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Abstract This study was conducted in order to elucidate
the role microRNA-708 (miR-708) plays between prolifer-
ation, invasion, migration, and epithelial-mesenchymal
transition (EMT) involving melanoma cells by targeting
using LEF1 through the Wnt signaling pathway. Male
Kunming mice were selected and subsequently divided into
normal and model groups to take part in this study.
Following cell line selection, the B16 cells with the highest
miR-708 expression were selected and assigned into the
control, blank, negative control (NC), miR-708 mimic,
miR-708 inhibitor, siRNA-LEF1, and miR-708 inhibitor +
siRNA-LEF1 groups. A Bioinformatics Web service and
dual-luciferase reporter assay were conducted in order to
determine the relationship between LEF1 and miR-708.
The RT-qPCR method was performed in order to detect
the miR-708 expression and mRNA expressions of LEF1,
β-catenin, Wnt3a, N-cadherin, Bcl-2, Bax, Caspase3, E-
cadherin, and western blotting was used in order to detect
the protein expressions of these genes. MTT assay, scratch
test, Transwell assay, and flow cytometry were all conduct-
ed in order to detect the cell proliferation, migration, inva-
sion, and cycle/apoptosis, respectively. LEF1 was verified
as the target gene of miR-708. In comparison with the nor-
mal group, the model group had reduced expressions of
miR-708, Bax, Caspase3, and E-cadherin, while showing
elevated expressions of LEF1, β-catenin, Bcl-2, Wnt3a,

and N-cadherin. In comparison to the blank and control
groups, the miR-708, mimic, and siRNA-LEF1 groups
had elevated expressions of Bax, Caspase3, and E-
cadherin, while also showing enhanced cell apoptosis.
The miR-708, mimic, and siRNA-LEF1 groups also had
decreased expressions of LEF1, β-catenin, Bcl-2, Wnt3a,
and N-cadherin, and reduced optical density value 48 h and
72 h after transfection. Besides, these two groups showed
declined cell migration and invasion, as well as lengthened
G0/G1 phase (increased cell number) and shortened S
phase (decreased cell number). Our findings demonstrated
that an overexpressed miR-708 inhibits the proliferation,
invasion, migration, and EMT, but also promotes the apo-
ptosis of melanoma cells by targeting LEF1 through the
suppression of the Wnt signaling pathway.
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transition .Melanoma cells . Lymphoid enhancer-binding
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Introduction

Melanoma is a kind of cutaneous cancer that has shown an
elevating prevalence worldwide and a high mortality rate
stemming from being metastatic or during unresectable stages
[1]. Among known cancers, Melanoma harbors the highest
number of the mutations per tumor [2]. As a rare skin cancer,
it develops from the malignant transference of melanocytes as
well as has the fastest growing incidence among all cancers in
men as well as the second growing incidence in women [3]. If
recognized and treated early, most melanoma remains curable.
However, once metastasized, melanoma will be difficult to
cure and attributes to 80% of deaths in association with other
skin cancers [4]. The efficiency of the treatment of metastatic
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melanoma has shown no remarkable increase in the past
50 years, along with the 5-year survival rate never exceeding
5% [5]. Recently, melanoma treatment has seen a significant
change with the appearance of targeted immunotherapies [6].
An essential approach to melanoma treatment is the usage of
BRAF and MEK inhibitors, such as dabrafenib, vemurafenib,
trametinib, and cobimetinib [7]. Importantly, microRNAs
(miRs) are indicated in both the pathogenesis and progression
of the melanoma, including the tumor suppressor, miR-let7b
which can target cyclin D as well as regulate the cell cycle [8].

MiRs are involved in various different cellular processes
and are often categorized into two kinds, oncogenic and tumor
suppressor miRs and miRs are also reported to be involved in
the development and progression of melanoma [9–11]. MiR-
708 has been confirmed and identified as one of the prevalent
suppressed miRs in hepatocellular carcinoma (HCC) tissues
and in vitro, the enforced miR-708 expression inhibits the
invasion and migration of HCC cell lines [12]. Restoration
of the miR-708 expression in renal cell carcinoma (RCC) cell
lines can also lead to a decrease in cell clonality, growth,
invasion, as well as migration and ultimately results in a sig-
nificant increase in cell apoptosis [13]. Clinically, lower miR-
708 expressions have been found in the late stage of the ovar-
ian tumors in comparison with normal patients and patients
who have high miR-708 have a better survival rate, indicating
that miR-708 serves as a therapeutic modality in the metastatic
ovarian epithelial cancer [14]. Lymphoid enhancer-binding
factor-1 (LEF1) is one of the 48-kD nuclear proteins that is
often expressed in the T and pre-B cells and is also a very
significant member of the Wnt/β-catenin in embryonic stem
cells [15]. Interestingly enough, melanoma cells can make use
of various kinds of resistance mechanisms, such as the re-
activation of mitogen-activated protein kinase (MAPK) sig-
naling pathway [16] as well as aberrant activation of another
signaling pathway, the Wnt signaling pathways [17, 18].
Thus, this study aims to explore the role between miR-708
and proliferation, invasion, migration, EMT, and apoptosis of
melanoma cells by targeting LEF1 by way of the Wnt signal-
ing pathway.

Materials and Methods

Study Subjects

In total, 40 clean male Kunming mice (6~9 weeks, 16~24 g)
were selected and obtained from the Animal experiments
Center of the SouthernMedical University in order to conduct
this experiment. One week before commencement of the ex-
periments, the mice were purchased to adapt to a certain en-
vironment with a humidity between 50%~60% at tempera-
tures ranging from 22~24 °C in a day/night cycle of both
12 h. The mice were provided water and food during these

cycles. All mice were randomly assigned into the normal
(n = 20) and model (n = 20) groups, while the mice in the
model group were used for the establishment of the melanoma
model. All experiments were conducted in accordance with
the management of the local animal and the Declaration of
Helsinki.

Reverse Transcription Quantitative Polymerase Chain
Reaction (RT-qPCR) for Melanoma Cell Line Selection

Four melanoma cell lines, namely B16, A375, WM239, and
WM451 cell lines were all purchased from the Institute of
Biochemistry and Cell Biology, Chinese Academy of
Sciences. All of the cells above were put into the RPMI
1640 medium (SP1355, Shanghai Shifeng biological technol-
ogy Co., Ltd., Shanghai, China) containing a 10% fetal bovine
serum (FBS), 100 U/mL penicillin and 100 mg/mL strepto-
mycin were conventionally cultured in a 5% CO2 incubator
(DHP-9162, Shanghai Jicheng experimental instrument Co.,
Ltd., Shanghai, China) at a temperature of 37 °C with a satu-
rated humidity and constant temperature. The fresh medium
was changed every 1~2d. When the cell confluence reached
80%~90%, the subculture was subsequently conducted. The
third generation cells were used in order to conduct the miR-
708 quantitative detection for cell line selection. The Trizol kit
(15596–018, Invitrogen, New York, California, USA) was
used in order to extract the total RNA of the B16, A375,
WM239, andWM451 cell lines. Following that, the nanodrop
ultraviolet spectrophotometer (2000, Thermo, Waltham,
Massachusetts, USA) was performed in order to determine
the ratio of the absorbance (A) 260/A280 and RNA concen-
tration of the extracted RNA. The cell samples were then
reserved at a temperature of - 80 °C for further use. The re-
verse transcription kit (RR037A, Takara Holdings Inc.,
Kyoto, Japan) was adapted in order to prepare the cDNA.
The RT-qPCR RNA detection kit was purchased from the
Ambion (Austin, Texas, USA) and the following AM 1005
fluorescence PCR (AM1005, Invitrogen, New York,
California, USA) was conducted for the reaction. The reaction
conditions for the miR-708 were as follows: pre-denaturation
at a temperature of 95 °C for 3 min, 35 cycles of denaturation
at a temperature of 95 °C for 15 s, annealing at a temperature
of 60 °C for 30s and an extension at a temperature of 60 °C for
30s. The miR-708 was also quantified with the U6 as the
internal reference. The primers were synthetized by the
Shanghai Boya Biotech Co., Ltd. (Shanghai, China). The sol-
ubility curve was adapted in order to evaluate the reliability of
the obtained PCR results. The Ct value was obtained and the
2-ΔΔCT method was used in order to calculate the relative
expression of the target gene [19]. The formula was presented
as below: ΔΔCt = [Ct (target gene) - Ct (reference gene)] experimental

group - [Ct (target gene) - Ct (reference gene)] control group.
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Melanoma Model Establishment by Subcutaneous
Implantation of B16 Cells

The eye scissors were used carefully in order to snip the inte-
rior side of both the left and right limb of the mice with no
subsequent damage and the skin was disinfected using a 75%
ethyl alcohol. The B16 cell line was taken out and the cell
number was adjusted at a rate of 1 × 105. The 0.2 mL of cell
suspension was seeded in the interior side of both left and right
limbs of the mice. The animals were then sacrificed and the
tumor was stripped when the oncocyte grew into a tumor with
a diameter reaching up to almost 0.6 cm.

Hematoxylin-Eosin (HE) Staining

The melanoma and normal tissues were obtained, fixed by a
solution of 3% neutral formaldehyde, dehydrated using a gra-
dient ethanol, cleared in xylene, embedded with paraffin, and
sliced conventionally in order to obtain specimens with a
thickness of 5~8 μm. HE staining was performed following
dewaxing. After dehydration and transparent treatment saved
for another time, the slices were then sealed by the neutral
balsam in order to make the specimens.

Immunohistochemistry

The expression of LEF1 protein was determined using the
immunohistochemical substance P (SP) method. The samples
were fixed using a 10% formaldehyde, sectioned with paraf-
fin, and finally dewaxed. The Antigens were repaired using
microwaves. The samples were treated with endogenous in-
terruption by interference of peroxidase and sealed by using a
normal goat serum solution. Next, the primary antibody,
namely the rabbit anti-mouse LEF1 antibody (1:1000,
ab217378, Abcam, Cambridge, MA, USA), was added in or-
der to incubate the sections at a temperature of 4 °C overnight,
followed by rinsing using PBS. Following this step, the sec-
ondary antibody horseradish peroxidase (HRP)-labeled goat
anti-rabbit antibody (DF7852, Shanghai Yao Yun
Biotechnology Co., Ltd., Shanghai, China) was then added
into the samples to incubate for 30 min at room temperature.
The sections were then colored using diaminobenzidine
(DAB, ab64238, Abcam, Cambridge, MA, USA), re-stained
using hematoxylin and then sealed. The PBS, instead of the
primary antibody, was used as the negative control solution
and the normal mucous membrane as the positive control so-
lution. The Nikon imaging analysis software (Nikon
Corporation, Kanagawa, Japan) was used in order to calculate
the positive cell count, while 5 high power fields (× 200) were
selected randomly for each section. Each field had, in total,
200 cells and the positive cell number in the field was calcu-
lated along with the mean positive expression rate. The

formula went as follows: the average positive expression
rate = (positive cell number/total cell number) × %.

Cell Grouping and Transfection

The cells assignments went as follows: the control (normal),
blank (no transfected sequences), negative control (NC,
transfected with the NC sequence of the miR-708), miR-708
mimic (transfected with the miR-708 mimic), miR-708 inhib-
itor (transfected with the miR-708 inhibitor), siRNA-LEF1
(transfected with the siRNA-LEF1), and miR-708 inhibitor +
siRNA-LEF1 (transfected with the miR-708 inhibitor and
siRNA-LEF1) groups. 24 h prior to cell transfection, the cells
were seeded into a 6-well plate, and when the confluence
reached between 30~50%, the cell transfection was then per-
formed following the instructions of lipofectamin 2000
(11668–019, Invitrogen, New York, California, USA). After
that, 250 μl Opti-MEM medium free of the serum
(51,985,042, Gibco, Gaitherburg, MD, USA) was adopted
for the dilution of the 100 pmol blank, NC, miR-708 mimic,
miR-708 inhibitor, miR-708 inhibitor + siRNA-LEF1, and
siRNA-LEF1 with a final concentration reaching 50 nMwhich
was then evenly mixed and incubated at room temperature for
5 min. In addition, 250 μl of Opti-MEM medium free of the
serumwas used in order to dilute the 5μl of lipofectamin 2000,
which was then evenly mixed with and incubated at room
temperature for 5 min. In succession, the two prepared solu-
tions were then mixed together, incubated for 20 min at room
temperature, added into the cell culture well for incubation in a
5% CO2 incubator at a temperature of 37 °C for 6~8 h. The
medium was then changed with the complete medium, cul-
tured for 24~48 h and used for the remaining experiments.

RT-qPCR

The miR Neasy Mini Kit (217004, Qiagen Company, Hilden,
Germany) was adopted in order to extract the total RNA
contained in melanoma and normal tissues. The primers of
the miR-708, LEF1, β-catenin, Wnt3a, N-cadherin, B cell
lymphoma 2 (Bcl-2), Bcl-2-associated X protein (Bax),
Caspase3, E-cadherin, and U6 were all designed and
synthetized by the Takara Holdings Inc. (Kyoto, Japan),
showing as the Table 1. The Prime Script RT kit (RR036A,
Takara Holdings Inc., Kyoto, Japan) was used for RNA re-
verse transcription into the cDNAwith a total system of 10 μl.
According to the instructions, the reaction conditions were as
follows: reverse transcription at a temperature of 37 °C (3
times × 15 min), and a reverse transcriptase enzyme inactiva-
tion reaction at a temperature of 85 °C for 5 s. The reaction
solution was then taken out for the quantitative fluorescent
PCR following the instructions provided by the Premix Ex
Taq™ II kit (RR820A, Takara Holdings Inc., Kyoto, Japan).
The reaction system was in total 50 μl including 25 μl of
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SYBR® Premix Ex Taq™ II (2 ×), 2 μl of PCR forward
primer, 2 μl pf PCR reverse primer, l μl of ROX Reference
Dye (50 ×), and 4 μl of DNA template and 16 μl of ddH2O.
The ABI7500 quantitative PCR instrument (7500, ABI
Company, Oyster Bay, NY, USA) was also adopted for quan-
titative fluorescent PCR detection. The reaction conditions
were as follows: pre-denaturation at a temperature of 95 °C
for 30s, denaturation at a temperature of 95 °C for 5 s, anneal-
ing at a temperature of 60 °C for 30s and extension at a tem-
perature of 60 °C for 30s, in total 40 cycles. The miR-708
relative expression level was quantified using U6 as the inter-
nal reference. The Glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) was used as the internal reference for the
LEF1, β-catenin, Wnt3a, N-cadherin, Bcl-2, Bax, Caspase3,
and E-cadherin. The relative quantification method was used
and the 2-ΔΔCT method was also used in order to calculate the
relative transcription level of the target gene (miR-708, LEF1,
β-catenin, Wnt3a, N-cadherin, Bcl-2, Bax, Caspase3 and E-
cadherin) [19]. The formula was presented below:
ΔΔCt = [ΔCt (tumor group) -ΔCt (normal group)],ΔCt = Ct (target
gene) - ΔCt (internal reference) and the mRNA expression of the
target gene = 2-△△Ct.

Western Blotting

The RIPA kit (R0010, Beijing Solarbio Science& Technology
Co., Ltd., Beijing, China) was used in order to extract the total
protein in the fresh tissue and the bicinchoninic acid (BCA)
method was used for calculation of the protein concentration.
After protein quantification in accordance to different concen-
tration, the protein was then separated by the polyacrylamide
gel electrophoresis which was then transferred into the NC
membrane, and sealed using a 5% bovine serum albumin
(BSA) at room temperature for 1 h. The diluted primary anti-
body, namely the rabbit anti-mouse polyclonal LEF1 antibody
(1:1000, ab217378), β-catenin antibody (1:5000, ab32572),
bcl-2 antibody (1:500, ab692), Wnt3a antibody (1:3000,
ab28472), Bax antibody (1:2000, ab32503), Caspase3 anti-
body (1:500, ab13847), E-cadherin antibody (1:1000,
ab76055), and N-cadherin antibody (1:50,000, ab18203) were
added for incubation at a temperature of 4 °C overnight. All
antibodies above were purchased and obtained from the
Abcam (Cambridge, MA, USA). The PBS was used for wash-
ing the membrane 5 times, (5 min for each time) followed by
addition of HRP-labeled goat anti-rabbit immunoglobulin G
(IgG) antibody (1:5000, Beijing Zhongshan Biotechnology
Co., Ltd., Beijing, China). Finally, the membrane was soaked
in the electrochemiluminescence (ECL) solut ion
(WBKLS0500, Pierce, Rockford, IL, USA), developed in a
dark room for observation, and photographed.

Bioinformatics Website and Dual-Luciferase Reporter
Gene Assay

According to the website, microRNA.org, the target gene of
miR-708 was analyzed in order to verify whether or not LEF1
was the target gene associated miR-708. Based on the se-
quences between combining 3’UTR region of LEF1 mRNA
and miR-708, the target sequence and the mutation sequence
were hereby designed. The target sequence was chemically
synthetized with two ends being inserted into two enzyme
sites Xho I and Not I, and the synthetized segments were
colonized into the PUC57 vector. After identification of the
positive clone, the DNA sequencing was subsequently per-
formed in order to verify the combined plasmid. The plasmid
was then sub-colonized into the psiCHECK-2 vector, which
was then transferred into the bacillus coli DH5α cells with the
plasmid amplified. According to the Omega plasmid Small
Dosage Kit (Omega Bio-tek Inc., Norcross, GA, USA), after
the plasmid was amplified, the plasmid was then extracted.
The cells were then seeded into a 6-well plate at rates of
2 × 105 cells for each well, followed by the cell transfection
performance when the cells were adhered to the wall. After a
successful transfection, the cells were then cultured for 48 h
and then collected. The change of luciferase activity of LEF1
3′-UTR affected by miR-708 was then detected according to

Table 1 The primer sequences for the RT-qPCR

Primer Sequence

MiR-708 F: 5′-CGCGGATCCGACTTCATTCCCCTAACCC-3’

R: 5′-CCGGAATTCTGGCACGCAGGAGACAGT-3’

LEF1 F: 5′-CATTCGGACATTCCCGGAGC-3’

R: 5′-TTTGTTCCCGGCTCGAGTTT-3’

β-catenin F: 5′-GAGCCGTCAGTGCAGGAG-3’

R: 5′-CAGCTTGAGTAGCCATTGTCC-3’

Bcl-2 F: 5′-GACTTCGCCGAGATGTCCAG-3’

R: 5′-CGGTGCTTGGCAATTAGTGG-3’

Wnt3a F: 5′-ATGCCTCAGAGATGTTGCCTCACT-3’

R: 5′-TCAGATGGGTCCTGAAACAACCCT-3’

Bax F: 5′-ATGGAGCTGCAGAGGATT-3’

R: 5′-AATGTCCAGCCCATGATGGTTC-3’

Caspase3 F: 5′-GACTAGCTTCTTCAGAGGCGA-3’

R: 5′-ATTCCGTTGCCACCTTCCTG-3’

E-cadherin F: 5′-AGTTTACCCAGCCGGTCTTTGAG-3’

R: 5′-TCGGTGGCTGAGACCTTCATC-3’

N-cadherin F: 5′-TTTGGGGAGGGGTAAAAGTTC-3’

R: 5′-AAGAAACAGGCCACCCCTTT-3’

GAPDH F: 5′-GTGAAGGTCGGTGTGAACGGATT-3’

R: 5′-GGTCTCGCTCCTGGAAGATGGT-3’

U6 F: 5′- GCTTCGGCAGCACATATACTAAAAT −3’
R: 5′- CGCTTCACGAATTTGCGTGTCAT −3’

miR-708, microRNA-708; LEF1, Lymphoid enhancer-binding factor-1;
Bcl-2, B cell lymphoma 2; Bax, Bcl-2-associated X protein; GAPDH,
Glyceraldehyde-3-phosphate dehydrogenase; RT-qPCR, Reverse tran-
scription quantitative polymerase chain reaction; R, Reverse; F, Forward
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the instruction given by the dual-luciferase assay kit
(GeneCopoeia, Inc., Rockville, MD, USA) and the fluores-
cence intensity was detected using the Glomax20/20
luminometer fluorescence detector (Promega Corporation,
Madison, WI, USA). The experiments in each group were
repeated three more times.

3-(4, 5-Dimethylthiazol-2-Yl)-2, 5-Diphenyltetrazolium
Bromide (MTT) Assay

After cell transfection transpired for 48 h, the cells in each
group were collected for cell count, seeded into a 96-well plate
with a density rate of 3 × 103~6 × 103 cells/well, and then put
into a DMEM/F12 culture medium containing 10% FBS and
then cultured in an incubator with 5% CO2 at a temperature of
37 °C (6 duplicated wells). At 24 h, 48 h, and 72 h after
transfection, each well was then added with 20 μl of 5 mg/
mLMTT solution in order to continue to culture for 2 h. After
the supernatant was discarded, 150 μl of dimethyl sulfoxide
(DMSO) was then added in each well and the enzyme-linked
immunosorbent assay instrument was used in order to detect
the optical value (OD) at the wavelength of 570 nm. Each
experiment was repeated three times and the cell viability
curve was drawn with the time point noted as the X-axis and
the OD value noted as the Y-axis.

Scratch Test

After cell transfection for 48 h, the cells were then seeded in a
6-well plate, and the medium was changed using Dulbecco’s
modified eagle medium (DMEM) free serum when the cells
adhered to the wall. When the cell confluence reached be-
tween 90%~100%, the 10 μl of gunpoint was slowly
scratched in the bottle containing the 6-well plate in the verti-
cal direction. After that, PBS rinsing was conducted 3 times.
The cells were then added with DMEM culture medium con-
taining 1%FBS and cultured in an incubator with 5%CO2 at a
temperature of 37 °C. Between 0 and 24 h, multiple fields
were randomly selected in order to take pictures. The experi-
mental results were analyzed using an Image J software. Three
duplicated wells were used for each well and the experiments
in each group were repeated a total of three times.

Transwell Assay

The Transwell chambers with matrigel were preheated to a
temperature of 37 °C. After cell digestion and transfection,
cell grouping was the same as the aforementioned method.
The cells were washed 2 times using a serum-free medium
and suspended using a serum-free medium. The cells were
counted and the cell density was adjusted to a rate of
1 × 105 cells/ml. A total of 600 μL of RPMI 1640 culture
medium containing 20% FBS was added in the lower

Transwell chamber and 200 ml cell suspension was added in
the upper Transwell chamber followed by culturing at a tem-
perature of 37 °C for a total of 48 h. Transwell chambers were
taken out and the cells on the upper lateral membrane were
subsequently removed. After washing using PBS, the cells
were fixed with 4% poly formaldehyde solution for 10 min
and stained using crystal violet. Cell staining was observed
under a light microscope by use of photography. Five high-
power fields were selected for the cell count. Three duplicated
wells were also used for each well and experiments in each
group were repeated three times, obtaining the mean value.

Flow Cytometry

After cell transfection for 48 h, the cells in each groupwere then
collected, washed by cold PBS three times, centrifuged follow-
ing the discarding of the supernatant, re-suspension by the PBS
with the cell density almost adjusted to a rate of 1 × 105 cells/
ml, and finally added with a temperature of- 20 °C pre-cooled
75% alcohol (1ml) for 1 h fixing at a temperature of 4 °C. Next,
the cells were centrifuged again this time with the ice alcohol
eliminated, washed by PBS twice in order to eliminate the
supernatant, added with 100 μl of RNase A away from light,
undergoing a water bath at a temperature of 37 °C for 30 min,
treated with 400 μl of propidium iodide (PI, Sigma-Aldrich
Chemical Company, St Louis MO, USA) and then evenly
mixed. Following 30 min of incubation in the darkness at a
temperature of 4 °C, the cell cycle was then detected using
the red fluorescence from the excitation wavelength of 488 nm.

After cell transfection for 48 h, the cells in each group were
digested using the trypsin free of ethylene diamine tetraacetic
acid (EDTA), collected in a flow tube, and centrifuged with the
supernatant discarded. Following this, they were washed using
cold PBS 3 times and centrifuged also with the supernatant elim-
inated. According to the instructions provided by theAnnexin-V-
fluorescein isothiocyanate (FITC) cell apoptosis kit (Sigma-
Aldrich Chemical Company, St Louis MO, USA), the
Annexin-V-FITC, PI, and 4-(2-hydroxyethyl)-1-
piperazineëthanesulfonic acid (HEPES) buffer solution were
made into the Annexin-V-FITC/PI dye (1:2:50). Every 100 μl
of dye was used in order to suspend 1 × 106 cells, while the
mixture was shaken evenly, incubated at room temperature for
15min, added again with theHEPES buffer solution, and shaken
evenly. The 525 nm and 620 nm band pass filter was used re-
spectively for the FITC and PI fluorescence detection by the
excitation wavelength of 488 nm in order to detect cell apoptosis.

Statistical Analysis

All data analyses were made using the SPSS 21.0 software
(IBM Corp. Armonk, NY, USA). The measurement data was
presented using the mean ± standard deviation. The t-test was
used in order to test the comparison between two groups and
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comparisons among multiple groups was made using the one-
way analysis of variance (ANOVA). The P < 0.05 meant there
was a statistically significant difference.

Results

Histopathological Changes of Cells in the Normal
and Model Groups

The HE staining is shown as the Fig. 1. In comparison with the
normal group, the model group had cells presented in various
sizes, relative large volume, irregular shape, melanin granule
in a few cytoplasm, a large amount of necrosis in tissue, and a
few inflammatory cell infiltration in the melanoma mesen-
chyme and its adjacent tissue.

Higher LEF1 Positive Expression Rate in Cells
of the Model Group

The immunohistochemistry staining is shown in the Fig. 2. The
LEF1 positive expression was mainly located in the cytolymph
with the positive granule showing a brown-yellow color. The
LEF1 positive expression rate in the normal group was
(20.31 ± 5.28%), which was significantly lower than that pre-
sented in the model group [(65.35 ± 6.85%)] (P < 0.05).

The miR-708 Expression and mRNA Expressions
of LEF1, β-Catenin, Wnt3a, N-Cadherin, Bcl-2, Bax,
Caspase3 and E-Cadherin in the Normal and Model
Groups

The RT-qPCR results showed that, in comparison with the
normal group, the model group had decreased miR-708

Normal ModelFig. 1 The histopathological
changes of cells in the normal and
model groups detected by the HE
staining, Note: HE staining,
hematoxylin-eosin staining
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Fig. 2 The LEF1 positive expression in cells in the normal and model
groups detected by the immunohistochemistry (× 200). Note: *, P < 0.05,
compared with the normal group; a, The immunohistochemistry staining
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binding factor-1; Bcl-2, B cell lymphoma 2; Bax, Bcl-2-associated X
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expression and mRNA expressions of Bax, Caspase3, and E-
cadherin (P < 0.05) but increased mRNA expressions of
LEF1, β-catenin, Bcl-2, Wnt3a, and N-cadherin (Fig. 3)
(P < 0.05).

The Protein Expressions of LEF1, β-Catenin, Wnt3a,
N-Cadherin, Bcl-2, Bax, Caspase3 and E-Cadherin
in the Normal and Model Groups

The western blotting showed that, in comparison with the
normal group, the model group had decreased levels of protein
expressions between Bax, Caspase3, and E-cadherin
(P < 0.05) but increased levels of protein expressions between
LEF1, β-catenin, Bcl-2, Wnt3a, and N-cadherin (Fig. 4)
(P < 0.05).

LEF1 Was Verified as the Target Gene of miR-708

According to the online software analysis, the LEF1 gene
sequence had a specific combination site in accordance to
the miR-708 sequence, validating that LEF1 was indeed ver-
ified as the target gene of miR-708 (Fig. 5a), which was fur-
ther confirmed by the use of the dual-luciferase reporter assay
(Fig. 5b). The result showed that in comparison with the NC
group, among the miR-708 mimic transfection groups, the
WT-miR-708/LEF1 co-transfected group had decreased lucif-
erase intensity (P < 0.05), while the mutant 3’UTR had no
significant difference (P > 0.05),thus indicating that miR-708
can specifically bind to the LEF1.

B16 Cell Line Was Selected for Further Cell Experiments

The RT-qPCR was performed in order to detect the miR-708
expression of the B16, A375,WM239, andWM451 cell lines,
and the cell line with the highest miR-708 expression was
subsequently selected. The results demonstrated that the
miR-708 presented different degrees of expression in the mel-
anoma cell line (Fig. 6), amongwhich the B16 cell line had the
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highest miR-708 expression (P < 0.05), and thus providing
useful for further experimentation.

The miR-708 Expression and mRNA Expressions
of LEF1, β-Catenin, Wnt3a, N-Cadherin, Bcl-2, Bax,
Caspase3 and E-Cadherin after Cell Transfection in seven
Groups

The RT-qPCR results showed that (Fig. 7), in comparison with
the control group, the other groups had decreased levels of
miR-708 expression and mRNA expressions between Bax,
Caspase3, and E-cadherin (P < 0.05) but increased levels of
mRNA expressions between LEF1, β-catenin, Bcl-2, Wnt3a,
and N-cadherin (P < 0.05). There were no remarkable differ-
ences in the blank and NC groups (P > 0.05). In comparison

with the blank and NC groups, the miR-708 mimic and
siRNA-LEF1 groups had elevated levels of mRNA expres-
sions between Bax, Caspase3, and E-cadherin (P < 0.05) but
also reduced levels of mRNA expressions between LEF1, β-
catenin, Bcl-2, Wnt3a, and N-cadherin (P < 0.05). The miR-
708 mimic had increased levels of miR-708 expression
(P < 0.05), and the siRNA-LEF1 group had shown no signif-
icant difference in miR-708 expression (P > 0.05). The miR-
708 inhibitor group had decreased miR-708 expression and
mRNA expressions of Bax, Caspase3, and E-cadherin
(P < 0.05), but increased levels of mRNA expressions be-
tween LEF1, β-catenin, Bcl-2, Wnt3a and N-cadherin
(P < 0.05). The miR-708 inhibitor + siRNA-LEF1 group
had decreased miR-708 expression (P < 0.05), while no re-
markable difference in the levels mRNA expressions between
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the LEF1, β-catenin, Wnt3a, N-cadherin, Bcl-2, Bax,
Caspase3, and E-cadherin were detected (P > 0.05).

The Protein Expressions of LEF1, β-Catenin, Wnt3a,
N-Cadherin, Bcl-2, Bax, Caspase3 and E-Cadherin
after Cell Transfection in seven Groups

The western blotting results shown in Fig. 8, in comparison
with the control group, the other groups had shown a de-
creased level of protein expressions between Bax, Caspase3,
and E-cadherin (P < 0.05) but an increased level of protein
expressions between LEF1, β-catenin, Bcl-2, Wnt3a, and N-
cadherin (P < 0.05). There were also no remarkable differ-
ences found in the blank and NC groups (P > 0.05). In com-
parison with the blank and NC groups, the miR-708 mimic
and siRNA-LEF1 groups had found elevated levels of protein
expressions between Bax, Caspase3, and E-cadherin
(P < 0.05) but also reduced levels of protein expressions be-
tween LEF1, β-catenin, Bcl-2, Wnt3a, and N-cadherin

(P < 0.05). The miR-708 inhibitor group had decreased pro-
tein expressions of Bax, Caspase3 and E-cadherin (P < 0.05),
but increased protein expressions of LEF1, β-catenin, Bcl-2,
Wnt3a and N-cadherin (P < 0.05). The miR-708 inhibitor +
siRNA-LEF1 group had shown no remarkable differences in
the protein expressions of LEF1, β-catenin, Wnt3a, N-
cadherin, Bcl-2, Bax, Caspase3, and E-cadherin (P > 0.05).

Overexpression of miR-708 or siRNA-LEF1 Inhibits Cell
Proliferation

In comparison with the control group, the blank, NC, miR-708
mimic, siRNA-LEF1, and miR-708 inhibitor groups all had
elevated OD value at 48 h and 72 h after cell transcription (all
P < 0.05). In comparison with the blank and NC groups, the
miR-708 inhibitor group had elevated OD value at 48 h and
72 h after cell transcription (all P < 0.05), the miR-708 mimic
and siRNA-LEF1 groups had decreased OD value at 48 h and
72 h after cell transcription (all P < 0.05), and the miR-708
inhibitor + siRNA-LEF1 group had shown no significant dif-
ferences (P > 0.05) (Fig. 9).

Overexpression of miR-708 or siRNA-LEF1 Inhibits Cell
Migration

There were no remarkable differences in cell migration ability
between the blank and NC groups (P > 0.05). In comparison
with the blank and NC groups, the miR-708 mimic and
siRNA-LEF1 groups both had decreased cell migration ability
(all P < 0.05), the miR-708 inhibitor group had an elevated
cell migration ability (all P < 0.05), and the miR-708 inhibitor
+siRNA-LEF1 group had again shown no significant differ-
ences (P > 0.05) (Fig. 10).

Overexpression of miR-708 or siRNA-LEF1 Inhibits Cell
Invasion

There were no remarkable differences in cell invasion abilities
between the blank and NC groups (P > 0.05). In comparison
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with the blank and NC groups, the miR-708 mimic and
siRNA-LEF1 groups had decreased cell invasion abilities
(all P < 0.05), the miR-708 inhibitor group had an elevated
cell invasion ability (all P < 0.05), and the miR-708 inhibitor
+siRNA-LEF1 group had again shown no significant differ-
ences (P > 0.05) (Fig. 11).

Decreased Cell Number in G0/G1 Phase and Elevated Cell
Number in S Phase in the miR-708 Mimic
and siRNA-LEF1 Groups

In comparison with the control group, the blank, NC, miR-708
mimic, siRNA-LEF1, miR-708 inhibitor, and miR-708 inhibitor
+ siRNA-LEF1 groups all had shortened G0/G1 phase (de-
creased cell number in G0/G1 phase) but a lengthened S phase

(elevated cell number in S phase) (all P < 0.05). In comparison
with the blank and NC groups, the miR-708 mimic and siRNA-
LEF1 groups both had lengthened G0/G1 phase (decreased cell
number in G0/G1 phase) but a shortened S phase (elevated cell
number in S phase) (all P < 0.05), the miR-708 inhibitor group
had a shortened G0/G1 phase (decreased cell number in G0/G1
phase) but a lengthened S phase (elevated cell number in S phase)
(all P < 0.05), and the miR-708 inhibitor +siRNA-LEF1 group
had again shown no significant differences (P > 0.05) (Fig. 12).

Overexpression of miR-708 or siRNA-LEF1 Promotes
Cell Apoptosis

In comparison with the control group, the blank, NC, miR-708
mimic, siRNA-LEF1, miR-708 inhibitor and miR-708
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inhibitor + siRNA-LEF1 groups had all successively de-
creased cell apoptosis (P < 0.05). In comparison with the
blank and NC groups, the miR-708 mimic and siRNA-LEF1
groups both had increased cell apoptosis (all P < 0.05), the
miR-708 inhibitor group had declined cell apoptosis (all
P < 0.05), and the miR-708 inhibitor +siRNA-LEF1 group
had shown no significant differences (P > 0.05) (Fig. 13).

Discussion

There have been previous studies reporting that miR-708
plays distinctive roles in several types of cancers. In renal
cancer cells, elevation of miR-708 induces cell apoptosis
and suppresses tumorigenicity, but in lung adenocarcinoma
the elevation of miR-708 expression correlates with a poor
prognosis [13, 20]. Therefore, the concrete function and effect
of miR-708 may depend on differing cell types. In this study,
we aimed to explore how various action modes of miR-708
affect proliferation, EMT, and apoptosis of melanoma cells.
We believed its target LEF1 and the Wnt signaling pathway
may also play a role in the function regarding this progress.

Initially, our results indicated miR-708 induced EMT and
cell apoptosis, and reduced proliferation, migration, and inva-
sion as a tumor suppressor in melanoma. The miR-708 ex-
pression suppresses the breast cancer metastasis through inhi-
bition of neuronatin in endoplasmic reticulum membranes,
reduces intracellular calcium, and decreases extracellular
signal-regulated kinase (ERK) and focal adhesion kinase
(FAK) [21]. Reports from Pérez et al. and Zhuang et al. found
that B16 cells, a murine melanoma cell line, exhibited mark-
edly up-regulated phosphorylation of ERK and its inhibition
impaired the increased metastatic behavior of B16 [22, 23].

Also, Hess et al. supported the notion that the inhibition of
FAK suppresses the aggressive melanoma phenotype [24].
MiR-708 is also reported to play a critical role in suppressing
the development of glioblastoma and downregulating Akt1
and CCND1, both of which promote the proliferation of can-
cer cells also EZH2 and MMP2, both of which contribute to
the invasion of cancer cells [25]. Cho et al. also reported that
AKT1 activation facilitates development of melanoma metas-
tases [26] and Vizkeleti et al. found that alterations made of
CCND1 gene expression may affect the metastatic progres-
sion, survival rate, and the localization of metastases in mela-
noma [27]. In addition, several studies stated that NF-kB2
retards cell senescence in melanoma through a direct tran-
scriptional activation of EZH2 and that the expression of
MMP-2 inhibition might contribute in the progression of the
melanoma [28, 29]. Judgin by these findings and reports, we
believed miR-708 plays an anti-tumor role in melanoma.

Essentially, we demonstrated that the function of miR-708
influencing melanoma cells can be achieved by targeting
LEF1 by way of the Wnt signaling pathway. The LEF1 was
predicted as the target gene of miR-708 by the data found on
microRNA.org and verified using dual-luciferase reporter
gene assay (http://www.microrna.org). A recent study also
revealed that LEF1 promotes EMT related invasion in
prostate cancer, while that study didn’t explore the
mechanism adjusted, particularly, by MiRs [30]. LEF1 is a
pivotal transcription factor in the Wnt pathway, which has
been indicated to be involved with in both cell proliferation
and invasion [31]. LEF1 is found to be expressed in the
hippocampal neural stem cells reacting in accordance with
the activation of the Wnt signaling pathway [32]. A previous
study indicates that the Wnt pathway is implicated in
melanoma [33]. The Wnt pathway contributes to controlling
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of the cancer progression and performs as a key element in the
initiation of EMT [34]. E-cadherin coordinating EMT is a key
embryonic process that is re-triggered during the process of
tumorigenesis [13]. The central event for the development of
malignant melanoma is the loss of the tumor-suppressor pro-
tein, E-cadherin [35]. Moreover, on the endothelium, attach-
ment of melanoma cells can trigger a two-fold increase in the
N-cadherin expression and along with, an increase in β-
catenin nuclear level in melanoma cells [36]. Consistent with
our results, several studies supported the targeting of the Wnt/
β-catenin pathway could be an alternative therapeutic ap-
proach for treating melanoma [33, 37].

Thus, we could make the conclusion that expression of
miR-708 could inhibit the EMT of melanoma cells by
targeting LEF1 through the Wnt signaling pathway.

In conclusion, our findings demonstrated that overexpres-
sion of miR-708 in melanoma B16 cells significantly sup-
presses the proliferation and EMT, but enhances apoptosis of
the melanoma cells by targeting LEF1 through suppression of
the Wnt signaling pathway. Therefore, this study laid a solid
theoretical foundation for understanding the molecular mech-
anism between melanoma growth and finding new molecular
targets for the treatment of melanoma.
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