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Abstract: An increasing number of microRNAs have been found to be involved in 

tumorigenesis, including melanoma tumorigenesis. miR-204-5p is down-regulated and func-

tions as a tumor suppressor in many human malignant tumors. miR-204-5p expression is also 

decreased in melanoma tissues, but its biological roles and molecular mechanisms in malignant 

melanoma remain unclear. In this study, the aberrant down-regulation of miR-204-5p was 

detected in melanoma, especially in metastatic melanoma. miR-204-5p also served as a protec-

tive factor for the prognosis of melanoma patients. We determined that miR-204-5p suppresses 

cell proliferation, migration and invasion, and promotes cell apoptosis in melanoma. Matrix 

metalloproteinases-9 and B-cell lymphoma-2 are the functional targets of miR-204-5p, through 

which it plays an important biological role in malignant melanoma. The effect of miR-204-5p on 

malignant melanoma is verified using a xenograft model. We also determined that miR-204-5p 

increases 5-fluorouracil and cisplatin (DDP) chemosensitivity in malignant melanoma cells. This 

finding elucidates new functions and mechanisms for miR-204-5p in melanoma development, 

and provides potential therapeutic targets for the treatment of melanoma.

Keywords: miR-204-5p, MMP9, BCL2, melanoma, cell apoptosis, migration, invasion

Introduction
Malignant melanoma, a tumor derived from melanocytes, is the leading cause of 

skin cancer-related deaths, with an increased global incidence in the recent years.1–3 

It is highly malignant, progresses rapidly and metastasizes early. There is no cure for 

patients with advanced melanomas.4 The main cause of melanoma-related deaths is 

the metastatic phenotype.5 The development of melanoma involves complex changes 

in multiple genes, multiple signaling pathways and gene regulation.6,7 Therefore, 

further study of the underlying molecular mechanisms involved in the progression of 

melanoma is crucial.

MicroRNAs (miRNAs) are approximately 22-nt long non-coding single-stranded 

RNA molecules, which are encoded by endogenous genes.8 miRNAs play a key role 

in gene regulation by cleaving or repressing the translation of their target mRNAs 

at the posttranscriptional level.9 Accumulating evidence indicates that miRNAs are 

involved in many biological processes, especially tumorigenesis. They can modulate 

cancer cell proliferation, invasion, metastasis and apoptosis.10–12 Dysregulation of 

miRNAs is related to initiation of various types of cancers, including melanoma.13 

The function and role of several miRNAs in melanoma genesis and development have 

been identified.14,15
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miR-204-5p is a member of the miRNA family. It is 

down-regulated and functions as a tumor suppressor in vari-

ous types of human tumors, such as glioblastoma, prostate 

cancer and non-small-cell lung carcinoma (NSCLC).16–18 

It has been reported that miR-204-5p is down-regulated in 

melanoma tissues.19 However, the function and molecular 

mechanism of this in melanoma remains unclear. In this study, 

we showed that the miR-204-5p expression was decreased 

in melanoma tissue, and its expression serves as a protec-

tive factor improving the prognosis of melanoma patients. 

We also demonstrated that miR-204-5p suppressed the 

proliferation, invasion and migration of melanoma cells, 

and promoted melanoma cell apoptosis. Moreover, matrix 

metalloproteinases-9 (MMP9) and B-cell lymphoma-2 

(BCL2) are the direct functional targets of miR-204-5p in 

melanoma. The up-regulation of miR-204 could increase 

5-fluorouracil (5-FU) and cisplatin (DDP) chemosensitivity 

in malignant melanoma cells. Based on these findings, we 

report a novel molecular mechanism of miR-204-5p as a 

tumor suppressor in malignant melanoma. miR-204-5p could 

serve as a potential therapeutic target and survival indicator 

for melanoma patients.

Materials and methods
Human tissues
Thirty malignant melanoma tissues (including nineteen pri-

mary melanoma tissues and eleven metastatic melanoma tis-

sues) and benign nevi tissues were collected during surgery at 

the Affiliated People’s Hospital of Jiangsu University. None 

of the patients received chemotherapy or radiotherapy before 

surgical resection. Clinical pathological diagnosis of the tissues 

was performed independently by two professional pathologists. 

The samples were stored in liquid nitrogen. This study was 

approved by the Human Research Ethics Committee of the 

Affiliated People’s Hospital of Jiangsu University. A written 

informed consent was obtained for this study from human study 

participants or their next of kin if under 16 years of age.

Cell lines and cell culture
The human malignant melanoma cell line A375 was 

obtained from the Cell Bank of the Chinese Academy of 

Sciences (Shanghai, People’s Republic of China). The human 

malignant melanoma cell lines: WM35, SK-MEL-5 and SK-

MEL-2, were provided by American Type Culture Collection 

(ATCC, Manassas, VA, USA). The cells were cultured in 

Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco, Grand 

Island, NY, USA) containing 10% fetal bovine serum (FBS; 

Invitrogen, Carlsbad, CA USA) supplemented with 100 U/mL 

penicillin and 100 μg/mL streptomycin. The human epidermal 

melanocytes, adult, lightly pigmented (HEMa-LP) were 

purchased from Invitrogen, and the cells were maintained 

in medium 254 and human melanocyte growth supplement 

(Cascade Biologics). All cell lines were incubated in a humidi-

fied incubator containing 5% CO
2
 at 37°C.

Oligonucleotides, plasmids and cell 
transfection
The oligonucleotides were chemically synthesized by 

GenePharma (Shanghai, People’s Republic of China), and 

the sequences were as follows: hsa-miR-204-5p mimic, 

5′-UUCCCUUUGUCAUCCUAUGCCU-3′; negative con-

trol (NC), 5′-UUCUCCGAACGUGUCACGUTT-3′. For 

constructing MMP9 and BCL2 constructs, the full open read-

ing frame complementary DNA (cDNA) clones for MMP9 

and BCL2 were transcribed, and the products were ampli-

fied and inserted into pcDNA3.1. 5-FU and cisplatin were 

obtained from Sigma-Aldrich Co. (St Louis, MO, USA). The 

oligonucleotides and plasmids were transfected into mela-

noma cells with Lipofectamine 2000 reagent (Invitrogen) 

according to the manufacturer’s instructions.

RNA extraction and quantitative RT-PCR
Total RNA was extracted from cells and tissues using TRIzol 

reagent (Invitrogen). To detect the levels of miR-204-5p, 

MMP9 and BCL2, reverse transcription (RT) was con-

ducted with Fermentas reverse transcription reagents using 

an Applied Biosystems® TaqMan® MicroRNA Reverse 

Transcription Kit (Applied Biosystems, Foster City, CA, 

USA). An ABI StepOne Plus system (Applied Biosystems) 

was used to perform the amplification reaction. The specific 

primers for miR-204-5p were purchased from Guangzhou 

RiboBio Co Ltd (Guangzhou, People’s Republic of China), 

and U6 was used for normalization. For the analysis of the 

levels of BCL2 and MMP9, glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) was used for normalization. 

The following primers were used: BCL2 (forward) 

5′-GGATTGTGGCCTTCTTTGAG-3′ and (reverse) 

5′-CCAAACTGAGCAGAGTCTTC-3′; MMP9 (forward) 

5′-CCTGGAGACCTGAGAACCAATC-3′ and MMP9 

(reverse) 5′-CCACCCGAGTGTAACCATAGC-3′. The 

2−∆∆Ct method was used to analyze the data. Each experiment 

was performed in triplicate.

CCK-8 assay
A cell-counting kit-8 (CCK-8; Beyotime, Shanghai, People’s 

Republic of China) assay was applied to evaluate the prolif-

erative ability of the melanoma cells. The transfected A375 

cells (5×103 cells) were added to 96-well plates. At 12, 24, 
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36 and 48 h, the medium of each well was replaced with 

100 μL of fresh culture media that contained 10% CCK-8 

solution. Subsequently, these cells were incubated for 2 h at 

37°C, and the absorbance was measured using a microplate 

reader (Multiskan FC, Thermo Scientific) at a wavelength 

of 450 nm. Experiments were independently repeated in 

triplicate.

Apoptosis assay
The related oligonucleotides and plasmids were trans-

fected into melanoma cells. After 48 h, an Annexin 

V-fluorescein isothiocyanate (FITC) apoptosis detection kit 

(BD Biosciences, San Jose, CA, USA) was used to analyze 

the apoptosis ratio according to the manufacturer’s instruc-

tions. The apoptosis percentages were evaluated using 

Annexin V-FITC and propidium iodide (PI) double stain-

ing; cells without Annexin V and PI staining were used as 

controls. The Annexin V+ and PI− cells were considered 

apoptotic. Experiments were repeated in triplicate.

Cell invasion and migration assays
A Transwell assay was used to evaluate the invasion ability 

of melanoma cells. Transfected A375 cells were digested and 

then resuspended in serum-free DMEM. Then, the cells were 

placed on the top of the matrigel-coated invasion chambers 

(BD Biosciences). We added 500 μL of DMEM containing 

10% FBS to the lower chamber as a chemoattractant. Cotton 

swabs were used to remove the non-invasive cells after 24 h. 

The invading cells were fixed and stained with 0.1% crystal 

violet. The cells were counted and photographed using a 

microscope (×100). The migration ability of melanoma cells 

was determined using a scratch wound assay. After transfec-

tion for 24 h, a 200 μL pipette tip was used to scratch the cell 

layers to form wound gaps. The cell culture was continued 

in 10% FBS-supplemented DMEM at 37°C. At 0 and 24 h, 

the cells were photographed under a microscope, and the 

wound width was recorded. Experiments were repeated 

in triplicate.

Luciferase reporter assay
The 3′-untranslated region (UTR) fragments of BCL2 

and MMP9 containing the putative binding sequences of 

miR-204-5p were cloned into pMIR-REPORT vectors, and 

a mutated plasmid was used as a control. The melanoma 

cells were co-transfected with a hsa-miR-204-5p mimic 

and related reporter plasmids. The luciferase activity was 

measured using a Dual Luciferase Reporter Assay System 

(Promega, Fitchburg, WI, USA) after transfection for 48 h 

according to the manufacturer’s instructions.

Western blot
Radioimmunoprecipitation assay (RIPA) buffer (KenGEN, 

Nanjing, People’s Republic of China) was used to extract 

the total protein from cells after transfection, and the protein 

concentrations were determined using a bicinchoninic acid 

(BCA) Protein Assay Kit (Beyotime, People’s Republic of 

China). Equal amounts of protein were separated by 10% 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

(SDS-PAGE), and transferred to polyvinylidene fluoride 

(PVDF) membranes (Millipore, Billerica, MA, USA). Mem-

branes were blocked with 5% non-fat milk and incubated 

overnight with diluted antibodies against MMP9 (1:1,000, 

Abcam, UK) and BCL2 (1:1,000, Abcam), followed by incu-

bation with horseradish peroxidase-conjugated secondary 

antibody (1:2,500, Santa Cruz, CA, USA). GAPDH was 

used as a control (1:2,500, Abcam).

Xenograft tumor assay
Ten immunodeficient female nude mice were used to test the 

effects of miR-204-5p in malignant melanoma in vivo. All 

nude mice were obtained from the Beijing Laboratory Animal 

Center (Beijing, People’s Republic of China). These nude 

mice were divided into two groups (the miR-204-5p group 

and the NC group). About 2×106 logarithmically growing 

A375 cells (the miR-204-5p mimic-transfected cells and the 

NC-transfected cells) were subcutaneously injected into nude 

mice, respectively. Subsequently, the miR-204-5p mimic was 

locally injected into every xenograft tumor in the miR-204-5p 

group, and in the scramble group the tumor was injected with 

NC oligonucleotides. These injections were performed every 

4 days. Tumor volume was measured after each injection and 

calculated according to the formula: V (mm3) =0.5 * a * b2  

(a represents the longest axis and b the shortest axis). After  

32 days, the tumors were stripped and weighed. Total proteins 

and RNA were extracted from tissues; the expressions of miR-

204-5p, MMP9 and BCL2 were detected using western blot 

analysis or quantitative real-time polymerase chain reaction 

(qRT-PCR). The study was approved by the Experimental 

Animal Ethics Committee of the Affiliated People’s Hospital of 

Jiangsu University, and conducted according to the guidelines 

and regulations of the Experimental Animal Ethics Committee 

of the Affiliated People’s Hospital of Jiangsu University.

Statistical analysis
The data were presented as the mean ± standard deviation 

and were analyzed with an Statistical Package for the Social 

Sciences (SPSS) 13.0 software package (IBM Corp., Armonk, 

NY, USA). The data were analyzed by Student’s t-test or one-

way analysis of variance. The Pearson correlation analysis 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2017:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1240

Luan et al

was performed using MATLAB software. Log-rank tests were 

used to analyze the difference in the overall survival time. 

P,0.05 was considered to be statistically significant. All 

experiments were independently performed in triplicate.

Results
miR-204-5p is down-regulated in melanoma tissues and cells, 

and confers a protective effect that improves the prognosis 

of patients with melanoma.

We first investigated miR-204-5p expression in thirty 

malignant melanoma tissues and twenty benign nevi tissues 

using RT-qPCR. As shown in Figure 1A, the miR-204-5p 

expression was markedly decreased in melanoma compared 

to benign nevi. In addition, miR-204-5p levels were more 

reduced in metastatic melanoma tissues relative to primary 

melanoma tissues (Figure 1B). We next examined the 

correlation between miR-204-5p expression and overall 

survival of melanoma patients. Low miR-204-5p expression 

in patients was associated with poor overall survival com-

pared with high miR-204-5p expression (Figure 1C). We also 

detected the miR-204-5p levels in human melanoma cell lines 

(A375, WM35, SK-MEL-2 and SK-MEL-5) and HEMa-LP. 

miR-204-5p was considerably lower in melanoma cells than 

in HEMa-LP, especially in A375 cells (Figure 1D). These 

findings indicated that down-regulation of miR-204-5p may 

contribute to the malignant progression of melanoma.

miR-204-5p acts as a tumor suppressor 
in melanoma
To further explore the biological function of miR-204-5p in 

melanoma cells, the commercially synthesized miR-204-5p 

mimic was transfected into A375 cells (Figure 2A). A CCK-8 

Figure 1 miR-204-5p is down-regulated in melanoma tissues and cells, and confers a protective effect that improves the prognosis of patients with melanoma. (A) miR-204-5p 
levels were analyzed in malignant melanoma tissues and benign nevi tissues. (B) The expression of miR-204-5p was analyzed in metastatic melanoma tissues and primary 
melanoma tissues. (C) The overall survival curves of melanoma patients with high miR-204-5p expression and low miR-204-5p expression. (D) The miR-204-5p expression 
profile in human melanoma cell lines (A375, WM35, SK-MEL-2 and SK-MEL-5) and human epidermal melanocytes (HEMa-LP). *P,0.05, **P,0.01, ***P,0.001.
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Figure 2 miR-204-5p acts as a tumor suppressor in melanoma. (A) Transfection efficiency of the miR-204-5p mimic was determined by PCR. (B) The proliferative ability of 
A375 cells was measured by a CCK-8 assay. (C and D) Effect of miR-204-5p on apoptosis of A375 cells was assessed by flow cytometry. (E and F) The effect of miR-204-5p 
on the invasive capacity of melanoma cells was assessed by a Transwell assay. (G and H) The effect of miR-204-5p on the migratory ability of melanoma cells was assessed 
by the scratch wound assay. *P,0.05, **P,0.01, ***P,0.001.
Abbreviations: PCR, polymerase chain reaction; CCK-8, cell-counting kit-8; NC, negative control; PI, Propidium iodide; OD, optical density.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2017:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1242

Luan et al

assay showed that overexpression of miR-204-5p markedly 

repressed the proliferation of A375 cells (Figure 2B). In an 

apoptosis assay, the miR-204-5p mimic-transfected cells 

exhibited more apoptotic cells compared to the control group 

(Figure 2C and D). Transwell assays and scratch wound 

assays revealed that the invasive and migratory abilities 

of A375 cells were inhibited by the miR-204-5p mimic 

(Figure 2E–H). Taken together, these results suggest that 

miR-204-5p suppresses cell proliferation, migration and 

invasion, and promotes cell apoptosis in melanoma.

MMP9 and BCL2 are the direct functional 
targets of miR-204-5p
We further studied the mechanism of action of miR-204-5p 

in melanoma cells. miRanda (http://www.microrna.org/) 

was used to investigate the direct targets of miR-204-5p. 

The binding sites of miR-204-5p matched the 3′-UTR of 

MMP9 (associated with invasion) and BCL2 (associated with 

apoptosis), suggesting that MMP9 and BCL2 are potential 

targets of miR-204-5p (Figure 3A). We then constructed 

luciferase reporter plasmids containing the wild-type (WT; 

pMIR-MMP9-WT and pMIR-BCL2-WT) and mutant (Mut; 

pMIR-MMP9-MUT and pMIR-BCL2-MUT) binding sites. 

Dual luciferase reporter assays showed that overexpression 

of miR-204-5p suppressed luciferase activity in cells with the 

WT plasmid, though no significant change was detected in 

the A375 cells transfected with the Mut plasmid (Figure 3B). 

Meanwhile, western blotting and real-time PCR showed 

that the up-regulation of miR-204-5p led to a decrease in 

the expression of endogenous MMP9 and BCL2 (Figure 3C 

and D). We then investigated the possible correlations among 

miR-204-5p, MMP9 and BCL2 expression in melanoma 

tissues. The heat map data of thirty malignant melanoma 

tissues revealed a negative correlation between miR-204-5p, 

and MMP9 and BCL2 (Figure 3E). The Pearson correlation 

of miR-204-5p and MMP9 expression levels was nega-

tive, while the correlation between miR-204-5p and BCL2 

was the same (Figure 3F). Overall, we demonstrated that 

MMP9 and BCL2 are the functional targets of miR-204-5p 

in melanoma.

Expression of MMP9 and BCL2 
attenuates the effects of miR-204-5p 
in melanoma
To elucidate the relationship between miR-204-5p and MMP9 

and BCL2, we transfected A375 cells with the miR-204-5p 

mimic together with the MMP9 and BCL2 plasmids, and 

performed a series of functional assays. Western blotting 

was used to confirm MMP9 and BCL2 protein expression 

(Figure 4A). Importantly, the effect of miR-204-5p on the 

proliferation, migration, invasion and apoptosis of A375 

melanoma cells was rescued by the MMP9 and BCL2 plas-

mids (Figure 4B–H). In summary, these results suggested that 

MMP9 and BCL2 are the critical targets of miR-204-5p in 

regulating the biological function of melanoma cells.

miR-204-5p inhibits melanoma growth 
in vivo and increases sensitivity of 
melanoma cells to chemotherapy
To test the function of miR-204-5p in vivo, we generated 

the melanoma xenograft model by subcutaneously inoculat-

ing the miR-204-5p mimic- or NC-transfected A375 cells 

(Figure 5A). As shown in Figure 5B, the tumor volume in 

the NC group was significantly bigger compared with the 

miR-204-5p overexpression group between 16 and 32 days 

post-injection. After 32 days, the mice were sacrificed, and 

tumors were stripped and weighed. The tumor weight in 

the miR-204-5p overexpression group was significantly 

less than that in the NC group (Figure 5C). Finally, western 

blotting revealed that the expression of BCL2 and MMP9 

was decreased in miR-204-5p mimics-treated group 

(Figure 5D and E). These results indicated that miR-204-5p 

inhibits melanoma growth in vivo. Finally, a dose-dependent 

5-FU and DDP treatment at different concentrations was con-

ducted on miR-204-5p mimic- or NC-transfected melanoma 

cells. After 48 h, a CCK-8 assay showed that the inhibition 

of cell proliferation increased with 5-FU and DDP dose, 

and the cell proliferation was more inhibited in miR-204-

5p-transfected group (Figure 5F). These results suggested 

that miR-204-5p increases the sensitivity of melanoma cells 

to chemotherapy.

Discussion
miRNA, a non-coding RNA of about twenty-two nucleotides 

in length, plays an important role in several biological pro-

cesses by regulating gene expression at the posttranscriptional 

level through binding of the 3′-UTR of the target mRNA.20,21 

Extensive reports have shown that many miRNAs act as 

oncomiRNAs or tumor suppressors in diverse human tumors, 

including in melanoma.22–24 The role of miR-204-5p in tumor 

development has recently received much attention. Several 

researchers have reported that miR-204-5p is down-regulated 

and functions as a tumor suppressor in various types of human 

tumors. For example, miR-204-5p is down-regulated in 

glioblastoma, and suppresses the development and progres-

sion of glioblastoma by targeting ATF2.16 miR-204-5p sup-

presses NSCLC invasion and migration by targeting JAK2.17 

Similarly, miR-204-5p acts as a tumor suppressor in prostate 
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cancer and cutaneous squamous cell carcinoma.18,25 Some 

researchers have discovered that miR-204-5p expression is 

also decreased in melanoma tissues.19 However, the func-

tion and molecular mechanism of miR-204-5p in melanoma 

genesis and development remain unclear.

In this study, we report that miR-204-5p expression 

was decreased in melanoma tissues and cells, especially in 

metastatic melanoma. miR-204-5p may serve as a protec-

tive factor that predicts the prognosis of melanoma patients. 

These results indicate that low expression of miR-204-5p 

′

′

′

′

′

′

′

′

Figure 3 MMP9 and BCL2 are the direct functional targets of miR-204-5p. (A) The binding sites of miR-204-5p within the 3′-UTR of MMP9 and BCL2 were predicted by 
miRanda. (B) Overexpression of miR-204-5p suppressed luciferase activity in cells with the WT plasmid but did not cause a significant change in A375 cells with the Mut 
plasmid. (C) Western blots identified MMP9 and BCL2 protein expression changes following transfection with a miR-204-5p mimic or NC; GAPDH was used as a control. 
(D) PCR to assess the mRNA level of MMP9 and BCL2 in A375 cells following transfection with a miR-204-5p mimic. (E) The heat map shows that MMP9 and BCL2 are 
negatively correlated with miR-204-5p in thirty malignant melanoma tissues. (F) The Pearson correlation of miR-204-5p and MMP9 and BCL2 expression in thirty malignant 
melanoma tissues. **P,0.01.
Abbreviations: MMP9, matrix metalloproteinases-9; BCL2, B-cell lymphoma-2; Mut, mutant type; PCR, polymerase chain reaction; UTR, untranslated region; WT, wild type; 
NC, negative control; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Figure 4 Expression of MMP9 and BCL2 attenuates the effects of miR-204-5p in melanoma. (A) Western blots identified MMP9 and BCL2 protein expression changes following 
transfection with miR-204-5p alone or in combination with MMP9 and BCL2. (B) BCL2 plasmid reversed the effect of miR-204-5p on the proliferative ability of A375 cells. 
(C and D) Expression of BCL2 reversed miR-204-5p-induced apoptosis as assessed by flow cytometry. (E and F) The effect of miR-204-5p on the invasive ability of A375 cells was 
largely abrogated by the MMP9 plasmid. (G and H) The MMP9 plasmid reversed the effect of miR-204-5p on the migratory ability of A375 cells. *P,0.05, **P,0.01.
Abbreviations: MMP9, matrix metalloproteinases-9; BCL2, B-cell lymphoma-2; NC, negative control; PI, Propidium iodide; OD, optical density.

may play an important role in the progression of malignant 

melanoma. Furthermore, we investigated the biological 

function of miR-204-5p in melanoma cells. It inhibited pro-

liferation, migration and invasion, and promoted apoptosis 

of melanoma cells. Then, we further examined the molecular 

mechanism of miR-204-5p in melanoma. miRanda was used 

to investigate the direct targets of miR-204-5p. We discov-

ered that MMP9 and BCL2 may be the functional targets of 

miR-204-5p in melanoma.

BCL2, the most important antiapoptotic oncogene, inhib-

its apoptosis by interacting with proapoptotic members of the 

BCL2 family (BAD, BAX and BID).26,27 The imbalance of 

antiapoptotic and proapoptotic proteins plays an important 

role in tumor development, and a decrease in BCL2 expres-

sion disrupts the balance of antiapoptotic and proapoptotic 

signaling and activates the apoptotic cascade.28 MMPs drive 

metastasis by degrading the extracellular matrix (ECM), and 

type I and IV collagens are the major ECM components.29 

MMP9, a member of the MMP family, degrades these colla-

gens, thereby expediting and facilitating cancer cell invasion 

and metastasis.30 MMP9 is overexpressed in various human 

cancer types.31,32 A large number of studies have verified 
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Figure 5 miR-204-5p inhibits melanoma growth in vivo and increases sensitivity of melanoma cells to chemotherapy. (A) Tumor formation in nude mice and the excision 
tumor of A375 xenografts. (B) Difference in tumor volume between the NC group and the miR-204-5p group. (C) The tumor weight of excision tumor. (D) PCR identified 
miR-204-5p expression changes. (E) Western blots identified MMP9 and BCL2 protein expression changes. (F) A dose-dependent 5-FU and DDP treatment was conducted 
on miR-204-5p mimic- or NC-transfected melanoma cells. The proliferative ability of A375 cells was measured by CCK-8 assay. *P,0.05, **P,0.01.
Abbreviations: NC, negative control; 5-FU, 5-fluorouracil; CCK-8, cell-counting kit-8; PCR, polymerase chain reaction; MMP9, matrix metalloproteinases-9; BCL2, B-cell 
lymphoma-2; DDP, cisplatin; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

that many oncogenes and tumor suppressor genes influence 

cancer progression through regulation of BCL2 and MMP9, 

including melanoma.33,34 In this study, our data reveal a 

negative correlation between miR-204-5p, and MMP9 and 

BCL2 in melanoma tissues. We demonstrated that MMP9 and 

BCL2 are the functional targets of miR-204-5p in melanoma 

by luciferase reporter assays and a series of functional assays. 

Finally, we found that miR-204-5p inhibits melanoma growth 

in vivo by regulating the expression of BCL2 and MMP9.

Conclusion
We demonstrated that miR-204-5p acts as a tumor suppressor 

in melanoma by targeting MMP9 and BCL2, thus regulating 

cell proliferation, invasion, migration and apoptosis. Low 

levels of miR-204-5p participate in melanoma progression and 

are associated with poor overall survival of melanoma patients. 

We also determined that miR-204-5p increases the sensitivity 

of melanoma cells to chemotherapy. Thus, miR-204-5p may 

be a potential therapeutic target for melanoma.
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