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MicroRNA-342 Prohibits Proliferation and Invasion of Melanoma Cells
by Directly Targeting Zinc-Finger E-Box-Binding Homeobox 1
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As documented in numerous studies, microRNAs (miRNAs) play key roles in various biological processes
associated with melanoma occurrence and development. In this study, we found that miRNA-342 (miR-342)
was significantly downregulated in melanoma tissues and cell lines. Additionally, the ectopic expression of
miR-342 prohibited the cell proliferation and invasion of melanoma. Moreover, zinc-finger E-box-binding
homeobox 1 (ZEB1) was identified as a direct target gene of miR-342 in melanoma. Similar with the results
induced by miR-342 overexpression, ZEB 1 knockdown attenuated cell proliferation and invasion in melanoma.
Furthermore, the restoration of ZEB1 expression reversed the suppressive effects of miR-342 on the prolifera-
tion and invasion of melanoma cells. These findings suggest that miR-342 may play tumor-suppressing roles in
melanoma, at least partially, by directly inhibiting ZEB1 expression. Therefore, miR-342 may be developed as
a potential candidate for the treatment of patients with this aggressive type of cancer.
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INTRODUCTION

Melanoma is an aggressive form of skin cancer that
develops from melanocytes'. This condition is the fifth
most common cancer in males and the seventh most com-
mon cancer in females around the world’. Melanoma
is characterized by high invasion, high metastasis, and
high mortality’. In the last 20 years, the morbidity of
melanoma globally has increased compared with those of
other malignancies’. Patients who acquire melanoma at
an early stage could be treated with surgical management;
however, patients at an advance stage respond poorly to
current treatments’. Despite the advancements in treat-
ments, including surgery and radiotherapy, the therapeutic
outcome of patients with melanoma remains unsatisfac-
tory, presenting a 5-year survival rate of less than 15%".
Numerous studies have recently demonstrated that aber-
rantly expressed oncogenes and tumor suppressors are
involved in the initiation and progression of melanoma’*.
However, the detailed molecular mechanism underlying
the pathogenesis of melanoma remains largely unknown.
Therefore, full understanding of the mechanisms under-
lying melanoma formation and progression is urgently
needed, and novel therapeutic strategies to treat this dis-
ease must be developed.

MicroRNAs (miRNAs) are a type of endogenous,
non-protein-coding, short RNAs of 19 to 22 nucleotides
in length’. miRNAs serve as important regulators of
gene expression through direct interaction with seed
sequences in the 3’-untranslated regions (3’-UTRs) of
their target genes, thus resulting in mRNA degradation
or translational inhibition'®. To date, more than 1,400
miRNAs have been validated in the human genome and
are estimated to regulate the expression of approximately
30% of all human genes''. Altered miRNA expression
has been identified in a variety of human malignancies,
including melanoma'?. miRNAs may participate in car-
cinogenesis and progression by regulating a wide range
of biological processes, including cell proliferation,
cell cycle, apoptosis, migration, invasion, epithelial—
mesenchymal transition, metastasis, and angiogenesis'>™"°.
Dysregulated miRNAs in human cancer can act as tumor
suppressors or oncogenes depending on the nature of
their target genes'®. Accordingly, considerable effort
is needed to elucidate the expression level, roles, and
underlying mechanism of cancer-related miRNAs, and
the outcome may be particularly useful for providing
potential therapeutic targets in the treatment of patients
with cancer.
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The deregulation of miR-342 has been reported in
numerous cancer typeslmo. However, the expression pat-
tern and biological roles of miR-342 in melanoma remain
largely unknown. In this study, we detected the expression
level and investigated the roles of miR-342 in the progres-
sion of melanoma as well as the underlying molecular
mechanism.

MATERIALS AND METHODS
Clinical Sample Collection

A total of 27 paired melanoma tissues and matched
adjacent normal tissues were acquired from patients with
melanoma who underwent surgical resection in the Hubei
Provincial Hospital of Traditional Chinese Medicine
(Hubei, P.R. China) between February 2014 and August
2016. None of the patients had been treated with cuta-
neous radiotherapy or chemotherapy prior to surgery.
All tissue samples were immediately frozen and stored
in liquid nitrogen following surgical resection. This
study was approved by the Ethics Committee of Hubei
Provincial Hospital of Traditional Chinese Medicine, and
all patients who participated in this research provided
written informed consent.

Cell Culture and Transfection

Human epidermal melanocytes (HEMs) were pur-
chased from ScienCell Research Laboratories, Inc. (San
Diego, CA, USA) and cultured in melanocyte medium
(ScienCell Research Laboratories, Inc.) according to
the manufacturer’s instructions. Four human melanoma
cell lines (A375, A2058, SK-MEL-28, and HT144) were
obtained from the American Type Culture Collection
(Manassas, VA, USA). All melanoma cell lines were
grown in Dulbecco’s modified Eagle’s medium (DMEM)
containing 10% fetal bovine serum (FBS), 100 U/ml
penicillin, and 100 mg/ml streptomycin (all from Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) and
maintained at 37°C in a humidified incubator with a
mixture of 5% CO,.

For functional experiments, miR-342 mimic, miRNA
negative control mimic (miR-NC), small interfering RNA
(siRNA) targeting zinc-finger E-box-binding homeobox 1
(ZEBI1 siRNA), and negative control siRNA (NC siRNA)
were purchased from Guangzhou RiboBio Co., Ltd
(Guangzhou, P.R. China). ZEB1 overexpression plasmid
pCMV-ZEBI1 and empty plasmid pCMV were synthe-
sized by Guangzhou GeneCopoeia Co., Ltd (Guangzhou,
PR. China). Cells were plated into six-well plates at a
density of 6x 10° cells/well 24 h prior to transfection. Cell
transfection was conducted using Lipofectamine™ 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) in accordance
with the manufacturer’s protocols.
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RNA Isolation and Reverse Transcription Quantitative
Polymerase Chain Reaction (RT-gPCR)

TRIzol reagent (Thermo Fisher Scientific, Inc.) was
used to extract total RNA from tissues or cells as rec-
ommended by the manufacturer’s protocol. To analyze
miR-342 expression, reverse transcription was performed
with a TagMan MicroRNA Reverse Transcription Kit
(Applied Biosystems, Carlsbad, CA, USA). Subsequent
gPCR was carried out on an ABI 7500 thermocycler
(Applied Biosystems) using a TagMan MicroRNA PCR
Kit (Applied Biosystems). For detection of ZEB1 mRNA
expression, a PrimeScript Reverse Transcription PCR Kit
(TaKaRa, Shiga, Japan) was used to convert RNA into
cDNA. Afterward, the SYBR Premix Ex Taq™ (Takara
Biotechnology Co., Ltd., Dalian, P.R. China) was used to
perform qPCR following the manufacturer’s instructions.
U6 and B-action were employed as an internal reference
for miR-342 and ZEB1 mRNA, respectively. Relative
gene expression was analyzed by the 27**““method”".

3-(4,5-Dimethyl-2-Thiazolyl)-2,
5-Diphenyl-2-H-Tetrazolium Bromide (MTT) Assay
MTT assay was applied to measure cell proliferation.
Cells were collected at 24 h posttransfection and seeded
into 96-well plates with a density of 3,000 cells per well.
Then the transfected cells were cultured at 37°C with 5%
CO, for 0, 24, 48, or 72 h. A total of 10 ul of MTT solu-
tion (5 mg/ml; Sigma-Aldrich, St. Louis, MO, USA) was
added into each well and incubated for an additional 4 h
at 37°C. Then the supernatant containing MTT solution
was removed, and 150 pl of dimethyl sulfoxide (Sigma)
was added into each well. After incubation at 37°C for
20 min, optical density (OD) was determined at a wave-
length of 490 nm using a SpectraMax M5 microplate
reader (Molecular Devices, LLC, Sunnyvale, CA, USA).
Each assay was independently conducted in triplicate.

Cell Invasion Assay

Matrigel (BD Bioscience, San Jose, CA, USA)-coated
Transwell chambers (Corning Incorporated, Corning, NY,
USA) with 8-um pore filter inserts were used to evalu-
ate cell invasion capacity. Following 48 h of transfec-
tion, the transfected cells were digested and suspended in
DMEM without FBS. A total of 5x10* transfected cells
were seeded into the upper chamber. The lower chambers
were filled with DMEM containing 20% FBS to serve as
a chemoattractant. Then the chambers were incubated at
37°C with 5% CO, for 24 h. Noninvaded cells that did
not pass through the 8-um pore in the top chamber were
removed using a cotton swab. The invaded cells were
fixed with 4% formaldehyde, stained with 0.1% crys-
tal violet, and washed with phosphate buffer solution.
After drying, the number of invaded cells was observed
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and counted under an Olympus BX51/61 microscope
(magnification: 200x; Olympus Corporation, Tokyo, Japan)
on five randomly selected fields.

Target Prediction

The putative targets of miR-342 were searched for
using TargetScan (www.targetscan.org) and miRBase
(http://www.mirbase.org/).

Dual-Luciferase Reporter Assay

Luciferase reporter plasmids containing wild-type
or mutant-binding sequences in the 3’-UTR of ZEB1
were chemically synthesized and confirmed by Shanghai
GenePharma Co., Ltd (Shanghai, PR. China) and named
as pGL3-ZEB1-3’-UTR WT and pGL3-ZEB1-3’-UTR
MUT, respectively. Cells were seeded into 24-well plates
and cotransfected with the luciferase reporter plasmid
along with miR-342 mimic or miR-NC using Lipofec-
tamine™ 2000 in accordance with the manufacturer's
protocols. After culture at 37°C for 48 h, the activities
of Renilla luciferase and firefly luciferase were detected
using the Dual Luciferase® Reporter Assay System (Pro-
mega Corporation) in accordance with the manufactur-
er’s instructions. Renilla luciferase activity was used to
normalize firefly luciferase activity.

Western Blot Analysis

Ice-cold radioimmunoprecipitation assay buffer (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) was adopted
to isolate total protein from tissues or cells. The total
protein concentration was examined using a BCA assay
kit (Santa Cruz Biotechnology). Equal quantities of total
protein were separated using 10% sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis, transferred onto
a polyvinylidene difluoride membrane (EMD Millipore,
Billerica, MA, USA), and then blocked in TBS/0.1%
Tween (TBST) containing 5% milk at room temperature
for 2 h. The membranes were incubated at 4°C overnight
with primary antibodies: mouse anti-human ZEB1 mono-
clonal antibody (sc-81428; 1:1,000 dilution; Santa Cruz
Biotechnology) or mouse anti-human GAPDH monoclo-
nal antibody (sc-137179; 1:1,000 dilution; Santa Cruz
Biotechnology). After being washed with TBST, the
membranes were incubated with horseradish peroxidase-
conjugated secondary antibodies (sc-2005; 1:5,000 dilu-
tion; Santa Cruz Biotechnology) at room temperature for
2 h. Finally, an enhanced chemiluminescence reagent
(Bio-Rad Laboratories, Hercules, CA, USA) was used to
detect protein signals. GAPDH was used as internal control.

Statistical Analysis

All data were expressed as meanztstandard devia-
tion. Statistical analysis was performed using SPSS 18.0
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software (SPSS, Chicago, IL, USA) with a paired #-test
for two groups and one-way analysis of variance with
Student—-Newman—Keuls post hoc test for three or more
groups. A value of p<0.05 was considered to indicate a
statistically significant difference.

RESULTS

miR-342 Is Downregulated in Melanoma
Tissues and Cell Lines

For investigating the role of miR-342 in melanoma,
the expression levels of miR-342 in 27 paired mela-
noma tissues and matched adjacent normal tissues were
detected using RT-qPCR. The expression level of miR-
342 was downregulated in melanoma tissues compared
with adjacent normal tissues (p<0.05) (Fig. 1A). In addi-
tion, miR-342 expression was determined in four mela-
noma cell lines and HEMs. The results of the RT-qPCR
analysis revealed that the expression level of miR-342
was lower in all four melanoma cell lines compared with
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Figure 1. Expression level of microRNA-342 (miR-342) in
melanoma tissues and cell lines. (A) Reverse transcription
quantitative polymerase chain reaction (RT-qPCR) analysis was
used to detect miR-342 expression in 27 paired melanoma tis-
sues and matched adjacent normal tissues. *p <0.05 compared
with adjacent normal tissues. (B) miR-342 expression in four
melanoma cell lines (A375, A2058, SK-MEL-28, and HT144)
and human epidermal melanocytes (HEMs) was determined
using RT-qPCR. *p<0.05 compared with HEM.
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those in HEMs (p <0.05) (Fig. 1B). These results suggest
that the downregulation of miR-342 may be associated
with melanoma progression.

miR-342 Overexpression Prohibits Cell Proliferation
and Invasion in Melanoma

To investigate the biological functions of miR-342 in
melanoma, we transfected miR-342 mimic into the A375
and HT144 cells, both of which expressed relatively low
miR-342 levels. RT-qPCR analysis demonstrated that
A375 and HT144 cells after transfection with miR-342
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mimic showed significantly higher miR-342 expression
compared with cells transfected with miR-NC (p<0.05)
(Fig. 2A). The effect of miR-342 overexpression on mel-
anoma cell proliferation was examined using MTT assay.
As shown in Figure 2B, the induced expression of miR-342
inhibited the proliferative capacity of A375 and HT144
cells (p<0.05) (Fig. 2B). Cell invasion assay was used
to characterize the effect of miR-342 on melanoma cell
invasion. The number of invaded A375 and HT144 cells
transfected with miR-342 mimic was significantly fewer
than that from the miR-NC group (p<0.05) (Fig. 2C).
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Figure 2. Effect of miR-342 overexpression on the proliferation and invasion of A375 and HT144 cells. (A) A375 and HT144 cells
were transfected with miR-342 mimic or miR-negative control (NC). RT-qPCR was performed to measure miR-342 expression after
48 h of transfection. *p <0.05 compared with miR-NC. (B) Cell proliferation was evaluated by MTT assay in A375 and HT144 cells
transfected with miR-342 mimic or miR-NC. *p<0.05 compared with miR-NC. (C) Cell invasion assay was applied to analyze
cell invasion capacity in A375 and HT144 cells following transfection with miR-342 mimic or miR-NC. *p<0.05 compared with

miR-NC.
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Accordingly, these results suggest that miR-342 may play
tumor-suppressive roles in melanoma cell proliferation
and invasion.

ZEBI Is a Novel Target Gene of miR-342 in Melanoma

To explore the mechanism underlying the action of
miR-342 in melanoma, we predicted the potential tar-
get genes of miR-342 through bioinformatics analysis.
As illustrated in Figure 3A, the binding sequences of
miR-342 matched the 3’-UTR of ZEBI, suggesting that
ZEB1 was a candidate target of miR-342. Dual-luciferase
reporter assay was performed to confirm whether miR-
342 could directly target the 3’-UTR of ZEBI. The
luciferase reporter plasmid containing the WT or MUT
binding sequences for miR-342 in the 3’-UTR of ZEB1
was introduced into A375 and HT144 cells along with
miR-342 mimic or miR-NC. The forced expression of
miR-342 decreased the luciferase activity in A375 and
HT144 cells with the WT plasmid (p<0.05), although
no significant change was observed in cells transfected
with the MUT plasmid (Fig. 3B). For detecting whether
miR-342 can affect ZEB1 expression in melanoma cells,
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RT-gPCR and Western blot analysis were employed to
quantify ZEB1 mRNA and protein expression in A375
and HT144 cells after transfection with miR-342 mimic
or miR-NC. As indicated in Figure 3C and D, the upregu-
lation of miR-342 decreased ZEB1 expression in A375
and HT144 cells at the mRNA (p<0.05) and protein
(p<0.05) levels. These findings collectively demonstrate
that ZEB1 is a direct target of miR-342 in melanoma.

ZEBI Knockdown Exhibits Similar Effects
With miR-342 Overexpression in Melanoma

ZEB1 siRNA or NC siRNA was transfected into
A375 and HT144 cells to investigate the functions of
the ZEB1 in melanoma. After transfection, Western blot
analysis demonstrated that ZEB1 protein expression
was markedly downregulated in A375 and HT144 cells
after transfection with ZEB1 siRNA compared with that
in cells transfected with NC siRNA (p<0.05) (Fig. 4A).
Subsequent MTT and cell invasion assays revealed that
ZEB1 knockdown suppressed the proliferation (p <0.05)
(Fig. 4B) and invasion (p<0.05) (Fig. 4C) of A375 and
HT144 cells; these findings were similar to those induced
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Figure 3. Zinc-finger E-box-binding homeobox 1 (ZEB1) is a direct target of miR-342 in melanoma. (A) Putative wild type (WT)
or mutant (MUT) seed-matching sites for miR-342 in the 3’-untranslated region (3-UTR) of ZEB1. (B) pGL3-ZEB1-3"-UTR WT or
pGL3-ZEB1-3-UTR MUT along with miR-342 mimic or miR-NC was transfected into A375 and HT 144 cells. After transfection for
48 h, cells were subjected to dual-luciferase reporter assay for the detection of luciferase activity. *p<0.05 compared with miR-NC.
A375 and HT144 cells were transfected with miR-342 mimic or miR-NC. RT-qPCR and Western blot analysis were applied to analyze
ZEB1 mRNA (C) and protein (D) expression, respectively. *p <0.05 compared with miR-NC.



1452

JEENC siRNA
[JZEB1 siRNA

1.0

OD value at 490 nm

a7 I

NC siRNA ZEB1 siRNA
A375

OD value at 490 nm

SHI, HE, AND WEI

1.51mmNC siRNA [JZEB1siRNA

°©
>
o
£
£ 1.0
&
oy
I}
N 0.54
()]
2 x
2 . -+
- 0.0 T | l T
A375 HT144
20 -
c
1.5
1.0

il i

Number of invaded cells &
)
<

NC siRNA ZEB1 siRNA
HT144

Figure 4. ZEB1 knockdown inhibits A375 and HT144 cell proliferation and invasion. (A) ZEB1 small interfering RNA (siRNA) or
NC siRNA was transfected into A375 and HT144 cells. At 72 h posttransfection, the knockdown of ZEB1 was confirmed by Western
blot analysis. *p<0.05 compared with NC siRNA. MTT (B) and cell invasion (C) assays were employed to investigate the effects of
ZEB1 knockdown on the proliferation and invasion of A375 and HT 144 cells. *p<0.05 compared with NC siRNA.

by miR-342 overexpression. These results suggest that
ZEBI is a functional target of miR-342 in melanoma.

Restoration of ZEBI Expression Reverses the Inhibitory
Effects of miR-342 on the Proliferation and Invasion of
Melanoma Cells

Considering that ZEB1 was identified as a direct
target of miR-342, we speculated that restoration of
ZEBI1 expression could rescue the biological pheno-
types caused by the upregulation of miR-342 in mela-
noma. For clarifying this speculation, miR-342 was
transfected into A375 and HT144 cells along with ZEB1
overexpression plasmid pCMV-ZEB1 or empty plasmid
pCMV. ZEB1 protein expression was confirmed by
Western blot analysis, and the downregulation of ZEB1

caused by miR-342 overexpression was recovered in
A375 and HT144 cells after cotransfection with pCM V-
ZEB1 (p<0.05) (Fig. 5A). Moreover, functional experi-
ments indicated that the ectopic expression of ZEBI
reversed the inhibitory effects of miR-342 overexpres-
sion on proliferation (p<0.05) (Fig. 5B) and invasion
(p<0.05) (Fig. 5C) in A375 and HT144 cells. Our find-
ings suggest that the tumor-suppressing roles of miR-
342 in melanoma were at least partially related to the
downregulation of ZEB1.

DISCUSSION

As documented in numerous studies, miRNAs play
key roles in various biological processes associated with
melanoma occurrence and developmentzz’”. Therefore,
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Figure 5. ZEBI can rescue the effect of miR-342 overexpression in melanoma. (A) A375 and HT 144 cells were cotransfected with
miR-342 mimic and pCMV or pCMV-ZEB1. Western blot analysis was conducted to determine ZEB1 protein expression at 72 h post-
transfection. *p <0.05 compared with miR-NC. #p <0.05 compared with miR-342 mimic +pCMV-ZEB1. (B) MTT assay was used to
detect cell proliferation in A375 and HT144 cells cotransfected with miR-342 mimic and pCMV or pPCMV-ZEBI1. *p <0.05 compared
with miR-NC. #p <0.05 compared with miR-342 mimic+pCMV-ZEBI1. (C) Cell invasion capacity in A375 and HT 144 cells cotrans-
fected with miR-342 mimic and pCMV or pCMV-ZEB1 was evaluated using cell invasion assay. *p<0.05 compared with miR-NC.

#p <0.05 compared with miR-342 mimic +pCMV-ZEBI.

further investigation on melanoma-related miRNAs may
facilitate the identification of novel diagnostic and ther-
apeutic targets in patients with this malignancy. In this
study, we found that miR-342 expression was frequently
downregulated in melanoma tissues and cell lines. The
ectopic expression of miR-342 inhibited melanoma cell
proliferation and invasion in vitro. The results of the
bioinformatics analysis, dual-luciferase reporter assay,

RT-qPCR, and Western blot analysis demonstrated that
ZEB1 was a direct target of miR-342 in melanoma.
Moreover, ZEB1 knockdown reduced the cell prolif-
eration and invasion of melanoma, and these findings
were similar to those induced by miR-342 overexpres-
sion. Furthermore, restored ZEB1 expression rescued the
inhibitory effects of miR-342 on the proliferation and
invasion of melanoma cells. These results suggest that
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the miR-342 may exhibit potential as a novel therapeutic
target for the treatment of patients with melanoma.
Dysregulation of miR-342 has been implicated in
several types of human cancers. For example, miR-342
was underexpressed in hepatocellular carcinoma tissues
and cell lines. Low miR-342 expression was associated
with histologic grade and tumor TNM stage. Patients
with hepatocellular carcinoma and low miR-342 expres-
sion level showed poorer overall survival than those
with high miR-342 level. Univariate analysis identified
miR-342 as an independent prognosis biomarker for
patients with hepatocellular carcinoma'’. miR-342 was
downregulated in colorectal cancer'®. Patients with colon
cancer and high miR-342 level showed shorter survival
time than patients with low miR-342". The expres-
sion level of miR-342 decreased in glioma tissues, and
this downregulation was strongly correlated with WHO
grades and KPS scores of glioma patients™. miR-342
downregulation was also observed in non-small cell lung
cancer®, cervical cancer®, and acute myeloid leukemia®’.
These findings suggest that the expression level of miR-
342 may be a promising biomarker for the diagnosis
and prognosis of these specific types of human cancers.
miR-342 reportedly plays important roles in the ini-
tiation and progression of multiple human cancers. For
instance, Zhao et al. found that restoring the expression of
miR-342 induced significant suppression of cell prolifer-
ation in hepatocellular carcinoma®. Wang et al. reported
that the upregulation of miR-342 reduces the proliferation
and invasion of colorectal cancer cells, induces G,/G, cell
cycle arrest in vitro, and decreases tumor growth and lung
metastasis in vivo'®. Lu et al. demonstrated that miR-342
reexpression represses glioma proliferation and invasion
and increases apoptosis in glioma®. Zhang et al. showed
that the resumption of miR-342 expression inhibits osteo-
sarcoma cell growth and metastasis”. Xie et al. revealed
that miR-342 overexpression attenuates cell prolifera-
tion and invasion in vitro and tumor growth in vivo®. Li
et al. illustrated that enforced expression of miR-342
prohibits the growth and motility of cervical cancer cells™.
These studies suggest that miR342 may perform tumor-
suppressive roles in various human cancers and may be
developed as a therapeutic target for cancer treatments.
Several direct targets of miR-342, including p21
(cyclin-dependent kinase inhibitor 1A)-activated kinase
4 (PAK4)” in glioma, Ras-related RAP-2B (RAP2B)” in
non-small cell lung cancer, forkhead box M1 (FOXM1)*
in cervical cancer, nuclear factor k light chain enhancer
of activated B cells inhibitor y (IKK-y)®, transforming
growth factor-B (TGF-B)-activated kinase 1-binding pro-
tein 2 (TAB2)* and TAB3™ in hepatocellular carcinoma,
and DNA methyl transferase 1 (DNMT1)"™®, FOXM1%,
and FOXQ1% in colorectal cancer, have been previously
validated. In our current study, ZEB1, a member of the
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zinc finger family’', was identified as a direct target of
miR-342 in melanoma. ZEB1 was found to be aberrantly
upregulated in numerous cancer types, such as ovarian
cancer?, glioblastoma3 3 lung cancer™, colorectal cancer™,
and gastric cancer’®. ZEB1 was also previously reported
to be upregulated in melanoma tissues. ZEB1 may con-
tribute to the occurrence and progression of melanoma
through the regulation of cell proliferation, colony for-
mation, migration, invasiveness, epithelial-mesenchymal
transition, and tumorigenicity’”**. Given the important
roles of ZEB1 in melanoma, ZEB1 may be considered
as a novel promising therapeutic opportunity for treating
this aggressive cancer.

In conclusion, the results of this study provided suf-
ficient evidence suggesting that miR-342 may serve as a
tumor suppressor in melanoma, at least in part, by regula-
tion of ZEB1. The miR-342/ZEB1 axis may provide novel
insights into the formation and progression of melanoma
and could be explored as a novel potential therapeutic
target for the treatment of this malignancy.
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