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INTRODUCTION

Considered the most serious type of skin cancer, melanoma is 
mainly derived from melanocytes in the skin, mucous membranes, 
nerve centers, and other regions.1 Melanoma causes high mortality 
due to its strong invasiveness, easy metastasis, and easy tolerance 
to the treatment.2 The current strategies targeting melanoma mainly 
rely on early surgical removal, and there are no sustained effective 
treatments for the advanced stages of melanoma.3 Investigation of 
the molecular mechanism underlying the pathogenesis, as well as 
the development of novel therapeutic strategies, are urgent for the 
prevention of malignant metastasis of melanocytes.

microRNAs (miRNAs) inhibit mRNA translation and regulate 
gene expressions.4 Due to the ability to regulate genes involved 
in cell proliferation, apoptosis, or migration, miRNAs have 
attracted more attention in tumor research.5 The role of miR-
NAs in the development and biology of melanocytes has been 
investigated recently,6 illustrating that miRNAs are implicated 
in the pathogenesis of melanoma.6 miRNAs have been reported 
to function as an either oncogenic or oncosuppressive media-
tor on melanoma, suggesting miRNAs as potential therapeutic 
targets.7 The anticancer effect of miR-509-3p has been widely 
evaluated on renal cell carcinoma8 and ovarian cancer.9 Recently, 
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Background: microRNAs (miRNAs) are ubiquitously dysregulated in 
numerous tumor cell types, including melanoma cells. The anti-tumor 
effect of miR-509-3p was widely evaluated in various cancers.
Aims: To determine the functional role of miR-509-3p in melanoma.
Study Design: Cell culture study.
Methods: Expression of miR-509-3p in melanoma cell models were 
assessed by qRT-PCR. Cell migration and invasion were analyzed by 
wound healing and transwell assays, respectively. Expression levels of 
biomarkers of epithelial–mesenchymal transition were determined by 
Western blot. Luciferase vectors containing wildtype or mutant miR-
509-3p binding site were constructed, and then dual-luciferase reporter 
assay.
Results: Dysregulated miR-509-3p level was found in melanoma cells. 
Elevated miR-509-3p expression suppressed melanoma cell migration 
(P < .001) and invasion (P < .001) capacities. Epithelial–mesenchymal 

transition of melanoma cells was repressed by miR-509-3p, along with 
increased α-catenin/E-cadherin (P < .001) and decreased vimentin/
fibronectin (P < .001). CTHRC1 (collagen triple helix repeat contain-
ing 1) contained a potential binding site for miR-509-3p, and miR-
509-3p decreased protein expression of CTHRC1 in melanoma cells 
(P < .001). CTHRC1 promoted melanoma cell migration and invasion 
(P < .001), as well as contributed to epithelial–mesenchymal transition. 
Increased CTHRC1 expression attenuated miR-509-3p-induced inhibi-
tion of melanoma cell migration (P < .001), invasion, and epithelial–
mesenchymal transition.
Conclusion: miR-509-3p suppressed the biological function of 
melanoma cells through negatively regulating CTHRC1, shedding light 
on miR-509-3p as a potential candidate for melanoma therapeutics and 
treatments.
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miR-509-3p was differentially expressed in A375 with resistance 
to vemurafenib10 and melanoma patients.11 However, the func-
tional role of miR-509-3p in melanoma has not been thoroughly 
elucidated yet.

CTHRC1 retards collagen I synthesis and promotes cell migra-
tion of fibroblasts, facilitating vascular remodeling and tis-
sue repair.12 Considering the tight link between tissue repair 
and carcinogenesis, CTHRC1 was regarded as an oncogene in 
tumors.13 CTHRC1 has been found to be overexpressed in mel-
anoma cells, thus contributing to melanoma metastasis.14 We 
explored whether miR-509-3p regulated melanoma progression 
through targeting CTHRC1.

MATERIAL AND METHODS

Cell Culture
A375, SK-MEL-28, WM115, and WM35 (Chinese Academy of 
Sciences, Shanghai, China) were cultured in RPMI-1640 medium 
containing 10% fetal bovine serum (Lonza, Basel, Switzerland) in 
a 37°C humidified incubator.

Plasmid Construction and Cell Transfection
CTHRC1 ORF was inserted into pcDNA3.1 backbone 
(Invitrogen, Waltham, MA, USA) to generate pcDNA-CTHRC1. 
SK-MEL-28 and WM115 were transfected with pcDNA vectors, 
miR-509-3p mimics, and an inhibitor (GenePharma, Shanghai, 
China) via Lipofectamine™ 2000 (Invitrogen) for 48 h.

Cell Migration
Transfected SK-MEL-28 and WM115 cells with 80-90% 
confluence were scratched, and a wound field in each well was 
generated. After 24 h of post-wound scratching, the mobilized cells 
were evaluated by a microscope (Olympus CY3, Tokyo, Japan).

Cell Invasion
Upper chambers (Corning, NY, USA) were seeded with transfected 
SK-MEL-28, and WM115 cells were supplemented with a serum-
free medium. Medium containing serum was added into the lower 
chambers. After 48 h post-seeding, the cells in the lower chambers 
were fixed with 4% methanol and stained with crystal violet before 
counting using a microscope.

Western Blot
Protein samples were extracted from transfected SK-MEL-28, and 
WM115 cells were extracted using RIPA lysis buffer (BioTeke, 
Beijing, China). Proteins (30 µg) were separated using SDS-PAGE 
and transferred onto a polyvinylidene difluoride membrane. The 
membrane was blocked in 5% skim milk and incubated with anti-
CTHRC1 (1:1000; Proteintech Group, Chicago, IL, USA), anti-α-
catenin (1:2000), anti-E-cadherin (1:2000), anti-vimentin (1:2500), 
anti-fibronectin (1:2500), or anti-β-actin (1:3000) antibodies. The 
membrane was incubated with horseradish peroxidase-conjugated 
secondary antibodies (1:5000) by using Super Signal West Pico 
Chemiluminescent Substrate kit (Thermo Fisher; Waltham, MA, 
USA) as per the manufacturer’s instruction.

Luciferase Reporter
Wildtype or mutant of CTHRC1 3’ UTR sequences was cloned into 
pMIR-GLO™ Luciferase vector (Promega, Madison, WI, USA). 
SK-MEL-28 and WM115 were co-transfected with CTHRC1-WT 
or CTHRC1-MUT vector with miR-509-3p mimic or NC mimic. 
After 48 h post-transfection, cells were processed using the dual-
luciferase reporter assay system (Promega).

qRT-PCR
RNAs were extracted from transfected SK-MEL-28 and 
WM115 via TRIzol reagent (Invitrogen) and reverse transcribed 
into cDNAs with M-MLV RT kit (Promega). The relative 
expression level of miR-509-3p was evaluated by TaqMan 
microRNA assays (Thermo Fisher). Primers were listed as 
follows: miR-509-3p (F; 5’-GGGATTCTGCTCGTGTTCCA-3’ 
and R: 5’-GGTTCTTACGGGCATCCACA-3’) and 
U6 (F: 5’-GCTCGCTTCGGCAGCACA-3’ and R: 
5’-GAGGTATTCGCACCAGAGGA-3’).

Statistical Analysis
Data with at least 3 repeats were expressed as the mean ± standard 
deviation, analyzed by Student’s t-test or one-way analysis of 
variance with a Tukey’s post hoc test. P < .05 was considered 
statistically significant difference.

RESULTS

miR-509-3p Suppressed Malignant Metastasis of Melanoma
To elucidate the role of miR-509-3p in melanoma, A375, 
SK-MEL-28, WM115, and WM35 cells were processed using 
qRT-PCR analysis. WM35 cells showed the highest miR-509-3p 
expression, while WM115 cells showed the lowest expression 
(Figure 1A). miR-509-3p expression was higher in A375 than that 
in SK-MEL-28 (Figure 1A). Therefore, SK-MEL-28 (P = .001) and 
WM115 (P < .001) were then processed using gain-of functional 
assays by overexpressing miR-509-3p mimic (Figure 1B). The 
migratory (Figure 1C) capacity of SK-MEL-28 (P = .032) and 
WM115 (P < .001) was repressed by miR-509-3p transfection, and 
the invasive (Figure 1D) capacity of SK-MEL-28 (P = .002) and 
WM115 (P = .003) cells were also repressed by miR-509-3p 
overexpression, suggesting that miR-509-3p repressed malignant 
metastasis of melanoma.

miR-509-3p Repressed Epithelial–Mesenchymal Transition in 
Melanoma

To elucidate the role of miR-509-3p in epithelial–mesenchymal 
transition, Western blot analysis of biomarkers was performed in 
SK-MEL-28 and WM115 cell models. Epithelial markers, includ-
ing α-catenin (P < .001 and P = .0001) and E-cadherin (P < .001 and 
P < .001), were increased followed by miR-509-3p overexpression 
in SK-MEL-28 and WM115 cells (Figure 2). Whereas mesenchy-
mal markers, such as vimentin (P < .001 and P < .001) and fibronec-
tin (P < .001 and P < .001), were decreased following miR-509-3p 
treatment (Figure 2), suggesting that miR-509-3p suppressed epi-
thelial–mesenchymal transition in melanoma cells.
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FIG.  1.  (A-D).  miR-509-3p  suppressed  malignant  metastasis  of  melanoma  cells.  (A)  Differentially  expressed  miR-509-3p  in  melanoma  cell  lines  (A375, 
SK-MEL-28, WM115, and WM35) detected by qRT-PCR. (B) miR-509-3p mimic was transfected into SK-MEL-28 and WM115 cells, and the expression of miR-
509-3p was detected by qRT-PCR after 48 h of transfection. (C) miR-509-3p mimic was transfected into SK-MEL-28 and WM115, and cells and cell migration 
ability were detected by wound healing after 48 h of transfection. (D) miR-509-3p mimic was transfected into SK-MEL-28 and WM115 cells, and the cell invasion 
ability was detected by transwell after 48 h of transfection. **P < .01.

FIG. 2. (A,B).  miR-509-3p suppressed epithelial–mesenchymal transition in melanoma cells. miR-509-3p mimic was transfected into SK-MEL-28 and WM115 
cells, and protein expression levels of α-catenin, E-cadherin, vimentin, and fibronectin were detected by Western blot after 48 h of transfection. **P < .01.
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CTHRC1 Was Targeted by miR-509-3p in Melanoma Cells
Target genes of miR-509-3p associated with biological effects in 
melanoma were screened and identified. CTHRC1 contains poten-
tial binding sites for miR-509-3p (Figure 3A). The results dem-
onstrated that luciferase activity of CTHRC1-WT was decreased 
upon miR-509-3p mimic treatment compared to that of NC mimic 
treatment in SK-MEL-28 (P < .001) and WM115 (P = .004) cells 
(Figure 3B), while CTHRC1 mutation abolished such a suppres-
sive effect of miR-509-3p (Figure 3B), suggesting that miR-509-3p 
directly binds to CTHRC1. Moreover, miR-509-3p overexpres-
sion directly decreased the CTHRC1 level, whereas miR-509-3p 
inhibition increased the expression of SK-MEL-28 (P < .001 and 
P < .001) and WM115 (P < .001 and P < .001) cells (Figure 3C). 
Taken together, data obtained so far illustrated that CTHRC1 was 
targeted by miR-509-3p in melanoma cells.

miR-509-3p Suppressed Malignant Metastasis of Melanoma 
Cells Through Regulation of CTHRC1

To determine the effect of miR-509-3p/CTHRC1 axis in the 
metastasis of melanoma, pcDNA-CTHRC1 and miR-509-3p 
mimic were cotransfected into SK-MEL-28 and WM115 cells. 
Western blot analysis showed that CTHRC1 overexpression 
decreased protein levels of α-catenin (P < .001) and E-cadherin 
(P < .001), whereas enhanced vimentin (P < .001) and fibronectin 
(P < .001) (Figure 4A). However, cotransfection using pcDNA-
CTHRC1 and miR-509-3p mimic reversed CTHRC1-induced 
decrease of α-catenin (P < .001) and E-cadherin (P < .001) levels, 

as well as restored the CTHRC1-mediated increase of vimen-
tin (P < .001) and fibronectin (P < .001) (Figure 4A). More-
over, elevated CTHRC1 expression promoted migration 
(Figure 4B) and invasion (Figure 4B) of SK-MEL-28 and WM115 
(P < .001) cells. miR-509-3p could attenuate the promotive 
effects of CTHRC1 on cell migration (Figure 4B) and invasion 
(Figure 4C) in SK-MEL-28 and WM115 (P < .001) cells. Collec-
tively, miR-509-3p suppressed the malignant metastasis of mela-
noma cells through the regulation of CTHRC1.

DISCUSSION

Distant metastasis is a major obstacle for the effective treatment 
of melanoma, metastasis, and invasion, which are the most impor-
tant reasons for the death of patients due to melanoma.14 miRNAs, 
due to their ability to modulate melanoma cell growth, have been 
considered as new therapeutic strategies for melanoma.7 Although 
miR-509-3p was shown to be responsible for suppressing tumor 
cell metastasis, the exact role of miR-509-3p in melanoma progres-
sion remained to be investigated.

Melanoma is highly curable in the early stages; however, mela-
noma often develops metastasis devoid of effective diagnostic 
biomarkers.15 Therefore, it is important to discover diagnostic or 
prognostic biomarkers for melanoma. miRNAs have been reported 
to be related to the diagnosis and prognosis of melanoma, which 
could contribute to personalized treatment.16 Dysregulation of the 
miR-506-514 cluster, including miR-506-3p and miR-509-3p, 

FIG. 3. (A-C).  CTHRC1 was targeted by miR-509-3p in melanoma cells. (A) The potential binding site and mutant site between miR-509-3p and CTHRC1 by 
TargetScan. (B) Effect of miR-509-3p on luciferase activities of CTHRC1-WT and CTHRC1-MUT in SK-MEL-28 and WM115 cells were detected by luciferase 
activity assay.  (C) miR-509-3p mimic or  inhibitor was  transfected  into SK-MEL-28 and WM115 cells, and protein expression of CTHRC1 was detected by 
Western blot after 48 h of transfection. **,&&P < .01.
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was found in metastatic cutaneous melanoma.17 miR-509-3p was 
reduced in melanoma patients, and such different expression lev-
els could discriminate between non-melanoma controls and mel-
anoma patients at different stages.16 Moreover, glypican 6 was 
upregulated in melanoma cell lines and considered as a biomarker 
for cutaneous melanoma, whose expression was suppressed by 
miR-509-3p.18 We observed that miR-509-3p was dysregulated in 
melanoma cells, and in this study, the relationship between overall 
survival or clinico-pathological parameters of patients with mela-
noma and miR-509-3p expression levels should be further inves-
tigated, with the aim to provide diagnostic or prognostic roles of 
miR-509-3p in melanoma.

Functional assays revealed that miR-509-3p could suppress mela-
noma cell migration and invasion, suggesting the anticancer role 

in melanoma. Epithelial–mesenchymal transition in melanoma 
cells is often accompanied by the transformation of epithelial 
cells into invasive mesenchymal cells, and promotion of epi-
thelial–mesenchymal transition could contribute to metastasis 
of melanoma.19 Suppression of epithelial–mesenchymal transi-
tion facilitated the repressive role of miR-204-3p on melanoma 
cells.20 This study indicated that miR-509-3p decreased the expres-
sions of vimentin and fibronectin, whereas increased the expression 
of α-catenin and E-cadherin in melanoma cells, thus suppressing 
metastasis of melanoma cells. Transcription factors, including 
TWIST1, Slug, and Snail, have been shown to promote epithelial–
mesenchymal transition in tumors.21 Since miR-509-3p could target 
epithelial–mesenchymal transition regulator, TWIST1, in ovarian 
cancer,9 whether TWIST1 was involved in miR-509-3p-mediated 

FIG. 4. (A-D).  miR-509-3p suppressed malignant metastasis of melanoma cells through regulation of CTHRC1. (A) Effect of pcDNA-CTHRC1 and miR-509-3p 
mimic on protein expression of CTHRC1, α-catenin, E-cadherin, vimentin, and fibronectin in SK-MEL-28 and WM115 cells were detected by Western blot after 
48 h of transfection. (B) Effect of pcDNA-CTHRC1 and miR-509-3p mimic on cell migration in SK-MEL-28 and WM115 cells were detected by wound healing 
after 48 h of transfection. (C) Effect of pcDNA-CTHRC1 and miR-509-3p mimic on cell invasion in SK-MEL-28 and WM115 cells were detected by transwell 
assay after 48 h of transfection. **,&&P < .01.
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epithelial–mesenchymal transition in melanoma cells should be 
investigated in future studies.

CTHRC1 was found to be enhanced in metastatic melanoma 
specimens compared to nonmetastatic lesions12 and promoted 
melanoma cell survival.22 CTHRC1 knockdown retarded the 
progression of melanoma cells.23 We found that CTHRC1 over-
expression contributed to the progression of melanoma cells. 
Previous research reported that the transforming growth factor 
could stimulate CTHRC1 to modulate Smad2/3, Wnt or Src, and 
Erk pathways, thus enhancing epithelial–mesenchymal transi-
tion to facilitate cancer metastasis.24 Elevated CTHRC1 expres-
sion in melanoma cells also promotes epithelial–mesenchymal 
transition with increased vimentin and fibronectin and decreased 
α-catenin and E-cadherin. CTHRC1 was found to be involved in 
miR-134-25 or miR-155-26-mediated melanoma tumorigenesis. 
This study first confirmed that miR-509-3p could directly target 
CTHRC1 and negatively regulated its protein expression. More-
over, CTHRC1 overexpression counteracted the repressive effects 
of miR-509-3p on melanoma cell migration, invasion, and epi-
thelial–mesenchymal transition. Furthermore, the detailed down-
stream signaling pathways involved in progression regulation by 
miR-509-3p/CTHRC1 axis need to be further investigated.

In conclusion, this study reported miR-509-3p was a tumor sup-
pressor in melanoma cells, modulating tumor progression through 
inhibiting CTHRC1 expression. Taken together, our results provide 
insights into miR-509-3p as a promising therapeutic agent in mela-
noma progression from bench to clinic.
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