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miR-18a-5p promotes melanoma cell proliferation and inhibits
apoptosis and autophagy by targeting EPHA?7 signaling
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Abstract. Micro (mi)RNAs serve crucial roles in cancer
development although little is known about their cellular
mechanisms in the pathogenesis of melanoma. The present
study explored the regulatory roles of miR-18a-5p in melanoma
cell proliferation, apoptosis and autophagy, in addition to its
target gene in melanoma cells. miRNA and ephrin receptor A7
(EPHA7) mRNA were analyzed by reverse transcription-quan-
titative PCR. Cell Counting Kit-8 and colony formation assays
were performed to examine the cell proliferation rate. Hoechst
staining and flow cytometry were performed to investigate
cell apoptosis. Western blotting was used to estimate the
abundance of proteins. Dual-Luciferase reporter assay verified
the binding of miRNA with target gene sequences. Melanoma
tissues and cell lines exhibited markedly elevated miR-18a-5p
expression. miR-18a-5p inhibitor inhibited proliferation rates,
and triggered apoptosis and autophagy marker protein expres-
sion in WM?266-4 and A375 cells. It also negatively regulated
EPHAT expression in WM266-4 and A375 cells by directly
binding at the 3'-untranslated region of EPHA7. miR-18a-5p
mimics reversed the EPHA7 overexpression-induced suppres-
sion of proliferation, and the EPHA7 overexpression-induced
promotion of apoptosis and autophagy. miR-18a-5p triggered
proliferation of melanoma cells and inhibited apoptosis
and autophagy by directly targeting and inhibiting EPHA7
expression. Thus, the present study aided our understanding of
miRNA-mediated melanoma pathogenesis.

Introduction

Melanoma is a group of severe malignant tumors that develop
from transformation of melanocytes and grow on human
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skin, in the mouth, eyes and intestinal tissues (1,2). Melanoma
is the fifth and sixth most common of the human cancers
affecting male and female patients respectively, according
to recent epidemiological investigations. Globally new
melanoma cases occur in >0.2 million individuals each year,
an incidence that has been continuously on the rise during
the past years (3,4). Patients with melanoma at advanced
stages who are not suitable for surgery, chemotherapy nor
immunotherapy are commonly treated with drugs such as
temozolomide and dacarbazine, but the efficiency of this
treatment is often impaired by drug resistance (5,6). The
development of novel anti-melanoma drugs critically depends
on the complete understanding of the molecular pathogenic
mechanisms in melanoma.

EPHATY (ephrin receptor A7) is a member of the Eph
family of receptor tyrosine kinases, which are expressed in
erythropoietin-producing human hepatocellular carcinoma
cells (7). They are commonly known to be involved in embry-
onic development, angiogenesis, development of nervous
and vascular systems, and a number of human pathogenic
conditions, including numerous types of tumor, inflammatory
diseases and neurological diseases (8,9). Alteration of EPHA7
expression has been identified to be closely associated with
the development of several types of human cancer over the
past decade, such as colon and prostate cancer. For instance,
high expression of EPHA7 is associated with adverse results
among patients with primary and recurrent glioblastoma
multiforme (10). By contrast, expression of the EPHA7 is
markedly downregulated in colorectal cancer tissues, presum-
ably caused by hypermethylation in the 5'CpG island of
EPHA7 (9). EPHAT is substantially mutated in patients with
melanoma with frequent mutations recorded in tumor samples,
as demonstrated by a meta-analysis of somatic mutations on
the basis of next-generation sequencing (11). Nevertheless,
the expressional state, regulating mechanism and functions of
EPHAT7 in melanoma remain to be elucidated.

MicroRNAs (miRNAs/miRs) are a large group of
non-coding RNA molecules, commonly with 22 nucleotides,
which target expression levels of genes by directly binding with
the 3'-untranslated region (UTR) of functional genes (12). The
post-transcriptional gene expression regulation by miRNAs is
extensively associated with various biological processes and
human disorders including several types of cancer, such as
gastric, liver and breast cancer (12-14). Certain miRNAs are
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also known to modulate the function of EPHA7. For instance,
miR-944 targets EPHA7 to influence the progression of lung
cancer cells (15). In addition, numerous miRNASs serve crucial
roles in regulating the expression of key genes associated with
melanoma pathogenesis and drug responses (16,17). miR-18a-5p
acts has been demonstrated to be associated with cancer devel-
opment and progression (18). The high levels of miR-18a-5p
expression in non-small cell lung cancer (NSCLC) tissues
promote proliferation and migration, and suppress apoptosis of
cancerous cells by targeting interferon regulatory factor 2 gene
expression (19). The expression of miR-18a-5p was reported to
be markedly elevated in melanoma cell lines compared with
normal human epidermal melanocytes, suggesting pathogenic
roles for miR-18a-5p in the progression of melanoma (20).
However, the pathogenic roles of high expression levels of
miR-18a-5p in melanoma cells and the underlying molecular
mechanisms, require further investigation.

The present study performed extensive analysis of
miR-18a-5p expression and its cellular functions associated
with melanoma development and progression using both
clinical tissues and cellular models. EPHA7 was confirmed
to be a target gene of miR-18a-5p in melanoma cells. The
findings of the present study revealed novel molecular mecha-
nisms through which melanoma pathogenesis is promoted,
which may support miRNA-based melanoma diagnosis and
treatment.

Materials and methods

Tissue collection and cell culture. Melanoma and normal
skin tissues were collected from 20 patients diagnosed with
malignant melanoma who underwent surgical treatment at
the Department of Dermatology of the Guangzhou First
People's Hospital (Guangdong, China) between July 2018 and
November 2018; information about the stage and clinical status
of the patient are presented in Table I. All patients provided
written consent prior to the surgery and the entire study was
approved by the Medical Ethics Committee of the Guangzhou
First People's Hospital (approval no. K-2019-135-01).
The present study was performed in accordance with the
Declaration of Helsinki (21). The American Type Culture
Collection supplied the normal human epidermal melanocyte
PIG1 and melanoma cell lines WM266-4, A375, VMMS5A
and A2058. The cells were cultured in Dulbecco's modified
Eagle's medium (DMEM; Thermo Fisher Scientific, Inc.) with
10% fetal bovine serum (Thermo Fisher Scientific, Inc.) and
1% penicillin or streptomycin at 37°C in a humidified chamber
with 5% CO,.

Reverse transcription-quantitative (RT-g) PCR. To examine
the relative expression levels of miRNA and mRNAs, total
RNA was extracted from the skin tissues or cultured cells
with TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocols. A NanoDrop
spectrophotometer (Thermo Fisher Scientific, Inc.) was used
to record the concentration and quality of RNA. On assessing
the RNA quality and concentration using a NanoDrop spec-
trophotometer (Thermo Fisher Scientific, Inc.), equal volumes
of RNA samples (3.0 ug) were collected from each group
for cDNA library synthesis with the Bestar™ qPCR RT kit

(cat. no. 2220; DBI Bioscience), according to the manufac-
turer's protocol, at 37°C for 1 min, 50°C for 60 min and 70°C
for 15 min. Then, relative levels of miRNA or mRNA were
measured by RT-qPCR using the Bestar™ qPCR MasterMix
kit (cat. no. 2043; DBI Bioscience), according to the following
procedure: Pre-denaturation at 95°C for 2 min, with 42 cycles
of denaturation at 94°C for 20 sec; annealing at 58°C for
20 sec and extension at 72°C for 20 sec. The maximum cycle
number considered for gene expression is 42. U6 and GAPDH
were used as the internal standard for quantitation of miRNA
and EPHA?7 expression, respectively. Expression levels were
assessed by the standard 2224 method (22). The experiment
was repeated three times. The primers used for RT-qPCR are
listed in Table II.

Cell transfection. To determine the effect of miR-18a-5p
expression in melanoma cells, the miR-18a-5p mimics (5'-UAA
GGUGCAUCUAGUGCAGAUAG-3"), miR-18a-5p inhibitors
(5'-CCAGAAGGAGCACUUAGGGCAGU-3") and negative
control (NC; 5-CAGUACUUUUGUGUAGUACAA-3") were
produced and supplied by Shanghai GenePharma Co., Ltd. To
determine the overexpression of EPHA7 in melanoma cells,
full-length genomic sequences of EPHA7 were amplified using
EPHA7-F1 (5-CGGATCCATGGTTTTTCAAACTCGGTA
CCCTTC-3") and EPHA7-R1 (5'-CCCTCGAGTCACACT
TGAATGCCAGTTCCATGT-3"), which were then ligated with
the pcDNA3.0 plasmid (Vipotion Biotechnology Co., Ltd.).
The miRNA mimics, inhibitors and recombinant plasmids
were introduced into the cultured melanoma cells using
Lipofectamine® 2000 transfection reagent (cat. no. 11668019;
Thermo Fisher Scientific, Inc.), according to the manufacturer's
protocols. The quantity of all mimics or inhibitors used was
100 nM. Alterations of miRNA and EPHA7 expression levels
were confirmed by RT-qPCR following 48 h of transfection
at 37°C.

Colony formation assay. Melanoma cell proliferation rate
was evaluated by performing a colony formation assay.
Following cell transfection, WM266 and A375 cells
were resuspended in DMEM and seeded in 6-well plates
(100 cells/well). These were cultured under normal condi-
tions for another 2 weeks at 37°C. The cells were then fixed
using 4% paraformaldehyde for 12 min at 37°C and stained
using 0.1% crystal violet for 30 min at room temperature.
Cell colonies were defined as >50 cells and counted under
a fluorescent microscope (magnification, x400) in three
randomly selected fields of view for cell proliferation
comparison. For statistical analysis, the experiments were
performed in triplicate.

Cell counting Kit-8 (CCK-8) assay. The CCK-8 (Dojindo
Molecular Technologies, Inc.) assay was performed to assess
melanoma cell proliferation, according to the manufacturer's
protocols. The cell suspensions (4,000 cells/well; 100 ul)
were seeded in 96-well plates and maintained at 37°C in a
humidified chamber under normal conditions for 24, 48 and
72 h. Thereafter, the cells were incubated using 10 u1 CCK-8
solution for 4 h and absorbance measured at 450 nm (OD,s,)
with a microplate reader. Cell proliferation was analyzed on
the basis of OD,;, values from =3 replicates.



Table I. Histological subtypes of cutaneous melanoma.

In situ or invasive

(case no.)

Sex (case no.)

Localization of the primary lesion (case no.)

Course of disease,

Patients, n Age of onset,

Histological
Subtype

Feet

Limbs Hands

Trunk

Head and Neck

median (months)

Male Female In situ Invasive

median (years)

(%)

36
30
36
24
28

42
52
56

3 (15.00)
2 (10.00)
13 (65.00)

LMM

SSM

ALM
NM

1 (5.00)
1 (5.00)

45

Metastatic MM
DM
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34

10

11

51

20

Total

LMM, lentigo maligna melanoma; SSM, superficial spreading melanoma; ALM, acral lentiginous melanoma; NM, nodular melanoma; MM, maligna melanoma; DM, desmoplastic melanoma.

Flow cytometry. Flow cytometry was performed to evaluate
cell early apoptosis using the FITC Annexin V Apoptosis
Detection kit (BioLegend, Inc.), according to the manufac-
turer's protocol. Melanoma cells cultured in 6-well plates were
rinsed three times using cell staining buffer, resuspended in
Annexin V Binding Buffer (5x10° cells/ml) and incubated using
5 ul FITC Annexin V and 7-AAD Viability Staining Solution
for 15 min at room temperature in the dark. Finally, the cells
were mixed with Annexin V Binding Buffer and analyzed
with a FACScan flow cytometry system (BD Biosciences) and
FlowlJo software (version 10; FlowJo LLC). Flow cytometry
analysis experiments were repeated =3 times.

Hoechst staining. Apoptosis of WM266 and A375 cells was
also evaluated using Hoechst 33258 reagents (cat. no. C1011;
Beyotime Institute of Biotechnology) according to the
manufacturer's protocols. Melanoma cells (1x10° cells/well)
grown on cell slides were mixed with the fixation solution at
4°C for 12 min, rinsed three times using PBS, stained with
Hoechst 33258 for 5-8 min at 37°C with agitation, rinsed
again with PBS for 3 min at room temperature and eventu-
ally observed in three randomly selected fields of view at
a wavelength of 460 nm using fluorescence microscopy
(magnification, x400); =3 replicates of the experiments were
performed.

Dual luciferase reporter assay. Dual-Luciferase reporter
assay was performed to validate the binding of miRNA 18a-5p
with the 3'-UTR region of EPHA7 in WM266 and A375 cells.
The wild-type (WT) and mutated (MUT) 3'-UTR regions of
EPHAT7 were ligated separately with the Psi-CHECK?2 plas-
mids (Promega Corporation), which were then transfected into
WM266 and A375 cells (1x10° cells/well) using Lipofectamine
2000 as aforementioned, together with miRNA 18a-5p mimics
or NC as designated. The cells were cultured under normal
conditions at 37°C for 48 h, followed by rinsing three times
with PBS and incubation with passive lysis buffer. A GloMax®
Bioluminescence detector (Promega Corporation) was used to
measure the luciferase activity of cell lysates. The luciferase
activity was normalized to Renilla luciferase activity.

Western blot analysis. Cell lysis buffer (cat. no. P0013;
Beyotime Institute of Biotechnology) was used to extract
total proteins from cultured cells for western blotting and
immunoprecipitation according to the manufacturer's
protocols. The concentration of protein was measured by a
spectrophotometer at 280 nm using the BCA method. Total
protein (~25 pg) collected from each group was boiled at
100°C for 5 min, separated by 10% SDS-PAGE and blotted
onto polyvinylidene difluoride membranes. Thereafter, the
membranes were blocked with 5% lipid-free liquid milk for
1-2 h at room temperature, and then incubated with primary
antibodies overnight at 4°C and secondary antibodies for 2 h
each at room temperature, and eventually developed with
the Pierce ECL Western Blotting Substrate (Thermo Fisher
Scientific, Inc.), and analyzed using ImageJ software (v1.8.0;
National Institutes of Health). The following antibodies
were used: anti-pro caspase-3 (1:800; cat. no. MA1-41163;
Invitrogen; Thermo Fisher Scientific, Inc.), anti-pro caspase-9
(1:1,000; cat. no. MAS5-32,431; Invitrogen; Thermo Fisher
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Table II. Sequences of primers used for reverse transcription-quantitative PCR.

Gene ID Primer sequence (5'—3") Product length (bp)

GAPDH Forward: TGTTCGTCATGGGTGTGAAC 154
Reverse: ATGGCATGGACTGTGGTCAT

EPHA7 Forward: GTGAAGATGGGTATTACAGGGC 187

Reverse: CAACTGCACCGCTTACACAAT

U6 Forward: CTCGCTTCGGCAGCACA 96
Reverse: AACGCTTCACGAATTTGCGT

hsa-miR-18a-5p

Forward: ACACTCCAGCTGGGTAAGGTGCATCTAGTGCAG

327

Reverse: CTCAACTGGTGTCGTGGA
Reverse transcription: CTCAACTGGTGTCGTGGAGTC
GGCAATTCAGTTGAGCTATCTGC

H-/hsa, human; miR, microRNA.
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Figure 1. miR-18a-5p expression is increased in melanoma tissues and cell
lines. (A) miR-18a-5p expression in melanoma tissues and adjacent normal
skin tissues collected from 20 patients with melanoma. Relative expression
of miR-18a-5p was determined by RT-qPCR. U6 expression was used as
the internal standard. (B) Relative miR-18a-5p expression in melanoma cell
lines and normal skin cells. miR-18a-5p expression in melanoma cell lines
WM266-4, A375, VMMS5A and A2058, in addition to normal human skin
cell line PIG1, were measured by RT-qPCR. "P<0.05, “"P<0.01 vs. control.
miR, microRNA; RT-qPCR, reverse transcription-quantitative PCR.

Scientific, Inc.), anti-cleaved caspase-3 (1:500; cat. no. ab2302;
Abcam), anti-cleaved caspase-9 (1:500; cat. no. ab219590;
Abcam), anti-autophagy marker light chain 3-1/1T (LC3I/1I,
cat. no. 8899; CST Biological Reagents Co., Ltd.), anti-p62
(1:1,000; cat. no. ab109012; Abcam), anti-GAPDH antibodies
(1:1,000; cat. no. ab9484; Abcam), goat anti-rabbit IgG (1:800;
cat. no. ab205718; Abcam) and goat anti-mouse IgG (1:800;
cat. no. ab205719; Abcam).

Statistical analysis. Data from =3 replicates of all experiments
are presented as the mean + standard deviation, and were
analyzed using SPSS 20.0 (IBM Corp.). Differences between
2 groups were assessed by an unpaired Student's t-test, while
differences between =2 groups were analyzed using a one-way
analysis of variance, with a Tukey's post hoc test. P<0.05 was
considered to indicate a statistically significant difference.
Pearson's correlation analysis was used to analyze the correla-
tion between miR-18a-5p and EPHA7 expression levels.

Results

Elevated miR-18a-5p expression in melanoma tissues and
cells. The alterations of miR-18a-5p expression in melanoma
tissues and established cell lines were identified to investigate
the potential involvement of miR-18a-5p in melanoma patho-
genesis. miR-18a-5p expression levels in melanoma tissues
collected from 20 patients were identified to be significantly
higher compared with that in the corresponding adjacent
normal skin tissues (Fig. 1A). The miR-18a-5p expression
levels in four human melanoma cell lines WM266-4, A375,
VMMS5A and A2058 were observed to be significantly
elevated compared with those in the normal skin cell line PIG1
(Fig. 1B). miR-18a-5p expression levels were increased most
significantly in the WM?266-4 and A375 cell lines compared
with the other two melanoma cell lines, so these cells were
used as cellular models for the following assays. Increased
miR-18a-5p expression in melanoma tissues and cell lines
suggested the potential roles of miR-18a-5p during melanoma
pathogenesis.

miR-18a-5p promotes proliferation and induces apoptosis and
autophagy in melanoma cells. The expression of miR-18a-5p
in two melanoma cell lines, WM266-4 and A375, was
knocked down through transfection using specific inhibitors
targeting miR-18a-5p (Fig. 2A) to investigate the cellular
function of elevated miR-18a-5p expression in melanoma
development. The proliferation rates of WM266-4 and A375
cells were revealed to be markedly decreased by miR-18a-5p
inhibitors, compared with the NC groups, as evidenced by the
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Figure 2. miR-18a-5p knockdown suppresses proliferation and promotes apoptosis and autophagy in melanoma cells. (A) miR-18a-5p expression in WM266-4
and A375 cells with specific inhibitors. miR-18a-5p expression was evaluated by RT-qPCR 36 h following transfection. (B and C) Decreased proliferation rates
in WM266-4 and A375 cells following miR-18a-5p knockdown. Cell proliferation rates were detected by (B) Cell Counting Kit-8 and (C) colony formation
assays. (D and E) Enhanced apoptosis in WM?266-4 and A375 cells transfected with miR-18a-5p inhibitors. Cell apoptosis was analyzed by (D) flow cytometry
and (E) Hoechst staining (magnification, x400). (F) Altered levels of apoptosis and autophagy marker proteins in WM266-4 and A375 cells following

miR-18a-5p knockdown. Protein expression was measured by western blotting. GAPDH was used as the internal standard. “P<0.01 vs. NC group. miR,
microRNA; RT-qPCR, reverse transcription-quantitative PCR; NC, negative control; LC3-I/11, Light chain 3-I/11.

CCK-8 assay (Fig. 2B). The colony formation assay showed (Fig. 2C). The percentages of apoptotic WM?266-4 and A375
a significant reduction in colony formation efficiency of cells were significantly increased through transfection with
WM266-4 and A375 cells induced by miR-18a-5p inhibitors =~ miR-18a-5p inhibitors in the flow cytometry assay (Fig. 2D).



6
B
A k3 T . Control

c

2% 4 =i NC

a0 g *x .

o Mimics

573l L

3 <

g o

2z

© E

SE -

i
0-

WM266-4 A375
C WM266-4 A375

s g 8 S
£ £ B g B
§ 2 s = s =

.
o

8+
E R=-0.757
5 * P<0.0001
§_° »
28
Q<
Q
3
o X
=
<
[5)
o
Iy LJ
T
10
Relative expression of EPHA7

G WM266-4

44 - NC

B8 Mimics

34

e
n

Relative luciferase activity
/

0-

WT-EPHA7 MUT-EPHA7

GUO et al: miR-18a-5p HAS AN EFFECT ON MELANOMA CELLS

vs]

- I Control
= I NC
B Mimics
- Inhibitor

i"

WM266-4

Relative expression of
EPHA7
N
o,

A375

154

, ot

Relative expression of EPHA7

T
Normal skin Melanoma tissues

151

Relative expression of EPHA7

PIGI WM266-4 A375 VMMS5A A2058

A375
| NC

B Mimics

34

N
N
*

-
L

Relative luciferase activity
(R/F)

WT-EPHA7 MUT-EPHA7

Figure 3. miR-18a-5p suppresses EPHA7 expression by binding to its 3'-UTR region in melanoma cells. (A) Relative miR-18a-5p expression levels in WM266-4
and A375 cells transfected with miR-18a-5p mimics. Gene expression was measured by RT-qPCR. (B) Relative EPHA7 expression levels in WM266-4 and
A375 cells transfected with miR-18a-5p mimics or inhibitors. Gene expression was measured by RT-qPCR. (C) EPHA7 protein expression in WM?266-4 and
A375 cells following transfection with miR-18a-5p mimics or inhibitors. Protein expression was analyzed by western blotting, with GAPDH as the internal
standard. (D) Relative EPHA7 expression in melanoma tissues and adjacent normal skin tissues collected from 20 patients. EPHA7 expression was measured
by RT-qPCR. (E) Negative correlation between miR-18a-5p and EPHA7 expression in melanoma tissues and adjacent normal skin tissues. (F) Expression of
EPHA?7 in the indicated cell lines was examined by RT-qPCR. (G and H) Binding of miR-18a-5p with EPHA7 3'-UTR sequences in WM266-4 and A375 cells
was confirmed by a Dual-Luciferase reporter assay. miR-18a-5p mimics significantly repressed luciferase activity in cells expressing WT EPHA7 3'-UTR
sequences, but not in cells expressing the MUT EPHA7 3'-UTR sequences. 'P<0.05, “P<0.01, “"P<0.001 vs. control group. miR, microRNA; RT-qPCR, reverse
transcription-quantitative PCR; NC, negative control; EPHA7, ephrin receptor A7; UTR, untranslated region; WT, wild-type; MUT, mutant.

The Hoechst staining assay also revealed a marked elevation
of apoptotic WM266-4 and A375 cells following miR-18a-5p
inhibitor treatment compared with the NC groups (Fig. 2E).
The results of western blot analysis revealed cleaved-caspase-3
and cleaved-caspase-9, the two apoptosis marker proteins, to
be markedly upregulated in both WM?266-4 and A375 cells
following miR-18a-5p knockdown, whereas the expression
levels of pro-caspase-3 and pro-caspase-9 were notably
decreased (Fig. 2F). The LC3-II protein levels in WM266-4
and A375 cells were notably elevated by transfection with
miR-18a-5p inhibitors, whereas autophagy target protein p62
levels were markedly reduced (Fig. 2F). The aforementioned

findings indicated the roles miR-18a-5p served in regulating
apoptosis and autophagy during melanoma development.

miR-18a-5p suppresses EPHA7 expression by binding with
its 3'-UTR region in melanoma cells. The expression of
EPHA7 was further studied in melanoma cells with altera-
tions in miR-18a-5p expression to investigate the correlation
between miR-18a-5p and EPHA7 expression during melanoma
pathogenesis. The expression of miR-18a-5p was significantly
overexpressed following transfection with miR-18a-5p
mimics (Fig. 3A). EPHA7 expression levels in WM266-4 and
A375 cells were observed to be significantly suppressed by



MOLECULAR MEDICINE REPORTS 23: 79, 2021 7

6
c
.% — 2z Control
@ ~ 4 = M Vector
§'§ S Bl = EPhA7
o . E B EH = ErHAT+NC
2% 2 = = H == EPHA7+mimics
© = = =
° = = =
© = H H B
0 = =k A=
WM266-4 A375
C . WM266-4 & Contra
E3 Vector
E3 EPHAT
£ M EPHAT+NC
§ EPHA7+mimics
o
[e)
24 h 48h 72h
E Control Vector

WM266-4

A375

300+

200+

100+

ALIHMHIMMIMIIIN

N

Clony number per plate

WM266-4

EPHA7

Control
Vector
== EPHA7

B EPHA7+NC
Bm EPHA7+mimics

0.9

0.6|

of MIR-18A

0.3

Relative expression

RIS
IRLLLRnnnnnnnn
RIS
LLLLnnnnnnnnn

0.0

D 0s A375 @ Contro

3 Vector

E3 EPHA7

@@ EPHA7+NC
EPHA7+mimics

OD4s0

24 h 48 h 72h

EPHAT7+NC EPHA7+mimics

Control

[ Vector

B3 EPHAT7

E=3 EPHA7+NC
ER EPHA7+mimics
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EPHAT7-overexpression vectors and miR-18a-5p mimics. (C) Proliferation rates of WM266-4 cells transfected with EPHA7-overexpression vectors and
miR-18a-5p mimics. Cell proliferation was measured via CCK-8. (D) Proliferation rates of A375 cells transfected with EPHA7-overexpression vectors and
miR-18a-5p mimics. Cell proliferation was assessed via CCK-8. (E) Evaluation of WM266-4 and A375 cell proliferation rates following transfection with
EPHAT7-overexpression vectors and miR-18a-5p mimics, as measured by a colony formation assay. ““P<0.001 vs. vector; *P<0.05, #P<0.01, *#P<0.01 vs. the
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transfection with miR-18a-5p mimics, but were significantly
elevated by transfection with miR-18a-5p inhibitors compared
with the NC groups (Fig. 3B). Western blotting results were
consistent with RT-qPCR (Fig. 3C). The expression of EPHA7
in clinical melanoma tissues was also significantly lower
compared with normal skin tissues (Fig. 3D). The expression
of EPHAT7 exhibited a significantly negative correlation with
the miR-18a-5p expression in clinical melanoma tissues and
normal skin tissues (Fig. 3E). In addition, EPHA7 expression
levels were observed to be significantly lower in WM266-4,
A375, VMMS5A and A2058 cells compared with PIGI cells
(Fig. 3F). miR-18a-5p mimics were observed to cause a

marked decrease in the luciferase activity of WM266-4 and
A375 cells expressing the WT EPHA7 3'-UTR sequences, but
not in WM266-4 and A375 cells expressing the MUT EPHA7
3'-UTR sequences (Fig. 3G and H). These findings suggested
that miR-18a-5p may inhibit EPHA7 expression by directly
binding with EPHA7 3'-UTR sequences in melanoma cells.

miR-18a-5p promotes melanoma cell proliferation and inhibits
apoptosis and autophagy by suppressing EPHA7 expression.
WM266-4 and A375 cells that overexpressed EPHA7 were
established and treated with miR-18a-5p mimics to investi-
gate the regulatory roles of EPHA7 in miR-18a-5p-promoted
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Figure 5. miR-18a-5p represses melanoma cell proliferation and autophagy by inhibiting EPHA7 expression. (A) Apoptosis of WM266-4 and A375 cells
following transfection with EPHA7-overexpression vectors and miR-18a-5p mimics (magnification, x400). Cell apoptosis was detected by Hoechst staining.
(B) Apoptosis of WM266-4 and A375 cells following transfection with EPHA7-overexpression vectors and miR-18a-5p mimics. Flow cytometry was used to
evaluate cell apoptosis. (C) Quantitation of apoptotic WM266-4 and A375 cells following transfection with EPHA7-overexpression vectors and miR-18a-5p
mimics. (D) Effects of EPHA7 overexpression and miR-18a-5p mimics on apoptosis and autophagy marker proteins in WM266-4 and A375 cells. Protein
expression was determined by western blotting. GAPDH was applied as the internal standard. “P<0.01 vs. Vector group; #P<0.01 vs. EPHA7+NC group. miR,

microRNA; NC, negative control; LC3-I/II, Light chain 3-1/II; EPHA7, ephrin receptor A7.

melanoma cell functions. EPHA7 expression in WM266-4
and A375 cells was observed to be significantly increased by
transfection with EPHA7-overexpressing vector in the present
study, but the effect of overexpression was partially inhibited
by the addition of miR-18a-5p mimics (Fig. 4A). The level of
miR-18a was significantly suppressed by transfection with
EPHAT7-overexpressing vector and this could be reversed with
the addition of miR-18a-5p mimics (Fig. 4B). Overexpression
of EPHAT significantly decreased the proliferation rates of
WM266-4 and A375 cells compared with the NC groups,
as assessed by a CCK-8 assay (Fig. 4C). Nevertheless, the

lowered cell proliferation rates in WM266-4 and A375 cells
due to EPHA7 overexpression were significantly reversed by
transfection with miR-18a-5p mimics (Fig. 4C and D). The
colony formation assay revealed that EPHA7 overexpression
led to significantly reduced numbers of WM266-4 and A375
colonies, which was significantly recovered by transfection
with miR-18a-5p mimics (Fig. 4E). EPHA7 overexpression
markedly increased apoptotic WM266-4 and A375 cells
compared with the untransfected or empty vector-transfected
cells (Fig. 5A). miR-18a-5p mimics transfection notably
reduced the number of apoptotic cells (Fig. SA). The apoptotic
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rates in WM?266-4 and A375 cells were identified to be signifi-
cantly elevated by EPHA7 overexpression (Fig. 5B and C).
Transfection with miR-18a-5p mimics significantly eliminated
the increase in apoptotic cells triggered by overexpression of
EPHAT7 (Fig. 5B and C). The expression levels of apoptosis
marker proteins cleaved-caspase-3 and cleaved-caspase-9 in
WM266-4 and A375 cells, in addition to autophagy-related
protein LC3-II, were upregulated by overexpression of
EPHA7 and were inhibited by simultaneous transfection with
miR-18a-5p mimics (Fig. 5D). Targets that indicate excessive
autophagy degradation, p62 and LC3-I, and pro-caspase-3 and
pro-caspase-9 proteins, exhibited completely opposite changes
(Fig. 5D). These results indicated that miR-18a-5p could
induce melanoma cell proliferation and suppress apoptosis and
autophagy by inhibiting EPHA7 expression.

Discussion

Non-coding RNAs, including miRNA, long non-coding RNA
and circular RNA, have been identified as crucial epigenetic
regulators of various biological processes and pathogenic
conditions (23,24). miRNAs have also been associated with
melanoma in previous studies (16,17), but the precise roles
and molecular mechanisms of miRNAs in the initiation and
development of melanoma requires further study. miR-18a-5p
promotes proliferation and migration, and suppresses
apoptosis of lung cancer cells, and is also significantly
increased in malignant melanoma tissues (17,19); however, its
pathogenic roles and mechanisms in melanoma cells remains
to be elucidated. In the present study, significantly increased
miR-18a-5p expression levels were recorded in clinical
melanoma tissues and cell lines. By eliminating miR-18a-5p
expression in melanoma cells, miR-18a-5p was demonstrated
to promote melanoma cell proliferation and suppress apoptosis
and autophagy in melanoma cells. miR-18a-5p was also shown
to directly bind with the 3'-UTR region of the EPHA7 gene
and suppress its expression in melanoma cells, which medi-
ated the effects of miR-18a-5p expression on melanoma cell
proliferation, apoptosis and autophagy. These results revealed
a novel miRNA-target network underlying the pathogenesis
of melanoma, which may be explored further for non-coding
RNA-based melanoma diagnosis and treatment.

On the basis of previous studies, miR-18a-5p has been
demonstrated to serve as a significant epigenetic regulator in
various types of human cancer, including NSCLC (19), and
breast (25,26) and prostate cancers (27). The regulatory func-
tions of miR-18a-5p in melanoma cancer cell proliferation and
apoptosis were demonstrated in the present study by transfec-
tion with miR-18a-5p inhibitors. miR-18a-5p knockdown also
led to a notable elevation of the two apoptosis marker proteins
caspase-3 and caspase-9, which serve as crucial components of
the mitochondria-cytochrome c-caspase cascade of apoptosis
processes (28). For the first time, to the best of our knowledge,
the present study linked the cellular functions of miR-18a-5p to
melanoma development and progression, which further estab-
lished the widespread roles of miR-18a-5p in tumorigenesis
and broadened the existing knowledge on melanoma molecular
pathogenic mechanisms in terms of non-coding RNAs.

The pathogenic functions of miR-18a-5p in different
types of cancer may be mediated by regulating distinct

target genes (27). The suppressive effects of miR-18a-5p on
EPHAT7 expression was further validated in two melanoma
cell lines in the present study. The Dual-Luciferase reporter
assay also confirmed the direct binding of miR-18a-5p with
the 3'-UTR region of the EPHA7 gene. The effects of EPHA7
on melanoma cell proliferation and apoptosis processes were
reversed by transfection with miR-18a-5p mimics. These
findings revealed EPHA7 as a target gene of miR-18a-5p in
melanoma pathogenesis. Notably, the alteration of EPHA7
expression is also associated with the development of other
types of human cancer, including glioblastoma multiforme,
and colorectal, prostate and gastric cancers (9,10,29-31). The
miR-18a-5p/EPHA7 axis may also mediate the pathogenesis
of the types of human cancer mentioned above as indicated
by the involvement of miR-18a-5p in melanoma; this requires
further investigation.

In addition, the miR-18a-5p/EPHA7 axis was established to
alter the expression of two autophagy-related proteins LC3-1/11
and p62 in melanoma cells. LC3II is one of the most specific
autophagy biomarkers induced by autophagy-associated genes,
including autophagy-related protein 3 (ATG3) and ATG7, and
is known to closely bind with autophagosome membranes (32).
By contrast, p62 protein is a commonly known degradation
target of autophagy and the selective p62 degradation by
autophagy has been observed to mediate the inhibitory roles of
autophagy in tumorigenesis (33,34). In the present study, LC3-I1
activation was demonstrated to be elevated by miR-18a-5p
inhibitors, but p62 protein expression was suppressed by
miR-18a-5p knockdown in melanoma cells. Similar LC3-II
activation and alterations in p62 protein expression were also
observed to be caused by EPHA7 overexpression. Molecular
evidence suggested that the miR-18a-5p/EPHA7 axis modu-
lated autophagy in melanoma cells, which may also be
involved in miR-18a-5p-regulated melanoma development and
progression. Autophagy has as established role in melanoma
development and as a common response to antitumor thera-
pies (35,36). The pathogenic roles of autophagy alteration by
miR-18a-5p in melanoma pathogenesis requires further inves-
tigations involving cellular and animal models. A limitation
of the present study remains that the role of miR-18a-5p in
melanoma needs to be validated through a xenograft tumor
model. Furthermore, the therapeutic potential of miR-18a-5p
inhibitors against melanoma remains to be further determined
in clinical practice.

To conclude, miR-18a-5p was demonstrated to be highly
expressed in melanoma tissues and cell lines, promoting
proliferation, and suppressing apoptosis and autophagy of
melanoma cells by directly targeting and inhibiting the expres-
sion of EPHA7. These findings clarified the development and
progression of non-coding RNA-mediated melanoma, which
may be explored further to design novel diagnostic methods
and therapies for patients with melanoma.
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