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sa-miR-377-3p inhibits tumor
growth in malignant melanoma†

Jian Yuan, *a Lei Jiangb and Chaotang Guoc

Background/Aims: Most recently, micro RNAs (miRNAs/miRs) have been suggested to play a key role in

various physiological and pathological processes by regulating the expression of specific genes. The

influence of miR-377-3p on multitudinous cancer cells has been investigated; however, its function in

melanoma remains undiscovered. Armadillo repeat-containing protein 8 (ARMC8), a target of miR-377-

3p, plays essential roles in proliferation, differentiation and apoptosis. Our research aimed to detect the

specific roles of miR-377-3p in melanoma. Methods: The MiRNA and mRNA expressions were evaluated

by a real-time quantitative polymerase chain reaction in the A375 and HEMa-LP cell lines. We predicted

the possible interactions between microRNA and mRNAs by bioinformatics database and constructed

them with the Cytoscape software. The proliferation and migration activities were investigated using

a cell counting kit-8 (CCK8) and wound-healing assay. Validation of the correlation between miR-377-3p

and ARMC8 was implemented by the luciferase reporter assay and PCR. Results: The expression of miR-

377-3p was found to be lower in malignant melanoma cells. The upregulation of miR-377-3p inhibited

the melanoma cell proliferation, migration, and ARMC8 expression. miR-377-3p was identified to bind to

the 30UTR region of ARMC8 directly; this indicated that miR-377-3p suppressed melanoma cell growth

partly mediated via the ARMC8 expression. Conclusion: These findings show that miR-377-3p negatively

regulates tumor growth in malignant melanoma, which may thus provide a potential biological target for

melanoma treatment and subsequently lead to the development of potential treatments.
Introduction

Malignant melanoma, a cell-type cancer originating from
abnormally proliferating melanocytes, is a complex malignancy
with signicant morbidity and mortality. Malignant melanoma
may expand widely throughout the whole body and is the most
lethal form of skin cancer.1 The global incidence of malignant
melanoma is increasing year aer year.2 The unfavourable
prognosis of malignant melanoma is mainly due to its high
migration and lack of effective clinical diagnostic markers.3

Thus, there is an urgent need to explore specic disease
markers and the underlying molecular mechanisms of mela-
noma, which may subsequently lead to the development of
potential treatments.

MicroRNAs (miRNAs) are a small group of non-coding RNAs
that negatively regulate gene expression mainly by binding to
the 30-untranslated region (30UTR) of specic genes.4,5 MiRNAs
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are widely distributed in various tissues among prokaryotes and
eukaryotes,6 and they play vital regulatory roles in various bio-
logical processes including cell proliferation, invasion,
apoptosis and tumor initiation, progression metastasis, diag-
nosis and prognosis.7–9 In previous studies, it has been testied
that microRNAs contribute to the biological processes of
melanoma,7 and microRNA proling has been revealed in
melanoma.10 MiR-377-3p has been proved to be related to lung
cancer.11,12 However, melanoma is a complicated process.
Therefore, many questions still remain unanswered, and the
biological functions of miRNAs in malignant melanoma remain
to be further explored.

Armadillo repeat-containing protein 8 (ARMC8), a member
of the ARM repeat family, plays essential roles in regulating
proliferation, differentiation, apoptosis and so on.13–15 More-
over, most signicantly, ARMC8 has been proved to be involved
in the prognosis of some other malignancies16 and acts as
a potential diagnostic marker for certain types of tumors. For
example, ARMC8 has been proved to promote the invasiveness
and migratory capabilities of colon cancer cells.17 In addition,
ARMC8 was associated with breast carcinoma,18 hepatocellular
carcinoma,19 lung cancer20 and so on. However, its function in
malignant melanoma is still largely elusive and needs to be
further explored. Consequently, ARMC8 was upregulated in the
A375 cell line, a malignant melanoma cell; this indicated that
RSC Adv., 2019, 9, 19057–19064 | 19057
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ARMC8 enhanced the invasion and metastasis of malignant
melanoma.

In our current research, we predicted the relationship
between miR-377-3p and melanoma. Subsequently, we have
employed a series of biochemical assays to testify the hypoth-
esis that miR-377-3p directly targets ARMC8 mRNA transcripts
in melanoma cell, indicating that miR-377-3p is an efficient
suppressor of melanoma.
Materials and methods
Bioinformatics analysis and target prediction

We detected the predicted miRNAs associated with melanoma
via the MNDR v2.0 database21 and listed the top 5 putative
miRNAs. The target genes of specic miRNA were identied
using the miRDB database. We constructed a miRNA-target
network using the Cytoscape soware 3.5.0 (ref. 22) to visu-
alize their interactions based on our prediction data and the
qRT-PCR results for miRNAs and mRNAs.
Cell culture and transfection

Herein, two human melanocytes-related cell lines, namely the
malignant melanoma cell lines A375 and normal epidermal
melanocytes HEMa-LP, were obtained from the Shanghai
Institute of Cell Biology (Shanghai, China) and cultured in
DMEM medium (Solarbio, Beijing, China) with 10% foetal
bovine serum (Hyclone, USA). Cells were incubated in a cell
incubator at 37 �C and 5% CO2.

Typically, 100 nM miR-377-3p mimics (miR-377-3p), miR-
377-3p inhibitor (anti-miR-377-3p), miRNA mimic negative
controls (miR-NC) obtained from GenePharma (Shanghai,
China) were transfected into A375 cells using Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientic, USA), according to
the manufacturer's instructions. ARMC8 overexpression
plasmid (pcDNA-ARMC8) was constructed via inserting the
whole-length sequences of ARMC8 into the pcDNA3.1 vector.
A375 cells were grown in 24-well plates and transfected using
Lipofectamine 2000 on the next day, with further studies per-
formed at 48 h post-transfection.
Cell proliferation assay

The proliferative activity was measured using the cell counting
kit-8 (CCK-8 kit) according to the manufacturer's protocol. Aer
transfection, A375 cells were plated into 96-well plates (5 � 103

cells per well), and subsequently, 10 mL CCK-8 solution was
Table 1 Primer sequences for QPCR

Gene Forward primer (50–30)

GAPDH GGAGCGAGATCCCTCCAAA
U6 CTCGCTTCGGCAGCACA
ARMC8 TGGGAAGTCTTGCTATGGG
miR-377-3p ATCACACAAAGGCAACTTTT

19058 | RSC Adv., 2019, 9, 19057–19064
added to each well for 4 h and the absorbance at 450 nm was
measured using a uorescence microplate reader (BioTek).

Cell migration assay

A total of 5 � 105 A375 cells were cultured in the DMEM
medium with 10% foetal bovine serum in six-well plates placed
inside an incubator under 37 �C and 5% CO2 conditions over-
night. A scratch wound was made with 100 mL tips until the cells
had grown to 60–80% conuent. We observed and imaged cell
migration inside each culture well using a bright-eld inverted
microscope (OLYPUS) at 0, 24, 48 and 72 h. Images were further
analyzed using ImageJ,23 a free soware developed by the
National Institutes of Health (NIH). This soware was used to
draw the wounding boundaries of the scratch areas. Therefore,
the wound-healing rates indicated the progression of the
wounding boundaries. For each experimental condition, three
independent runs were performed to obtain the standard error
of the mean (SEM).

Quantitative real-time PCR

Total RNA was extracted using Trizol reagent (Invitrogen, 15596-
018, USA) from the A375 and HEMa-LP cell lines. RNA quanti-
cation and quality were measured by NanoDrop ND-2000
(Thermo, USA).

cDNA synthesis for mciroRNA was performed using miScript
II Reverse Transcriptase (Qiagen). The standard procedure was
applied for preparation of the cDNA. Quantication of miR-377-
3p was performed using the miScript SYBR Green PCR Kit
(Qiagen) and detected by a 7500 Fast Real-time PCR System
(Applied Biosystems). Relative miRNA levels of each sample
were determined by the DDCt method with small nuclear RNA
U6 as a control.

cDNA synthesis for mRNA was performed using the Rever-
tAid First Strand cDNA Synthesis Kit (Thermo Scientic, K1622,
USA). The standard procedure for preparation of the cDNA was
applied. Quantication of ARMC8 mRNA was performed using
a 7500 Fast Real-Time PCR System (Applied Biosystems). The
DDCt method was used to calculate the mRNA relative expres-
sion, and the levels of GAPDH were used to normalize the
relative expression levels of mRNAs.

The primer sequences for QPCR are shown in Table 1.

Dual-luciferase reporter assay

The psiCHECK-2 luciferase plasmid carrying wild-type ARMC8
(ARMC8-WT) and mutated ARMC8 (ARMC8-MUT) were
purchased from Ke Lei Biological Technology Co., Ltd.,
Reverse primer (50–30)

AT GGCTGTTGTCATACTTCTCATGG
AACGCTTCACGAATTTGCGT

TA GTCTGGGGACAGTAGTCCTTG
GT TGGTGTCGTGGAGTCG

This journal is © The Royal Society of Chemistry 2019
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Table 2 Top 10 targets of miR-377-3p

Target rank Target score miRNA name Gene symbol Gene description

1 99 hsa-miR-377-3p STOX2 Storkhead box 2
2 99 hsa-miR-377-3p ARMC8 Armadillo repeat containing 8
3 99 hsa-miR-377-3p NLGN1 Neuroligin 1
4 99 hsa-miR-377-3p PUM2 Pumilio RNA binding family member 2
5 99 hsa-miR-377-3p ETS1 ETS proto-oncogene 1, transcription factor
6 99 hsa-miR-377-3p CFTR Cystic brosis transmembrane conductance

regulator
7 98 hsa-miR-377-3p FBXO32 F-box protein 32
8 98 hsa-miR-377-3p JAG1 Jagged 1
9 98 hsa-miR-377-3p SETBP1 SET binding protein 1
10 98 hsa-miR-377-3p DCAF12 DDB1 and CUL4 associated factor 12
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(Shanghai, China). Subsequently, cells were cotransfected with
luciferase reporter plasmid transfected withmiR-377-3pmimics
or miR-NC using lipofectamine 2000. Luciferase activities were
measured using a microplate reader (Bio Tek) aer 48 h.
Western blot assay

The proteins for the Western blot analysis were obtained from
cells lysed using RIPA lysis buffer (Wanleibio, Shenyang, China)
containing 1% PMSF. Total protein extracts were separated by
10% SDS-PAGE under the standard routine, transferred to PVDF
Fig. 1 Specific network of miRNA-mRNAs associated with melanoma. W
microRNAs according to a target score >90 in the miRDB database.
interactions based on themiRNAs prediction andmiRNA target genes pre
50 target genes were related to the melanoma of miRNA. The yellow trian
miRNAs and the blue circles represent ARMC8. The relationships betwe

This journal is © The Royal Society of Chemistry 2019
membranes, using anti-ARMC8 antibody (ab108158; 1 : 2000
dilution; Abcam; Cambridge, England) and HRP-conjugated
goat anti-rabbit secondary antibody (WLA023a; diluted at
1 : 600; Wanleibio) to detect ARMC8 protein expression. The
blots were visualized with ECL Plus Western blotting detection
reagent (WLA006; Wanleibio).
In vivo tumorigenicity assay

The 8 week old C57BL/6 mice were obtained from the SPF
(Beijing, China) Biotechnology Co., Ltd. All animal studies were
e chose the top 5 miRNAs and the top 10 predicted target genes of
We used Cytoscape software 3.5.0 to visualize miRNA-target genes
diction results. In the network, 5miRNAswere related tomelanoma and
gles represent miRNAs; the green circles represent the target genes of
en the nodes are connected by the solid lines.

RSC Adv., 2019, 9, 19057–19064 | 19059
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performed according to the animal use guidelines of the
National Institute of Health and the current Chinese regula-
tions and standards on the use of laboratory animals. A total of
5 � 105 cells were injected subcutaneously into mice and the
tumour volume was measured at 5, 10, 15, 20, 25 and 30 d. The
mice were sacriced at 30 d aer injection. The tumour volume
was evaluated using the following formula: tumour volume ¼
4p/3 � (width/2)2 � (length/2). All the mice had free access to
food and water and were raised on a 12 h light/12 h dark cycle at
20 �C. All animal experiments were performed in accordance
with the Guidelines for Care and Use of Laboratory Animal and
were approved by the Animal Research Committee of Nankai
University.
Statistical analysis

SPSS 21.0 version and Graph pad prism 7.0 were used for the
statistical analyses. Data are presented as the mean � standard
deviations (SDs) for triplicate measurements. Student's inde-
pendent t test was used to compare statistical differences
between different groups and a p-value < 0.05 was considered
statistically signicant.
Results
Prediction and construction of the miRNA-target interaction
network

Recent evidences have demonstrated that miRNAs play a crucial
role in the regulation of gene expression by sequestering the
Fig. 2 miR-377-3p suppressed the proliferation and migration of melan
the DDCt method was used to calculate the relative expression with sma
significantly improved after miR-377-3p mimics were treated in A375 c
proliferation after treatment with miR-NC or miR-377-3p mimics in A375
compare the migration rate of melanoma cells between different groups
0.05, ***p < 0.001).

19060 | RSC Adv., 2019, 9, 19057–19064
mRNAs.24 We detected the predicted miRNAs associated with
melanoma via the MNDR v2.0 database and listed the top 5
putative miRNAs as miR-148b-3p, miR-377-3p, miR-224-5p,
miR-128-3p and miR-135a-5p. All the putative miRNAs are lis-
ted in ESI Table 1.† We found out the miRNA targets using the
miRDB database and listed the top 10 putative mRNAs for miR-
377-3p (Table 2). All the putative mRNAs for miR-377-3p are
listed in the ESI Table 2.† The miRNA-target network was con-
structed to visualize their interactions based on the miRNA
target prediction results via the Cytoscape 3.5.0 soware (Fig. 1).
Moreover, one cancer-related gene, ARMC8, which was
a potential target of miR-377-3p, was listed up with high scores.
miR-377-3p was downregulated in A375 cells

To validate the level of miR-377-3p in malignant melanoma, the
miRNA qRT-PCR assay was further performed using the A375
and HEMa-LP) cell lines. As expected, we found that the relative
expression of miR-377-3p in A375 cells was downregulated over
three times that in the HEMa-LP cells (Fig. 2a). To validate the
level of miR-377-3p in malignant melanoma, the miRNA qRT-
PCR assay was further performed using the A375 and HEMa-
LP cell lines. As expected, we found that the expression of
miR-377-3p in A375 cells was downregulated over three times
that in the HEMa-LP cells (Fig. 2a). Thus, miR-377-3p inhibited
the proliferation and migration of the A375 cells.

To further investigate the function of miR-377-3p in mela-
noma cells, the A375 cells were transfected with miR-377-3p
mimics or miR-NC. The QRT-PCR results showed that the
oma cells. (a) miR-377-3p was downregulated in the A375 cell line and
ll nuclear RNA U6 as a control (***p < 0.001). (b) miR-377-3p level was
ells (***p < 0.001). (c) A CCK-8 experiment was used to detect cell
cells (*p < 0.05). (d and e) A straight scratch wound assay was used to
, cell migration was inhibited after miR-377-3p mimics treatment (*p <

This journal is © The Royal Society of Chemistry 2019
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expression of miR-377-3p was induced by the miR-377-3p
mimics (Fig. 2b). The CCK-8 assay suggested that the upregu-
lation of miR-377-3p signicantly decreased cell proliferation
(Fig. 2c) in the A375 cell line. A scratch wound assay was used to
determine the migration rate of melanoma cells, and it was
found that cell migration decreased when the A375 cells were
transfected with the miR-377-3p mimics (Fig. 2d and e); this
indicated that miR-377-3p inhibited melanoma cell migration.
miR-377-3p directly binds to ARMC8 to suppress tumor cell
growth

For further exploration, we next detected the ARMC8 mRNA
level in malignant melanoma. As expected, ARMC8 was upre-
gulated in the A375 cells (Fig. 3a); this suggested that ARMC8
promoted melanoma progression. In addition, the ARMC8
expression was inhibited aer miR-377-3p was transfected
(Fig. 3b); this indicated that ARMC8 might be mediated by miR-
377-3p. We identied the binding sites betweenmiR-377-3p and
ARMC8 using RNA22 version 2.0 (ref. 25) and further illustrated
the binding site (Fig. 3c). The luciferase reporter assay shows
that the luciferase activity of the reporter plasmid containing
Fig. 3 miR-377-3p inhibited the ARMC8mRNA level through binding to i
the human malignant melanoma A375 cell line and detected by qRT-P
ARMC8 mRNA expression was notably decreased following the treatm
binding sites between the ARMC8 30-untranslated region and miR-377-3p
ARMC8 genes was assessed in A375 cells transfected with miR-NC or m
Western blot after the transfection of miR-377-3p mimics or miR-NC in

This journal is © The Royal Society of Chemistry 2019
wild-type ARMC8 was markedly lowered in the A375 cells with
miR-377-3p overexpression; however, no obvious change was
observed in the mutated ARMC8 reporter (Fig. 3d). The Western
blotting results manifested that the ARMC8 protein level was
dramatically inhibited by miR-377-3p in the A375 cell line
(Fig. 3e). Overall, miR-377-3p suppresses melanoma via directly
binding to 30UTR of ARMC8 in the A375 cell line.
miR-377-3p inhibits melanoma tumor formation in vivo

Furthermore, we investigated the effects of miR-377-3p on
tumour growth in vivo. The A375 cells were transfected with NC
or miR-377-3p. The transfected cells (5� 105 cells) were injected
into themice. The dissected tumors were imaged and are shown
in Fig. 4a, and the tumor volume obtained aer injection is
shown in Fig. 4b. The results showed that miR-377-3p decreased
the tumour volume. Moreover, we extracted total RNA from the
dissected tumors and detected the expression of miR-377-3p
and ARMC8 (Fig. 4c and d). The results obtained from the
qRT-PCR assay showed that the overexpression of miR-377-3p
inhibited the ARMC8 mRNA expression in the mice model,
ts 30-untranslated region directly. (a) ARMC8mRNA was upregulated in
CR using the DDCt method with GAPDH as a control (**p < 0.01). (b)
ent of miR-377-3p mimics in A375 cells (**p < 0.01). (c) The putative
. (d) Luciferase activity of the reporter containing wild-type or mutated
iR-377-3p. (e) The relative protein level of ARMC8 was measured by
A375 cells with b-actin as a control (*p < 0.05) .

RSC Adv., 2019, 9, 19057–19064 | 19061
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Fig. 4 miR-377-3p suppresses melanoma cell growth in vivo. The A375 cells overexpressing miR-377-3p were injected subcutaneously into
mice; (a) themice were sacrificed at 30 days after injection, and the tumors were isolated; (b) the tumor volumewas calculated (*p < 0.05); (c) the
miR-377-3p level in the tumor tissue was measured using real-time PCR (*p < 0.05); and (d) the ARMC8 mRNA level in the tumor tissue was
detected using real-time PCR (*p < 0.05).
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indicating that miR-377-3p inhibited melanoma growth by
inhibiting the ARMC8 expression.
Discussion

Recent studies have demonstrated that miRNAs can function as
mRNA suppressors during the regulation of genes, such as onco-
gene, in many diseases and biological processes, indicating that
miRNAs may serve as tumor suppressors.26 The miRNA proling
for clinical skin diseases, such as squamous cell carcinoma,
equine sarcoids, and cutaneous melanoma, has been reported.27–29

Moreover, researchers are trying to discover, exploit and identify
miRNAs thatmay serve as either diagnosticmarkers or therapeutic
targets for numerous different kinds of tumors.30,31 MiRNAs also
participate in tumor metastasis, growth, proliferation, migration
and drug resistance in melanoma.32–34 In addition, evidence has
showed that miRNA-193b suppresses cell proliferation by directly
binding to cyclin D1 in the melanoma cell line Malme-3M.35

During the transformation of melanocytes, the miRNA proles
exhibit a striking change, and upregulatedmiRNAs as amelanoma
tumor suppressor may inhibit the mRNA expression to inuence
cell proliferation and differentiation.36 Therefore, the important
roles of miRNAs in skin melanoma function regulation, including
those in proliferation, differentiation, migration and carcinogen-
esis, have slowly started to attract more attention.

MiR-377-3p, mentioned as a tumor suppressor in many
literature studies, negatively regulates glioma cell proliferation
and migration37 and is a prognostic marker in squamous cell
19062 | RSC Adv., 2019, 9, 19057–19064
carcinoma.38 Moreover, miR-377-3p is also involved in some
stem cell differentiation.39 The specic functions of miR-377-3p
in a great deal of human cancers have been identied; however,
limited data are available about its changes and roles in cuta-
neous malignant melanoma. Thus, exploration of its function
in malignant melanoma cells might provide us with some new
hints from some untouched aspects. In this study, we per-
formed micro RNA quantication to validate the expression
level of miR-377-3p. Consistent with our expectation, miR-377-
3p was identied to be downregulated in malignant mela-
noma cells. Thus, miR-377-3p might play vital roles in the
regulation of melanoma progression, and the mechanisms
need to be further explored.

MiRNAs regulate gene expression in both the mRNA trans-
lation phase and the post-transcriptional modication level. In
this study, we performed predictions for the miRNA/mRNA
interaction network to explore the potential function mecha-
nisms, especially related to the melanoma biological function.
Herein, our network prediction indicated that ARMC8, an
essential member of the armadillo repeat family, might serve as
a potential target for miR-377-3p, which was signicantly
reduced in malignant melanoma cells. ARMC8 was proved to
promote proliferation and inhibit apoptosis in ovarian cancer
and osteosarcoma cells.13,14 ARMC8 also regulates the invasive
ability of hepatocellular carcinoma.19 Based on the above-
mentioned ndings and our results, we speculate that miR-377-
3p may suppress the ARMC8 mRNA expression, which in turn
inhibits melanoma tumor cell growth.
This journal is © The Royal Society of Chemistry 2019
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As is well-known, the interaction between miRNAs and their
mRNA targets is complicated. The mechanisms of action of
microRNA are still controversial. Researchers have proposed
several models to explain its mechanisms,40,41 but its mecha-
nisms need to be further explored.

Regarding the limitations of this research, we have only
provided circumstantial evidence for the possible biological
functional way via which miR-377-3p regulates melanoma bio-
logical function including proliferation, migration, and inva-
sion. Further exploration to directly verify the association
between micro RNA and mRNA and their underlying mecha-
nisms in regulating the melanoma function is required and will
be performed in our future study.

In conclusion, our studies revealed that miR-377-3p sup-
pressed tumor growth in malignant melanoma, indicating that
miR-377-3p might be a potential therapeutic target for mela-
noma patients. We also provided theoretic insights into the
molecular mechanisms of miR-377-3p as a potential therapeutic
target of some related diseases.
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