
2625

Abstract. – OBJECTIVE: To investigate the 
potential effects of microRNA-429-5p (miR-429-
5p) on the development of malignant melanoma 
(MM) and the relevant mechanism. 

PATIENTS AND METHODS: Quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR) 
was used to detect the differential expression 
of miR-429-5p in MM tissues. The relation-
ship between miR-429-5p expression and clin-
ical pathological data of MM patients was an-
alyzed. LIM kinase 1 (LIMK1) was verified as a 
downstream target of miR-429-5p by online pre-
diction software, and the interaction between 
LIMK1 and miR-429-5p was verified by Dual-Lu-
ciferase reporter assay. 

RESULTS: Compared with normal skin tis-
sues, miR-429-5p was downregulated in MM 
tissues. MiR-429-5p expression was correlated 
with tumor size and stage of MM. Upregulation 
of miR-429-5p significantly inhibited protein ex-
pression of LIMK1 and reduced migration and 
invasion ability of MM cells. LIMK1 was involved 
in MM progression regulated by miR-429-5p. 

CONCLUSIONS: MiR-429-5p attenuates migra-
tion and invasion in MM by targeting LIMK1. 
Hence, miR-429-5p/LIMK1 axis might be a poten-
tial therapeutic target for the treatment of MM.
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Introduction

Malignant melanoma (MM) is a kind of highly 
malignant tumor originated in melanophores of bas-
al layer of epidermidis and typically occurs in the 

skin or adjacent mucosa1. In the past decades, the 
morbidity and mortality of melanoma have raised 
sharply2. Early clinical manifestations of melanoma 
include primarily pigmented nevus or pigmented 
spots on the skin. Specific clinical diagnostic mark-
er for MM is lacked. MM is characterized as rapid 
deterioration. From the initial stage, the lesioned re-
gion immediately enlarged, swelling and ruptured, 
and evolves into satellite lesions, swelling and dis-
tant metastasis of local lymph nodes. The mortality 
of MM is up to 80%. For now, surgical resection is 
still the primary method for melanoma treatment3, 
while effective treatment for metastatic MM is lack-
ing4,5. Therefore, it is necessary to further explore 
the pathogenesis of melanoma.

Micro ribonucleic acids (miRNAs), discovered 
in 1993, are a class of RNAs that do not encode 
proteins6. They can directly bind to the comple-
mentary sequence in the 3’ Untranslated Region 
(UTR) of the target mRNA and then regulate 
gene expressions at the post-transcriptional lev-
el7,8. MiRNAs are discovered to be involved 
in many important biological events, including 
cell apoptosis, signal transduction, organ devel-
opment, differentiation of hematopoietic stem 
cells, and host-virus interaction9. Moreover, it is 
considered that miRNAs exert important roles in 
the formation process of many human tumors10-13. 
The pathogenesis of melanoma is also regarded as 
an accumulation of a series of genetic and epigen-
etic events that include DNA methylation, histone 
modification, abnormal expression of miRNAs, 
and etc14,15. Therefore, miRNAs related to MM 
may be promising therapeutic targets.
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MicroRNA-429-5p (miR-429-5p) is a recently 
discovered miRNA with an anti-cancer effect. It 
belongs to the miR-200 family that is featured by 
high conservatism, tissue specificity, and other 
biological characteristics. The expression of miR-
429-5p is found to be downregulated in many ma-
lignant tumors, and it exerts anti-cancer effects16-18. 
However, the expression pattern of miR-429-5p in 
melanoma and its biological role in the develop-
ment process of melanoma remain unclear.

Patients and Methods

Clinical Samples 
The MM and normal skin tissue samples were 

obtained from Fuyang People’s Hospital, all of 
which were confirmed by pathological exam-
ination. The liquid nitrogen was used to freeze 
the tissue samples. The Declaration of Helsinki 
should be mentioned and respected. The general 
data of patients were shown in Table I. This in-
vestigation was approved by the Ethics Commit-
tee of Fuyang People’s Hospital. Signed written 
informed consents were obtained from all partic-
ipants before the study.

Cell Culture and Transfection
MM cell line (A375) and normal human epi-

dermal melanocyte line (PEM) were obtained 

from American Type Culture Collection (ATCC; 
Manassas, VA, USA). Cells were cultured in 
the Roswell Park Memorial Institute-1640 (RP-
MI-1640) medium (HyClone, South Logan, UT, 
USA) containing 10% fetal bovine serum (FBS; 
HyClone, South Logan, UT, USA) at 37°C with 
5% CO2. The cells were transfected according 
to the instructions of the LipofectamineTM 2000 
(Invitrogen, Carlsbad, CA, USA) when the cell 
density reached 50-60%.

Group divided: NC group (negative control), 
miR-429-5p group (A375 cell transfected with 
miR-429-5p mimics) and miR-429-5p+ LIMK1 
group (A375 cell transfected with miR-429-5p 
mimics and LV-LIMK1). 

Dual-Luciferase Reporter Assay
Online prediction software TargetScan (www.

targetscan.org/) and miRanda (www.microrna.
org) were adopted to predicate the binding site 
of miR-429-5p and LIMK1. The full-length se-
quence of LIMK1 3’UTR was amplified using the 
conventional polymerase chain reaction (PCR) 
and constructed into luciferase reporter gene 
vector psi-CHECK2, which was named as wide-
type. Luciferase reporter gene vector with miR-
429-5p binding locus mutation was constructed 
using PCR point mutation, which was named as 
mutant-type. At 48 h after transfection, relative 

Table I. MiR-429 expression and clinical features of patients with MM.

                                       MiR-429 expression

 Features No. High Low p

No. 55 24 31 
Age (years)    0.716
  < 60 17  10 
  ≥ 60 38 17 21 
Sex    
  Male 23 11 12 0.833
  Female 32 13 19 
Thickness (mm)    0.013
  < 2.0 18 12  6 
  ≥ 2.0 37 12 25 
Ulceration    0.550
  bsent 23  9 14 
  Present 32 15 17 
Histologic type    0.774
  SSM 21  9 12 
  LMM 24 10 14 
  Other 10  5  5 
Stage    0.008
  I-II 12  8  4 
  III-IV 43 16 27 
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luciferase activity was detected via the Dual-Lu-
ciferase reporter system kit (Promega, Madison, 
WI, USA).

Quantitative Real-Time Polymerase 
Chain Reaction (qRT-PCR) Analysis

Total RNAs of cells in different groups were 
extracted using TRIzol kit (Invitrogen, Carlsbad, 
CA, USA) and reversely transcribed into comple-
mentary deoxyribonucleic acid (cDNA) with Oli-
go (dT) as the primer of the reverse transcription. 
Preparation of the PCR reaction system: 5.0 µL of 
cDNA, 0.5 µL of forward primer, 0.5 µL of reverse 
primer, 10 µL of 2×SYBR Green PCR Master 
Mix, and an appropriate amount of H2O added to 
a total of 20 µL. Reaction conditions: pre-degen-
eration at 95°C for 5 min, followed by 95°C for 15 
s, 65°C for 15 s, and 72°C for 32 s for 40 cycles in 
total. The analysis temperature of the dissociation 
curve was 60-95°C. Three duplicated wells were 
set. The relative expression of miR-429-5p was 
calculated using the 2-∆∆Ct method. Primer sequenc-
es used in this study were as follows: LIMK1, 
F: 5’-CGCAGCGGCACCCCGCTTCTC-3’, R: 
5’-CTAGGGATCCGTCCGAAGGA-3’; miR-
429-5p, F: 5’-GGATTTGGACAAATTTGC-3’, 
R: 5’-ATCAGAGTGTGAGGCATG-3’; GAP-
DH: F: 5’-CGCTCTCTGCTCCTCCTGTTC -3’, 
R: 5’-ATCCGTTGACTCCGACCTTCAC-3’. 
U6: F: 5’-CTCGCTTCGGCAGCACATAT-3’, R: 
5’-TTGCGTGTCATCCTTGCG-3’.

Western Blot Analysis
Cell samples were collected at 48 h after 

transfection and lysed with radioimmunopre-
cipitation assay (RIPA) lysis buffer (Beyotime, 
Shanghai, China). The protein concentration in 
cells was detected using the bicinchoninic acid 
(BCA) method (Abcam, Cambridge, MA, USA). 
A total of 20 μg of protein was loaded for sodium 
dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) with 10% separating gel, and 
transferred on to a membrane at 300 mA for 100 
min. Membranes were sealed with 5% skim milk 
powder solution at 37°C for 1 h. After washing 
in Tris-Buffered Saline with Tween-20 (TBST) 
for 3 times (10 min/time), membranes were in-
cubated with LIMK1 primary antibody (1:1000) 
or GAPDH (1:1000) overnight at 4°C, and the 
corresponding secondary antibody at room tem-
perature for 1 h. After the membrane was washed 
using TBST for 3 times, the samples were ex-
posed in a dark room.

Cell Invasion and Migration
At 48 h after cell transfection, the cells were 

resuspended in the serum-free Dulbecco’s Modi-
fied Eagle’s Medium (DMEM; Gibco, Rockville, 
MD, USA) and cell density was adjusted to 
2×105/L. A total of 600-800 μL of culture me-
dium containing 10% FBS was added into the 
bottom of transwell chamber and 100-150 μL of 
cell suspension into the upper chamber. The cells 
were continuously cultured for 24 h. Later, they 
were fixed with paraformaldehyde for 30 min, 
stained with 0.1% crystal violet for 20 min and 
observed under an inverted microscope. Pene-
trating cells were counted in five random fields of 
vision. In the invasion experiment, the transwell 
chamber do not need to be coated with Matrigel, 
and the rest procedures were the same as those in 
the migration assay.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 13.0 software (SPSS Inc., Chicago, IL, 
USA) was used for data analysis. Differences be-
tween two groups were analyzed by the Student’s 
t-test. The comparison between multiple groups 
was done using One-way ANOVA test, followed 
by post-hoc test (Least Significant Difference). 
Chi-square test was performed for the association 
between miR-429-5p and clinicopathological pa-
rameters of MM patients.

Results

MiR-429-5p was Upregulated in MM
The expression of miR-429-5p in MM tissues 

and normal tissues was detected by qRT-PCR. 
Compared with normal skin tissues (0.385 ± 
0.114), miR-429-5p was highly expressed in MM 
tissues (0.949 ± 0.203) (Figure 1A). The result 
suggested that miR-429-5p may be an effective 
tumor-suppressor in MM.

The Relationship of MiR-429-5p with 
Clinicopathological Features

MM patients were divided into miR-429-5p 
high-expression group (n=24) and low-expression 
group (n=31) according to the mean expression 
level of miR-429-5p (0.385). The association be-
tween miR-429-5p expression and clinicopath-
ological features of patients was analyzed. As 
shown in Table I, the expression of miR-429-5p 
was not associated with age sex, ulceration and 
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histologic type of MM patients (p>0.05), Howev-
er, significant statistical differences were found in 
tumor size and stage (p<0.05).

LIMK1 Is a Direct Target of 
MiR-429-5p in MM Cell

In the current investigation, we searched for the 
potential target gene of miR-429-5p on TargetS-
can (www.targetscan.org/) and miRanda (www.
microrna.org). LIMK1 was screened out, which 
has a complementary sequence to miR-429-5p at 
positions 1048-1054 (Figure 2A).

Next, A375 cells, a MM cell line with low 
expression of miR-429-5p was selected for in vi-
tro-study (Figure 2B). We detected the expression 
of miR-429-5p in transfected A375 cells by qP-
CR. The results showed that transfection of miR-
429-5p mimics could significantly increase the 
miR-429-5p expression level in cells (Figure 2B). 

To further explore the relationship between 
miR-429-5p and LIMK1, Dual-Luciferase report-
er assay was performed. The results shown in 
Figure 2C suggested that miR-429-5p overexpres-
sion could inhibit the luciferase activity of the 
wide-type, but it had no influence on mutant-type, 
indicating the direct regulatory effect of miR-
429-5p on LIMK1 in A375 cells. 

MiR-429-5p Decreased the Expression 
Level of LIMK1

Interestingly, the protein level of LIMK1 was 
downregulated in A375 cells overexpressing 
miR-429-5p. It was noteworthy that when we 
co-transfected LV-LIMK1 and miR-429-5p mim-
ics into MM cells, the expression of LIMK1 was 
restored (Figure 3A).

MiR-429-5p Inhibited the Invasion and 
Migration of MM Cells

Migration and invasion are important charac-
teristics of tumor cells. The results from transwell 
assay suggested that transfection of miR-429-5p 
mimics can effectively inhibit the migration and 
invasion of A375 cells. Nevertheless, co-overex-
pression of LIMK1 could abolish the inhibitory 
effects, demonstrating that the effect of miR-429-
5p on migration and migration of MM cells was 
achieved by regulating LIMK1.

Discussion 

The early intervention in melanoma, a high-
ly invasive and fatal skin cancer, significantly 
prolongs survival rate of patients19. Currently, 
available therapeutic schemes for patients with 
melanoma are rare, but the global morbidity of 

Figure 1. The expressions of miR-429-5p in MM tissues 
and normal tissues. (***p<0.001).

Figure 2. LIMK1 is a direct and functional target of miR-429-5p. A, Diagram of putative miR-429-5p binding sites of 
LIMK1. B, The expression of miR-429-5p in cells and transfection efficiency detection by qRT-PCR. (*p<0. 05). C, Relative 
activities of luciferase reporters. (ns p> 0.05, **p<0.01). 
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melanoma increases faster than other cancers20. 
It is of vital importance to discover and make 
use of genetic or epigenetic regulatory mecha-
nism during the development and progression of 

melanoma21. The previous research has shown 
that many disordered miRNAs are directly in-
volved in the development from melanophores to 
primary or metastatic melanoma by regulating 

Figure 3. A, MiR-429-5p decreased the expression level of LIMK1 detected by Western blot (*p<0.05). B, MiR-429-5p/
LIMK1 axis inhibits the invasion and migration of MM cell (magnification 40×). All data were presented as means ± standard 
deviations. (*p<0.05).
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tumor-related genes and pathways. Therefore, 
exploration into the vital function of miRNAs in 
the progression and metastasis of melanoma will 
contribute to the targeted therapy with miRNAs 
for melanoma in the future22.

MiRNAs are small non-coding single-stranded 
RNA molecules with 20-25 nucleotides in length, 
which are involved in regulating almost all links 
of cellular activity by controlling the posttran-
scriptional expressions of target genes23-25. Some 
miRNAs may directly participate in the develop-
ment of tumors by regulating cell differentiation 
and apoptosis, while others may take part in the 
progression of tumors via targeting oncogenes 
and/or tumor-suppressor genes. MiR-429-5p ex-
erts an anti-cancer effect, which could be taken 
as a molecular marker for early detection and 
prognosis assessment of colorectal cancer and 
non-small cell lung cancer26,27. 

As a member of LIM protein family, LIMK 
possesses high conservatism and participates in 
the cytoskeletal recombination. Up to now, two 
members of LIMKs have been discovered, namely 
LIMK1 and LIMK2, which are highly homolo-
gous in the amino acid sequence28. LIMK1 is a 
kind of serine/threonine protein kinase that exists 
in both cell nucleus and cytoplasm. Its primary 
role in cytoplasm is to assembly actin-containing 
cytoskeleton. LIMK1 could be phosphorylated by 
micromolecular guanosine triphosphatase Rho-as-
sociated kinase (ROCK) and cyclin-dependent ki-
nases (CDK), thereby reversing cofilin-induced 
actin depolymerization29-31. The research also de-
tected that LIMK1 is the only kinase that could 
stimulate the phosphorylation of cofilin. LIMK1 
inactivates cofilin by phosphorylating Ser 3 loci 
and blocks cofilin to bind to actin filament, thus 
improving the stability of filamentous actin and 
finally leading to changes in actin cytoskeleton32. 
Interfering in the expression of LIMK1 could sig-
nificantly weaken the migration ability of tumor 
cells, indicating that LIMK1 is correlated with the 
migration and invasion ability of tumor cells33-35.

Our experimental results reveal for the first time 
the role of miR-429-5p in MM. That is, miR-429-
5p was downregulated in MM. MiR-429-5p level 
was associated with the tumor size and stage of 
MM. Overexpression of miR-429-5p in MM cells 
downregulated LIMK1 level, and inhibited migra-
tion and invasion of MM cells. Notably, LIMK1 
was able to reverse the regulatory effects of miR-
429-5p on MM cells. These results suggested that 
miR-429-5p/LIMK1 axis played an important role 
in the biological function of MM cells.

Conclusions

In summary, our results provided a new po-
tential molecular therapeutic target for treatment 
of MM. However, the role of miR-429-5p in MM 
needed further exploration.
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