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Abstract

Background: The mortality rate from melanoma has been rising and hence new therapeutic approaches for this disease have received
extensive attention, especially the search for novel therapeutic targets. The aim of this study was to find new targets for the treatment
of melanoma through a bioinformatics and experimental approach. Methods: First, we screened for differentially expressed genes
(DEGs) and differentially expressed miRNAs (DEMs) between melanoma and normal tissues using the TCGA-SKCM, GTEX, and
GSE24996 datasets. Next, we identified epithelial-mesenchymal transition (EMT)-related DEGs and analyzed their expression levels
and association with patient survival. The expression level of DEGs was then confirmed in normal human melanocytes and melanoma
cells. Bioinformatics analysis was used to identify miRNAs that targeted the most highly expressed DEG, LGALS1, and their binding
confirmed using dual luciferase. Enriched pathways for the LGALS1 target miR-22-3p were also analyzed. miR-22-3p was overexpressed
in cells in order to investigate changes in cell activity and in related genes and proteins. Exosomes from human bonemarrowmesenchymal
stem cells (MSCs) were coated with miR-22-3p to examine its effect on EMT. Results: The expression levels of LGALS1, CPXM1, and
APLNR were higher in melanoma than in normal tissues and were associated with worse patient survival. The differential expression
of these genes was confirmed using normal human skin melanocytes (PIG1) and human melanoma cells (WM-266-4). LGALS1 was
the most differentially expressed gene between WM-266-4 and PIG1 cells, and was also predicted to be a target for miR-22-3p. The
results of dual luciferase experiments confirmed that miR-22-3p could bind to LGALS1. Following the overexpression of miR-22-3p
in WM-266-4 cells, the cell viability decreased, the expression levels of LGALS1, VIM and SNAI2 decreased, the expression level of
CDH1 increased, and cell apoptosis increased. Transfection of miR-22-3p using exosomes resulted in similar effects. Conclusions: We
identified three genes (LGALS1, CPXM1, APLNR) that showed a high level of differential expression in melanoma. LGALS1 is a target
for miR-22-3p binding and this can inhibit the EMT of melanoma cells, thereby preventing the development of melanoma. Moreover,
exosomes secreted by MSCs can be loaded with miR-22-3p, thus regulating the EMT process in melanoma cells.
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1. Introduction

Melanoma is a highly malignant tumor [1] and in re-
cent years its incidence and mortality have gradually in-
creased [2]. Although some progress has recently been
made with targeted therapy and immunotherapy for cuta-
neous melanoma, many patients still develop treatment re-
sistance [3]. Therefore, the discovery of potential new tar-
gets for cutaneous melanoma should help to achieve further
progress in the prevention and treatment of this disease.

The cell regulatory roles of miRNAs in melanoma
have been extensively studied over the past decades [4].

miRNAs have been implicated in complex cell regulation
processes involving gene expression and protein translation
[4]. Targeted therapy based on miRNA has achieved good
results in previous studies. However, due to the hetero-
geneity and multiple subtypes of cancer, the challenge for
miRNA approaches is to identify the correct target [5]. Exo-
somes are vesicles secreted by cells that contain a variety of
functional biological small molecules, including miRNAs,
long non-coding RNAs (lncRNAs), and proteins [6]. miR-
NAs from exosomes can affect tumor immunity and the mi-
croenvironment to hinder cancer progression, thus further
strengthening the therapeutic applications of certain miR-

https://www.imrpress.com/journal/FBL
https://doi.org/10.31083/j.fbl2709275
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


NAs [6]. Exosomes secreted by human bone marrow mes-
enchymal stem cells (MSCs) have shown great potential for
the treatment of tumors and inflammatory diseases. These
have attracted widespread interest because of their ability
to precisely localize to tumor cells [7].

Multiple miRNAs have been shown to be involved in
regulating the epithelial-mesenchymal transition (EMT) in
melanoma [8,9]. EMT is commonly observed when epithe-
lial tumor cells transform into mesenchymal cells, thereby
leading to tumor metastasis and therapy resistance [10].
EMT-inducing transcription factors play an important role
in the transition of melanocytes into malignant melanoma
[11]. EMT also allows the proliferative, migratory, and in-
vasive phenotype of melanoma cells to be transformed into
mesenchymal cells, thus affecting their response to treat-
ment [12–14]. The goal of treating melanoma has there-
fore led to a search for melanoma-targeting miRNAs and
for genes related to EMT.

Advanced bioinformatics analysis can provide novel
insights into the prevention and treatment of various dis-
eases [15]. Bioinformatics is also an effective tool for iden-
tifying relevant genes and targets in melanoma, and for ana-
lyzing possible associations between them. The aim of the
present study was to use bioinformatics analysis to iden-
tify genes and miRNAs associated with melanoma metas-
tasis, prognosis, and EMT. We also conducted in vitro ex-
periments to confirm that the identified genes and miRNAs
play a role inmelanoma. By combining bioinformatics with
experimental methods, we have discovered new targets that
may be relevant to melanoma. The EMT of melanoma cells
was found to be regulated by miRNAs contained within ex-
osomes secreted by MSCs. The present study could there-
fore provide novel insights for the treatment of melanoma.

2. Materials and Methods
2.1 Dataset Selection for Bioinformatics Analysis

The TCGA-SKCMdataset was selected from the Can-
cer Genome Atlas (TCGA) database (https://portal.gdc.can
cer.gov) and contains 469 melanoma tissue samples. Nor-
mal skin tissue samples (n = 813) were selected from the
Genotype-Tissue Expression Project (GTEX, https://www.
gtexportal.org/). GSE24996 was selected from the Gene
Expression Omnibus (GEO) database (https://www.ncbi.n
lm.nih.gov/geo/) and contains 15 melanoma tissue samples
and 8 benign nevi samples.

2.2 Identification of DEGs
The Agilent platform was leveraged to generate raw

data from the GEO database. Background correction
and normalization were achieved using a robust multi-
chip averaging (RMA) algorithm. The TCGA and GTEX
databases provided RNA sequencing data. Fragment per
kilobase (FPKM) values were converted to transcript per
kilobase (TPM) values with signal intensities similar to
RMA-treated values. Following normalization, data were

analyzed using the limma package in R language. The
screening standards for miRNAwere |logFC|>log21.5 and
p < 0.05. The gene screening standards were |logFC| >1
and p< 0.05. Volcano plots were used to show all miRNAs
and genes. The heatmap showed the top 45 differentially
expressed miRNAs (DEMs) and the top 89 EMT-related
DEGs. FPKM values were converted to TPM values with
signal intensities similar to RMA-treated values.

2.3 Correlation Analysis
Correlation analyses were performed between DEGs

and EMT. EMT hallmark gene sets were downloaded
from the MSigDB database. For the TCGA-SKCM gene
expression profile, the enrichment score for the HALL-
MARK_EPITHELIAL_MESENCHYMAL_TRANSITION
pathway was calculated using Genomic Variation Analysis
(GSVA) and EMT activity was assessed using the GSVA R
package. DEGs that were significantly associated with this
pathway were then identified. Correlation coefficients of
>0.3 were considered to show a correlation between DEGs
and EMT. These are detailed in Supplementary Table 1.

2.4 Survival Analysis
Survival analysis for 89 EMT-related genes was per-

formed using the Kaplan-Meier method and the R language
survival package. Cox regression was used to test signifi-
cance, with p < 0.05 considered statistically significant.

2.5 Identification of miRNAs that Target DEGs
The R multiMiR package was used to identify miR-

NAs that target galectin 1 (LGALS1) in the pita, diana, and
targetscan databases. Venn diagrams were used to display
common miRNAs present in the three databases.

2.6 Gene Ontology (GO) Analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) Pathway
Enrichment Analysis

The multiMiR package was used to search for genes
targeted by miR-22-3p. The R language clusterProfiler
package was then used for GO and KEGG enrichment path-
way analysis.

2.7 Cell Culture and Group Processing
Normal human skin melanocytes (PIG1) and human

melanoma cells (WM-266-4) originated from Shanghai
Zeye Biotechnology Co., Ltd. MSCs originated from iCell
Bioscience Inc. Both PIG1 and WM-266-4 cells were cul-
tured in DMEM (D5796-500ML, SIGMA) with 10% fetal
bovine serum and 1% penicillin-streptomycin. MSCs were
cultured in a special medium (human bone marrow MSC
complete medium, CM-H166, Procell) for primary MSCs.
WM-266-4 cells were separated into three groups: cells in
the control group did not undergo any treatment; cells in the
mimics NC group were transfected with mimics NC plas-
mid; cells in the miR-22-3p mimics group were transfected
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with miR-22-3p mimics plasmid. MSCs were divided into
two groups. In the MSCs group, MSCs were cultured nor-
mally and the cells collected for evaluation. In the MSC-
exos group, MSCs were cultured in serum-free medium,
the cell supernatant was then collected and the exosomes
extracted. In addition, MSCs were first transfected with
mimics NC plasmids and miR-22-3p mimics plasmids, and
the cell supernatant subsequently collected for the extrac-
tion of exosomes. WM-266-4 cells were divided into four
groups. In the NC group, WM-266-4 cells were cultured
normally. In the MSC-exos group, MSC-exos were added
to the WM-266-4 cells for 12 h. In the MSC-exosmimics NC
group, WM-266-4 cells were treated with exosomes se-
creted fromMSCs that had previously been transfectedwith
mimics NCs for 12 h. In theMSC-exosmiR-22-3p mimics group,
WM-266-4 cells were treated with exosomes secreted from
MSCs that had previously been transfected with miR-22-
3p mimics for 12 h. The plasmid transfection steps were:
5 µL mimics NC and 5 µL miR-22-3p mimics plasmids
were added to 95 µL of basal medium, mixed gently, and
allowed to stand for 5 min. Five µL of Lipofectamine 2000
(11668019, ThermoFisher) was added to 95 µL of basal
medium. The plasmid and Lipofectamine 2000 were mixed
separately and after standing for 20 min, 200 µL of mix-
ture and 800 µL of basal medium were added to the cells.
The medium was replaced by fresh complete medium after
6 h. Cells and cell supernatant were collected after 48 h for
subsequent evaluation. All plasmids were obtained from
Genechem Co., Ltd.

2.8 Extraction and Labeling of Exosomes

MSCs were cultured with serum-free medium for 2
days. The cell supernatant was then collected, centrifuged
at 3500 rpm for 15 min, and the pellet discarded. The
cell supernatant was mixed with ExoQuick exosome pre-
cipitation solution (EXOQ20A-1, System Biosciences Inc.,
USA) at a ratio of 5:1 and incubated at 4 ◦C overnight.
The mixture was then centrifuged at 2500 rpm for 30
min, with the exosomes contained in the resulting pel-
let. Two uL of PKH67 reagent (Fluorescence, China)
was then added to the resuspended exosomes and incu-
bated at 37 ◦C for 20 min. Ten uL of serum was added
to stop marking. WM-266-4 cells were treated with 100
uL of labeled exosomes and incubated at 37 ◦C for 1
h. After discarding the medium, cells were washed 3
times with Phosphate Buffered Saline (PBS) and fixed with
paraformaldehyde. Nuclei were stained by adding 1mg/mL
of 4’,6-diamidino-2-phenylindole (DAPI) working solution
(AWC0291a, Abiowell) for 10 min at 37 °C. Confocal flu-
orescence microscopy was used to observe the cells after
washing with PBS.

2.9 Dual Luciferase Experiments

TargetScan v.7.0 was used to predict the binding site
between LGALS1 and miR-22-3p (http://www.targetscan

.org/vert_70/). Plasmid constructs were purchased from
HonorGene. The pHG-MirTarget-LGALS1 WT-3U and
pHG-MirTarget-LGALS1 MUT-3U plasmids were trans-
fected into 293A cells seeded in 12-well plates. Subse-
quently, the miR-22-3p mimics plasmid and its empty vec-
tor mimics-NC were transfected into 293A cells. Each set
of experiments was repeated three times. The activities of
firefly luciferase and Renilla luciferase in each group were
detected sequentially according to the instructions for the
dual luciferase detection kit.

2.10 Western Blots

Cells were lysed on ice using Radio Immunoprecip-
itation Assay (RIPA) lysis buffer (AWB0136, Abiowell).
The cell and lysate mixture was then centrifuged at 12,000
rpm for 15 min. The bicinchoninic acid (BCA) protein kit
(AWB0104a, Abiowell) was used to measure protein con-
centrations. The marker and the denatured protein were
mixedwith loading buffer and subjected to agarose gel elec-
trophoresis for 2 h. After cutting the gel according tomolec-
ular weight, the proteins were transferred to PVDF mem-
branes. The membranes were blocked with 5% skimmed
milk powder for 90 min at room temperature. Next, the
membranes were incubated overnight at 4 ◦C with primary
antibodies to CD63 protein (CD63) (25682-1-AP, protein-
tech, US), Heat Shock Protein Family A (Hsp70) Mem-
ber 4 (HSPA4) (25405-1-AP, proteintech, US), galectin 1
(LGALS1) (11858-1-AP, proteintech, US), carboxypepti-
dase X, M14 family member 1 (CPXM1) (orb467709, bior-
byt, UK), apelin receptor (APLNR) (20341-1-AP, protein-
tech, US), Vimentin (VIM) (10366-1-AP, proteintech, US),
snail family transcriptional repressor 2 (SNAI2) (12129-
1-AP, proteintech, US), cadherin 1 (CDH1) (20874-1-AP,
proteintech, US), actin beta (ACTB) (66009-1-Ig, protein-
tech, US). ACTB was used as an internal control param-
eter. The membranes were then incubated with the corre-
sponding secondary antibodies HRP goat anti-mouse IgG
(SA00001-1, proteintech, US) and HRP goat anti-rabbit
IgG (SA00001-2, proteintech, US) for 90 min at room
temperature. Enhanced chemiluminescence (ECL) solu-
tion (AWB0005a, Abiowell) was used to reveal the bands,
which were then photographed using a gel imaging system.

2.11 Real-Time Quantitative PCR (qRT-PCR)

Total RNA was extracted from cells according to
instructions for the Trizol kit (15596026, Thermofisher).
miRNA and mRNA were then transcribed into cDNA ac-
cording to instructions for the miRNA cDNA Synthesis Kit
(CW2141, Cowin bio.) and the HiFscript cDNA Synthe-
sis Kit (CW2569, Cowin bio.), respectively. Primer 5.0
software (PREMIER Biosoft, San Francisco, California,
USA) was used to design primers, which were then syn-
thesized by Beijing Qingke Biotechnology. The primer se-
quences are shown in Table 1. Next, the primers were added
to cDNA, ddH2O, and the UltraSYBR Mixture (CW2601,
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Cowin bio.). qRT-PCR was performed using ACTB as the
internal reference for mRNA and RNU6V as the internal
reference for miRNA. The qRT-PCR amplification program
was: 95 °C for 10 min (pre-denaturation), 95 °C for 15 s,
and 60 °C for 30 s (denaturation, annealing, and extension;
40 cycles in total). Preliminary experiments confirmed that
the efficiency of all primers was between 90–110%. Sam-
ples were tested in triplicate and the 2−△△ct method was
used to analyze experimental data.

Table 1. Primer sequences.
Primer ID 5’-3’

ACTB-F ACCCTGAAGTACCCCATCGAG
ACTB-R AGCACAGCCTGGATAGCAAC
RNU6V -F CTCGCTTCGGCAGCACA
RNU6V -R AACGCTTCACGAATTTGCGT
LGALS1-F TCGGGTGGAGTCTTCTGACA
LGALS1-R ACGAAGCTCTTAGCGTCAGG
CPXM1-F GCTGACCTCAACACACCACT
CPXM1-R CATTCATGCCCCCGTGGAG
APLNR-F GATGCCTGCCTCTTGTCTGT
APLNR-R ATCCAGTAGGGGGTGGACTC
VIM-F CCCTTGACATTGAGATTGCCACC
VIM-R ACCGTCTTAATCAGAAGTGTCCT
CDH1-F ATTTTTCCCTCGACACCCGAT
CDH1-R TCCCAGGCGTAGACCAAGA
SNAI2-F GCTACCCAATGGCCTCTCTC
SNAI2-R CTTCAATGGCATGGGGGTCT
miR-22-3p-F GCTGAGCCGCAGTAGTTCTT
miR-22-3p-R GGCAGAGGGCAACAGTTCTT

2.12 Cell Counting Kit 8 (CCK8)

The cells in different groups were digested, counted,
and seeded into 96 well plates at a density of 1 × 104
cells/well. Three wells were used for each group. Follow-
ing specific treatment of the different groups, the culture
medium was discarded and 10 µL of CCK8 working so-
lution (NU679, Dojindo) and 90 µL of complete medium
were added to each well. The cells were incubated at 37 °C
for 4 h and a Bio Tek microplate reader was then used to
measure the absorbance at 450 nm.

2.13 Flow Cytometry

Cells were grouped and then digested with trypsin,
with PBS used as a washing agent. Experiments were per-
formed strictly according to instructions for the Annexin
V-APC/PI Apoptosis Detection Kit (KeyGEN BioTECH,
KGA1030). Briefly, 500 uL of binding buffer was used to
suspend the cells prior to testing, followed by the addition
of 5 uL Annexin V-APC and 5 uL of propidium iodide. The
mixturewas left to stand for 10min at room temperature and
protected from light. Flow cytometry was then used for the
measurement of fluorescence.

2.14 Statistical Analysis

All cell experiments were conducted in triplicate.
Data for each group are shown as the mean ± standard de-
viation (SD) and were analyzed using Graphpad Prism 9.0
(GraphPad Software LLC, San Diego, California, USA).
Student’s t-test was used to compare two data groups, while
ordinary one-way ANOVA was used to compare three data
groups. p < 0.05 was considered statistically significant.

3. Results
3.1 Screening for DEMs and DEGs

The TCGA-SKCM and GTEX datasets were screened
to identify DEGs between the melanoma and control
groups, while data from the GSE24996 dataset was
screened to identify DEMs between these groups. All
DEMs (Fig. 1A) and DEGs (Fig. 1B) are shown in the
volcano plot, while the heatmap shows the top 45 DEMs
(Fig. 1C). DEMs included miR-211-5p, miR-205-5p, miR-
125b-5p, miR-200c-3p, miR-768-3p, and miR-22-3p.

3.2 Survival Analysis for DEGs Associated with EMT

The 89 EMT-related DEGs are shown in the heatmap
(Fig. 2A), and their correlation coefficients shown in
Supplementary Table 1. EMT-related DEGs included
ADAM19, ITGAM, DCSTAMP, PLAUR, CSF3R, LGALS1,
CPXM1, and APLNR. Survival analysis was performed
according to the expression of each of these 89 genes.
Kaplan-Meier analysis showed that expression of three
genes (LGALS1, CPXM1, APLNR) was significantly asso-
ciated with patient survival. Low gene expression in the tu-
mor tissue correlated with better patient survival (Fig. 2B).
Next, Boxplots were drawn based on the expression level
of these three genes in the melanoma and control groups.
These showed that the expression of all three genes was
higher in the melanoma group compared to the control
group (Fig. 2C).

3.3 LGALS1 is Highly Expressed in Melanoma Cells

To confirm the observed differences in expression of
the above three DEGs, we compared the expression levels
of the LGALS1, CPXM1, and APLNR genes (Fig. 3A) and
the LGALS1, CPXM1, and APLNR proteins (Fig. 3B) be-
tween PIG1 andWM-266-4 cells. Both the mRNA and pro-
tein levels for all three DEGs were significantly higher in
WM-266-4 cells than in PIG1 cells, with the difference be-
ing greatest for LGALS1.

3.4 LGALS1-Interacting miRNAs

LGALS1 was selected for the follow-up research be-
cause it showed the most difference in expression between
melanoma and control. Three databases (pita, diana, and
targetscan) were used to identify miRNAs predicted to tar-
get LGALS1. Only one miRNA, miR-22-3p, was found in
all three databases to target LGALS1, as shown by Venn
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Fig. 1. Screening for DEMs and DEGs. (A) Volcano plot of all miRNAs that were differently expressed between the melanoma and
control groups in the GEO database. (B) Volcano plot of all mRNAs that were differently expressed between the melanoma and control
groups in the TCGA and GTEX databases. Red dots indicate significant up-regulation and down-regulation of DEMs and DEGs between
the two groups (|logFC|>log21.5, p-value< 0.05). (C) Heatmap showing the top 45 DEMs between the melanoma and control groups.
Darker red indicates higher expression, while darker blue indicates lower expression.

diagram (Fig. 4A). Boxplots showed that the expression
of miR-22-3p in the melanoma group was lower than in
the control group (Fig. 4B). Next, GO analysis and KEGG
analysis were performed (Fig. 4C). GO analysis showed
that in biological processes (BP), LGALS1-targeted miR-
22-3p was significantly associated with endocytosis, plat-
inum drug resistance, the sphingolipid signaling pathway,
the AMPK signaling pathway, and proteoglycans in can-
cer. In cellular components (CC), LGALS1-targeted miR-
22-3p bound to proximal promoter sequence-specific DNA
binding, protein serine/threonine kinase activity, transcrip-
tion cofactor binding, RNA polymerase II proximal pro-
moter sequence-specific DNA binding, and enzyme ac-
tivator activity. For molecular function (MF), LGALS1-
targeted miR-22-3p was related to the dendritic spine, neu-

ron spine, spindle, main axon, and cell leading edge. The
KEGG signaling pathway was mainly enriched in learn-
ing or memory, cognition, regulation of GTPase activity,
cell morphogenesis involved in neuron differentiation, reg-
ulation of cell morphogenesis, and regulation of neuron
death. Next, qRT-PCR was used to confirm the expres-
sion of miR-22-3p in cells. The miR-22-3p level in PIG1
cells was higher than in WM-266-4 cells (Fig. 4D). The tar-
geted binding of miR-22-3p to LGALS1 was predicted by
LncBase Predicted v.2 (Fig. 4E) and confirmed using a dual
luciferase experiment (Fig. 4F). The results demonstrated
that miR-22-3p targeted LGALS1.
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Fig. 2. Survival analyses for the expression of three DEGs associated with EMT. (A) Heatmap of 89 DEGs identified from the
TCGA and the GTEX databases and associated with EMT. Darker red corresponds to higher expression and darker blue corresponds to
lower expression. (B) Survival curves according to expression of the DEGs LGALS1, CPXM1, and APLNR. The red line represents the
survival probability of patients with high gene expression, while the blue line represents the survival probability of patients with low
gene expression. (C) Boxplots show the expression level of the three DEGs LGALS1, CPXM1, and APLNR in the melanoma and control
groups. *p < 0.05 Melanoma group vs. Control group.
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Fig. 3. LGALS1 is highly expressed in melanoma cells.
(A) qRT-PCR was performed to evaluate LGALS1, CPXM1 and
APLNR mRNA expression in PIG1 and WM-266-4 cells. (B)
Western blot was used to evaluate the expression of LGALS1,
CPXM1 and APLNR protein in PIG1 and WM-266-4 cells. *p
< 0.05 WM-266-4 cells vs. PIG1 cells.

3.5 miR-22-3p Regulates EMT in Melanoma Cells

The effect of miR-22-3p on EMT was investigated by
overexpressing miR-22-3p in WM-266-4 cells. The qRT-
PCR result showed that the expression of miR-22-3p in the
miR-22-3p mimics group was significantly higher than in
the mimics NC group, indicating successful overexpression
of miR-22-3p in WM-266-4 cells (Fig. 5A). Cell viability
was found to decrease significantly following the overex-
pression of miR-22-3p (Fig. 5B). In addition, flow cytom-
etry showed that cell apoptosis increased after transfection
with miR-22-3p mimics (Fig. 5D). The mRNA expression
level of LGALS1 and other EMT-related genes (CDH1,
VIM, and SNAI2), together with their protein expression
level, was examined by qRT-PCR and western blot, respec-
tively (Fig. 5C,E). The expression levels of LGALS1 and
LGALS1 were significantly lower in the miR-22-3p mim-
ics group than in the mimics NC group. Furthermore, the
expression of LGALS1 and LGALS1 was negatively corre-
lated with miR-22-3p. The expression of CDH1 and CDH1
was significantly higher in the miR-22-3p mimics group
than in the mimics NC group, while the mRNA expression
levels for VIM, VIM, SNAI2, and SNAI2 were significantly
lower in the miR-22-3p mimics group. These results indi-
cate that miR-22-3p can inhibit EMT.

3.6 Identification of MSC-EXOs and Uptake of Exosomes
by Melanoma Cells

The exosomes secreted by MSCs were isolated and
observed by transmission electron microscopy (TEM) to be
round vesicles with a diameter of about 50 nm (Fig. 6A).
Western blot assay was used to detect the exosome-
associated proteins CD63 and HSPA4. Both proteins were
expressed in the MSC-exos group (Fig. 6B). Next, PCR re-
vealed that miR-22-3p expression was higher in the MSC-
exos group than in the MSC group (Fig. 6C). These re-
sults indicate that exosomes secreted by MSCs contain a
large amount of miR-22-3p. The uptake of exosomes by

WM-266-4 cells was observed by confocal fluorescence
microscopy (Fig. 6D).

3.7 miR-22-3p in MSC-exos Inhibits the EMT of
Melanoma Cells by Regulating LGALS1

The amount of miR-22-3p in each cell group was
evaluated. The expression of miR-22-3p in the MSC-
exosmiR-22-3p mimics group was significantly higher than in
the MSC-exosmimics NC group (Fig. 7A), demonstrating that
miR-22-3p was successfully overexpressed in exosomes.
Next, the CCK8 assay was used to measure the prolifera-
tive activity of each cell group. The proliferation of cells
in the MSC-exos group was slower than that of cells in
the NC group (Fig. 7B). In contrast, the proliferation of
cells in the MSC-exosmiR-22-3p mimics group was slower than
that of cells in the MSC-exosmimics NC group. This results
indicates that miR-22-3p in exosomes secreted by MSC-
exos can inhibit the proliferation of WM-266-4 cells. Fur-
thermore, flow cytometry showed that exosomes carrying
miR-22-3p can promote cell apoptosis (Fig. 7C). The ex-
pression levels of LGALS1, LGALS1, VIM, VIM, SNAI2,
and SNAI2 in cells from the MSC-exos group were signif-
icantly lower than in the NC group, whereas the expression
level of CDH1 and CDH1 in MSC-exosmiR-22-3p mimics cells
was significantly increased (Fig. 7D,E). The expression lev-
els of LGALS1, LGALS1, VIM, VIM, SNAI2, and SNAI2
in MSC-exosmiR-22-3p mimics cells were significantly lower
compared to the MSC-exosmimics NC group, whereas the ex-
pression of CDH1 and CDH1 in MSC-exosmiR-22-3p mimics
cells was significantly increased.

4. Discussion
Melanoma is a rare primary skin tumor [16].

Melanoma has a high incidence and a poor prognosis [16].
Therefore, considerable effort is still required to find novel
targets for melanoma that lead to early diagnosis and new
treatments.

In recent years, bioinformatics has greatly improved
the efficiency of target prediction for various diseases
[17]. Bioinformatics analysis was used here to screen
large databases for DEGs and for predicting the biologi-
cal functions of candidate targets [18]. By downloading
data on ovarian cancer from the GEO database, Yang et
al. [19] identified 62 candidate small molecules associ-
ated with this disease. These could be used as potential
targets for novel drugs to treat ovarian cancer [19]. More re-
cently, bioinformatics analysis has also been widely used in
melanoma research. Wang et al. [20] used bioinformatics
analysis to construct a melanoma ceRNA network. These
authors identified 5 miRNAs (miRNA-29c, miRNA-100,
miR-142-3p, miR-150, miR-516a-2), 6 lncRNAs (lncRNA
AC068594.1, C7orf71, FAM41C, GPC5-AS1, MUC19,
LINC00402) and 7 mRNAs (CCDR9, CNR2, DIRAS2,
ESRP2, FAM83C, KCNT2, USH1G) that were aberrantly
expressed in melanoma [20]. They postulated their find-
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Fig. 4. Screening for LGALS1-interacting miRNAs. (A) Venn diagram of miRNAs identified to target LGALS1 in the pita, diana and
targetscan databases. Only one DEM, miR-22-3p, was identified in all three databases. (B) Confirmation of miR-22-3p expression in
the GEO database. (C) GO and KEGG functional enrichment analysis of miR-22-3p. Blue represents biological process (BP)-related
functions in GO analysis. Yellow represents functions associated with cellular components (CC) in GO analysis. Red represents functions
related to molecular function (MF) in GO analysis. Green represents KEGG functional analysis. (D) qRT-PCR showing miR-22-3p
expression in cells. (E) Bioinformatics prediction of the LGALS1 binding site for miR-22-3p. (F) Dual luciferase experiments were
performed to verify the binding of LGALS1 to miR-22-3p. *p < 0.05 vs. Control group, #p < 0.05 vs. PIG1 group, &p < 0.05 vs.
mimics NC group.
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Fig. 5. miR-22-3p regulates EMT. (A) The expression level of miR-22-3p in WM-266-4 cells was evaluated by qRT-PCR. (B) CCK8
was used to determine WM-266-4 cell viability, with absorbance measured at 450 nm. (C) qRT-PCR was used to determine the cellular
mRNA levels for LGALS1, CDH1, VIM, and SNAI2. (D) Detection of apoptosis by flow cytometry. (E) Cellular protein levels for
LGALS1, CDH1, VIM, and SNAI2 were determined by western blot. *p < 0.05 vs. mimics NC group.

ings could provide a basis for the early prevention and
treatment of subsequent melanoma. In the present study,
we used bioinformatics analysis to identify multiple DEMs
and DEGs in melanoma. The top 45 DEMs and top 90
DEGs were listed, and the expression levels of three genes
(LGALS1, CPXM1, APLNR) and their association with pa-
tient survival were analyzed. The expression of these genes
was confirmed to be higher in melanoma cells than in nor-
mal skin melanocytes. LGALS1 was selected for additional
follow-up studies.

It has been reported previously that LGALS1 is asso-
ciated with melanoma progression [21]. It is also known to
induce EMT in ovarian, liver, and other cancer types [22–

24]. However, a regulatory role for LGALS1 on EMT in
melanoma has not yet been reported. Our bioinformatics
analyses predicted that LGALS1 was a target for miR-22-
3p binding. Dual luciferase experiments were performed
to confirm this binding. We next analyzed the enrichment
pathways of genes targeted by miR-22-3p. The BPs of
these genes were concentrated in endocytosis and platinum
resistance. Previous studies have also reported that miR-
22-3p functions were enriched in endocytosis and platinum
drug resistance [25,26]. For CC, genes targeted by miR-22-
3p were enriched in proximal promoter sequence-specific
DNA binding. Previous studies have shown that genes reg-
ulated by miR-22-3p are closely related to transcription fac-

9

https://www.imrpress.com


Fig. 6. Identification of MSC-EXOs and uptake of exosomes by melanoma cells. (A) Exosome morphology examined by TEM. The
diameter of exosomes was about 50 nm (scale bar = 100 nm). (B) Western blot technique was used to determine protein levels for the
exosome markers CD63 and HSPA4. (C) qRT-PCR was used to determine miR-22-3p levels in cells and exosomes. (D) PKH67 labeling
was used to observe exosome uptake. Green represents exosomes, while blue represents cell nuclei. *p < 0.05 vs. MSCs.

tor activity RNA polymerase II core promoter proximal re-
gion sequence-specific binding [27]. For MF, miR-22-3p
was associated with neuron spine, main axon, and cell lead-
ing edge. A prior study also showed that miR-22-3p could
regulate the neuron spine [28]. For the KEGG pathway,
miR-22-3p was involved in learning or memory, cognition.
Another study reported a low level ofmiR-22-3p expression
in the cerebrospinal fluid of exercisers [29]. After exer-
cise, people fall into a state of fatigue, suggesting that miR-
22-3p could regulate cognition by the brain. Various can-
cers including melanoma are regulated by EMT [30]. Wei
et al. [8] showed that RNF128 affects the EMT process
of melanoma by acting on the ubiquitination of CD44 and
CTTN in melanoma cells through theWnt/β-catenin signal-
ing pathway. Wang et al. [31] showed that microRNA-214
downregulated CADM1 in melanoma cells, thereby pro-
moting EMT progression in melanoma. Together, these re-
sults suggest that the development of melanoma may be fa-
vored by the promotion of cellular EMT. By overexpress-
ing miR-22-3p in WM-266-4 cells in the current study, we
found that miR-22-3p could suppress EMT. Although the
regulation of EMT by miR-22-3p has not previously been
reported in melanoma, miR-22-3p is known to inhibit the
progression of EMT in gastric cancer, colorectal cancer,
lung adenocarcinoma, as well as other diseases [32–34].

After coating with miRNAs, exosomes are transported
to cancer cells for action, thus effectively solving the dif-
ficult problem of target recognition [35]. Several stud-
ies have shown that miRNAs contained in exosomes se-
creted by MSCs can affect tumor cells [7]. Che et al. [36]
showed that by encapsulatingmiR-143within exosomes se-
creted by MSCs, TFF3 could be regulated in prostate can-
cer cells, thereby inhibiting the migration and invasion of
cancer cells. Naseri et al. [37] demonstrated that exo-
somes secreted by MSCs could also serve as delivery ve-
hicles for small-molecule drugs such as anti-miR-142-3p.
In the current study, exosomes secreted by MSCs were also
used to study the delivery of miR-22-3p. By overexpress-
ing miR-22-3p in MSCs, we found that exosomes could ac-
curately and efficiently deliver miR-22-3p into WM-266-
4 cells, thereby inhibiting the EMT of WM-266-4 cells.
These results may provide a novel approach for the treat-
ment of melanoma. However, future research will also need
to investigate whether miR-22-3p and LGALS1 can regulate
the EMT of melanoma cells in animal studies and clinical
trials, thereby inhibiting the progression of melanoma.
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Fig. 7. miR-22-3p in MSC-exos inhibited EMT of melanoma cells by regulating LGALS1. (A) The expression level of miR-22-3p
in WM-266-4 cells was evaluated by qRT-PCR. (B) The cck8 assay was used to evaluate the viability of WM-266-4 cells by measuring
absorbance at 450 nM. (C) Cell apoptosis was detected by flow cytometry. (D) qRT-PCRwas used to measure mRNA levels for LGALS1,
CDH1, VIM, and SNAI2 in WM-266-4 cells. (E) Western blot was used to determine the protein levels of LGALS1, CDH1, VIM, and
SNAI2 in WM-266-4 cells. *p < 0.05 vs. NC. #p < 0.05 vs. MSC-exos mimics NC group.

5. Conclusions

Bioinformatics analysis was used to identify three
genes (LGALS1, CPXM1, APLNR) that were differentially
expressed in melanoma. miR-22-3p can target LGALS1
and inhibit the EMT process in melanoma cells, thereby
preventing the development of melanoma. Moreover, ex-
osomes secreted by MSCs can be loaded with miR-22-3p,
thus regulating the EMT process in melanoma cells.
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