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MiR-182 promotes cell proliferation and invasion by
inhibiting APC in melanoma
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Abstract: Objective: Common treatment methods have shown a lack of therapeutic effect in melanoma, a type of
malignant tumor. The pathogenesis of melanoma is not yet fully clear, therefore, search for a new treatment strategy
is urgent. Recent studies have demonstrated that miR-182 is remarkably over-expressed in human melanoma. Our
study aimed to explore the underlying mechanism of miR-182 on melanoma. Methods: In this study, the expression
level of miR-182 was detected using RT-PCR in melanoma and adjacent tissues as well as in HEM-m, A375, A2058,
and WM35 cell lines. Functions of miR-182 were investigated by using CCK-8 on cell proliferation, apoptosis, inva-
sion, and cell cycle on A375 cells. Moreover, expression levels of Frz, Dsh, B-catenin, APC, Axin, GSK-3, and CK1
were detected by Western blotting after knockdown and overexpression of miR-182. Overexpression of miR-182
and knockdown of APC was used to demonstrate regulated functions in melanoma. Results: Expression levels of
miR-182 were significantly upregulated in melanoma tissues and cell lines. Overexpression of miR-182 promoted
cell proliferation, migration, and invasion while inhibiting cell apoptosis and cell cycle in S phase. Overexpression
of miR-182 upregulated expression levels of B-catenin and APC. Overexpression of miR-182 and knockdown of
APC inhibited proliferation of melanoma cells and tumors. Conclusion: Overexpression of miR-182 promotes cell
proliferation and invasion by targeting to APC in melanoma. The pathogenesis of miR-182 and APC might provide
therapeutic targets for treatment of melanoma in the molecular level.
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other molecular mechanisms of research have
become necessary.

Introduction

Melanoma is a highly aggressive skin tumor

with significantly increased incidence in recent miRNAs are a class of single-stranded RNA,

years, gradually becoming a common malig-
nant tumor. Its rapid progress, ease of transfer,
and poor clinical outcome have caused serious
harm to human health [1, 2]. Early melanoma is
mainly treated by surgical resection but for
advanced metastatic melanoma, the current
treatment has had little effect. Metastatic mel-
anoma has shown little response to radiothera-
py and chemotherapy treatments, with a high
recurrence rate [3, 4]. With development of
tumor molecular biology, the novel drug vemu-
rafenib was targeted to BRAF mutant melano-
ma. It brought new hope for the treatment of
melanoma but resistance to targeted therapy
remains a serious challenge [5, 6]. Therefore, in
order to improve the efficacy of melanoma
treatment, its occurrence, development, and

about 22 nucleotides in length, which are
endogenous non-protein-encoded small RNAs
in post-transcriptional regulation genes [7-9].
In 1993, Ambros discovered the first miRNA-
Lin4, which has the powerful function of regu-
lating expression of Lin-14 gene [10]. In 2000,
expression of let-7 miRNA was confirmed in
humans and in other species, to be playing an
important regulatory role in the occurrence
and development of many diseases [11, 12]. In
2002, miRNAs were first confirmed to have cor-
relation to tumors [13]. Mature miRNAs affect
protein expression by specifically recognizing
and binding to the 3’untranslated region (3'-
UTR) of target mRNA, leading to mRNA degrada-
tion or inhibition of translation [14]. miRNAs
play important roles in the biological processes
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Figure 1. miR-182 was upregulated in melanoma. A, B. The expression level of miR-182 was upregulated in mela-
noma tissues, “*P<0.001. C. The expression level of miR-182 was upregulated in A375, A2058, and WM35 cell

lines, "*P<0.001.

of cell proliferation, differentiation, and apopto-
sis and changes of their expression levels are
closely related to occurrence and development
of many tumors, including melanoma [15].

Because of its high degree of malignancy, rapid
development, and easy transfer, melanoma
has been of great concern considering the rela-
tionship between metastasis and invasion. In
this present study, we explored the effects of
miR-182 on proliferation, apoptosis, metasta-
sis, and invasion. Moreover, we show the pos-
sible connection to adenomatous polyposis coli
(APC) in melanoma cells. This study could pro-
vide potential therapeutic targets for treatment
of melanoma.

Materials and methods
Cells and surgical specimens

Melanoma cell lines were purchased from the
Cell Culture Collection of the Chinese Academy
of Sciences (Beijing, China) and cultured in
DMEM medium containing 10% fetal bovine
serum (HyClone, Logan, UT, USA), 100 mg/mL
streptomycin, and 100 U/mL penicillin in a
humidified incubator containing 5% CO, at
37°C for 2-3 days. Nude mice were obtained
from Chinese Academy of Medical Sciences
(Beijing, China). Specimens of melanoma tis-
sues and adjacent noncancerous tissues were
collected from 60 patients with melanoma
between October 2016 and May 2017, follow-
ing surgical resection at China-Japan Union
Hospital of Jilin University. All experiments were
approved by the Medical Ethics Committee of
China-Japan Union Hospital and written infor-
med consent documents were signed by all of
the patients.
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Mimics and inhibitors designed for synthesis
and transfection

Gemma Gene Company designed synthesis
miR-182 mimics and inhibitors as well as si-
APC. The miR-182 sequence was as follows:
mimics: 5-UUUGGCAAUGGUAGAACUCACACU-
3’; mimics-nc: 5-UUCUCCGAACGUGUCACGU-
TT-3’; inhibitors: 5-AGUGUGAGUUCUACCAUU-
GCCAAA-3’; inhibitors-nc: 5-CAGUACUUUUGU-
GUAGUACAA-3. Centrifuge tubes containing
mimics or inhibitors were added in sterile
DEPCs and placed at a concentration of
20 pM. Two mL of serum-free medium without
antibiotics was added to melanoma cells and
transfection solution containing Opti-MEM and
Lipofectamine 2000 was added. Replacement
of serum containing antibiotics was added in
the medium and continued to culture 24 hours
after the collection of cells.

Cell viability assay

Cells were transfected with miR-182 mimics
and inhibitors for 48 hours to detect cell viabil-
ity, operating according to CCK-8 kit instruc-
tions (Beijing Li Weining Biological Technology
Co., Ltd, Beijing). Transfected cells were incu-
bated in a cell incubator for 0.5-4 hours and
tested at 0.5, 1, 2, and 4 hours, respectively,
using a microplate reader. Absorbance was
measured at 450 nm.

Flow cytometry assay

Cells were digested with trypsin without EDTA
and centrifuged at 1000 r/min for 5 minutes.
Cells were harvested, washed twice with pre-
cooled PBS, and Annexin buffer was added. 5
pL of Annexin V and 1 pL of Pl were added and
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incubated at room temperature for about 15
minutes. Cell apoptosis was measured on a
flow cytometer. miR-182 overexpression and
knockout of experimental groups were set up
with two holes and the experiment was repeat-
ed 3 times.

Cell invasion assay

For the migration assay, 5 x 10* cells were
suspended in 1% serum medium and upper
chamber of the Transwell chamber was added
to the pre-deposited matrix gel. The complete
medium containing 10% fetal bovine serum
was added to the lower chamber. After 48
hours of cell culturing, cells were migrated to
the other side of the membrane and stained
with 0.1% crystal violet. Cells were then stained
with 100-fold optical microscopy (Olympus,
Japan). All of the experiments were carried out
three times.

Wound healing assay

Cultured plates were seeded on the back of the
line before the label, cell digestion after access
to 12-well plate, and perpendicular to the ori-
fice to create cell scratches. We absorbed the
cell culture medium, rinsed the orifice plate
three times with PBS, and washed away
scratches generated by cell debris. We added
serum-free medium and culture plate into the
incubator culture, every 4-6 hours pictures
were taken. We analyzed the experimental
results based on collected image data.

Effects on EMT process assay

Expression levels of tumor markers were ana-
lyzed in A375 cells by transfecting with miR-
182 mimics and inhibitors, using mimics-nc
and inhibitors-nc as positive control. Expression
levels of Frz, Dsh, B-catenin, APC, Axin, GSK-30,
and CK1 were detected by Western blotting.
B-actin was used as an internal standard.

In vivo tumorigenicity

Animal experiments were done according to
Institutional Animal Care and Use Committee
(IACUC) protocol and approved by the China-
Japan Union Hospital of Jilin University for Use
and Care of Animals. The establishment of the
subcutaneous melanoma tumor model was
treated by subcutaneous injection of A375
cells. A total of 16 4-week-old female BALB/C
nude mice were required to establish melano-
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ma model mice for 4 weeks. Mice were sacri-
ficed 26 days after the injection and size of the
tumor was measured by vernier caliper.

Statistical analysis

Results are presented as mean + standard
deviation (SD). Comparisons between more
than two groups were performed by conducting
an analysis of variance (one-way ANOVA) and
P<0.05 was considered statistically significant.

Results

Expression of miR-182 was upregulated in
melanoma

Quantitative reverse transcription PCR (qRT-
PCR) was employed to detect miR-182 levels
in melanoma tissues. Results showed that
expression of miR-182 was significantly higher
in melanoma tissue than in adjacent tissues
(Figure 1A, 1B) and upregulated expression of
miR-182 was also detected in melanoma cells
(Figure 1C).

Expression level of miR-182 affected cell
growth

After transfecting with miR-182 mimics, inhibi-
tors, mimics-nc, and inhibitor-nc in A375 cells,
as shown in Figure 2A, expression of miR-182
was increased. Overexpression of miR-182 sig-
nificantly promoted tumor cell proliferation wh-
ile downregulated expression of miR-182 inhib-
ited A375 cell proliferation (Figure 2B). Apo-
ptosis of A375 cells was detected by flow
cytometry. As shown in Figure 2C, overexpres-
sion of miR-182 enhanced invasion ability to
tumor cells. Invasion was further weakened in
the knockdown miR-182 tumor cell, in compari-
son to the control. The reduction in wound
closures by miR-182 further confirmed its
effect in promoting cell migration to A375 cells.
Results show that it significantly reduced
widths for residual gaps obtained in the trans-
fection of miR-182 mimics (Figure 2D). As
shown in Figure 3A, overexpression of miR-182
also blocked the cell cycle in S phase and inhib-
ited A375 cell apoptosis (Figure 3B).

Overexpression of miR-182 affected expres-
sion of related proteins in Wnt signaling
pathway

After transfecting with miR-182 mimics in mela-
noma cells, expressions of Frz, Dsh, B-catenin,
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Figure 2. The expression level of miR-182 affected cell growth of A375 cells. A. The expression level of miR-182 was
detected by qRT-PCR by transfection of miR-182 mimics and inhibitors, "**P<0.001, ##P<0.001. B. Wound Healing
assay was used to detect the ability of cell migration, **P<0.01, #P<0.05. C. CCK-8 assay was used to detect cell
proliferation by transfecting with mimics-nc, inhibitors-nc, miR-182 mimics, and inhibitors in A375 cells. “*P<0.001,
#P<0.01. D. Transwell assay was used to detect cell invasion, **P<0.001, ##P<0.001.

APC, Axin, GSK-3B, and CK1 were detected by there was no significant difference in expres-
Western blotting. As shown in Figure 4A, sion of other proteins between the two groups.
expression of B-catenin and APC significantly The PCR assay found that expression of APC
increased in the miR-182 mimics group while was upregulated in melanoma cells while the
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Figure 3. The expression level of miR-182 affected apoptosis and cell cycle. A. Flow cytometry assay was used to
detect cell apoptosis by transfecting with mimics-nc, inhibitors-nc, miR-182 mimics, and inhibitors in A375 cells.
*P<0.05, #P<0.01. B. Cell cycle was detected by transfecting with mimics-nc, inhibitors-nc, miR-182 mimics, and

inhibitors, “P<0.05, *#P<0.001.

same tendency in expression of B-catenin did
not exist (Figure 4B). Immunofluorescence
assay indicated that expression of [-catenin
was upregulated in the nucleus by transfection
of miR-182 mimics (Figure 4C).

Overexpression of miR-182 and knockdown of
APC affect the growth of melanoma cells

After transfecting with si-APC in the melanoma
cells, expression levels of APC were signifi-
cantly downregulated (Figure 5A, 5B). Then, si-
APC melanoma cells were transfecting with
miR-182 mimics. Cell proliferation, migration,
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and invasion were downregulated compared
with the miR-182 overexpression group (Figure
5C, 5D) and nuclear aggregation of [-catenin
was also weakened in the melanoma cells
(Figure 5E).

Tumor experiment in vitro

A375 cells were transfected with miR-182 mim-
ics and si-APC and then injected into the nude
mice. After feeding for 2 weeks, the tumor tis-
sue was tested for size. As shown in Figure 6,
overexpression of miR-182 and knockdown of
APC group had a small tumor size, indicating

Int J Clin Exp Pathol 2018;11(4):1900-1908
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Figure 4. Overexpression of miR-182 affected expression of related proteins in Wnt signaling pathway. A. The protein
levels of Frz, Dsh, B-catenin, APC, Axin, GSK-3[3, and CK1 were detected by Western blot at overexpression of miR-
182, "**P<0.001. B. The expression levels of Frz, Dsh, B-catenin, APC, Axin, GSK-3j3, and CK1 were detected by PCR

Hkk

at overexpression of miR-182,
*P<0.001, #P<0.01.

that downregulation of APC should inhibit
growth of melanoma cells.

Discussion

Melanoma is a highly malignant tumor. The
most common treatmens are surgical resec-
tion, chemotherapy, immunotherapy, and radia-
tion therapy. Effectiveness of these treatments,
however, has been unsatisfactory, especially in
metastatic melanoma [16, 17]. In the present
study, our aim was to search for new treatment
methods since the pathogenesis of melanoma
is not yet completely clear and there are no
clear effective ways to treat melanoma. We
clarified that regulation of microRNA is involved
in the development of melanoma. In this study,
we focused on the function of miR-182 on pro-
liferation of melanoma cells.

In the development of normal melanoma cells
to malignant melanoma, mMiRNAs regulate
expression of key proteins through the regula-
tion of target genes, so as to promote or inhibit
melanoma cell proliferation, differentiation,
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P<0.001. C. Expression of B-catenin was detected by immunofluorescence assay,

and apoptosis, affecting occurrence and devel-
opment of melanoma. It has been discovered
that Dicer enzyme, regulatory protein Argon-
aute2, and miRNA abnormally expressed in the
primary cell culture of melanoma. At the same
time, 157 different miRNAs were analyzed for
expression differences between benign mela-
noma and primary melanoma by real-time
quantitative PCR amplification, the results
showing that there were 72 miRNA expression
differences [18, 19]. The present study found
that abnormal expression of miRNA plays dif-
ferent roles in melanoma [20].

Microphthalmia-associated transcription fac-
tor (MITF) is a member of the transcription fac-
tor family, which regulates differentiation and
migration of cells by various signaling pathway
centers [21]. In melanoma, multiple miRNAs
regulate cell invasion and metastasis of mela-
noma by MITF. Epithelial-mesenchymal transi-
tion (EMT) is a pathophysiological phenomenon
in which epithelial cells lose polarity, cell con-
nectivity, and adhesion decreases compared
with cytoskeleton changing and cell motility

Int J Clin Exp Pathol 2018;11(4):1900-1908
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genes in the EMT control the invasion and
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miRNAs encoded by the let-7 family were the
first inhibitory miRNAs found to negatively regu-
late expression of oncogene Ras [23]. When

Int J Clin Exp Pathol 2018;11(4):1900-1908
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Figure 6. Tumor xenograft model in the nude mice was detected at overex-
pression of miR-182 and knockdown of APC, **P<0.01, #P<0.05.

compared to primary melanocytes and mela-
noma cells, let-7a was found to be absent in
melanoma cells. In contrast, when melano-
cytes were transfected with let-7a antagonist,
expression of both of them was induced
and invasion ability was enhanced [24, 25]. In
2012, Giles demonstrated for the first time that
miR-7-5p inhibits melanoma cell migration in
melanoma by directly regulating IRS-2 expres-
sion [26]. Compared with primary melanoma
cells, expression of miR-7-5p is downregulated
in metastatic melanoma cell lines. Abnormal
expression of miR-7-5p could significantly inhib-
it migration and invasion of melanoma cells. It
has been indicated that upregulation of miR-7-
5p is beneficial in the treatment of melanoma
and might be a novel therapeutic target.

miR-182 is known as a new research hotspot
and it had been found that miR-182 is closely
related to occurrence and development of lung
cancer, gastric cancer, colorectal cancer, pan-
creatic cancer, and so forth. Researchers have
found that the role of miR-182 is complex. It
could inhibit occurrence of tumors and in some
cases could also promote tumorigenesis.
Studies have found that miR-182 could inhibit
proliferation of gastric cancer by inhibiting the
CREB1 gene [27].

In breast cancer, colorectal cancer, lung can-
cer, and prostate cancer research, miR-182
may promote occurrence and development.
miR-182 has a complex relationship with tu-
mors and its specific mechanism for regulating
tumors remains unclear. It is either by inhibiting
DNA repair or by hypermethylation of its pro-
moters [28]. Some studies have found that
miR-182 was downregulated by playing roles of
tumor suppressor gene in some gastric cancers
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and kidney cancers. The stu-
dy also demonstrated that mi-

RNA could increase sensitivity
of melanoma in clinical treat-
ment. Through the present
experimental results, it was
found that miR-182 plays an

important regulatory role in
development of melanoma.

In the present study, miR-182
is found to play important
roles in the pathogenesis and
progression of melanoma, pr-
omoting migration and inva-
sion of melanoma cells by the potential target
of APC. In conclusion, miR-182 has a broad
application of prospects in early diagnosis,
prognosis, and treatment of melanoma. miR-
182 may be a significant factor in the possible
curing of melanoma.
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