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Introduction

Cutaneous melanoma, also known as malignant melanoma, 
is the most malignant type of skin cancer (1). Melanocytes 
emanate from neural crest cells and responsible for the 
production of pigment melanin. Numerous factors, 
especially under UV exposure, promote normal melanocytes 
to transform into malignant melanomas (2). Although the 

incidence of melanoma is lower than other skin cancers, 
melanoma is the main cause of skin cancer-related death 
with over 75% 5-year mortality rate (3). More worryingly, 
the incidence of melanoma has been rising steadily in the 
past 30 years, even in those countries which recorded a 
lower risk of melanoma in history (4). In case that primary 
melanoma is diagnosed and surgical resection early, most 
patients with melanomas can be cured. However, there 
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are still a large proportion of patients facing severe risk of 
metastasis. Numerous researchers revealed that metastasis 
was a complex process and was closely implicated in poor 
prognosis and mortality of many cancers (5,6). Animal 
experiments showed that less than 0.01% cancer cells 
eventually developed into metastatic cancers after entering 
the circulation (7,8). However, malignant melanoma has 
been found in lymphoid nodule, liver, lung and brain 
metastases in early-stage clinical trials (9), and the plastic, 
highly migratory behavior of melanoma created their 
rapid metastatic abilities (10). Therefore, it is necessary to 
further understand the molecular mechanism of melanoma 
metastasis contributing to the discovery of new biomarkers 
in order to effectively target melanoma metastasis and 
provide novel approaches to the prevention of cancer 
dissemination.

Paired box gene 2 (PAX2) is a member of paired box 
family, and the nuclear transcription factor encoded by 
PAX2 is essential for the differentiation of the renal tubular 
epithelial cell in the early stages of embryonic development 
(11,12). In general, the expression of PAX2 will disappear 
after the nephron is mature. However, high level PAX2 has 
been detected in various tumor cells such as renal tumor (13),  
ovarian cancer (14) and breast cancer (15). Previous 
researches showed that the upregulated PAX2 promoted 
epithelial-mesenchymal transition (EMT) and induced the 
process of renal interstitial fibrosis (16). More importantly, 
the relation between the migration and invasion abilities 
of melanoma cells and the ectopic expression of PAX2 
has been also proved. PAX2 knockdown contributed to 
abolishing the resistant to cisplatin of melanoma cells (17). 
However, the molecular mechanism of PAX2 acting on the 
EMT process of melanoma cells remains relatively poorly 
understood.

MicroRNAs, small noncoding RNAs (18–25 nt), 
extensively participate in regulating the expressions of genes 
through targeting the 3'-untranslated region (UTR) of their 
mRNAs (18). At present, miRNAs were used as biomarkers 
for diagnosing various types of cancers including 
melanoma (19). MiR-204 was believed to act as an effective 
inhibitor in tumorigenesis, and low level miR-204 could 
strengthen the capacity of migration and invasion (20).  
The miR-204-5p and miR-204-3p were two types of 
mature miRNAs of miR-204, and miR-204-5p has been 
proved to act as a tumor inhibitor in malignant melanoma 
development (21). However, the function of miR-204-3p is 
still unclear. This study was performed to further verify the 
potential role of miR-204-3p in malignant melanoma.

Methods

Cell culture

Human immortalized epidermal cell line (HaCaT, 
#BNCC101683) was obtained from BeNa culture collection. 
A total of five human melanoma cell lines used in this study, 
including 451Lu cell line, A-375, VMM5A, SK-MEL-1 and 
G-361 cell lines. Only the first cell line was kindly provided 
by Dr. MeenhardHerlyn (Wistar Institute, PA, USA), the 
rest four ones were all purchased from the American Type 
Culture Collection (#CRL-1619, #CRL-3226, #HTB-
67 and #CRL-1424™). HaCaT cells were cultured with 
Minimum Essential Medium (MEM, #56419C, Sigma-
Aldrich, St. Louis, MO, USA), and all melanoma cell 
lines were incubated with Dulbecco’s modified eagle’s 
medium (DMEM, #D5030, Sigma-Aldrich). Both cell 
culture mediums contained 10% fetal bovine serum (FBS, 
#10099141, ThermoScientific, Hudson, NH, USA) and 1% 
penicillin-streptomycin, and then the cells were kept in a 
humidified incubator with 5% CO2 at 37 ℃.

MiR-204-3p overexpression/inhibition

The sequence of MiR-204-3p was obtained from miRbase 
(accession number: MIMAT0022693). The cells were 
embedded into 12-well plates (1×105 cells per well) until 
the confluence reached 50%. MiR-204-3p mimics (50 nM),  
inhibitor (30 nM), negative control (50 nM), and inhibitor 
control (IC, 30 nM) were mixed into 250 μL DMEM 
medium, respectively. After that, Lipo-fectamine 2000 
(Invitrogen, Carlsbad, CA, USA) was added into the 
DMEM medium. The mixture of diluted vector and 
transfection reagents were cultured at 37 ℃ in 5% CO2 
humidified atmosphere for 6 h, and then continued to be 
cultured with complete medium. After 24 h, A-375 cells 
were harvested and qRT-PCR was used to determine the 
efficacies of the miR-203-3p mimic vector.

Cell viability detection

The viability of A-375 cells was determined using 
CCK-8 kit (Dojindo, Kumamoto, Japan) following the 
manufacturer’s instructions. The cells were embedded into 
96-well plates and diluted to 3×105 cells/well in a humidified 
incubator with 5% CO2 at 37 ℃. At 0, 24 and 48 h, medium 
was replaced by complete cell culture medium containing 
10% CCK-8 reagent and then incubated about 4 h at room 
temperature. Each groups’ absorbance at 450 nm was 
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measured by a Microplate Reader (Multiskan FC, Thermo 
Scientific).

Wound healing assay

The effects of miR-204-3p overexpression/inhibition on the 
migration of A-375 cells were investigated by wound healing 
assay. The cells were incubated in 6-well plates (5×104 

cells/well) until the confluence reached 90%. Following 
culturing with complete medium for 24 h, a sterile pipette 
tip was used to produce a linear wound. Cell migration rate 
was calculated by comparing distance displaced by the cells 
at the acellular front 24 h later. Images were acquired using 
a light microscopy (Nikon, Tokyo, Japan).

Transwell assay

The capacity of A-375 cell invasion was examined using 
Transwell chamber assay. 1×105 cells were resuspended with 
serum-free DMEM and incubated into the upper chamber 
with polycarbonate membranes (8-mm pore-size, Corning, 
USA) lidded with matrigel (BD Biosciences, San Jose, CA, 
USA). The bottom chamber containing DMEM medium 
with 10% FBS was kept for 24 h at 37 ℃. The cells on the 
upper surface of the membrane were wiped by swabbing. 
The cells that invaded onto the lower surface were fixed 
with methanol for 30 min and stained with 5% crystal violet 
solution. Three field views were randomly counted and 
averaged.

MiR-204-3p target prediction and luciferase reporter assay

We compared different prediction algorithms (TargetScan: 
http://www.targetscan.org/vert_72/ and miRTarBase: http://
mirtarbase.mbc.nctu.edu.tw/) to reveal that the PAX2 and 
guanine nucleotide binding protein (G protein) q polypeptide 
(GNAQ) genes were potential targets of miR-204-3p. We 
cloned miR-204-3p into GV272 plasmid (GV272- miR-
204-3p) and inserted the fragments containing miR-204-
3p-binding site in the 3'UTR of PAX2 (accession number 
NM_001110.2) and GNAQ (accession number NM_002072) 
into GV268 plasmid (GV268-PAX2-3'UTR and GV268-
GNAQ-3'UTR). The luciferase plasmids were obtained from 
Shanghai Genechem Co., Ltd. The QuikChangeH Site-
Directed Mutagenesis Kit (Santa Clara, CA, USA) was used 
to destroy binding, and similarly the mutation fragments was 
installed into GV268 plasmid (GV268-PAX2-3'UTR mut 
and GV268-GNAQ-3'UTR mut).

Luciferase reporter assay was shown in the human kidney 
epithelial cell line (HEK293T, #CRL-3216, ATCC) by the 
dual-luciferase assay system (E1910; Promega, Madison, 
WI, USA). HEK293T Cells were co-transfected with 
GV272-miR-204-3p and GV268-PAX2-3'UTR (or GV268-
PAX2-3'UTR mut) using Lipo-fectamine 2000 (Invitrogen) 
following the manufacturer’s instructions. After 48 h, 
HKR239T cells were lysed and separated by centrifugation 
at 15,000 ×g for 3 min. The dual luciferase reporter mixture 
was prepared to be mixed with the supernatant of lysed 
cells. The relative luciferase activity should be immediately 
measured by Sinergy 2 luminometer (Biotek, Winooski, 
VT). Firefly and Renilla luciferase activities of GNAQ gene 
were detected by the same method.

Cell apoptosis detection

PAX2 was identified as the potential target for miR-204-
3p. siPAX2 was synthesized by Shanghai GenePharma Co., 
LTD. (Shanghai, China). To further confirm the role of 
PAX2 in the miR-204-3p-induced suppressive effects on the 
malignant melanoma, PAX2 siRNA was co-transfected with 
miR-204-3p inhibitor into A-375cells, and then detecting 
the changes in cell apoptosis.

For the determination of apoptosis rate, FITC Annexin 
V/PI apoptosis detection kit (Invitrogen) was performed 
on a flow cytometer (Becton Dickerson, CA, USA). The 
transfected cells were resuspended in 1× annexin-binding 
buffer and then incubated with FITC-conjugated Annexin 
V and propidium iodide (PI) (5 mg/mL) for 30 min. 
Apoptosis rates were analyzed by flow cytometry.

Quantitative real-time polymerase chain (qRT-PCR)

According to the manufacturer’s instructions, miRNAs were 
extracted from all samples by a miRNeasy Mini kit (Qiagen, 
Hilden, Germany), and RNAs were also manually extracted 
with TRIzol (Invitrogen, Carlsbad, CA, USA) and purified 
by TURBO DNA-free kit (Invitrogen). Firstly, miRNA was 
reversely transcribed using a miScript II RT Kit (Qiagen 
GmbH, Hilden, Germany), as described previously (22). 
The samples were reacted at 37 ℃ for 60 min, at 95 ℃ for 
5 min and held at 4 ℃. The relative miRNA expression 
was determined by the miScript SYBR Green PCR kit 
(Qiagen GmbH). Each qPCR was performed in a final 
volume of 20 µL containing 1× QuantiTect SYBR Green 
PCR Master mix (Qiagen, Hilden, Germany), 2 µL 
cDNA and 0.5 mM of each primer. The primer sequence 
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of miR-204-3p was as follows: hsa-miR-204-3p forward: 
5'-GCTGGGAAGGCAAAGGGACGT-3',  and the 
miScript Universal primer was used as reverse primers. 
Secondly, prime script RT reagent kit (Takara, Shiga, Japan) 
was used to reversely transcribe extracted RNAs to cDNA. 
The reaction condition was as follow: first step at 65 ℃ 
for 5 min, the second was at 30 ℃ for 6 min and 50 ℃ for 
60 min. qRT-PCR was performed using the SYBR green 
detection (Takara). Both experiments were analyzed by the 
ABI 7500 real-time PCR system. The reaction mixtures 
were incubated at 95 ℃ for 15 min, followed by 40 cycles 
of annealing at 94 ℃ for 15 sec, followed by at 55 ℃ for 30 
sec and at 70 ℃ for 30 sec. All samples were carried out in 
triplicate, and the relative expression was calculated with 
the formula 2−ΔΔCt and normalized against U6 and GAPDH. 
All primers were shown in Table 1.

Western blot

Cells were lysed and collected by being centrifuged at 
12,000 ×g for 20 min at 4 ℃. The sample proteins were 
isolated by BCA Protein Assay Kit (Takara). Twenty μg  

proteins were subjected by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred to 
polyvinylidene difluoride (PVDF) membranes (Bio-Rad, 
Hercules, CA, USA), which were blocked with 5% skimmed 
milk/TBST for 1.5 h at 37 ℃ before being incubated with 
primary antibodies. The primary antibodies against PAX2 
(c#9666), GNAQ (1:1,000, #3992) and several EMT-
related genes such as epithelial cadherin (E-cadherin, 
1:1,000, #14472), vimentin (1:1,000, #12826), matrix 
metalloproteinase 2 (MMP2) (1:1,000, #4022) and MMP-
9 (1:1,000, #13667) were purchased from Cell Signaling 
Technology (Shanghai, China). The membranes were 
cultures with secondary antibodies (#7074 and #7076, 
1:2,000, CST) for 1 h at room temperature. The protein 
level was analyzed using an ECL kit (32106, thermo Co. 
Ltd, USA) and normalized to GAPDH expression.

Statistical analysis

All results were presented as the mean ± SEM. The 
statistical significance of the studies was analyzed using 
one‑way ANOVA. P<0.05 was considered as a statistically 
significant difference.

Results

MiR-204-3p overexpression inhibited the A-375 cell 
viability.

The results of qRT-PCR showed that the miR-204-
3p expressions in all malignant melanoma cell lines (A-
375, VMM5A, SK-MEL-1, 451Lu and G-361) were 
significantly lower than those in HaCaT cells (P<0.01, 
Figure 1A). As the miR-204-3p level in A-375 cells was 
the lowest, A-375 cell line was selected to be used in the 
following experiments.

We transfected miR-204-3p mimic vectors into 
A-375cells to observe the changes of melanomas cell 
viability. As shown in Figure 1B, miR-204-3p level was 
observably higher than that in control group (P<0.01). The 
results of CCK-8 assay showed that the inhibitory effects 
of the overexpression of miR-204-3p on melanomas cell 
viability was increased over time, however, the viabilities 
were markedly reduced at 24 h (P<0.05) and 48 h (P<0.01) 
(Figure 1C). After the transfection of miR-204-3p inhibitor, 
the transfection sufficiency was shown in Figure 1D, and the 
miR-204-3p inhibition could significantly promote the cell 
viability of A-375 cells (P<0.01, Figure 1E).

Table 1 Primers for qRT-PCR

Gene name Primer sequences

PAX2 Forward: 5'-CCTGGCCACACCATTGTTC-3'

Reverse: 5'-TCACGTTTCCTCTTCTCACCAT-3'

GNAQ Forward: 5'-GACACCATCCTCCAGTTGAACC-3'

Reverse: 5'-ACACGCTCACACAGAGTCCAG-3'

Hey-1 Forward: 5'-GCCGACGAGACCGAATCAAT-3'

Reverse: 5'-GGAGACCAGGCGAACACGA-3'

E-cadherin Forward: 5'-GCCCTGCCAATCCCGATGAAA-3'

Reverse: 5'-GGGGTCAGTATCAGCCGCT-3'

Vimentin Forward: 5'-GCTTCAGAGAGAGGAAGCCGAAAA-3'

Reverse: 5'-CCGTGAGGTCAGGCTTGGAAA-3'

MMP-2 Forward: 5'-GGAGGCACGATTGGTCTG-3'

Reverse: 5'-TTGGTTTCCGCATGGTCT-3'

MMP-9 Forward: 5'-TTGACAGCGACAAGAAGTGG-3'

Reverse: 5'-GGCACAGTAGTGGCCGTAG-3'

U6 Forward: 5'-CTCGCTTCGGCAGCACA-3'

Reverse: 5'-AACGCTTCACGAATTTGCGT-3'

qRT-PCR, quantitative real-time polymerase chain.
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Figure 1 miR-204-3p was negatively correlated with the cell viability of A-375 cells. (A) The miR-204-3p levels in melanoma cell lines 
were significantly lower than those in HaCaT cells. (B) We constructed miR-204-3p mimic vector and transfected into A-375 cells. The 
expression of miR-204-3p was measured by qRT-PCR. (C) The overexpression of miR-204-3p significantly inhibited the A-375 cell viability. 
(D) The transfection efficiency of miR-204-3p inhibitor was determined by qRT-PCR. (E) MiR-204-3p inhibition notably promotes the 
cell ability of A375 cells. Each value represents mean ± SEM (n=3). U6 was detected as an internal control for miRNA. *P<0.05, **P<0.01 vs. 
HaCaT cells (control group); ^P<0.05, ^^P<0.01 vs. NC group; #P<0.05, ##P<0.01 vs. Inhibitor control group. qRT-PCR, quantitative real-
time polymerase chain.

MiR-204-3p expression negatively regulated the migration 
and invasion abilities of A-375 cells

The wound healing and Transwell chamber assays were used 
to determine the effects of miR-204-3p on the migration 
and invasion abilities of malignant melanomas. The wound 
healing assay showed that the displaced distance of miR-
204-3p mimic vector group was far below that of control 
group after 24 h (Figure 2A,B). Moreover, the number of 

invaded cells in miR-204-3p mimics group was markedly 
less than that in the control group (P<0.01, Figure 2C,D).  
Compared with the miR-204-3p overexpression, the 
transfection of miR-204-3p inhibitor, both the migration 
and invasion abilities of A375 cells were evidently enhanced 
(P<0.01). These results suggested that a negative correlation 
of miR-204-3p expression with the migration and invasion 
abilities of malignant melanomas.
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MiR-204-3p could effectively target PAX2 gene

The results of target prediction by TargetScan and 
miRTarBase revealed that PAX2 and GNAQ were the target 
genes for the miR-204-3p, and we also found the position 
of 681-687 of PAX2-3’ UTR harbors one potential binding 
site for miR-204-3p (Figure 3A). We constructed a dual 
luciferase reporter plasmid to further verify the relation 
between miR-204-3p and PAX2 or GNAQ. As shown in 
Figure 3B, the luciferase activity of cells transfected with 
PAX2-3'UTR alone was higher than that in MiR-204-
3p + PAX2-3'UTR group. After being co-transfected with 
GV272-miR-204-3p and GV268-PAX2-3'UTR plasmids, 
the luciferase activity was observably decreased. However, 
the luciferase activity had no difference from control + 
PAX2-3'UTR when GV268-PAX2-3'UTR was replaced 
by mutant 3'-UTR plasmid in the co-transfected group  
(Figure 3B). In addition, as Figure 3C shown, miR-204-3p 
hardly had any effects on the expression of GNAQ-3'UTR.

We  a l s o  m e a s u r e d  t h e  t r a n s c r i p t i o n a l  a n d 
posttranscriptional levels of PAX2 and GNAQ in the 
miR-204-3p mimics cells, and the results were consistent 
with dual luciferase report system (Figure 3D,E,F). 
Overexpression of miR-204-3p significantly inhibited the 
mRNA and protein levels of PAX2 (P<0.01, Figure 3D,E,F,G) 
and slightly reduced GNAQ mRNA level. Thus, these data 
suggested that miR-204-3p could directly modulated PAX2 
through interaction with the binding site in its 3'-UTR.

Overexpression of miR-204-3p attenuated the expressions 
of EMT-associated genes in A-375 cells

According to the inhibitory effects on miR-204-3p on 
the migration and invasion capacities of A-375 cells, we 
analyzed several EMT-associated genes expressions. As 
the results of qRT-PCR shown in Figure 4A,B,C,D, the 
E-cadherin mRNA level was notably elevated in the mimics 
group and the expressions of vimentin, MMP-2 and MMP-

Figure 2 MiR-204-3p was negatively correlated with the migration and invasion capacities of A-375 cells. (A and B) Overexpression of miR-
204-3p could observably inhibit the migration ability of A-375 cells, while miR-204-3p inhibition promoted the migration of A375 cells. (C 
and D) The invaded A-375 cells were significantly decreased in the miR-204-3p mimics group, and increased in A375 cells transfected with 
miR-204-3p inhibitor. Each value represents mean ± SEM (n=3). **P<0.01 vs. control group; ^^P<0.01 vs. NC group; ##P<0.01 vs. Inhibitor 
control group.
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Figure 3 PAX2 was a direct target of miR-204-3p and was mediated by miR-204-3p. (A) The binding sites of PAX2 and miR-204-3p. (B) 
MiR-204-3p effectively targeted PAX2 but not PAX2-mut. (C) MiR-204-3p had no significant effect on the GNAQ expression. (D,E,F,G) 
After being detected by qRT-PCR and Western blot, miR-204-3p overexpression was negatively related to mRNA and protein levels of 
PAX2 and slightly inhibited the GNAQ mRNA. Each value represents mean ± SEM (n=3). GAPDH was detected as an internal control for 
mRNA. **P<0.01 vs. control + PAX2-3'UTR group (control group); ^^P<0.01 vs. NC group. qRT-PCR, quantitative real-time polymerase 
chain.
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9 were notably downregulated (P<0.01). Furthermore, the 
result of Western blot was consistent with that of qRT-PCR 
(Figure 4E,F). Taken together, miR-204-3p overexpression 
had the ability of suppressing the EMT progression of 
malignant melanoma cells.

siPAX2 reversed the effects of miR-204-3p inhibition on 
A375 cell apoptosis

To confirm the involvement of PAX2 in miR-204-3p-

induced regulatory effects on A375 cells, siPAX2 was 
introduced to co-transfect with miR-204-3p inhibitor, 
subsequently, detecting the expression of PAX2 and 
cell apoptosis. As shown in Figure 5A,B,C, miR-204-
3p inhibition could notably up-regulate the mRNA 
and protein levels of PAX2. After co-transfection with 
siPAX2, the expression of PAX2 was observably decreased 
again (P<0.01). Moreover, we also detected the changes 
in cell apoptosis, and we found that miR-204 inhibition 
significantly inhibited the apoptosis, and the co-transfection 
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Figure 4 Overexpression of miR-204-3p had inhibitory effects on the expressions of EMT-associated genes. (A) The downregulated 
E-cadherin mRNA was notably increased in miR-204-3p mimics group. (B,C,D) Overexpression of miR-204-3p could significantly reduce 
the mRNA levels of vimentin, MMP-2 and MMP-9 genes. (E and F) The effects of miR-204-3p overexpression on the protein levels of 
those genes were consistent with that of mRNA. Each value represents mean ± SEM (n=3). GAPDH was detected as an internal control. 
**P<0.01 vs. control group; ^^P<0.01 vs. NC group. EMT, epithelial-mesenchymal transition; MMP, matrix metalloproteinase.

Figure 5 siPAX2 transfection reversed the up-regulated PAX2 expression induced by miR-204-3p inhibition. (A) After the co-transfection 
with miR-204-3p inhibitor and siPAX2, the mRNA of PAX2 was notably reduced again. (B) The changes in protein level of PAX2 were 
determined by Western blot. Each value represents mean ± SEM (n=3). GAPDH was detected as an internal control. **P<0.01 vs. siNC + 
IC; ^^P<0.01 vs. siPAX2+IC; ##P<0.01 vs. siNC + inhibitor.
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of siPAX2 could notably reverse the effects of miR-204-3p 

inhibition (P<0.01, Figure 6A,B). Therefore, PAX2 played 

an important role in the regulatory effects of miR-204-3p 

on the A375 cells.

Discussion

Melanoma is the most dangerous type of skin cancer and 
seriously threatens the health of human life. It is estimated 
that an individual had a 2% lifetime risk of developing 
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Figure 6 PAX2 inhibition reversed the decreased cell apoptosis induced by miR-204-3p inhibition. (A and B) After the co-transfection with 
siPAX2 and miR-204-30 inhibitor, the changes in the apoptosis rate were determined by flow cytometry. Each value represents mean ± SEM 
(n=3). **P<0.01 vs. siNC + IC; ^^P<0.01 vs. siPAX2 + IC; ##P<0.01 vs. siNC + inhibitor.
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melanoma. As the increasing incidence occurred in recent 
years, malignant melanoma has attracted much research 
attention and generated considerable recent research 
interests (23). The leading cause of melanoma death is 
that melanoma cells invade neighboring tissue when the 
tissue is still markedly small in size just because of which 
let invasion capacity interference became one of the main 
directions in the treatment of melanoma. As reported 
previously, PAX2 was aberrantly expressed with strong 
ties to the cell survival and invasion of melanoma cells, 
which contributed to the EMT progression and ultimately 
induced tumor metastasis (24). In the current study, we 
found that the levels of miR-204-3p in several melanoma 
cell lines were generally lower than those in HaCaT cells. 
More importantly, we also verified that miR-204-3p could 
directly interact with the 3'UTR of PAX2 gene, thus, we 
measured some EMT-associated factors to further confirm 
the relation between miR-204-3p and EMT.

Growing researches indicated that miRNAs not only 
widely participated in cell proliferation, differentiation, 
development, apoptosis, inflammation and some other 
essential cellular processes (25), but also played crucial roles 

in tumor genesis and progression (26). In 2015, several 
miRNAs including miR-204, miR-141, miR-200 and miR-
200c were found significantly decreased in melanoma and 
functioned as melanoma inhibitors (27). Meanwhile, miR-
204 could target IGFBP5 and RAB22A and suppress the 
proliferation of melanoma cells to fulfill the inhibitory role 
(21,28). These researches were consistent with our results, 
as the viability of A-375 cells transfected with miR-204-3p 
mimic vectors were observably reduced, which may explain 
why the expression of miR-204-3p was markedly decreased 
after normal melanocytes having been transformed into 
malignant melanomas, further verifying that it had a tumor 
inhibitory role. To further explore how miR-204-3p acted 
on melanoma cells, we measured the migration and invasion 
capacities of melanoma cells after transfecting miR-204-
3p overexpression vector, and the results suggested miR-
204-3p had an effective inhibition on both abilities of 
malignant melanoma. In the research of hepatocellular 
carcinoma, miR-204-3p overexpression could inhibit the 
tumor endothelial cells growth by targeting fibronectin 1 
(FN1), which was the essential glycoprotein macromolecule 
of extracellular matrix and played important roles in 
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cellular adhesion, invasion and injury repair (29). In our 
results, we found that PAX2 was a potential target gene 
for miR-204-3p, however, the expression of PAX2 has 
been proved to be crucial for the tumor cells growth and 
invasion (24,30). Ueda et al. (31,32) demonstrated that 
PAX2 expression enhanced the invaded ability of prostate 
cancer cells via hepatocyte growth factor pathway. Similarly, 
overexpression of PAX2 also contributed to the metastasis 
ability of esophageal cancer (33). According to these results, 
we suggested that miR-204-3p overexpression markedly 
suppressed the cell viability, migration and invasion of 
malignant melanoma, and that regulating the expression 
of PAX2 might be a novel approach to inhibiting the 
metastatic melanoma.

Previous researches indicated that EMT was the 
prerequisite for the migration and invasion abilities of 
tumor cells (34,35). EMT is a complex biological process, 
and loss of E-cadherin is one of its major characteristics, 
which could result in decreased cell-cell adhesion and 
enhanced aggressiveness of epithelial cells. Vimentin is 
another marker of EMT, and the upregulation of vimentin 
and downregulated E-cadherin were closely associated 
with the migration and invasion of tumor cells (36,37). 
Previous study showed that MMP-2 and 9, the members 
of MMPs family, are the main enzyme to degrade extra 
cellular matrix (ECM) and promote cancer invasion and 
metastasis (38). Our results suggested that overexpression of 
miR-204-3p had a negative effect on the EMT progression 
of A-375 cells through increasing E-cadherin expression 
and attenuating the mRNA and protein levels of vimentin, 
MMP-2 and MMP-9. More interestingly, in 2017, Yang 
et al. (39) revealed that matrine could inhibit the invasion 
and metastasis of non-small-cell lung cancer (NSCLC) 
through decreasing PAX2 expression. Based on this 
conclusion and current results, we speculated that miR-
204-3p overexpression inhibited the migration and invasion 
capacities and the EMT progression of melanoma cells 
through targeting PAX2.

However, there are some shortages remained in our 
study. For example, extending our experimental results 
to another type of melanoma cell line could validate our 
hypothesis better. Moreover, the clinical association analysis 
of miR-204-3p and PAX2 in melanoma can be able to reveal 
well the significance of our study.

Conclusions

In conclusion, our findings showed that miR-204-3p 

overexpression was negatively correlated with the migration 
and invasion abilities of melanoma cells. For the first 
time, we found that miR-204-3p could directly modulate 
the expression of PAX2 by binding its 3'UTR, and the 
knockdown of PAX2 had an inhibitory effect of miR-204-
3p on the cell apoptosis malignant melanoma cells. Finally, 
our findings propose that miR-204-3p could destroy the 
bridge between PAX2 and migration and invasion ability of 
malignant melanoma, and suggest that miR-204-3p might 
be used as an effective target for the treatment of metastatic 
melanoma.
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