scientific basis for its anti‑melanoma 
activity.

Overall, the results of the present study demonstrated that pecto‑
linarigenin significantly inhibited cell proliferation, migration 
and invasion and induced apoptosis in vitro via a ROS‑mediated 
mitochondrial pathway and an MMP2 and MMP9‑mediated 
pathway. These results suggested that pectolinarigenin may serve 
as a new agent for melanoma treatment.
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