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Abstract. Matrine, one of the main alkaloid components 
extracted from the traditional Chinese herb, Sophora flave-
scens Ait, has various pharmacological effects, and has 
been reported to exert antitumor activity in melanoma. In 
the current study, the molecular mechanisms underlying the 
inhibitory effects of matrine were investigated in melanoma 
cell line. It was initially confirmed that matrine inhibited 
proliferation, invasion and induced apoptosis in human A375 
and SK-MEL-2 melanoma cell lines in vitro. Subsequently, 
reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) analysis demonstrated that the expression of 
microRNA (miR)-19b-3p was significantly increased in mela-
noma cells and was downregulated by treatment with matrine. 
Furthermore, downregulated miR-19b-3p exerted effects 
similar to 500 µg/ml matrine on cell proliferation, invasion 
and apoptosis. Phosphatase and tensin homolog (PTEN) 
mRNA was identified as a direct target of miR-19b-3p 
through bioinformatics analysis and a dual-luciferase reporter 
assay. Additionally, western blotting and RT-qPCR analysis 
demonstrated that the expression of PTEN protein and mRNA 
were increased by the treatment with matrine. Furthermore, 
silencing of PTEN expression reversed the effects of matrine 
and miR-19b-3p downregulation in A375 and SK-MEL-2 
cells. Taken together, the results indicated that matrine may 
suppress cell proliferation and invasion and induce cell apop-
tosis partially via miR-19b-3p targeting of PTEN.

Introduction

Melanoma is a type of skin cancer caused by excessive 
hyperplasia of abnormal melanocytes. It is prone to relapse 
and metastasis, which makes it one of the leading causes of 

mortality among skin cancers (1). Recently, molecular targeted 
therapy has provided potential for intervention at a molecular 
level by modulating certain signaling pathways as a form of 
cancer treatment and offers the promise of novel treatments for 
melanoma through the associated in-depth analyses of signal 
transduction pathways. Several antagonistic drugs directed 
against melanoma have been put into clinical use (2-4). 
However, melanoma has developed into one of the fastest 
growing cancers in terms of incidence rate in recent years, 
with an annual rate of growth of 3-5% (5,6). As a result, iden-
tifying novel targets for the treatment of melanoma remains an 
urgent need at this stage.

Matrine is a major alkaloid extracted from Sophora flaves-
cens (7) and is also naturally present in subprostrate Sophora (8) 
and Sophora alopecuroides (9). Matrine exhibits several 
pharmacological effects, including anti-arrhythmia (10), anti-
inflammation (11), and antitumor activities (12-15). The wide 
spread use of matrine is attributed to its low toxicity. The 
anticancer properties of matrine are associated with its ability 
to inhibit proliferation and invasion and induce apoptosis in 
tumor cell lines through a vast number of pathways (13,16,17). 
However, in the case of melanoma, the matrine mechanism of 
action has not been clarified.

MicroRNAs (miRNAs/miRs) are considered to have 
important roles in tumors. It has recently been reported that 
matrine alters miRNA expression profiles in SGC-7901 
human gastric cancer cells, providing a novel and promising 
approach to identify the mechanisms of action of matrine (18). 
In this study, an miRNA microarray was used to screen rela-
tive miRNA levels of SGC-7901 human gastric cancer cells 
following matrine treatment (18). Among the results, miR-19b 
was of particular interest. Compared with the untreated cells, 
miR-19b was significantly downregulated in SGC-7901 cells 
following matrine treatment. Another study reported that 
miR-19b promoted breast cancer metastasis by targeting 
myosin regulatory light chain interacting protein and associ-
ated cell adhesion molecules (19). Additionally, it has been 
reported that miR-19b-3p may promote colon cancer prolif-
eration and oxaliplatin-based chemoresistance by targeting 
SMAD4 (20). Notably, in melanoma, miR-19b was reported to 
be a novel upstream effector of telomerase reverse transcriptase 
transcription via direct targeting of mRNA encoding pituitary 
homeobox 1 (21). Additionally, miR-19b was downregulated 
following matrine treatment in gastric cancer cell lines (18). 
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Thus, in the present study, it was aimed to determine whether 
matrine regulates miR-19b in melanoma via certain pathways 
to alter the proliferation, invasion and apoptosis of melanoma 
cells.

Materials and methods

Cell lines and cell culture. A375 and SK-MEL-2 cells have 
been widely used in melanoma research in vitro (22,23). 
The two cell lines were purchased from the cell bank of the 
Chinese Academy of Sciences (Shanghai, China). Normal 
human epidermal melanocytes (NHEMs) and three melanoma 
cell lines (SK-MEL-1, A875 and M21) were purchased from 
Zhong Qiao Xin Zhou Biotechnology Co., Ltd. (Shanghai, 
China). The cell lines were cultured in a humidified atmo-
sphere of 5% CO2, with the temperature set to 37˚C. Cells were 
cultured in Dulbecco's modified Eagle's medium (DMEM; 
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
containing 10% fetal bovine serum (FBS; Thermo Fisher 
Scientific, Inc.), 100 U/ml penicillin and 100 µg/ml strepto-
mycin.

Reagents. Matrine (>98% purity) was purchased from Rochen 
Pharma Co., Ltd. (Shanghai, China) and dissolved in DMEM 
medium to make a 10 mg/ml stock solution and stored at -20˚C 
in the dark.

Cell treatment. A375 and SK-MEL-2 cells were exposed to 
different treatments and divided into several groups according 
to the experimental design. A375 and SK-MEL-2 cells were 
directly treated with 0, 250 and 500 µg/ml matrine; addition-
ally, the two cells were transfected with anti-miR-19b-3p (cat. 
no. B03001; Shanghai GenePharma Co., Ltd., Shanghai, China), 
of miR-19b-3p mimics (cat. no. B01001) or small interfering 
RNA (si) targeting phosphatase and tensin homolog (PTEN; 
cat. no. A01001; Shanghai GenePharma Co., Ltd.) or co-trans-
fected with si-PTEN and the first two miRNAs. In the 
experiments, anti-miR-control (cat. no. B04003) was used as a 
control for anti-miR-19b-3p mimics, miR-control (cat. 
no. B04001) (both from Shanghai GenePharma Co., Ltd.) was 
used as a control for miR-19b-3p mimics, and the blank group 
and scramble si-PTEN group was used as a control for si-PTEN. 
The blank group was untransfected cells. For transfection, 
A375 and SK-MEL-2 cells were cultured in the complete 
medium without antibiotics for >24 h and washed with 1X PBS 
(pH 7.4) and then transiently transfected with the appropriate 
constructs (20 pmol for 24-well plate or 100 pmol for 6-well 
plate) using Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturers' instructions. 
The sequences were as follows: Anti-miR-19b-3p, 5'-UCAGUU 
UUGCAUGGAUUUGCACA-3'; miR-19b-3p mimic, 5'-UGU 
GCAAAUCCAUGCAAAACUGA-3' and 5'-AGUUUUGCAU 
GGAUUUGCACAAG-3'; si-PTEN, 5'-AGAUGUUAGUGACA 
AUGAACC-3' and 5'-GGUUCAUUGUCACUAACAUCU-3'.

Cell counting kit-8 (CCK-8) assay. The CCK-8 assay is a 
method for evaluating the proliferation of A375 and SK-MEL-2 
cells in vitro. The cells into several groups as described above. 
Following treatment or transfection for 24-72 h, 10 µl CCK-8 
reagent was added to the medium with 90 µl DMEM and FBS. 

The cells were incubated for 4 h. The absorbance at 450 nm 
[optical density (OD)450] was measured using a microplate 
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA) to 
estimate viable cell numbers.

Transwell assay. A Transwell assay was performed to analyze 
cell invasion. For this assay, 5x105 cells/ml A375 and SK-MEL-2 
cells were cultured in the upper chamber of a 24-well Transwell 
Permeable Support with 100 µl serum-free DMEM; whereas, 
the lower chamber was filled with 400 µl medium containing 
10% FBS. Subsequently, the plate was incubated for 48 h. 
Subsequently, cells in the upper chamber were then removed 
with a clean cotton swab, and cells that had migrated to the lower 
chamber through Matrigel were fixed with 99.5% methanol at 
room temperature for 30 min. To determine the number of 
cells via microscopy, 0.1% crystal violet staining for 10 min at 
room temperature was performed. Cells were counted in three 
randomly selected fields under an inverted light microscope 
and each experiment was repeated in triplicate independently.

Flow cytometry. In normal cells, phosphatidylserine (PS) is 
only distributed inside of the membrane lipid bilayer. When the 
earliest steps of apoptosis occur, PS translocates to the outside 
of the membrane, and can bind with the calcium-dependent 
phospholipid-binding protein Annexin V. Thus, Annexin V 
binding is a sensitive marker for detecting early cell apoptosis. 
Propidium iodide (PI) is a nucleic acid dye. It is unable to 
penetrate the whole cell membrane of intact cells, while it is 
able to penetrate and stain late apoptotic and dead cells due 
to the increased permeability of the cell membrane. In the 
current study, Annexin V-fluorescein isothiocyanate (FITC)/PI 
was applied to detect the apoptosis of A375 and SK-MEL-2 
cells via flow cytometry according to the instructions of the 
FITC Annexin V Apoptosis Detection Kit I (BestBio Science, 
Shanghai, China). For this assay, 5x105 cells/ml were cultured 
following treatment of matrine for 48 h or transfection 
with miRs and siRNA for 24 h. A total of 1x104 cells were 
harvested during the flow cytometry and each experiment was 
performed in triplicate.

Caspase-3/7 activity detection. Caspase-3/7 activity detection is 
another method to evaluate apoptosis. According to the instruc-
tions of the Caspase-Glo® 3/7 assay (Promega Corporation, 
Madison, WI, USA), 4x104 of cells were seeded in 96-well 
plates and cultured with matrine (0, 250 and 500 µg/ml) for 
24 h. Caspase-Glo® 3/7 buffer and substrate were thoroughly 
dissolved to form the Caspase-Glo® 3/7 reagent. The wells 
containing matrine, cell culture medium and Caspase-Glo® 3/7 
reagent without cells were used as a blank group. The wells 
containing Caspase-Glo® 3/7 reagent and cells without matrine 
treatment in culture medium were used as negative control 
group. The wells containing Caspase-Glo® 3/7 reagent and 
cells under treatment of matrine in cell culture medium were 
used as the experimental groups. After incubation for 3 h at 
37˚C, the luminescence of each group was measured in a lumi-
nometer plate reader at an excitation wavelength of 490 nm and 
an emission wavelength of 530 nm.

RNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR). Total RNA exaction from 
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A375 and SK-MEL-2 cells following transfection or treatment 
for 24 h was performed with an E.Z.N.A. Total RNA Kit I 
(Omega Bio-Tek, Inc., Norcross, GA, USA). RNA was reverse 
transcribed to cDNA using a First Strand cDNA Synthesis Kit 
(Thermo Fisher Scientific, Inc.) according to the manufac-
turer's instructions. For the detection of miR-19b-3p, RT-qPCR 
was performed with a high-specificity miR-19b-3p RT-qPCR 
Detection Kit and ABI Power SYBR Green PCR Master Mix 
(both from Applied Biosystems; Thermo Fisher Scientific, 
Inc.), with U6 small nuclear RNA used as the endogenous 
control for normalization. For detection of PTEN mRNA, 
qPCR was performed with an ABI 7500 Fast System (Applied 
Biosystems; Thermo Fisher Scientific, Inc.), with GAPDH for 
PTEN normalization used as the endogenous control. The 
relative expression of miR-19b-3p and PTEN mRNA were 
calculated using the 2-ΔΔCq method (21).

The primers for miR-19b-3p were as follows: RT primer, 
5'-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTG 
GATACGACACACGTT-3'; forward, 5'-TCCGAAGTCAAA 
ACGTACCTA-3' and reverse, 5'-GTGCAGGGTCCGAGGT-3'. 
The primers for U6 were as follows: RT primer, 5'-GTCGTA 
TCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGA 
CAAAATA-3'; forward, 5'-TCCGATCGTGAAGCGTTC-3' 
and reverse, 5'-GTGCAGGGTCCGAGGT-3'. The primers for 
PTEN mRNA were as follows: forward, 5-CAAGATGATGTT 
TGAAACTATTCCAATG-3 and reverse, 5'-5-CCTTTAGCT 
GGCAGACCACAA-3'. The primers for GAPDH were as 
follows: forward, 5'-ACAACAGCCTCAAGATCATCAGC-3' 
and reverse, 5'-CACGCCACAGTTTCCCGGAG-3'. The 
RT-PCR reaction conditions were 16˚C for 10 min, 42˚C for 
60 min, 85˚C for 5 min, and paused at 16˚C. The qPCR reaction 
conditions were 95˚C for 3 min, 40 cycles at 95˚C for 30 sec and 
60˚C for 40 sec, melting curve (60˚C for 60 sec; 95˚C for 15 sec).

Western blotting. Total protein from A375 and SK-MEL-2 
cells (5x106 cells) after transfection or treatment for 24 h 
was homogenized in lysis buffer and was quantified. The 
lysis buffer was a mix of phenylmethylsulfonyl fluoride and 
radioimmunoprecipitation assay buffer (Beyotime Institute of 
Biotechnology, Haimen, China) according to the ratio of 1:99. 
A bicinchoninic acid protein assay kit (Beyotime Institute of 
Biotechnology) was used to quantify the total protein. In the 
process of western blotting, the total protein (30 µg) was sepa-
rated by 10% SDS-PAGE and transferred onto a nitrocellulose 
membrane at 90 V for 80 min. Tris-buffered saline (TBS; 1X) 
and 20% Tween-20 (5 ml) were mixed to produce TBST. 
Following washing in 1X TBST for 3 min, the membrane was 
blocked in 3% FBS for 1 h at room temperature and probed with 
the primary antibody (mouse anti-PTEN monoclonal antibody; 
cat. no. BM4114; Wuhan Boster Biological Technology, Ltd., 
Wuhan, China) overnight at 4˚C at a 1:500 dilution. Following 
rinsing with 1X TBST 5 times for 5 min, the membrane was 
probed with a secondary antibody (goat anti-mouse IgG; 
1:10,000 dilution; cat. no. SA00001-1; ProteinTech Group, Inc., 
Chicago, IL, USA) for 2 h at room temperature. Following five 
washes in TBST, the films of immunoreactive products were 
scanned using an enhanced chemiluminescence western blot 
detection system (FluorChem E; ProteinSimple, San Jose, 
CA, USA) with the ECL Western Blotting Substrate (Thermo 
Fisher Scientific, Inc.). Quantified data were analyzed using 

IPP 6.0 image analysis software (Media Cybernetics, Inc., 
Rockville, MD, USA). GAPDH (cat. no. BM3876; Wuhan 
Boster Biological Technology, Ltd.) served as an endogenous 
reference and antibody was incubated overnight at 4˚C in a 
1:400 dilution.

Luciferase reporter assay. A luciferase reporter assay was used 
to examine the association between miR-19b-3p and PTEN, 
following identification of two putative binding sites in the 
PTEN 3' untranslated region (UTR) using bioinformatics anal-
ysis (TargetScan; targetscan.org/vert_72/). PCR primers were 
designed (forward, 5'-GTACTCGAGAGGATTAATAAA 
GATGGCACT-3' and reverse, 5'-ACGTCTAGAATCAATA 
AAGCACATGTAGGAC-3') to amplify wild-type (Wt) and 
mutant (Mt) PTEN 3'UTR sequences by PCR amplification, and 
the PUC57-Wt-PTEN 3'UTR and PUC57-Mt-PTEN 3'UTR 
(Sangon Biotech Co., Ltd., Shanghai, China) were used as the 
templates for amplification, respectively. A pmirGLO reporter 
vector was purchased from Promega Corporation, and the frag-
ments that had been amplified beforehand were cloned into the 
multiple cloning site region of the vector to produce the recom-
binant vectors pmirGLO-3'UTR PTEN-Wt and pmirGLO-3'UTR 
PTEN-Mt.

To perform out the luciferase reporter assay, A375 cells 
were divided into 8 groups and cultured in two 6-well plates. 
pmirGLO-3'UTR PTEN-Wt or pmirGLO-3'UTR PTEN-Mt 
vectors (2 µg) were co-transfected with miR-control, 
miR-19b-3p mimic (cat. no. B01001), anti-miR-control or anti-
miR-19b-3p (cat. no. B03001) into A375 cells as described 
above. Luciferase activity was then determined at 24 h post-
transfection with a Dual-Luciferase Assay Kit (Promega 
Corporation).

Statistical analyses. The software SPSS v.21.0 (IBMCorp., 
Armonk, NY, USA) was used for data analysis. The Student's t-test 
was used to compare between two groups. One-way analysis of 
variance was performed to compare data among three or more 
groups, and further analysis was achieved using Bonferroni or 
Least Significant Difference test. All values are expressed as the 
mean ± standard deviation. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Matrine inhibits proliferation and invasiveness, and promotes 
apoptosis in human A375 and SK-MEL-2 melanoma cell 
lines. Matrine, one of the main alkaloid components extracted 
from a traditional Chinese herb, Sophora flavescens Ait, has 
wide-spread pharmacological effects. The chemical formula 
of matrine is C15H24N2O (Fig. 1A) (24). In the current study, 
NHEMs, A375 and SK-MEL-2 cells were treated with 
various concentrations of matrine (0, 250 and 500 µg/ml) 
for 0-4 days. The CCK-8 assay was used to compare the 
proliferation rates of cells at different matrine concentrations. 
The OD450 values were measured over time and the growth 
curves were plotted (Fig. 1B). NHEM cells treated with the 
increasing concentrations of matrine shared similar OD 
values (P>0.05); while A375 cells treated with 500 µg/ml 
matrine exhibited significantly lower OD values than the cells 
treated with 250 µg/ml matrine and 0 µg/ml matrine (P<0.05). 
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Furthermore, the OD values in the 250 µg/ml group were also 
significantly lower than those in the 0 µg/ml group (P<0.05). 
A similar phenomenon was also observed in the SK-MEL-2 
cell line.

Additionally, Transwell assays were performed to deter-
mine the invasiveness of following matrine treatment. After 
incubation for 48 h, the number of invaded A375 cells in the 
250 µg/ml group (62.4±9.8) and 500 µg/ml group (43.6±6.1) 
was significantly decreased compared with the control group 
(105.3±15.7; P<0.05; Fig. 1C). Compared with the cell numbers 
obtained from CCK-8 assay (Fig. 1B), the relative rate of 
invaded cells treated in the same condition were relatively 
decreased, revealing that matrine could inhibit the invasive-
ness of A375 cells in some degree. Similarly, the number 
of SK-MEL-2 cells in the 250 µg/ml group (62.4±9.8) and 
500 µg/ml group (60.8±7.1) was also significantly decreased 
compared with the control group (95.5±14.6; P<0.05; Fig. 1C).

In addition to proliferation and invasion, abnormal apop-
tosis is another important feature of tumor pathology (25). As 
demonstrated in Fig. 1D, the flow cytometry analysis revealed 
that when treated with 250-500 µg/ml matrine, A375 and 
SK-MEL-2 cells exhibited significantly increased proportions 

of apoptotic cells (P<0.05); furthermore, the apoptotic rates 
were increased with elevated matrine concentration, suggesting 
that matrine induces cell apoptosis in a dose-dependent 
manner in vitro. To confirm the results, a caspase-3/7 assay 
was also used to detect cell apoptosis. The results demon-
strated that caspase-3/7 activity was significantly increased 
in the 250-500 µg/ml of matrine treatment groups compared 
with 0 µg/ml (P<0.05; Fig. 1E), which was consistent with the 
findings of flow cytometry.

These findings indicated that matrine did not induce marked 
cytotoxicity in normal cells; and that following treatment with 
250 and 500 µg/ml matrine, melanoma cells proliferation and 
invasion were significantly suppressed, while apoptosis was 
promoted, and the effects were dose-dependent.

Matrine decreases the expression of miR-19b-3p and increases 
the expression of PTEN in A375 and SK-MEL-2 cells. The 
aforementioned experiments demonstrated that matrine 
inhibited cell proliferation and invasion, and induced cell 
apoptosis. Subsequently, the effect of matrine on the expres-
sion of miR-19b-3p and PTEN was detected using RT-qPCR 
and western blot assays. miR-19b is part of the miR-17-92 and 

Figure 1. Matrine inhibits proliferation and invasion, and promotes apoptosis of human melanoma cell lines A375 and SK-MEL-2 in vitro. (A) Chemical 
formula of matrine. (B) Cell proliferation was determined by CCK-8 assays on NHEMs, A375 and SK-MEL-2 cells treated with 0, 250 and 500 µg/ml of 
matrine for 0-4 days. (C) Cell invasion was determined using Transwell assays. (D) Cell apoptosis was analyzed using Annexin/propidium iodide staining 
and flow cytometry and (E) caspase-3/7 activity detection was performed using A375 and SK-MEL-2 cells treated with 0, 250 and 500 µg/ml of matrine. 
*P<0.05 vs. 0 µg/ml. OD, optical density; NHEM, normal human epidermal melanocytes.
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miR-106-363 clusters. The two miRNA clusters are in the 
chromosomal region 13q31.3 and Xq26.2, respectively; with 
miRNAs at these locations often overexpressed in cancer 
cells (26-28). In the current study, the expression of miR-19b-3p 
was measured in five types of melanoma cells, with NHEMs 
used as a negative control. miR-19b-3p expression in the five 
melanoma cell lines was upregulated compared with that 

in the NHEMs (P<0.05; Fig. 2A). Additionally, following 
treatment with various concentrations of matrine for 48 h, 
the expression of miR-19b-3p in A375 and SK-MEL-2 cells 
significantly reduced in the 250-500 µg/ml matrine groups 
(P<0.05, Fig. 2B); while there was no significant difference in 
the expression of miR-19b-3p in NHEMs (P>0.05; Fig. 2B).

PTEN has been reported to be activated by matrine to induce 
growth inhibition and apoptosis in V600EBRAF-harboring 
melanoma cells (29). In the current study, PTEN protein 
expression was significantly increased in A375 and SK-MEL-2 
cells treated with 250 µg/ml matrine groups and 500 µg/ml 
compared with the blank and 0 µg/ml groups (P<0.05; Fig. 2C). 
Overall, matrine decreased the expression of miR-19b-3p and 
increased the expression of PTEN in A375 and SK-MEL-2 
cells.

miR-19b-3p targets PTEN in A375 and SK-MEL-2 cells. The 
findings of the current study indicated that the expression of 
miR-19b-3p and PTEN was altered in matrine-treated A375 
and SK-MEL-2 cells; subsequently, it was aimed to determine 
whether there is an association between miR-19b-3p and PTEN 
in melanoma cells. The bioinformatics analysis provided two 
interactive binding regions between miR-19b-3p and PTEN 
mRNA (Fig. 3A). Vast amounts of published data indicate that 
miRNAs can target one or more mRNA species to regulate their 
expression. To determine whether PTEN expression is regulated 
by miR-19b-3p, a dual-luciferase reporter assay was performed. 
During this experiment, A375 cells were divided into eight 
groups for the different treatments. miR-19b-3p significantly 
suppressed the luciferase activity in cells transfected with the 
pmirGLO-3'UTR PTEN-Wt; however, miR-19b-3p failed to 
inhibit this activity in cells containing the pmirGLO-3'UTR 
PTEN-Mt (Fig. 3B). Additionally, the cells were also trans-
fected with anti-miR-19b-3p and pmirGLO-3'UTR PTEN-Wt 
or pmirGLO-3'UTR PTEN-Mt groups, with an anti-miR-
control group as a negative control. The results revealed that 
luciferase activity in cells transfected with anti-miR-19b-3p 
and the pmirGLO-3'UTR PTEN-Wt was at its highest level 
compared with the other groups (P<0.05; Fig. 3B). Combined 
with the fact that the protein expression of PTEN was inhibited 
by miR-19b-3p overexpression and increased by miR-19b-3p 
downregulation (Fig. 3C), it was concluded that miR-19b-3p 
targeted PTEN in A375 and SK-MEL-2 cells.

Figure 2. Matrine increases the expression of PTEN, and decreases the expression of miR-19b-3p. (A) miR-19b-3p expression levels as determined by RT-qPCR 
in NHEMs, A375, SK-MEL-2, SK-MEL-1, A875 and M21 cells. *P<0.05 vs. NHEMs. (B) miR-19b-3p expression levels as detected by RT-qPCR in NHEMs, 
A375 and SK-MEL-2 cells treated with 0, 250 and 500 µg/ml of matrine for 24 h. (C) PTEN protein expression levels as determined by western blot analysis 
in A375 and SK-MEL-2 cells treated with 0, 250 and 500 µg/ml of matrine for 24 h. *P<0.05 vs. 0 µg/ml or blank. RT-qPCR, reverse transcription-quantitative 
polymerase chain reaction; NHEM, normal human epidermal melanocytes; miR, microRNA; PTEN, phosphatase and tensin homolog.

Figure 3. miR-19b-3p targeted PTEN in A375 and SK-MEL-2 cells. 
(A) Putative binding sites between miR-19b-3p and PTEN 3'UTR identified 
through bioinformatics analysis. (B) Luciferase activity of Wt and Mt PTEN 
3'UTR reporter constructs, relative to miR-control and anti-control groups, in 
the presence of miR-19b-3p mimic and anti-miR-19b-3p. *P<0.05 vs. respec-
tive control. (C) Expression of PTEN as detected through western blot assay in 
A375 and SK-MEL-2 cells transfected with miR-control, miR-19b-3p mimic, 
anti-miR-19b-3p or anti-miR-control. PGK, phospho-glycerate kinase pro-
moter; Luc2, firefly luciferase; UTR, untranslated region; PTEN, phosphatase 
and tensin homolog; Wt, wild-type; miR, microRNA; Mt, mutant.
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Matrine shares the similar effects on cell proliferation, 
invasiveness and apoptosis with miR-19b-3p in A375 and 
SK-MEL-2 cells. miR-19b-3p was verified to be downregulated 
by matrine. To analyze the biological effects of matrine-medi-
ated regulation of miR-19b-3p in melanoma, the A375 and 
SK-MEL-2 cell lines were treated with 0 or 500 µg/ml matrine, 
or transfected with anti-miR-19b-3p or anti-miR-control. 
As demonstrated in Fig. 4A, the expression of miR-19b-3p 
was suppressed in the 500 µg/ml matrine groups and anti-
miR-19b-3p groups. Subsequently, CCK-8, Transwell assay 
and flow cytometry assays were performed to assess cell prolif-
eration, invasiveness and apoptosis. Cell growth and invasion 
were significantly inhibited, and the number of apoptotic cells 
was increased in the 500 µg/ml matrine and anti-miR-19b-3p 
groups compared with the control groups (Fig. 4B-D). These 
results indicated that matrine and downregulated miR-19b-3p 
suppressed cell proliferation and invasiveness, and promoted 
cell apoptosis. Thus, the two approaches exert similar effects 
on melanoma cells.

Silencing of PTEN expression reverses the effects of matrine 
and miR-19b-3p in A375 and SK-MEL-2 cells. It was attempted 
to determine the advanced molecular mechanisms underlying 
the effects of matrine and miR-19b-3p. In the current study, 
si-PTEN was used to silence the expression of PTEN in A375 
and SK-MEL-2 cells. PTEN expression was then evaluated by 
western blot analysis, which demonstrated that PTEN was mark-
edly increased following transfection with anti-miR-19b-3p or 
treatment with 500 µg/ml matrine, and decreased by transfec-
tion with si-PTEN. Additionally, PTEN was reduced in cells 

co-transfected with si-PTEN and anti-miR-19b-3p, and in cells 
treated with matrine and si-PTEN, compared with those in the 
anti-miR-19b-3p and matrine treatment groups, respectively 
(P<0.05; Fig. 5A). Transwell assay results demonstrated that 
compared with cells transfected with anti-miR-19b-3p or treated 
with 500 µg/ml matrine alone, the number of invasive cells was 
significantly increased in the cells transfected with si-PTEN, 
co-transfected with si-PTEN and anti-miR-19b-3p, or simulta-
neously treated with matrine and si-PTEN (P<0.05; Fig. 5B). 
Flow cytometry revealed that compared with cells transfected 
with anti-miR-19b-3p or treated with 500 µg/ml matrine alone, 
the number of apoptotic cells was significantly reduced in cells 
transfected with si-PTEN, co-transfected with si-PTEN and 
anti-miR-19b-3p, or simultaneously treated with matrine and 
si-PTEN (P<0.05; Fig. 5C). In these experiments, a scramble 
si-PTEN was used; when compared with the blank group, the 
scramble si-PTEN group shared a similar effect. Thus, only 
the blank group is shown as a negative control in Fig. 5. These 
results further suggested that silencing of PTEN expression 
reverses the effects of matrine and miR-19b-3p downregulation 
in A375 and SK-MEL-2 cells.

Discussion

Due to its rapidly increasing incidence rate and poor prog-
nosis, melanoma is one of the most lethal skin diseases. 
Several high-throughput studies have indicated that matrine is 
associated with antitumor activity in melanoma. For example, 
matrine has a significant inhibitory effect on the adhesion and 
invasiveness of malignant human A375 melanoma cell line by 

Figure 4. Matrine and downregulated miR-19b-3p are able to suppress cell proliferation and invasiveness, and promote apoptosis in melanoma cells. 
(A) miR-19b-3p expression levels as detected by reverse transcription-quantitative polymerase chain reaction in A375 and SK-MEL-2 cells treated with 
0 or 500 µg/ml of matrine, or transfected with anti-miR-19b-3p or anti-miR-control. (B) Cell proliferation was determined by CCK-8 assays in A375 and 
SK-MEL-2 cells treated with 0 or 500 µg/ml of matrine, or transfected with anti-miR-19b-3p or anti-miR-control. (C) Cell invasion was detected by Transwell 
assay and (D) cell apoptosis was examined using Annexin V/propidium iodide and flow cytometry in A375 and SK-MEL-2 cells treated with 0 or 500 µg/ml of 
matrine, or transfected with anti-miR-19b-3p or anti-miR-control. *P<0.05 vs. 0 µg/ml or anti-miR-control. miR, microRNA; OD, optical density.
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downregulating the expression of heparanase mRNA (30); and 
matrine inhibits the invasiveness and metastasis of A375 cells 
in vitro (31). However, the antitumor potential and underlying 
mechanisms of matrine remain largely unknown.

The mechanisms may be associated with the inhibition of 
cellular proliferation, induction of apoptosis and autophagy, 
arrest of cell cycle, inhibition of angiogenesis and downregu-
lation of target mRNA and protein expression. As reported, 
matrine induces cell cycle arrest and apoptosis with recovery 
of the expression of miR-126 in the A549 non-small cell lung 
cancer cell line (32). Matrine inhibited the invasion and metas-
tasis of lung cancer cells by elevating expression of miR-133a, 
which further suppressed activation of epidermal growth factor 
receptor/protein kinase B (Akt)/matrix metalloproteinase-9 
pathway (33). Furthermore, matrine can inhibit breast cancer 
growth via an miR-21/PTEN/Akt pathway in MCF-7 cells (34). 
These studies reinforce the notion that miRNAs can act as 
mediators of the therapeutic efficacy of natural medicines.

The current study initially confirmed the effects of matrine 
on cell proliferation, invasion and apoptosis in A375 and 
SK-MEL-2 melanoma cell lines. The results of CCK-8 assay 
demonstrated that the number of A375 and SK-MEL-2 cells 
was significantly decreased following treatment with matrine. 
Cell apoptosis or other factors all influence the number of 
living cells. In the current study, in the different groups of 
A375 and SK-MEL-2 cells treated with various concentrations 
of matrine for 48 h, live cells in the 250 µg/ml group accounted 
for ~75% of the 0 µg/ml group, live cells in 500 µg/ml group 
accounted for ~60% of the 0 µg/ml group. The results of tran-
swell assay demonstrated that in the different groups of A375 
and SK-MEL-2 cells treated with various concentrations of 
matrine for 48 h, invaded cells in 250 µg/ml group accounted 
for ~60% of the 0 µg/ml group, which was lower than the 
75% observed in the CCK-8 assay, and invaded cells in the 
500 µg/ml group accounted for ~40% of the 0 µg/ml group, 

which was lower than the 60% observed in the CCK-8 assay. 
The results above verified that the decrease of cells in the 
invasion assay was not caused solely by reduced cell viability, 
but also caused by the reduced invasion capacity. Matrine 
has an inhibitory effect on cell invasion to a certain degree 
in melanoma cells. It is concluded that matrine inhibited the 
proliferation and invasiveness of A375 and SK-MEL-2 cells, 
and induced cell apoptosis with dose-dependence in vitro. 
The concentrations used in the current study were 0, 250 and 
500 µg/ml, which were similar to the concentration used in 
an in vivo experiment by Liou et al (35) and far beyond the 
effectual dose in normal cells in vitro (29). Next, based on 
the fact that miR-19b was found to be overexpressed through 
our previous miRNA microarray (18), miR-19b was verified 
to be higher in five types of melanoma cells compared with 
in NHEMs (36,37). Moreover, when treated with matrine, 
miR-19b expression was significantly downregulated in A375 
and SK-MEL-2 cells, revealing that matrine could inhibit 
miR-19b expression in vitro. To explore the advanced molecular 
mechanisms, bioinformatics analysis was performed, which 
indicated the presence of two interactive binding regions 
between miR-19b-3p and PTEN mRNA.

The tumor inhibitor gene PTEN is a 47-kDa protein first 
identified as a candidate tumor suppressor gene in 1997 (38,39). 
Thus far, vast amounts of data published indicate that PTEN 
has antitumor activity. Cordes et al (40) reported that PTEN is 
associated with an aggressive tumor phenotype and with unfa-
vorable outcome in early bladder cancer. Additionally, a high 
level of PTEN expression has been associated with low-grade 
liver metastasis and satisfactory patient survival in pancreatic 
cancer (41). PTEN was also reported to be activated by matrine to 
induce growth inhibition and apoptosis in V600EBRAF-harboring 
melanoma cells (29). In the current study, treatment with matrine 
increased the PTEN protein expression in A375 and SK-MEL-2 
cells in vitro. Based on the results of bioinformatics analysis, 

Figure 5. Silencing of PTEN expression reverses the effects of matrine and miR-19b-3p in A375 and SK-MEL-2 cells. (A) PTEN expression was evaluated by 
western blot assay for each group of transfected A375 and SK-MEL-2 cells. (B) Cell invasion capacities determined by Transwell assay. (C) Cell apoptosis was 
examined using Annexin V/propidium iodide and flow cytometry. *P<0.05. PTEN, phosphatase and tensin homolog; si, small interfering RNA; miR, microRNA.
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a dual-luciferase reporter assay was performed to explore the 
association between miR-19b-3p and PTEN. The results demon-
strated that PTEN was a target of miR-19b-3p. A subsequent 
western blot assay demonstrated that miR-19b-3p regulated the 
protein level of PTEN in A375 and SK-MEL-2 cells. Numerous 
studies (42-48) have also reported that miR-19 (miR-19a or 
miR-19b) regulates the expression of PTEN, and as a result modu-
lates cancer biology, in processes including cancer cell apoptosis, 
proliferation, invasion, metastasis and cell cycling (Table I). The 
findings of the current study demonstrated that miR-19b targets 
PTEN in melanoma cells; matrine also decreased the expression 
of miR-19b-3p and increased the expression of PTEN in A375 
and SK-MEL-2 cells, while the association between matrine, 
miR-19b and PTEN in melanoma remained unclear. To address 
the biological functions of matrine and miR-19b-3p, the effects 
of the two components on cell proliferation, invasion and apop-
tosis were compared. Matrine and anit-miR-19b-3p induced 
similar effects in the melanoma cell lines. Furthermore, when 
the expression of PTEN was silenced, the inhibitory effects on 
proliferation and invasion and the promotion of apoptosis by 
matrine or downregulated miR-19b-3p were reversed.

In summary, the findings of the current study suggested 
that matrine suppresses cell proliferation, invasion and 
induce cell apoptosis partially through miR-19b-3p targeting 
PTEN, thus enriching the understanding of the molecular 
mechanisms of matrine in reducing melanoma progression 
and metastasis. However, the current study did not explore 

whether overexpression of miR-19b-3p inhibited the effects 
of matrine, which requires future investigation. Additionally, 
determining whether matrine has potential for use in vivo or in 
a clinical setting will require thorough investigation. Various 
approaches, including the use of liposomes, nanoparticles, 
micelles and phospholipid complexes, may improve the phar-
macokinetic profile of matrine, which may promote the future 
application of matrine in the clinic.
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