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Objective: To investigate the mechanism of LINC00518
affecting the proliferation, invasion, and migration of cu-
taneous malignant melanoma (CMM) cells via miR-526b-
3p/EIF5A2 axis. Methods: gRT-PCR was performed to
measure the expression of LINC00518, miR-526b-3p, and
EIF5A2 in CMM tissues from 40 patients. Si-LINC00518,
PcDNA-LINC00518, miR-526b-3p mimic, miR-526b-3p in-
hibitor, si-EIF5A2, and their corresponding negative con-
trols were transfected alone or co-transfected into CMM
cells A375 and A2058. The expression of LINC00518,
miR-526b-3p and EIF5A2 in A375 and A2058 cells was
measured. Cell proliferation was tested by CCK-8 assay
and EdU assay. Cell invasion and migration were de-
tected by Transwell and scratch tests, respectively. The
binding between LINC00518 and miR-526b-3p, and the
binding between miR-526b-3p and EIF5A2 were verified
by dual-luciferase reporter and RNA pull-down assays.
Results: LINC00518 and EIF5A2 were up-regulated and
miR-526b-3p was down-regulated in CMM tissues and
cells. CMM patients with highly expressed LINC00518
showed decreased survival time than those with lowly
expressed LINC00518. Transfection of si-LINC00518,
miR-526b-5p mimic or si-EIF5A2 weakened the prolif-
erative, migratory, and invasive abilities of melanoma
cells, while transfection of miR-526b-5p inhibitor or
pPcDNA-LINC00518 enhanced the progression of mela-
noma cells. Moreover, the proliferative, migratory, and
invasive potentials of melanoma cells were decreased
after co-transfection of si-EIF5A2 and pcDNA-LINC00518
compared with cells transfected with pcDNA-LINC00518
alone. LINC00518 bound to miR-526b-3p and miR-526b-
3p targeted EIF5A2. LINCO0518 negatively regulated
miR-526b-3p expression but positively regulated EIF5A2.
Furthermore, EIF5A2 expression was negatively associat-
ed with miR-526b-3p expression. Conclusion: LINC00518
encourages CMM through the miR-526b-3p/EIF5A2 axis
in terms of cell proliferation, invasion, and migration.

Keywords: cutaneous malignant melanoma, LINC00518, MiR-526b-
3p, EIF5A2, proliferation, invasion, migration

Received: 17 June, 2021; revised: 14 September, 2021; accepted:
15 September, 2021; available on-line: 21 February, 2022

He-mail: tongyun196912@163.com

Abbreviations: CMM, cutaneous malignant melanoma; EIF5A2, cy-
toplasmic eukaryotic translation initiation factor 5A2; HEMa-LP, Hu-
man epidermal melanocytes; GAPDH, glyceraldehyde phosphate
dehydrogenase gene; LncRNAs, Long noncoding RNAs

INTRODUCTION

Melanoma is the leading cause of cancer-related
deaths among skin tumors (Liu ¢z a/, 2020). The glob-
al incidence of cutaneous malignant melanoma (CMM)
has continued to increase in spite of the public efforts
to promote sun protection behaviors among high-risk
groups (Yang e/ al, 2018). Treatments for melanoma
now include surgery, chemotherapy, targeted therapy,
and immune therapy (Tsao e al, 2012). Patients with
early melanoma have a five-year survival rate of 89% ~
96%, compared to 60% for patients with lymph node
metastasis and only 14% for patients with distant metas-
tases (Donizy et al., 2014; Chen et al, 2019). Melanoma
progression presents close associations with multiple ab-
errantly regulated genes and signaling pathways (Paluncic
et al., 2016). Hence it is of great importance to inves-
tigate the molecular mechanisms of CMM progression
and to find novel biomarkers and pharmaceutical targets
for the diagnosis and treatment of CMM.

Long noncoding RNAs (LncRNAs) are defined as
transcripts of more than 200 nucleotides not translated
into proteins, which are related to cellular mechanisms,
gene expression, and pathological conditions (Schmitz
et al, 2016, Kopp & Mendell, 2018). The association
between IncRNAs and CMM is gradually established.
For example, IncRNA ZFPM2-AS1 deletion was found
to restrain the aggressiveness and promote the apop-
tosis of CMM cells (Liu e al, 2021). Long intergenic
non-protein coding RNA 518 (LINCO00518) was iden-
tified as an independent risk factor in melanoma pa-
tients, with up-regulated expression in melanoma tis-
sues (Luan e al, 2019). Nevertheless, the role and
function of IncRNA LINC00518 in CMM progression
remains to be further elaborated. LncRNAs can act as
microRNA (miRNA) sponges to suppress miRNAs, ulti-
mately changing the expression of miRNA-target proteins
(Xu et al., 2018; Zhu et al., 2020). MiRNAs, in cancer, act-
ed either as oncogenes or suppressive genes and are rather
important for many intracellular pathways involving pro-
liferation and invasion (Lorusso ez al., 2020). Previously,
miR-526b-3p is lowly expressed in cancers and associated
with cancer progression (Liu ez al, 2020; Yan ez al., 2020,
Yin ef al., 2020). However, the function of miR-526b-5p
in CMM has not been reported. Moreover, cytoplasmic
eukaryotic translation initiation factor 5A2 (EIF5A2)
expression was upregulated in melanoma and inversely
related to patient survival (Khosravi e al, 2016). Nota-
bly, miR-526b-5p was predicted by bioinformatics soft-
ware to have binding sites with both LINCO00518 and
EIF5A2.
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This study is designed to investigate the function of
LINC00518 in CMM progression and to elucidate its
potential molecular mechanism involving miR-526b-5p/
EIF52A axis, hoping to discover new insights into diag-
nostic and prognostic indicators and potential treatment
approaches for patients with CMM.

MATERIALS AND METHODS

Clinical tissue samples

The malignant melanoma and adjacent normal tissues
from 40 melanoma patients in Affiliated Jinhua Hospital,
Zhejiang University School of Medicine were collected.
None of the patients underwent any radiation treatment
or chemotherapy before operation. After surgical resec-
tion, the collected tissues were immediately frozen and
stored in liquid nitrogen for subsequent RNA or protein
extraction. Informed consents were signed by all patients
and the study passed the ethical review of Medical Eth-
ics Committee of Affiliated Jinhua Hospital, Zhejiang
University School of Medicine.

Cell culture

Human malignant melanoma cell lines MeWo, CHL-1,
A375, and A2058 were all bought from American Type
Culture Collection (ATCC), and human epidermal mel-
anocytes HEMa-LP were bought from Invitrogen (Catls-
bad, CA, USA). Melanoma cells were pipetted into dul-
becco’s modified eagle medium (DMEM) (Gibco, Grand
Island, NY, USA) containing 10% fetal bovine serum
(FBS), 1% penicillin, and 1% streptomycin. Human epi-
dermal melanocytes (HEMa-LP) cells were immersed in
medium 254 (Cascade Biologics, USA), and all cells were
cultured at 37°C using a 5% CO, incubator.

Cell transfection

Si-LINC00518 (2 pg, GenePharma, Shanghai, Chi-
na), LINCO00518 overexpression plasmid (pcDNA-
LINCO00518, 2 pg, GenePharma, Shanghai, China), miR-
526b-3p mimic (50 nM, GenePharma, Shanghai, China),
miR-526b-3p inhibitor (50 nM, GenePharma, Shanghai,
China), si-EIF5A2 (2 pg, GenePharma, Shanghai, China),
and their corresponding negative controls (NC) were
transfected alone or co-transfected into A375 and A2058
cells. The transfection reagent LipoFiter™ (Biomart,
Shanghai, China) was used for transfection. The opera-
tion was performed in accordance with the transfection
instructions of LipoFiter™. The transfection experiment
was repeated 3 times and follow-up experiments were
conducted 24 h after transfection.

Quantitative real-time polymerase chain reaction
(9RT-PCR)

TRIZOL (Invitrogen, Carlsbad, CA, USA) was ap-
plied to extract total RNA from cells or tissues in each
group. After the extraction of total RNA, the concentra-
tion and purity of the samples were tested. RNA sam-
ples that met the requirements were adjusted to appro-
priate concentration and reverse transcribed by using
random primers as instructed on the reverse transcrip-
tion kit (TaKaRa, Tokyo, Japan). Gene expression was
detected by LightCycler 480 (Roche, Indianapolis, IN,
USA) fluorescent quantitative PCR. Reaction conditions
were set according to the operating instructions of fluo-
rescent quantitative PCR kit (SYBR Green Mix, Roche

Table 1. Primer sequences

Name of primer Sequences

U6-F CTCGCTTCGGCAGCACA
mlrlé-R ACGCTTCACGAATTTGCGT

Hsa-miR-526b-3p-F GCGCTCTTGAGGGAAGCACT
mfr-lsa-miR-526b-3p-R TACGTTCCATAGTCTACCA
WGAPDH—F GCAAGGATGCTGGCGTAATG
WGAPDH—R TACGCGTAGGGGTTTGACAC
WIV_INC0051 8-F CCATCTTGGACTTCCAGCCTCC
WIV_INC0051 8-R CCCTTTGATCCTCAGCGGTCTC
WIVEIFSAZ—F TATGCAGTGCTCGGCCTTG

EIF5A2-R TTGGAACATCCATGTTGTGAGTAGA

Note: F, forward; R, reverse; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase; LINC00518, long intergenic non-protein coding
RNA 518; EIF5A2, eukaryotic initiation factor 5A2.

Diagnostics, Indianapolis, IN), which were specifically
as follows: 95°C pre-denaturation for 5 min, 95°C dena-
turation for 10 s, 60°C annealing for 10 s, 72°C exten-
sion for 20 s (in a total of 40 cycles). Each reaction of
quantitative PCR was repeated 3 times. UG was selected
to normalize miRNA expression and the glyceraldehyde
phosphate dehydrogenase gene (GAPDH) was used to
normalize the expression of mRNA and IncRNA. Data
analysis was performed by 244¢ method. The amplified
primer sequences of each gene and its reference genes
are detailed in Table 1.

Western blotting

RIPA buffer (Beyotime, Shanghai, China) was used to
lyse cells and tissues in each group, which were then cen-
trifuged to obtain protein samples. To ensure the same
loading quantity of each protein sample, the protein con-
centration of each sample was determined with GAPDH
as the internal control. After the protein concentration
was measured with a BCA kit (Beyotime), loading buffer
(Beyotime) was added into the corresponding volume of
protein and mixed, followed successively by denaturation
using a boiling water bath for 3 min. Protein was iso-
lated by using 10% SDS-PAGE gel. Moreover, the in-
structions of SDS-PAGE gel preparation kit (Beyotime)
were referred to configure 10% SDS-PAGE gel. Electro-
phoresis was performed with 80 V and then performed
with 120 V for 1-2 h after bromophenol blue entered
the separation gel. Membrane transferring was conducted
in an ice-bath with a current of 300 mA for 60 min. Af-
ter that, the membranes were rinsed in wash buffer for
1-2 min and then were put into blocking buffer for seal-
ing at room temperature for 60 min or at 4°C overnight.
At room temperature, the primary antibodies, including
rabbit anti-human GAPDH antibody (1:1000, Cell Sign-
aling (5174S), Boston, USA) and rabbit anti-human EI-
F5A2 antibody (1:1000, Abcam (ab150439), Cambridge,
MA, USA), were incubated on a shaking table for 1 h
and washed 3 times with wash buffer, each for 10 min.
Then, the membranes were immersed in secondary an-
tibody (horseradish peroxidase conjugated goat anti-
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rabbit IgG, 1:5000, Beijing ComWin Biotech Co., Ltd,
Beijng, China) at room temperature for 1 h, and washed
3 times with wash buffer, each for 10 min. Membranes
were dripped with developing solution, which then were
detected through applying a chemiluminescence imaging
system (Bio-Rad, Hercules, CA, USA).

Dual luciferase reporter assay

The binding sites between miR-526b-3p and
LINC00518 were predicted by an online database Jef-
ferson  (https://cm.jefferson.edu/rna22/Precomputed/
OptionController?species=HomoSapiens&type=IncR
NA). The binding sites between miR-526b-3p and EI-
F5A2 were predicted by an online database TargetS-
can  (http://www.targetscan.org/vert_72/).  According
to the prediction, the wild-type (WT) and mutated-type
(MT) sequences of the binding sites (mut-LINC00518,
wt-LINC00518, mut-EIF5A2 and wt-EIF5A2) were
designed and synthesized, which were inserted into
luciferase  reporter vector (pGL3-Basic, Promega,
MADISON, WI, USA). The luciferase reporter vec-
tor was then co-transfected into HEK293T cells with
miR-526b-3p mimic (50 nM, GenePharma) or mimic
NC (50 nM, Genepharma), respectively. After transfec-
tion, the luciferase intensity in each group was measured
using dual-luciferase reporter assay detection kit (Pro-
mega, Madison, WI, USA) to determine the binding of
miR-520b-3p to LINC00518 and the binding of
miR-526b-3p to EIF5A2. The HEK293T cells were
accordingly  divided into  mimic+mut-LINC00518
group, mimic+wt-LINC00518 group, mimic NC+mut-
LINC00518 group, mimic NC+wt-LINC00518 group,
mimictmut-EIF5A2  group, mimic+wt-EIF5A2 group,
mimic NC+mut-EIF5A2 group, and mimic NC+wt-
EIF5A2 group. The experiments were repeated 3 times.

RNA pull-down assay

Pierce™ Magnetic RNA-Protein Pull-Down kit (Mil-
lipore, Billerica, MA, USA) was used to conduct the
RNA pull-down assay. Biotinylated LINC00518, EIF5A2
(Geneseed, Guangzhou, China), and NC were incubated
at 25°C for 2 h, with A375 and A2058 cell lysates. The
LINC00518/miR-526b-3p or EIF5A2/miR-526b-3p com-
plexes were captured using immunomagnetic beads labeled
by streptavidin at 25°C. Then the mixture was incubated
with proteinase K-supplemented buffer at 25°C for 1 h.
The eluted complexes were detected by qRT-PCR.

Cell counting kit-8 assay (CCK-8 assay)

With three replicates, cell suspension of the trans-
fected A375 and A2058 cells (100 pl) was seeded into
96-well plates. After the cells were incubated in an in-
cubator for 12, 24, 36 and 48 h, 10 pl CCK-8 reagent
(Tokyo, Dojindo, Japan) was added into each well. After
further incubation, for 1-4 h, the absorbance was meas-
ured at 450 nm wavelength.

EdU assay

The proliferation of melanoma cells was measured by
EdU assay. Twenty-four hours after the transfection of
A375 and A2058 cells, the experiment was conducted
using an EdU detection kit (RiboBio, Guangzhou, Chi-
na) following the manufacturer’s instructions. Micros-
copy (Leica DMI3000B) was performed to observe and
count positive cells. Moreover, all experiments were re-
peated 3 times.

Transwell assay

Matrigel gel activation: the chambers coated with
Matrigel gel (—20°C) were taken out and placed at
room temperature. A total of 0.5 mL serum-free me-
dium was respectively added to a transwell chamber
(Coring, New York, USA) and 24-well culture plate.
The chamber and plate were placed at 37°C and
5% CO, for 2 h. Then, the culture medium was re-
moved. Cells in logarithmic growth phase were col-
lected and made into cell suspension which was plated
evenly in a six-well plate. The cells were incubated
with 5% CO, in a 37°C incubator, with three repli-
cate wells. When cell fusion reached 70%~90%, cells
in each group were accordingly treated and incubated
in an incubator at 37°C and 5% CO, for another 24
h. The cells in each group were digested by trypsin,
and then were collected and washed twice with PBS.
Serum-free DMEM was used to resuspend and adjust
cell concentration. Then, the basolateral chamber was
added with 600 pl. medium containing 10% FBS and
the apical chamber was added with 100 pl cell sus-
pension, which were incubated for 24 h in a 37°C in-
cubator with 5% CO,. Thereafter, the apical chamber
was taken out to discard the supernatant. Cotton buds
were used to wipe off cells that failed to penetrate the
membrane inside the chamber. After being fixed with
4%  paraformaldehyde for 20 min, the invasive cells
were then stained with Ray-Gimsa dye. High power
lens was applied to count and record the number of
invasive cells in 5 random fields.

Cell scratch test

Cells in logarithmic growth phase were collected and
made into single cell suspension which was then evenly
plated in 6-well plates. After 24 h, cells in each group
were treated accordingly and cultured in 5% CO, in an
incubator at 37°C. A 100 pL sterile pipette tip was used
to scratch the cells vertically in 6-well plates to ensure
the scratch width in each group is basically the same.
The culture medium in the 6-well plates was discarded.
Cells were washed twice with PBS and supplemented
with serum-free medium for further culture. The 0-h
scratch area of cells was observed and photographed as
the control. The 6-well plate was placed in a 5% CO,
incubator at 37°C for another 24 h of culture and cell
migration was observed and photographed.

Statistical analysis

GraphPad 7.0 software was applied to analyze the
data. All data were displayed as mean + standard devi-
ation (x=Es). The overall survival rate was analyzed us-
ing Kaplan-Meier method and the differences between
curves were analyzed using log-rank test. T' test was used
to compare two groups and one-way analysis of variance
(ANOVA) was carried out to compare multiple groups,
followed by Tukey’s multiple comparisons test. P<0.05
was considered to be of statistical significance.

RESULTS

Up-regulated LINC00518 expression in melanoma
tissues is related to adverse clinical outcomes

The clinical and histological details of melanoma
patients enrolled in this study are presented in Ta-
ble 2. To understand the function of LINC00518 in


https://cm.jefferson.edu/rna22/Precomputed/OptionController?species=HomoSapiens&type=lncRNA
https://cm.jefferson.edu/rna22/Precomputed/OptionController?species=HomoSapiens&type=lncRNA
https://cm.jefferson.edu/rna22/Precomputed/OptionController?species=HomoSapiens&type=lncRNA
http://www.targetscan.org/vert_72/

104

J. Xu and others

2022

Table 2. Clinical and histological details of melanoma patients

Clinicopathologic features Number of patients Percentage
Male 22 55%
Sex i i i i B i it i i i i i i B i i i
Female 18 45%
<63 21 52.50%
Age R Y AN HHiL-_LB_—— il -©=lii I -
>63 19 47.50%
Yes 8 20%
Lymph node metastasis e
No 32 80%
1=l 25 62.50%
TNM stage TS G —— A A i i t B B i - et : =l A itiiFi bh
-1v 15 37.50%
Superficial spreading melanoma 1 27.50%
Nodular melanoma 12 30%
Histological subtype Lentigo maligna melanoma 3 7.50%
Acral lentiginous melanoma 13 32.50%
Unknown 1 2.50%
<1 2 5%
1-2 8 20%
Breslow thickness (mm) - s i} O B hh B eV ke i s el it s vt - i il
2-4 9 22.50%
>4 21 52.50%
Yes 14 35%
Ulceration of primary tumor B h h s st ittt il i t Ei T Ol EE Eii it i E =
No 26 65%
A B
4 *% 100
-
s - 3 p=0.0459
§ 3 : 3
D o H 2
g2 oty g
0z - T
2z~ i g — Low(n=20)
K] 14 " o X _
e —— High(n=20)
N Melanon;a Tissue : 0 2'0 4|0 SIO
(n=40) (n=40) Months

Figure 1. LINC0O0518 expression in melanoma tissues is up-regulated
Note: (A) gRT-PCR was applied to detect LINCO0518 expression in melanoma and their adjacent normal tissues from 40 patients with
CMM, **P<0.01, compared to normal group. (B) Kaplan-Meier survival curves, P=0.0459, compared to low group.

CMM, ¢gRT-PCR was applied to detect LINC00518
expression in melanoma and adjacent normal tissues
of 40 patients. LINC00518 expression in melanoma
tissues was significantly higher than that in adjacent
normal tissues (Fig. 1A, P<0.01). Accordingly, 40
patients with melanoma were divided into the low-
LINCO00518-expression group (n=20) and the high-
LINCO00518-expression group (n=20) with the median
(accurate value: 2.085) of LINCO00518 expression in
patients with CMM as the cut off value. According to
Kaplan-Meier analysis, the overall survival of the low-
LINCO00518-expression group was longer than that
of the high-LINC00518-expression group (Fig. 1B,
P=0.0459). These data showed that LINCO00518 and

melanoma progression were closely related.

Knockdown of LINC00518 inhibits the proliferative,
invasive, and migratory behaviors of melanoma cells

LINCO00518 expression in MeWo, CHL-1, A375,
and A2058 cells was significantly higher than that in
HEMa-LP cells (Fig. 2A, P<0.01). After transfection
of si-LINCO00518, LINC00518 expression in A375
and A2058 cells was significantly decreased (Fig. 2B,
P<0.01). CCK-8 and EdU assay results uncovered
that the proliferation of A375 and A2058 cells was
significantly suppressed after si-LINCO00518 transfec-
tion (Fig. 2C-E, P<0.05). Transwell and scratch test
results indicated that the invasion and migration of
A375 and A2058 cells were significantly reduced after
transfection of si-LINC00518 (Fig. 2F-G, P<0.05).
Knockdown of LINCO00518 showed suppression of
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Figure 2. Knockdown of LINC00518 inhibits the proliferation, invasion, and migration of melanoma cells

Note: (A) qRT-PCR was used to detect LINCO05418 expression in HEMa-LP, MeWo, CHL-1, A375 and A2058 cells, **P<0.01, ***P<0.001,
compared to HEMa-LP group. Si-LINC00518 was transfected into A375 and A2058 cells. (B) qRT-PCR was used to detect LINCO0518 ex-
pression in A375 and A2058 cells. CCK-8 assay was used to detect OD value of A375 cells (C) and A2058 cells (D) at indicated time. (E)
EdU assay was performed to test the proliferation of A375 and A2058 cells. (F) Transwell assay was used to measure the invasion of A375
and A2058 cells. (G) Scratch test was conducted to assess the migration of A375 and A2058 cells. *P<0.05, **P<0.01, compared to si-NC

group. Data were presented as mean * standard deviation (n=3).

the proliferative, invasive, and migratory capacities of
melanoma cells.

MiR-526b-3p serves as a target gene of LINC00518

The binding sites between miR-526b-3p and
LINCO00518 were predicted by an online database Jeffer-
son. The wild-type (WT) and mutated-type (MT) plas-
mids containing the 3> UTR region of LINC00518 were
constructed for dual-luciferase reporter assay (Fig. 3A).
Dual-luciferase reporter assay results showed no signifi-
cant difference in luciferase activity among mimic+mut-
LINCO00518 group, mimic NC+mut-LLINC00518 group,
and mimic NC+wt-LINC00518 group. However, the lu-
ciferase activity in mimic+wt-LINC00518 group was sig-
nificantly decreased (Fig. 3B, P<0.01). RNA pull-down
analysis indicated that endogenous miR-526b-3p was dra-
matically pulled down by biotinylated LINC00518 probe
(Fig. 3C-D, P<0.05). qRT-PCR was applied to detect
miR-520b-3p expression in melanoma and their adjacent

normal tissues. MiR-526b-3p expression in melanoma
tissues was remarkably lower than that in adjacent nor-
mal tissues (Fig. 3E, P<0.01). miR-526b-3p expression in
MeWo, CHIL-1, A375, and A2058 cells was also distinct-
ly lower than that in HEMa-LP cells (Fig. 3F, P<0.05).
After transfection of si-LINCO00518, miR-526b-3p ex-
pression in A375 and A2058 cells was significantly en-
hanced (Fig. 3G, P<0.01). These results uncovered that
LINCO00518 targeted miR-526b-3p and the expression of
the two were negatively associated.

MiR-526b-3p inhibits the proliferative, invasive, and
migratory properties of melanoma cells

To understand the function of miR-526b-3p in the
proliferation, invasion, and migration of melanoma cells,
miR-526b-3p mimic or miR-526b-3p inhibitor was trans-
fected into A375 and A2058 cells. MiR-526b-3p expres-
sion in A375 and A2058 cells was measured by qRT-
PCR and the results uncovered that miR-526b-3p was
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Note: (A) The binding sites between miR-526b-3p in the 3’ UTR region of LINC00518. (B) The interaction between LINC0O0518 and miR-
526b-3p was verified by dual-luciferase reporter assay. **P<0.01, compared to mimic NC+wt-LINC00518 group. The interaction between

LINC00518 and miR-526b-3p in A375 cells (C) and A2058 cells (D)

was verified by RNA pull-down assay. *P<0.05, **P<0.01, compared

to bio-NC-probe group. (E) The expression of miR-526b-3p in melanoma and their adjacent normal tissues was detected by qRT-PCR.
**P<0.01, compared to normal group. (F) qRT-PCR was applied to test miR-526b-3p expression in HEMa-LP, MeWo, CHL-1, A375 and

A2058 cells. *P<0.05, **P<0.01, compared to HEMa-LP group. (G) si-

LINC00518 was transfected into A375 and A2058 cells and qRT-PCR

was used to detect the expression of miR-526b-3p. **P<0.01, compared to si-NC group. Data were presented as mean + standard devia-

tion (n=3).

overexpressed or knocked down in A375 and A2058
cells (Fig. 4A, P<0.01). According to CCK-8 and EdU
assay results, the proliferation of A375 and A2058 cells
was matkedly restrained after miR-526b-3p mimic was
transfected (Fig. 4B-F, P<0.05), while it was significantly
improved after miR-526b-3p inhibitor was transfected
(Fig. 4B-F, P<0.05). Transwell and scratch test results
showed that the invasion and migration of A375 and
A2058 cells were markedly weakened after transfection
of miR-526b-3p mimic (Fig. 4G-K, P<0.05), while the
malignant behaviors of melanoma cells were significantly
enhanced after transfection of miR-526b-3p inhibitor
(Fig. 4G-K, P<0.05). All results suggested that miR-
526b-3p inhibited the proliferative, invasive, and migra-
tory properties of melanoma cells.

EIF5A2 expression positively associates with LINC00518
expression, while negatively relates to miR-526b-3p
expression

TargetScan predicted the binding sites between miR-
526b-3p and EIF5A2, and the wild-type and mutant-type
plasmids containing the 3> UTR region of EIF5A2 was
constructed for dual-luciferase reporter assay (Fig. 5A).
No significant difference in luciferase activity was found
among mimic+mut-EIF5A2 group, mimic NC+mut-EI-
F5A2 group, and mimic NC+wt-EIF5A2 group. How-
ever, luciferase activity in mimic+wt-EIF5A2 group was
remarkably reduced (Fig. 5B, P<0.01). RNA pull-down

analysis showed that endogenous miR-526b-3p was sig-
nificantly pulled down by biotinylated EIF5A2 probe
(Fig. 5C-D, P<0.05). qRT-PCR and Western blotting
were applied to measure EIF5A2 expression in mela-
noma and their adjacent normal tissues. It was found
that EIF5A2 expression in melanoma tissues was notably
higher than that in the adjacent normal tissues (Fig. 5E—
F, P<0.01). The mRNA and protein expression of EI-
F5A2 in MeWo, CHL-1, A375, and A2058 cells was sig-
nificantly higher than that in HEMa-LP cells (Fig. 5G—
H, P<0.01). EIF5A2 expression was down-regulated af-
ter si-LINC00518 transfection in A375 and A2058 cells
(P<0.05), while it was up-regulated after miR-526b-3p
inhibitor transfection in A375 and A2058 cells (P<0.01).
However, EIF5A2 expression was down-regulated in the
si-LINC00518+miR-526b-3p inhibitor group compared
to that in the miR-526b-3p inhibitor group (Fig. 5I-],
P<0.05). These results suggested that EIF5A2 expression
positively associated with LINC00518 expression, while
it negatively related with miR-526b-3p expression.

Knockdown of EIF5A2 inhibits the proliferative,
invasive, and migratory activities of melanoma cells

Si-EIF5A2 and pcDNA-LINCO00518 were transfected
alone or co-transfected into A375 and A2058 cells. Ac-
cording to CCK-8 and EdU test results, the prolifera-
tion of A375 and A2058 cells was markedly repressed
after si-EIF5A2 transfection (Fig. 6A-E, P<0.05) but
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Figure 4. MiR-526b-3p inhibits the proliferation, invasion, and migration of melanoma cells

Note: MiR-526b-3p mimic or miR-526b-3p inhibitor was transfected into A375 and A2058 cells. (A) gRT-PCR was used to detect miR-526b-
3p expression in A375 and A2058 cells. CCK-8 assay was performed to assess OD value of A375 (B) and A2058 (C) cells at indicated time.
EdU test was applied to measure the proliferation of A375 (D) and A2058 (E-F) cells. (G) The invasion of A375 (H) and A2058 (1) cells was
assessed by Transwell assay, and the migration of A375 (J) and A2058 (K) cells was tested by scratch test. *P<0.05, **P<0.01, compared to
mimic NC group or inhibitor NC group. Data were presented as mean + standard deviation (n=3).

it was significantly strengthened after transfection with
pcDNA-LINC00518 (Fig. 6A-E, P<0.05). The prolif-
eration of melanoma cells in the si-EIF5A2+ pcDNA-
LINC00518 group was decreased compared to that in
the pcDNA-LINC00518 group (Fig. 6A-E, P<0.05).
Transwell and scratch test results showed that after
si-EIF5A2  transfection, the invasion and migration
of A375 and A2058 cells were remarkably reduced

(Fig. 6F—], P<0.05), while the melanoma cells pre-
sented enhanced invasive and migratory abilities after
pcDNA-LINCO00518 transfection (Fig. 6F—J, P<0.05).
After co-transfection with si-EIF5A2 and pcDNA-
LINCO00518, the invasive and migratory abilities of mel-
anoma cells were decreased compared to cells transfect-
ed with pcDNA-LINC00518 alone (Fig. 6F—], P<0.05).
Based on the results, EIF5A2 knockdown showed the
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Figure 5. EIF5A2 expression positively correlates with LINC00518 expression, while it negatively correlates with miR-526b-3p expres-
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Note: (A) The binding sites of miR-526b-3p in the 3'-UTR region of EIF5A2. (B) The interaction between EIF5A2 and miR-526b-3p was
verified by dual-luciferase reporter assay. **P<0.01, compared to mimic NC+wt-EIF5A2 group. The interaction between EIF5A2 and miR-
526b-3p in A375 (C) and A2058 (D) cells was verified by RNA pull-down assay. *P<0.05, **P<0.01, compared to bio-NC-probe group. (E)
gRT-PCR and (F) Western blotting were used to detect EIF5A2 expression in melanoma and their adjacent normal tissues. **P<0.01, com-
pared to normal group. (G) gRT-PCR and (H) Western blotting was applied to test EIF5A2 expression in HEMa-LP, MeWo, CHL-1, A375 and
A2058 cells. **P<0.01, ***P<0.001, compared to HEMa-LP group. After si-LINC00518, miR-526b-3p inhibitor or si-LINC00518+miR-526b-3p
inhibitor was transfected into A375 and A2058 cells, (I) gRT-PCR and (J) Western blotting were performed to measure EIF5A2 expression.
*P<0.05, **P<0.01, compared to the control group or miR-526b-3p inhibitor group. Data were presented as mean + standard deviation
(n=3).

inhibitory effect of the proliferative, invasive, and mi-  ed the progression of CMM by targeting the miR-5260b-
gratory abilities of melanoma cells. 3p/EIF5A2 axis.

Numerous studies have indicated that aberrant ex-
pression of IncRNA may have an effect on cancer cell
proliferation, tumor progression or metastasis (Zhang
et al., 2017; Sanchez Calle e/ al, 2018). Compared with
that in adjacent normal tissues, LINC00518 expression

was nearly tripled in breast cancer tissues (Chang ez al,

differential diagnosis to other melanocytic lesions, prog- 2018). Down-regulation of LINC00518 reduced the ma.
nostic markers, and efficient treatment (Frohlich, 2010). lignant propertics of breast epithelial cancer cells by in-
2}’15 fﬁg?lll atli(ilntorf;nlncl}l\th?z 1rs issof}llateddﬁtht ntlahign T(; hibiting CDX2 methylation through inactivation of Wnt

cranoma n tepms of tHmor growth and mctastass a signaling pathway (Wang ef a/, 2019). In prostate cancer,

could be regarded as biomarkers for melanoma (Safa et . : ;
. LINCO00518 stimulated paclitaxel resistance by suppress-
al., 2020). This study revealed that LINC00518 promot- ing the expression of miR-216b-5p (He ¢ al, 2019). Liu

DISCUSSION

Although early CMM could be simply inspected and
easily removed or treated, advanced melanoma still lacks
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Note: After si-EIF5A2 and pcDNA-LINC00518 were transfected alone or co-transfected into A375 and A2058 cells, CCK-8 assay was used
to measure OD value of A375 (A) and A2058 (B) cells at indicated time. EdU staining was performed to assess the proliferation of A375
(€) and A2058 (D-E) cells. (F) The invasion of A375 (G) and A2058 (H) cells was detected by transwell assay, and the migration of A375 (I)
and A2058 (J) cells were tested by scratch test. *P<0.05, **P<0.01, compared to the control group or pcDNA-LINC00518 group. Data were

presented as mean * standard deviation (n=3).

et al. reported that LINCO00518 sensitized CMM cells to
radiotherapy by promoting glycolysis » miR-33a-3p/
HIF-1o axis (Liu e al, 2021). Moreover, LINC00518
was overexpressed in uveal melanoma and regulated
metastatic processes 2z RNA-RNA interactions (Bar-
bagallo et al, 2020). In this study, high expression of
LINCO00518 was detected in melanoma tissues. Knock-
down of LINCO00518 inhibited the proliferation, inva-
sion, and migration of melanoma cells.

As shown by bioinformatics analysis, miR-526b-3p
could bind the 3’UTR of LINCO00518. Subsequent ex-
periments further verified the targeting relationship be-
tween LINC00518 and miR-526b-3p. It is reported that
an increase in miR-526b-3p expression suppressed the
proliferation, metastasis, and glycolysis of colon can-
cer cells (Zhang ez al, 2016). Down-regulation of miR-
526b-3p contributed to enhanced proliferation, migra-

tion, and invasion of glioma cell lines by increasing the
expression of WEE1 (Wu ¢ al, 2019). Introduction of
miR-526b-3p inhibited cisplatin resistance in both lung
cancer and colorectal cancer (Chen e al., 2021; Zhang
et al., 2021). The above evidence demonstrates inhibi-
tory effects of miR-526b-3p on tumor development but
the function of miR-526b-3p in CMM has not been
reported before. Herein, miR-526b-3p was markedly
suppressed in CMM and miR-526b-3p overexpression
hindered the proliferation, migration, and invasion of
melanoma cells

We further found that EIF5A2 was up-regulated in
CMM and promoted the proliferation and aggressiveness
of melanoma cells. EIF5A2 is a phylogenetically con-
served gene for elF5A protein and is often noted for
chromosomal instability in cancers (Jenkins ez a/, 2001).
Up-regulation of EIF5A2 has been reported to have
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positive associations with cell proliferation, invasion, and
metastasis in cancers such as non-small cell lung cancer,
esophageal squamous cell carcinoma, and hepatocellular
carcinoma (Chen e¢f al, 2018; Li et al, 2014; Liu et al,
2016). EIF5A2, targeted by phosphorylated Akt, showed
significant prognostic value for melanoma and promoted
melanoma cell invasion through activation of metallopro-
teinase-2 (Khosravi ¢ al, 2014). LncRNA LINC00520
enhanced malignancy of melanoma cells and promoted
tumor growth and metastasis by increasing the expres-
sion of EIF5A2 via miR-125b-5p (Luan ez al., 2020). The
expression of EIF5A2 was decreased by deoxyhypusine
synthase inhibitors that impaired the metastatic poten-
tial of melanoma cells (Liu ez al, 2021). Consistently,
our findings showed that EIF5A2 was highly expressed
in melanoma and that knockdown of EIF5A2 displayed
suppressive effects on the proliferative, invasive, and mi-
gratory abilities of melanoma cells. More importantly,
EIF5A2 was identified as a downstream target of miR-
526b-3p in this study. Knockdown of EIF5A2 reversed
the stimulatory effects of LINCO00518 overexpression on
melanoma cells.

CONCLUSION

In conclusion, all the results provided evidence that
LINCO00518 promoted CMM through competitively
binding miR-526b-3p to facilitate the expression of EI-
F5A2. This study of LINC00518/miR-526b-3p/EIF5A2
axis might contribute to our understanding of the patho-
genesis of CMM, identification of potential prognostic
markers, and discovery of novel therapeutic strategies
for clinical CMM treatment. This study has to be seen in
light of some limitations despite the findings of the ef-
fect of LINCO00518 on CMM progression. The functions
of LINC00518/miR-526b-3p/EIF5A2 axis in CMM
were mainly identified in cellular background. Elaborat-
ing works are required to confirm the findings of this
study in animal models of CMM. The predictive value of
LINCO00518 in the diagnosis and therapeutic outcomes
of CMM should be further exploited to translate the in-
sight gained from this work into clinical application.
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