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Abstract. – OBJECTIVE: To investigate the

potential effects of microRNA-429-5p (miR-4295p) on the development of malignant melanoma
(MM) and the relevant mechanism.
PATIENTS AND METHODS: Quantitative Real Time-Polymerase Chain Reaction (qRT-PCR)
was used to detect the differential expression
of miR-429-5p in MM tissues. The relationship between miR-429-5p expression and clinical pathological data of MM patients was analyzed. LIM kinase 1 (LIMK1) was verified as a
downstream target of miR-429-5p by online prediction software, and the interaction between
LIMK1 and miR-429-5p was verified by Dual-Luciferase reporter assay.
RESULTS: Compared with normal skin tissues, 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 expression 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 migration and invasion in MM by targeting LIMK1.
Hence, miR-429-5p/LIMK1 axis might be a potential 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 basal 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 marker for MM is lacked. MM is characterized as rapid
deterioration. From the initial stage, the lesioned region immediately enlarged, swelling and ruptured,
and evolves into satellite lesions, swelling and distant 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 lacking4,5. 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 complementary sequence in the 3’ Untranslated Region
(UTR) of the target mRNA and then regulate
gene expressions at the post-transcriptional level7,8. MiRNAs are discovered to be involved
in many important biological events, including
cell apoptosis, signal transduction, organ development, 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 epigenetic 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 miR429-5p is found to be downregulated in many malignant tumors, and it exerts anti-cancer effects16-18.
However, the expression pattern of miR-429-5p in
melanoma and its biological role in the development 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 examination. 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 investigation was approved by the Ethics Committee of Fuyang People’s Hospital. Signed written
informed consents were obtained from all participants before the study.
Cell Culture and Transfection
MM cell line (A375) and normal human epidermal melanocyte line (PEM) were obtained

from American Type Culture Collection (ATCC;
Manassas, VA, USA). Cells were cultured in
the Roswell Park Memorial Institute-1640 (RPMI-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 sequence 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 widetype. Luciferase reporter gene vector with miR429-5p 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.
			
Features

No.

MiR-429 expression
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-Luciferase 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 complementary deoxyribonucleic acid (cDNA) with Oligo (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-degeneration 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 sequences used in this study were as follows: LIMK1,
F: 5’-CGCAGCGGCACCCCGCTTCTC-3’, R:
5’-CTAGGGATCCGTCCGAAGGA-3’;
miR429-5p, F: 5’-GGATTTGGACAAATTTGC-3’,
R: 5’-ATCAGAGTGTGAGGCATG-3’; GAPDH: 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 radioimmunoprecipitation 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 electrophoresis (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 incubated with LIMK1 primary antibody (1:1000)
or GAPDH (1:1000) overnight at 4°C, and the
corresponding secondary antibody at room temperature for 1 h. After the membrane was washed
using TBST for 3 times, the samples were exposed in a dark room.

Cell Invasion and Migration
At 48 h after cell transfection, the cells were
resuspended in the serum-free Dulbecco’s Modified 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 medium 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. Penetrating 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 between 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 parameters 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 between miR-429-5p expression and clinicopathological 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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To further explore the relationship between
miR-429-5p and LIMK1, Dual-Luciferase reporter assay was performed. The results shown in
Figure 2C suggested that miR-429-5p overexpression could inhibit the luciferase activity of the
wide-type, but it had no influence on mutant-type,
indicating the direct regulatory effect of miR429-5p on LIMK1 in A375 cells.

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

histologic type of MM patients (p>0.05), However, 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 TargetScan (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 vitro-study (Figure 2B). We detected the expression
of miR-429-5p in transfected A375 cells by qPCR. The results showed that transfection of miR429-5p mimics could significantly increase the
miR-429-5p expression level in cells (Figure 2B).

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 mimics 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 characteristics 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-overexpression of LIMK1 could abolish the inhibitory
effects, demonstrating that the effect of miR-4295p on migration and migration of MM cells was
achieved by regulating LIMK1.

Discussion
The early intervention in melanoma, a highly 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 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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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).

melanoma increases faster than other cancers20.
It is of vital importance to discover and make
use of genetic or epigenetic regulatory mechanism during the development and progression of

melanoma21. The previous research has shown
that many disordered miRNAs are directly involved in the development from melanophores to
primary or metastatic melanoma by regulating
2629

H. Sheng, Y.-H. Guo, D.-S. Cao, X.-J. Li, Y. Zhao, H. Ding, Y.-L. Zhang, Z.-H. Chen

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 posttranscriptional expressions of target genes23-25. Some
miRNAs may directly participate in the development 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 exerts 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 homologous 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-associated kinase (ROCK) and cyclin-dependent kinases (CDK), thereby reversing cofilin-induced
actin depolymerization29-31. The research also detected 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 significantly 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-4295p 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 migration and invasion of MM cells. Notably, LIMK1
was able to reverse the regulatory effects of miR429-5p on MM cells. These results suggested that
miR-429-5p/LIMK1 axis played an important role
in the biological function of MM cells.
2630

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

The Authors declare that they have no conflict of interests.

References
1) Testa U, C astelli G, Pelosi E. Melanoma: genetic abnormalities, tumor progression, clonal evolution
and tumor initiating cells. Med Sci (Basel) 2017;
5. pii: E28.
2) Huang J, Sun SG, Hou S. Aberrant NEK2 expression might be an independent predictor for poor
recurrence-free survival and overall survival of
skin cutaneous melanoma. Eur Rev Med Pharmacol Sci 2018; 22: 3694-3702.
3) Rozeman EA, Dekker T, Haanen J, Blank CU. Advanced melanoma: current treatment options,
biomarkers, and future perspectives. Am J Clin
Dermatol 2018; 19: 303-317.
4) Alvarez-Dominguez C, C alderon-Gonzalez R, Teran -Navarro H, Salcines-Cuevas D, Garcia-C astano A,
Freire J, Gomez-Roman J, Rivera F. Dendritic cell therapy in melanoma. Ann Transl Med 2017; 5: 386.
5) Yang J, Xiao P, Sun J, Guo L. Anticancer effects of
kaempferol in A375 human malignant melanoma
cells are mediated via induction of apoptosis, cell
cycle arrest, inhibition of cell migration and downregulation of m-TOR/PI3K/AKT pathway. J BUON
2018; 23: 218-223.
6) L ee RC, Feinbaum RL, A mbros V. The C. Elegans heterochronic gene lin-4 encodes small RNAs with
antisense complementarity to lin-14. Cell 1993;
75: 843-854.
7) He L, Hannon GJ. MicroRNAs: small RNAs with a
big role in gene regulation. Nat Rev Genet 2004;
5: 522-531.
8) Bartel DP. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell 2004; 116: 281-297.
9) Hwang HW, Mendell JT. MicroRNAs in cell proliferation, cell death, and tumorigenesis. Br J Cancer
2006; 94: 776-780.
10) Shimono Y, Zabala M, Cho RW, Lobo N, Dalerba P,
Qian D, Diehn M, Liu H, Panula SP, Chiao E, Dirbas FM,
Somlo G, Pera RA, L ao K, Clarke MF. Downregulation
of miRNA-200c links breast cancer stem cells with
normal stem cells. Cell 2009; 138: 592-603.
11) Yanaihara N, C aplen N, Bowman E, Seike M, Kuma moto K, Yi M, Stephens RM, O k amoto A, Yokota J,
Tanak a T, C alin GA, L iu CG, Croce CM, H arris CC.
Unique microRNA molecular profiles in lung cancer diagnosis and prognosis. Cancer Cell 2006;
9: 189-198.

MiR-429-5p attenuates the migration and invasion of malignant melanoma by targeting LIMK1
12) M eng F, Henson R, Wehbe-Janek H, Ghoshal K, Ja cob ST, Patel T. MicroRNA-21 regulates expression of the PTEN tumor suppressor gene in
human hepatocellular cancer. Gastroenterology
2007; 133: 647-658.
13) S aito Y, L iang G, Egger G, Friedman JM, Chuang
JC, Coetzee GA, Jones PA. Specific activation
of microRNA-127 with downregulation of the
proto-oncogene BCL6 by chromatin-modifying
drugs in human cancer cells. Cancer Cell 2006;
9: 435-443.
14) Fu S, Wu H, Zhang H, L ian CG, Lu Q. DNA methylation/hydroxymethylation in melanoma. Oncotarget 2017; 8: 78163-78173.
15) Romano G, Kwong LN. MiRNAs, melanoma and
microenvironment: an intricate network. Int J Mol
Sci 2017; 18. pii: E2354.
16) Wang Y, L i M, Z ang W, M a Y, Wang N, L i P, Wang
T, Zhao G. MiR-429 up-regulation induces apoptosis and suppresses invasion by targeting Bcl2 and SP-1 in esophageal carcinoma. Cell Oncol
(Dordr) 2013; 36: 385-394.
17) Sun T, Wang C, Xing J, Wu D. MiR-429 modulates
the expression of c-myc in human gastric carcinoma cells. Eur J Cancer 2011; 47: 2552-2559.
18) Chen H, Xia B, L iu T, L in M, Lou G. KIAA0101,
a target gene of miR-429, enhances migration
and chemoresistance of epithelial ovarian cancer
cells. Cancer Cell Int 2016; 16: 74.
19) Grazia G, Penna I, Perotti V, A nichini A, Tassi E. Towards combinatorial targeted therapy in melanoma: from pre-clinical evidence to clinical application (review). Int J Oncol 2014; 45: 929-949.
20) Salama AK, K im KB. MEK inhibition in the treatment
of advanced melanoma. Curr Oncol Rep 2013;
15: 473-482.
21) Moran B, Silva R, Perry AS, G allagher WM. Epigenetics of malignant melanoma. Semin Cancer
Biol 2018; 51: 80-88.
22) Howell PJ, L i X, Riker AI, Xi Y. MicroRNA in melanoma. Ochsner J 2010; 10: 83-92.
23) Koscianska E, Baev V, Skreka K, Oikonomaki K, Rusin ov V, Tabler M, K alantidis K. Prediction and preliminary validation of oncogene regulation by miRNAs. BMC Mol Biol 2007; 8: 79.
24) Syed P, Gidwani K, K ekki H, L eivo J, Pettersson K, L am minmaki U. Role of lectin microarrays in cancer diagnosis. Proteomics 2016; 16: 1257-1265.

25) Perez-Diez A, Morgun A, Shulzhenko N. Microarrays
for cancer diagnosis and classification. Adv Exp
Med Biol 2007; 593: 74-85.
26) Sun Y, Shen S, Tang H, Xiang J, Peng Y, Tang A, Li N,
Zhou W, Wang Z, Zhang D, Xiang B, Ge J, Li G, Wu
M, Li X. MiR-429 identified by dynamic transcriptome analysis is a new candidate biomarker for colorectal cancer prognosis. Omics 2014; 18: 54-64.
27) Zhu W, He J, Chen D, Zhang B, Xu L, M a H, L iu X,
Zhang Y, L e H. Expression of miR-29c, miR-93,
and miR-429 as potential biomarkers for detection of early stage non-small lung cancer. PLoS
One 2014; 9: e87780.
28) Scott RW, Olson MF. LIM kinases: function, regulation and association with human disease. J Mol
Med (Berl) 2007; 85: 555-568.
29) Parker R, Vella LJ, X avier D, A mirkhani A, Parker J,
Cebon J, Molloy MP. Phosphoproteomic analysis
of cell-based resistance to BRAF inhibitor therapy in melanoma. Front Oncol 2015; 5: 95.
30) Zhou Y, Su J, Shi L, L iao Q, Su Q. DADS downregulates the Rac1-ROCK1/PAK1-LIMK1-ADF/cofilin signaling pathway, inhibiting cell migration and
invasion. Oncol Rep 2013; 29: 605-612.
31) Vlachos P, Joseph B. The Cdk inhibitor p57 (Kip2) controls LIM-kinase 1 activity and regulates actin cytoskeleton dynamics. Oncogene 2009; 28: 4175-4188.
32) Heredia L, Helguera P, de Olmos S, Kedikian G, Sola
VF, L aFerla F, Staufenbiel M, de Olmos J, Busciglio J,
C aceres A, Lorenzo A. Phosphorylation of actin-depolymerizing factor/cofilin by LIM-kinase mediates
amyloid beta-induced degeneration: a potential
mechanism of neuronal dystrophy in Alzheimer’s
disease. J Neurosci 2006; 26: 6533-6542.
33) Davila M, Frost AR, Grizzle WE, Chakrabarti R. LIM
kinase 1 is essential for the invasive growth of
prostate epithelial cells: implications in prostate
cancer. J Biol Chem 2003; 278: 36868-36875.
34) Nishita M, Tomizawa C, Yamamoto M, Horita Y,
Ohashi K, Mizuno K. Spatial and temporal regulation of cofilin activity by LIM kinase and Slingshot
is critical for directional cell migration. J Cell Biol
2005; 171: 349-359.
35) Cote MC, L avoie JR, Houle F, Poirier A, Rousseau S,
Huot J. Regulation of vascular endothelial growth
factor-induced endothelial cell migration by LIM
kinase 1-mediated phosphorylation of annexin 1.
J Biol Chem 2010; 285: 8013-8021.

2631

