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MicroRNA-331 Inhibits Proliferation and Invasion of Melanoma Cells

by Targeting Astrocyte-Elevated Gene-1
Li Chen, Guozhang Ma, Xiaohui Cao, Xiaoxia An, and Xiguang Liu

Department of Dermatology, Heilongjiang Provincial Hospital, Harbin, Heilongjiang, P.R. China

Melanoma is characterized by aggressive invasion, early metastasis, and resistance to existing chemotherapeu-
tic agents. Accumulated studies have reported that microRNA (miRNA) is a potentially robust molecular tool
for developing future therapeutic technologies. Therefore, examining the expression patterns, biological roles,
and associated mechanisms of cancer-related miRNAs in melanoma is essential for developing novel therapeu-
tic targets for patients with this disease. In this study, miRNA-331 (miR-331) was underexpressed in melanoma
tissues and cell lines. Functional assays revealed that the enforced expression of miR-331 inhibited cell prolif-
eration and invasion. In addition, astrocyte-elevated gene-1 (AEG-1) was identified as a novel target of miR-
331 through bioinformatics analysis, reverse transcription quantitative polymerase chain reaction analysis,
Western blot analysis, dual-luciferase reporter assay, and Spearman’s correlation analysis. Furthermore, rein-
troduction of AEG-1 partially abrogated the inhibitory effects of miR-331 overexpression on the proliferation
and invasion of melanoma cells. Moreover, miR-331 suppressed the activation of the PTEN/AKT signaling
pathway in melanoma by inhibiting AEG-1. In short, miR-331 may play tumor-suppressive roles in melanoma
by directly targeting AEG-1 and regulating the PTEN/AKT signaling pathway, suggesting that miR-331 could
be investigated as a therapeutic strategy for patients with this malignancy.
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INTRODUCTION

Melanoma, the most aggressive form of skin cancer,
accounts for the most common cause of skin malignancy-
related deaths'. It is the seventh most common malignancy
in females and the fifth most common cancer in males
worldwide'”. In recent years, the morbidity of melanoma
has increased more rapidly compared with those of other
malignancies’. Moreover, approximately 200,000 new
cases and 46,000 deaths due to melanoma annually occur
around the world*. Currently, wide surgical resection is
considered as the main option in treating melanoma diag-
nosed at the early stage. However, combined treatments
for patients at the advanced stage, including surgery fol-
lowed by molecular-targeted therapy, radiotherapy, and
immunotherapy, are not currently satisfactory’. Prognosis
for melanoma patients with local and distant metas-
tases is poor, with 10-year survival rates of only 64%
and 16%, respectively®. Therefore, further investigation
into the detailed molecular mechanisms involved in the
tumorigenesis and tumor development of melanoma is
required to develop novel effective therapeutic methods
for patients with this malignancy.

MicroRNAs (miRNAs) represent a group of endoge-
nous, noncoding, short RNA molecules 20-25 nucleotides
in length’. miRNAs silence gene expression via direct
interaction with the 3’-untranslated regions (3’-UTRs) of
their target genes in a sequence-specific manner, result-
ing in mRNA degradation or translation suppression®.
Existing evidence suggests that miRNAs participate in
the regulation of over half of all human protein-coding
genes and perform specific roles in various physiological
and pathological processes, including early embryonic
development, metabolism, cell proliferation, cell cycle,
apoptosis, differentiation, and metastasis’''. An increas-
ing number of studies have reported that miRNA expres-
sion is altered in almost all types of human malignancy
and that miRNAs may be involved in tumorigenesis and
tumor development as either oncogenes or tumor suppres-
sors'>™'*. Therefore, miRNAs may be utilized as potential
therapeutic targets for cancer therapy.

miR-331 is abnormally expressed in several types of
human cancer'”'®. However, the expression and biologi-
cal roles of miR-331 in melanoma remain to be elucidated.
In the present study, miR-331 expression was decreased

Address correspondence to Xiguang Liu, Department of Dermatology, Heilongjiang Provincial Hospital, No. 82 Zhongshan Road, Harbin,

Heilongjiang 150036, P.R. China. E-mail: xiguang_liu@126.com



1430

in melanoma tissues and cell lines. Enforced expression
of miR-331 prohibited the cell proliferation and inva-
sion of melanoma. In addition, astrocyte-elevated gene-1
(AEG-1), also known as metadherin, was identified as a
direct target of miR-331 in melanoma. Hence, the resto-
ration of miR-331 expression could be a new therapeutic
method for patients with melanoma.

MATERIALS AND METHODS
Tissue Samples and Cell Lines

A total of 22 pairs of human primary melanoma
tissues and adjacent nontumorous skin specimens were
obtained from patients who received surgical resections
in Heilongjiang Provincial Hospital (Harbin, P.R. China)
from January 2015 to November 2016. None of these
patients underwent chemotherapy or radiotherapy prior to
surgery. The resected tissues were immediately snap fro-
zen in liquid nitrogen and stored at —80°C in a cryogenic
refrigerator prior to further use. This study was approved
by the Ethics Committee of Heilongjiang Provincial
Hospital. Written informed consent was obtained from
all participants.

Human epidermal melanocytes (HEMs) obtained from
ScienCell Research Laboratories, Inc. (San Diego, CA,
USA) were grown in a melanocyte medium (ScienCell
Research Laboratories, Inc.) under conditions recom-
mended by the manufacturer. Five melanoma cell lines,
namely, A375,A2058, HT 144, SK-MEL-1, and SK-MEL-
28, were purchased from the American Type Culture
Collection (Manassas, VA, USA). These cell lines were
cultured in Dulbecco’s modified Eagle’s medium (DMEM)
and supplemented with 10% fetal bovine serum (FBS),
100 mg/ml penicillin, and 100 mg/ml streptomycin (all
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA). All the cell lines were cultured at 37°C in a
humidified incubator with 5% CO,.

RNA Extraction and Reverse Transcription Quantitative
Polymerase Chain Reaction (RT-gPCR)

Total RNA of tissue samples and cells was extracted
with TRIzol reagent (Invitrogen; Thermo Fisher Sci-
entific, Inc.). For the detection of miR-331 expression,
total RNA was reverse transcribed into cDNA using a
TagMan MicroRNA Reverse Transcription Kit (Applied
Biosystems, Carlsbad, CA, USA). Subsequent qPCR was
conducted using a TagMan MicroRNA PCR Kit (Applied
Biosystems) with U6 snRNA as an internal control. To
quantify the mRNA level of AEG-1, cDNA was syn-
thesized using a PrimeScript RT Reagent Kit (Takara
Bio, Dalian, PR. China) followed by qPCR with SYBR
Premix Ex Taq™ Kit (Takara Bio). GAPDH served as an
internal reference for AEG-1 mRNA expression. Relative
gene expression was evaluated using the 27*“ method'”.
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Transfection of miRNA Mimics and Plasmids

Synthetic miR-331 mimic and negative control
miRNA mimic (miR-NC) were acquired from Genechem
(Shanghai, P.R. China). AEG-1 overexpression plas-
mid pcDNA3.1-AEG-1 and empty pcDNA3.1 plasmid
were purchased from GeneCopoeia (Guangzhou, P.R.
China). Cells in log-phase growth were plated into six-
well plates with a density of 60-70% confluence 24 h
prior to transfection. Cells were transfected with miRNA
mimics or plasmids using Lipofectamine™ 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to
the manufacturer’s instructions.

Cell Counting Kit-8 (CCK-8) Assay

CCK-8 assay was utilized to detect cellular prolif-
eration in accordance with the manufacturer’s instruc-
tions. At 24 h after transfection, cells were collected and
plated into 96-well plates with a density of 3,000 cells
per well. CCK-8 assay was carried out daily for 3 days.
Subsequently, 10 pl of CCK-8 solution (Beyotime,
Hangzhou, P.R. China) was added into each well and
continued to incubate at 37°C with 5% CO, for another
2 h. Afterward, optical density (OD) was detected at a
wavelength of 450 nm with a microplate reader (Bio-Rad
Laboratories Inc., Hercules, CA, USA).

Transwell Invasion Assay

Transfected cells were harvested after 24 h of incuba-
tion and suspended into FBS-free DMEM. A total of 1x 10’
cells were seeded into the top chamber of Transwell cham-
bers (Corning Incorporated, Corning, NY, USA) coated
with Matrigel (BD Biosciences, San Jose, CA, USA). The
bottom chambers were filled with 600 ul of DMEM sup-
plemented with 20% FBS. After subsequent incubations
at 37°C with 5% CO, for 24 h, the noninvaded cells that
remained on the upper surface of the membrane were gen-
tly removed using a cotton swab. The invaded cells were
fixed with 100% methanol and stained using 0.1% crystal
violet solution. Finally, the invaded cells were subjected
to microscopic inspection and counted under an inverted
microscope (Olympus Corporation, Tokyo, Japan) with
five randomly selected visual fields.

miRNA Target Prediction

The target prediction of miRNA was performed with
online miRNA target prediction algorithms TargetScan
(http://www.targetscan.org/) and miRanda (http://www.
microrna.org/).

Dual-Luciferase Reporter Assay

Luciferase reporter plasmids containing the wild
type (Wt) and mutant (Mut) seed regions of miR-331
in the 3’-UTR of AEG-1 were chemically synthesized
by GenePharma (Shanghai, PR. China) and named as
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pMIR-AEG-1-3’-UTR Wt and pMIR-AEG-1-3’-UTR
Mut, respectively. For the dual-luciferase reporter assay,
cells were plated into 24-well plates 1 day before trans-
fection. Cells were cotransfected with miR-331 mimic
or miR-NC and luciferase reporter recombinant plasmid
using Lipofectamine™ 2000 reagent. Following cultiva-
tion for 48 h, the cells were harvested, and luciferase activ-
ity was determined using a dual-luciferase reporter assay
system (Promega, Madison, WI, USA) based on the manu-
facturer’s instructions. Renilla luciferase activity was used
as an internal reference for Firefly luciferase activity.

Western Blot Analysis

The primary antibodies mouse anti-human AEG-1
antibody (sc-517220), mouse anti-human phosphatase
and tensin homolog (PTEN) antibody (sc-7974), mouse
anti-human AKT antibody (sc-56878), mouse anti-human
p-AKT antibody (sc-271966), and mouse anti-human
GAPDH antibody (sc-81545) were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). Protein was
isolated from tissue samples or cells using ice-cold lysis
buffer (Beyotime Biotechnology, Jiangsu, P.R. China).
A BCA Protein Assay Kit (Pierce; Thermo Fisher Sci-
entific, Inc.) was applied to examine the concentration
of total protein. Equal amounts of protein were separated
using 10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), and the fractionated pro-
teins were transferred onto polyvinylidene difluoride
membranes (Millipore, Boston, MA, USA). After blocking
with TBS/0.1% Tween (TBST) containing 5% skimmed
milk at room temperature for 2 h, the membranes were
incubated with the primary antibodies at 4°C overnight.
The membranes were washed three times with TBST and
then probed with goat anti-mouse horseradish peroxidase-
conjugated secondary antibody for 2 h (Santa Cruz Bio-
technology) at the dilution ratio of 1:5,000. The protein
signals were visualized using an ECL prime Western blot
substrate (GE, Amersham, UK). Relative protein expres-
sion was presented as the density ratio versus GAPDH.

Statistical Analysis

All data were expressed as the mean+standard devia-
tion. Differences between groups were analyzed using
Student’s #-test or one-way ANOVA with the Student—
Newman—Keuls test as a post hoc test. Spearman’s correla-
tion analysis was used to determine the association between
miR-331 and AEG-1 mRNA in melanoma tissues. Sta-
tistical significance was considered at a value of p<0.05.

RESULTS

miR-331 Is Underexpressed in Melanoma
Tissues and Cell Lines

To determine miR-331 expression in melanoma, we
first measured miR-331 expression in 22 pairs of human

1431

primary melanoma tissues and adjacent nontumorous skin
specimens. The results of the RT-qPCR revealed that miR-
331 expression was downregulated in melanoma tissues
relative to that in adjacent nontumorous skin specimens
(p<0.05) (Fig. 1A). The expression level of miR-331 in
five melanoma cell lines and HEMs was further detected
using RT-qPCR. Results showed that the expression level
of miR-331 was lower in all melanoma cell lines than in
HEMs (p<0.05) (Fig. 1B). In addition, miR-331 expres-
sion was relatively lower in the A375 and HT144 cell
lines among the five cell lines. Thus, A375 and HT144
were selected for subsequent experiments.

miR-331 Overexpression Inhibits Cell Proliferation
and Invasion in Melanoma

To investigate the effects of miR-331 on oncogenic
melanoma phenotypes, miR-331 mimic was transfected
into A375 and HT144 cells to increase miR-331 endog-
enous expression. RT-qPCR confirmed that miR-331 was
markedly upregulated in the A375 and HT144 cells trans-
fected with miR-331 mimic relative to the cells trans-
fected with miR-NC (p<0.05) (Fig. 2A). CCK-8 assay
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Figure 1. MicroRNA-331 (miR-331) is underexpressed in
melanoma tissues and cell lines. (A) Reverse transcription
quantitative polymerase chain reaction (RT-qPCR) detection of
miR-331 expression in 22 pairs of human primary melanoma
tissues and adjacent nontumorous skin specimens. *p<0.05
compared with nontumorous skin specimens. (B) RT-qPCR was
performed to detect miR-331 expression in five melanoma cell
lines (A375, A2058, HT144, SK-MEL-1, and SK-MEL-28) and
in human epidermal melanocytes (HEMs). *p<0.05 compared
with HEM.
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was then carried out in the miR-331 mimic-transfected
A375 and HT144 cells at different time points to examine
the effect of miR-331 overexpression on melanoma cell
proliferation. As shown in Figure 2B, the ectopic expres-
sion of miR-331 suppressed the proliferation of A375
and HT144 cells (p<0.05). In addition, Transwell inva-
sion assay was performed to explore whether miR-331
overexpression affects the invasion ability of melanoma
cells. Results revealed that enforced miR-331 expression
significantly reduced the invasion capacities of A375
and HT144 cells compared with the miR-NC group (p<
0.05) (Fig. 2C). These results suggest that miR-331 could
serve as a tumor suppressor in melanoma progression.
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AEG-1 Is Characterized as a Direct Target of miR-331
and Is Negatively Correlated With miR-331 Expression
in Melanoma Tissues

To delineate the molecular mechanism underlying the
tumor-suppressive roles of miR-331 in melanoma, candi-
date targets were predicted using bioinformatics analysis.
AEG-1 was predicted as a potential target of miR-331
(Fig. 3A). To confirm whether AEG-1 is a direct target of
miR-331, dual-luciferase reporter assays were conducted
in A375 and HT144 cells transfected with miR-331
mimics or miR-NC together with the luciferase reporter
plasmid. As illustrated in Figure 3B, luciferase activity was
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Figure 2. miR-331 inhibits the proliferation and invasion of A375 and HT144 cells. (A) The relative expression of miR-331 in A375
and HT144 cells after transfection with miR-331 mimic or negative control miRNA mimic (miR-NC) was examined using RT-qPCR.
*p<0.05 compared with miR-NC. (B) The effect of miR-331 overexpression on A375 and HT144 cell proliferation was determined
using cell counting kit-8 (CCK-8) assay. *p<0.05 compared with miR-NC. (C) Transwell invasion assay was applied to evaluate the
invasion ability of A375 and HT144 cells after transfection with miR-331 mimics or miR-NC. *p<0.05 compared with miR-NC.
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significantly reduced in the A375 and HT'144 cells cotrans-
fected with miR-331 mimic and pMIR-AEG-1-3’-UTR
Wt (p<0.05). By contrast, the luciferase activity of pMIR-
AEG-1-3’-UTR Mut was not altered in the cells cotrans-
fected with miR-331 mimic. AEG-1 expression in A375
and HT144 cells after transfection with miR-331 mimic
or miR-NC was measured using RT-qPCR and Western
blot to verify the regulatory effect of miR-331 on endog-
enous AEG-1 expression. In comparison with the miR-
NC group, miR-331 upregulation significantly decreased
AEG-1 expression in A375 and HT144 cells at the mRNA
(p<0.05) (Fig. 3C) and protein (p<0.05) (Fig. 3D) levels.
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We further determined AEG-1 mRNA expression
in 22 pairs of human primary melanoma tissues and
adjacent nontumorous skin specimens using RT-qPCR.
Results revealed that the mRNA level of AEG-1 was
higher in melanoma tissues than in adjacent non-
tumorous skin specimens (p<0.05) (Fig. 3E). Moreover,
a significant negative association was found between
miR-331 and AEG-1 mRNA level in melanoma tissues
(r=-0.6672, p=0.001) (Fig. 3F), suggesting that the
upregulation of AEG-1 in melanoma may, at least in part,
be due to the downregulation of miR-331. Collectively,
AEG-1 is a direct target of miR-331 in melanoma.
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Figure 3. Astrocyte-elevated gene-1 (AEG-1) is a direct target of miR-331 in melanoma. (A) Predicted binding sites of wild-type (Wt)
and mutated (Mut) sequences of miR-331 in the 3’-untranslated region (3’-UTR) of AEG-1. (B) Wt or Mut AEG-1 3’-UTR luciferase
reporter plasmid was transfected into A375 and HT144 cells together with miR-331 mimic or miR-NC. Luciferase activity was ana-
lyzed with a dual-luciferase reporter assay system. *p<0.05 compared with miR-NC. A375 and HT144 cells were transfected with
miR-331 mimic or miR-NC. The mRNA and protein levels of AEG-1 were detected by (C) RT-qPCR and (D) Western blot analysis,
respectively. *p<0.05 compared with miR-NC. (E) RT-qPCR was carried out to measure AEG-1 expression in 22 pairs of human
primary melanoma tissues and adjacent nontumorous skin specimens. *p<0.05 compared with nontumorous skin specimens. (F) The
association between miR-331 and AEG-1 mRNA level was evaluated in melanoma tissues using Spearman’s correlation analysis.

r=-0.6672, p=0.001.
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Restored AEG-1 Expression Reverses the Suppressive
Effects of miR-331 on the Proliferation and Invasion
of Melanoma Cells

Rescue experiments were employed to confirm
whether the tumor-suppressing roles of miR-331 on the
proliferation and invasion of melanoma cells are media-
ted by AEG-1 downregulation. A375 and HT144 cells
were cotransfected with miR-331 mimics and AEG-1
overexpression plasmid pcDNA3.1-AEG-1 or empty
pcDNA3.1 plasmid. Following transfection, Western
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blot confirmed that the cotransfection with pcDNA3.1-
AEG-1 restored the miR-331 overexpression-induced
decrease in AEG-1 protein expression in A375 and
HT144 cells (p<0.05) (Fig. 4A). Furthermore, functional
assays revealed that the restoration of AEG-1 expression
in A375 and HT144 cells rescued the inhibition of cell
proliferation (p<0.05) (Fig. 4B) and invasion (p<0.05)
(Fig. 4C) caused by miR-331 mimic. These results dem-
onstrate that miR-331 plays tumor-suppressive roles in
melanoma progression, at least in part, by inhibiting
AEG-1 expression.
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Figure 4. Reintroduction of AEG-1 partially abrogates the tumor-suppressive effects of miR-331 overexpression on the proliferation
and invasion of A375 and HT144 cells. (A) Western blot analysis of AEG-1 protein levels in A375 and HT 144 cells transfected with
miR-331 mimics in the presence of pcDNA3.1 or pcDNA3.1-AEG-1. *p<0.05 compared with miR-NC. #p<0.05 compared with
miR-331 mimics+pcDNA3.1-AEG-1. A375 and HT 144 cells were cotransfected with miR-331 mimic and pcDNA3.1 or pcDNA3.1-
AEG-1. Then CCK-8 and Transwell invasion assays were used to determine (B) cell proliferation and (C) invasion abilities. *p<0.05
compared with miR-NC. #p <0.05 compared with miR-331 mimics +pcDNA3.1-AEG-1.
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miR-331 Suppresses the PTEN/AKT Signaling
Pathway in Melanoma via AEG-1

Previous studies reported that AEG-1 contributes to
the regulation of the PTEN/AKT signaling pathway”**'.
Hence, Western blot was utilized to detect PTEN, AKT,
and p-AKT expression in the A375 and HT144 cells
cotransfected with miR-331 mimic and pcDNA3.1 or
pcDNA3.1-AEG-1. Results indicated that resumed expres-
sion of miR-331 increased PTEN expression and sup-
pressed p-AKT expression. However, the total expression
of AKT was unaltered compared with those in the cells
transfected with miR-NC. Furthermore, the expression
levels of p-AKT were recovered in the A375 and HT 144
cells cotransfected with pcDNA3.1-AEG-1 (Fig. 5). These
results suggest that miR-331 inhibits the activation of
the PTEN/AKT signaling pathway through downregula-
tion of AEG-1.

DISCUSSION

Melanoma is characterized by aggressive invasion,
early metastasis, and resistance to existing chemothera-
peutic agents®. Accumulated studies have reported that
miRNA is a potentially robust molecular tool for devel-
oping future therapeutic technologies . Therefore,
examining the expression patterns, biological roles, and
associated mechanisms of cancer-related miRNAs in
melanoma is essential for developing novel therapeutic
targets for patients with this disease. In the present work,
miR-331 was significantly downregulated in melanoma
tissues and cell lines. Enforced expression of miR-331
attenuated the proliferation and invasion of melanoma
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cells. In addition, AEG-1 was validated as a direct target
of miR-331 through bioinformatics analysis, RT-qPCR,
Western blot, dual-luciferase reporter assay, and Spearman’s
correlation analysis. Furthermore, restored AEG-1 expres-
sion rescued the suppressive effects of miR-331 on the
proliferation and invasion of melanoma cells. Moreover,
miR-331 inhibited the activation of the PTEN/AKT sig-
naling pathway through inhibition of AEG-1. Collectively,
these data suggest that miR-331 inhibits the progres-
sion of melanoma by regulating the AEG-1/PTEN/AKT
pathway.

Deregulation of miR-331 has been implicated in
multiple types of human cancer. For example, miR-331
is upregulated in hepatocellular carcinoma tissues, cell
lines, and serum'>'®. Increased expression of miR-331
in serum is strongly correlated with the TNM stage of
patients with hepatocellular carcinoma'’. Hepatocellular
carcinoma patients with high miR-331 expression have
shorter long-term survival than those with low miR-331
level'®. miR-331 expression is overexpressed in the bone
marrow specimens of patients with acute myeloid leu-
kemia than in those of healthy subjects. Upregulation
of miR-331 in acute myeloid leukemia is significantly
correlated with a worse response to therapy and short
survival'’. Nevertheless, miR-331 is reportedly downreg-
ulated in prostate cancer. Decreased miR-331 expres-
sion was associated with Gleason Score, tumor stage,
lymph node involvement, and prostate-specific antigen
value'®. Underexpressed miR-331 was also observed in
glioblastoma26, gastric cancer”’, and colorectal cancer®.
These conflicting results indicate that the expression pat-
tern of miR-331 in human malignancy is tissue specific.
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Figure 5. miR-331 targets AEG-1 to inhibit the activation of the phosphatase and tensin homolog (PTEN)/AKT signaling pathway in
melanoma. A375 and HT144 cells were cotransfected with miR-331 mimic and pcDNA3.1 or pcDNA3.1-AEG-1. At 72 h after trans-
fection, total protein was extracted and subjected to Western blot analysis to detect PTEN, AKT, and p-AKT expression levels.
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miR-331 is reportedly involved in tumorigenesis. For
instance, previous research found that the ectopic expres-
sion of miR-331 promotes cell growth and metastasis
in vitro and in vivo'®”. However, miR-331 serves as a
tumor suppressor in prostate cancer through inhibiting
cell growth and metastasis in vitro, as well as xenograft
tumor initiation, growth, and survival in vivo's, Epis
et al. verified that the resumption expression of miR-331
represses glioblastoma cell proliferation and clonogenic
growth®. Guo et al. revealed that miR-331 overexpres-
sion suppresses cell proliferation and colony formation,
and induces G,/S transition in gastric cancer”’. Zhao et
al. showed that the restoration of miR-331 expression
attenuates the proliferation and promotes the apoptosis of
colorectal cancer cells®. These conflicting studies sug-
gest that the biological roles of miR-331 in cancer car-
cinogenesis and progression are tissue specific and that
miR-331 could serve as a therapeutic target for the treat-
ment of these specific cancer types.

Several targets of miR-331 have been identified,
including PH domain and leucine-rich repeat protein
phosphatase (PHLPP)'® and inhibitor of growth family
member 5 (ING5)* in hepatocellular carcinoma; Ras-like
proto-oncogene A(RALA)"®, phospholipase Cy 1 (PLCy1)",
and erythroblastic oncogene-B2 receptor tyrosine kinase 2
(ERBB-2)" in prostate cancer; neuropilin-2 (NRP-2) in
glioblastoma®; E2F1% in gastric cancer; and human epi-
dermal growth factor receptor 2 (HER2)™ in colorectal
cancer. In the present study, AEG-1 was confirmed as a
novel target of miR-331 in melanoma. AEG-1, located
on chromosome 8q22, is overexpressed in numerous
types of human cancer, such as breast cancer’', laryngeal
squamous cell carcinoma®, gastric cancer™, glioma,34
and cervical cancer”. AEG-1 serves important roles in
tumor development and maintenance through the regula-
tion of cancer-related biological processes, including cell
proliferation, apoptosis, cell cycle, invasion, metastasis,
and epithelial-to-mesenchymal transition’ ', AEG-1 is
also highly expressed in melanoma. AEG-1 knockdown
reduces melanoma cell proliferation, migration, and inva-
sion; blocks cell cycle progression in vitro; and decreases
tumor growth in vivo™. These findings suggest that tar-
geting AEG-1 shows a potential to be developed as a
therapeutic strategy for patients with melanoma.

In conclusion, miR-331 was underexpressed in mel-
anoma tissues and cell lines. Upregulation of miR-331
repressed melanoma progression by directly targeting
AEG-1 and regulating the PTEN/AKT signaling path-
way. Therefore, miR-331 may be a therapeutic target in
the treatment of patients with this malignancy.
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