ONCOLOGY LETTERS 18: 936-943, 2019

MicroRNA-410-3p upregulation suppresses
proliferation, invasion and migration, and promotes
apoptosis in rhabdomyosarcoma cells
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Abstract. Rhabdomyosarcoma (RMS) is one of the most
common types of soft tissue sarcoma in children; however,
the pathogenesis of RMS is unclear. MicroRNAs (miRs)
are involved in the development and progression of RMS.
The role of miR-410-3p in RMS cell invasion, migration,
proliferation and apoptosis, and its possible mechanism were
investigated in the current study. Reverse transcription-quan-
titative polymerase chain reaction and western blot analysis
were performed to detect the expression of miR-410-3p in
RMS tissues and cells. In addition, the present study inves-
tigated the expression levels of molecules associated with
the epithelial-mesenchymal transition (EMT), including
E-cadherin, N-cadherin, Slug and Snail, and apoptotic factors,
including Bcl-2-associated X protein (bax), cleaved-caspase 3,
cleaved poly (ADP-ribose) polymerase (PARP), p53 and Bcl-2.
Cell Counting Kit-8, terminal deoxynucleotidyl transferase
dUTP nick end labeling and Transwell assays were conducted
to determine the functional roles of miR-410-3p. Exogenous
expression of miR-410-3p inhibited RMS cell invasion, migra-
tion and proliferation, induced apoptosis, suppressed the
expression of Snail, Slug, N-cadherin and Bcl-2, and increased
the expression of E-cadherin, bax, cleaved-caspase 3, cleaved
PARP and p53. In summary, it was proposed that miR-410-3p
overexpression suppressed invasion, migration and prolif-
eration, downregulated the expression of EMT-associated
molecules, and promoted apoptosis and the expression of
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apoptotic factors in RMS cells. Therefore, miR-410-3p may
serve as a novel tumor suppressor gene in RMS, and could
possess diagnostic and therapeutic potentials for the treatment
of RMS.

Introduction

Rhabdomyosarcoma (RMS) is one of the most common types
of soft tissue sarcoma (STS) in children, and typically mani-
fests in the head and neck region, genitourinary system, and
the extremities (1,2). The subtypes of RMS include embryonal
RMS (ERMS), which is the main histological subtype
accounting for ~60% of all pediatric RMS, and alveolar RMS
(ARMS), which accounts for 20-25% (3,4). The 5-year overall
survival rate of RMS ranges from 25-65%, and the main clini-
copathological parameters that affect the 5-year survival rate
are age and tumor characteristics (5,6). Specifically, alveolar
histology and metastasis are key prognosis variables that
predict poor outcome (5,7).

MicroRNAs (miRNAs/miRs) are associated with the mecha-
nisms of RMS tumorigenesis (8). miRNAs are non-coding RNAs
that serve a pivotal role in post-transcriptional control (9,10), and
are involved in the development and progression of RMS (11).
This includes miR-21, miR-183, miR-372 and miR-373, which
serve as oncogenes (12-14), and let-7, miR-124 and miR-200a,
which serve as tumor suppressor genes (15-17). miR-410-3p
is a tumor suppressor that suppresses cancer cell growth and
invasion in osteosarcoma (18), pancreatic cancer (19) and breast
cancer (20) when minimally expressed, whereas miR-410-3p
acts as an oncogene in liver, colorectal (21,22) and non-small-cell
lung cancer (23). Therefore, miR-410-3p serves different roles
in various types of tumor. An important step in the invasion
and metastasis process is the epithelial-mesenchymal transition
(EMT), which is regulated by miR-135b (24) and miR-130a (25)
in osteosarcoma, and by miR-410-3p in breast (20) and gastric
cancer cells (26). The Snail gene is the direct target gene of
miR-410-3p in breast cancer cells (20); however, the role of
miR-410-3p in RMS development and progression remains
unclear.

In the present study, compared with normal controls,
reduced miR-410-3p expression levels were detected in RMS
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tissues and three RMS cells, including RD, PLA802 and RH30.
Upregulated miR-410-3p expression was identified to suppress
cell invasion, migration and proliferation, the EMT process,
and induce apoptosis and the expression of apoptotic factors
in RMS. These results highlighted the function of miR-410-3p
in RMS and proposed a novel mechanism of miR-410-3p in
RMS.

Materials and methods

Patients and tissue samples. All formalin-fixed
paraffin-embedded (FFPE) tissue samples were selected
from a collection of the Department of Pathology of The First
Affiliated Hospital of Shihezi University School of Medicine
(Shihezi, China) between January 2010 and December 2017.
This comprised 22 RMS samples obtained from 10 female and
12 male patients aged between 2.5 and 68 years (mean age,
21 years) and nine normal skeletal muscle tissue samples from
nine female patients aged between 25 and 52 years (mean age,
37 years). All patients involved in the study provided written
informed consent. The study was approved by the institutional
Ethics Committee of The First Affiliated Hospital of Shihezi
University School of Medicine (Shihezi, China) and conducted
in accordance with the ethical guidelines of the Declaration
of Helsinki. Two senior pathology professors performed the
histomorphological evaluation of all samples to select the
qualifying samples.

Reverse transcription-quantitative polymerase chain
reaction (RT-gPCR). Total RNA was isolated from the
paraffin-embedded tissues and cell lines using the miRNeasy
FFPE kit (cat. no. 217504; Qiagen GmbH, Hilden, Germany)
or the miRNeasy Mini kit (cat. no. 217004; Qiagen GmbH)
according to the manufacturer's protocol. Complementary
DNA of miRNA or mRNA was generated using the mi Script I1
RT kit (Qiagen, No. 218075). Total miRNA or RNA (1 pg) was
reverse-transcribed in 20 ul reaction mix using the miScript
IT RT kit according to the manufacturer's recommendations;
reverse transcription was performed in 37°C for 60 min and
95°C for 5 min. qPCR was performed using the mi Script
SYBR Green PCR kit (Qiagen, No. 218075) or SYBR Green
PCR Master mix (Qiagen GmbH) on a 7500 Fast Real-Time
PCR system (Applied Biosystems; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) and the parameters were set in
accordance with the manufacturer's protocol. The thermocy-
cling conditions were as follows: The initial denaturation step
(95°C for 15 min), followed by 40 cycles of denaturation (94°C
for 15 sec), annealing (55°C for 30 sec) and extension (70°C for
30 sec). U6 small RNA (U6) and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) mRNA were used as internal
controls. All reactions were performed in triplicate. The
primers for miR-410-3p (cat. no. 218300-MS00004144;
Qiagen GmbH) and U6 (cat. no. 218300-MS00033740; Qiagen
GmbH) were purchased.

The following EMT-associated molecule primer sequences
were used: Snail forward, 5-GGTTCTTCTGCGCTACTG
CT-3" and reverse, 5"-TAGGGCTGCTGGAAGGTAAA-3';
Slug forward, 5-GGGGAGAAGCCTTTTTCTTG-3' and
reverse, S"“TAATCATGTTTGTGCAGGAG-3'; zinc finger
E-box binding homeobox 1 (ZEB1) forward, 5'-GCACAG
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AAGAGCCACAAGTA-3'and reverse, 5'-GCAAGACAAGTT
CAAGGGTTC-3"; vimentin forward, 5'-CCAGGCAAAGCA
GGAGTC-3' and reverse, 5'-GGGTATCAACCAGAGGGA
GT-3"; E-cadherin forward, 5“-TGCCCAGAAAATGAAAAA
GG-3' and reverse, 5-GTGTATGTGGCAATGCGTTC-3";
N-cadherin forward, 5"TGGACCATCACTCGGCTTA-3"' and
reverse, 5'-ACACTGGCAAACCTTCACG-3"; and GAPDH
forward and reverse, 5'-ACCCAGAAGACTGTGGATGG-3";
and reverse, 5-TCTAGACGGCAGGTCAGGTC-3'". The
triplicate comparative quantification cycle (C,) values were
averaged and the relative expression levels of the tissues were
determined as 224, where AC=C, of miR-410-3p-C, of U6,
and the relative miR-410-3p or EMT-associated molecule
expression levels were quantified by the 2244 method (27).

Cell culture and transfection. The human ARMS cell line
PLAS802 was obtained from the Cell Bank of Chinese Academy
of Science (Shanghai, China). The human ERMS cell line RD,
human ARMS cell line RH30 and the human skeletal muscle
cells (HSKMC, ATCC® PCS-950-010™) were obtained from
the American Type Culture Collection (Manassas, VA, USA)
and maintained according to the manufacturer's protocol.
PLAS8O2 cells were cultured in RPMI 1640 basic medium
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10%
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific,
Inc.), 100 U/ml penicillin and 100 mg/ml streptomycin. RH30,
RD and HSKMC cells were maintained in Dulbecco's Modified
Eagle's medium (DMEM,; Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10%, 100 U/ml penicillin and 100 mg/ml
streptomycin. All cells were cultured in a humidified 5% CO,
atmosphere culture at 37°C.

miR-410-3p and control miRNA (miR-control) plasmids
were designed and synthesized by Shanghai GeneChem Co.,
Ltd. (Shanghai, China) by adding pri-mir-410 to a pcDNA3.1
vector. The sequence of pri-mir-410 was TCTCACCTTTGA
TGTCCCATCCGTCCTCAGGACTGCTTCCCGGGGGCA
GCGCTGGCACCACGGGACGCGGCAGCCACGTTCTTG
AGCCGATGGCACTCTGGGTACCTGAGAAGAGGTTGT
CTGTGATGAGTTCGCTTTTATTAATGACGAATATAAC
ACAGATGGCCTGTTTTCAGTACCGCTACCGCCCGGT
GGTGTGCGGGCGCCACGCCTGAGGCGGGACTTTCCA
GGGTACGTGAATGCATGGGCTGGTGTGACATTTGTC
ATCC. The recombinant pGV268/miR-410-3p plasmid was
transformed into DH5a-competent cells (cat. no. CB140401;
Tiangen Biotech Co., Ltd., Beijing, China), and a single clone
was selected and cultured in lysogeny broth media with
1:1,000 ampicillin (Beijing Solarbio Science & Technology
Co., Ltd., Beijing, China) overnight at 37°C. Plasmids were
extracted using an Endo-free Plasmid Mini kit purchased from
Omega Bio-Tek, Inc. (Norcross, GA, USA). The concentra-
tion and purity were measured using a Nanodrop Instrument
(NanoDrop Technologies; Thermo Fisher Scientific, Inc.,
Pittsburgh, PA, USA). The plasmids were stored at -20°C prior
to subsequent use. The RMS cell lines were transiently trans-
fected with 1 pg plasmids using 2 ul Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) for 48 h, according
to the manufacturer's protocol.

Cell migration and invasion assays. A 24-well plate containing
8-um pore size chamber inserts (Costar; Corning Inc.,
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Corning, NY, USA) was used to evaluate tumor cell migration
and invasion, according to the manufacturer's protocol. For the
migration assay, 5x10* cells transfected for 24 h were seeded in
the upper chamber. For the invasion assay, the membrane was
coated with Matrigel to form a matrix barrier and 2x10° cells
transfected for 48 h were placed in the upper chamber. Cells
in 100 ul serum-free DMEM were carefully loaded onto each
filter insert in the upper chamber and 600 x1 DMEM with
10% FBS was added to each lower chamber. The cells were
incubated at 37°C for 24 and 48 h for the migration and inva-
sion assays, respectively. Subsequently, the filter inserts were
removed from the chambers. Migrated or invaded cells were
fixed and stained with 0.1% crystal violet in 4°C for 15 min,
and 5 photographs were obtained and analyzed in each group
using an inverted light microscope at x400 magnification.

Cell proliferation assays. A Cell Counting Kit-8 assay
(CCK-8; Dojindo Molecular Technologies, Inc., Kumamoto,
Japan) was used to assess cell proliferation, according to the
manufacturer's protocol. Following 0, 24, 48 and 72 h of trans-
fection, the absorbance of the miR-410-3p-transfected RH30
cells at 450 nm was evaluated using an XMARK Microplate
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). All
experiments were repeated three times independently.

Apoptosis assay. Apoptosis was investigated by the one-step
terminal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) apoptosis assay kit (cat. no. C1089; Beyotime
Institute of Biotechnology, Haimen, China). Following 48 h of
RH30 cell transfection, the cells were treated with 4% parafor-
maldehyde solution at room temperature for 1 h, washed once
with phosphate buffered saline (PBS), then permeabilized by
PBS containing 0.1% Triton X-100 for 5 min in an ice bath
and incubated in test solution at 37°C for 1 h, according to the
manufacturer's protocol. Subsequently, the positive cells were
detected by fluorescent microscopy (Olympus BX51 micro-
scope, Tokyo, Japan) at x400 magnification using 488 nm
excitation and 530 nm emission wavelengths. The cells with
red fluorescence were defined as positive apoptotic cells. The
percentage of apoptotic cells was calculated as the percentage
of cells with positive TUNEL staining of five randomly
selected fields in each slide; =100 cells were assessed in each
field. The apoptotic rate was calculated as follows: Apoptotic
rate=number of apoptotic cells/total number of cells x100%.

The Cancer Genome Atlas (TCGA) data analysis. TCGA
contains multimodal genomics, epigenomics and proteomics
data for thousands of tumor samples across >20 types of cancer,
including sarcoma (28). TCGA data analyses were performed
using Gene Expression Profiling Interactive Analysis (GEPIA,;
http://gepia.cancer-pku.cn/), a web-based tool that delivers
fast and customizable functionalities based on TCGA and
Genotype-Tissue Expression data, developed by Tang et al (29).
GEPIA provides key interactive and customizable functions,
including patient survival analysis. Among the sarcoma samples
that were not provided by the website, 262 samples possessed
disease-free survival (DFS) data. The GEPIA used the log-rank
test for the Kaplan-Meier survival analysis of the DFS data. The
patients were divided equally into two groups by Snail expres-
sion level (high and low Snail expression groups) by GEPIA.
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The cBioPortal for Cancer Genomics (30) (http://cbioportal.
org) was used to evaluate the survival analysis of miR-410-3p
copy number alterations (CNAs) in the sarcomadata from TCGA,
and was employed for exploring, visualizing and analyzing
multidimensional cancer genomics data from TCGA (30).
The miR-410-3p expression levels in RMS cells were further
investigated using the National Cancer Institute Development
Therapeutics Program (DTP) website (31) (https://sarcoma.
cancer.gov/sarcoma/webpages/searchCriteria.xhtml).

Snail expression in datasets. Snail expression was compared
between RMS tissue samples and normal samples by
analyzing mRNA profiling datasets. The high-throughput
sequencing dataset GSE108022 was downloaded from the
Gene Expression Omnibus (http://www.ncbi.nlm.nih.gov/geo/)
database (32). This dataset included RNA-seq processed data
for 106 samples, including 5 normal muscle samples and 101
RMS samples. In addition, the DESeq2 package was used to
handle the GSE108022 dataset (33).

Western blot analysis. Transfected RD and RH30 cells were
harvested and lysed using radioimmunoprecipitation assay
buffer (Beijing Solarbio Science & Technology Co., Ltd.).
Protein concentrations were determined using a Nanodrop
2000 spectrophotometer (Thermo Scientific, USA) by
measuring optical density at 280 nm. Proteins (50 pug/lane)
were separated on 10% SDS-PAGE gels, electrotransferred onto
polyvinylidene fluoride membranes and immersed in a blocking
solution containing 5% non-fat milk and 0.1% Tween-20 at room
temperature for 1.5 h. Following blocking, the membranes were
incubated with antibodies targeting E-cadherin (rabbit-derived;
1:1,000; 135 kDa; cat. no. 3195; Cell Signaling Technology,
Inc., Danvers, MA, USA), N-cadherin (rabbit-derived; 1:1,000;
140 kDa; cat. no. 13116; Cell Signaling Technology, Inc.), Snail
(rabbit-derived; 1:1,000; 29 kDa; cat. no. 3879; Cell Signaling
Technology, Inc.), Slug (rabbit-derived; 1:1,000; 30 kDa; cat.
no. 9585; Cell Signaling Technology, Inc.), Bcl-2-associated X
protein (bax; rabbit-derived; 1:1,000; 21 kDa; cat. no. ab32503;
Abcam, Cambridge, UK), p53 (mouse-derived; 1:1,000; 53 kDa;
cat. no. ab16465; Abcam), cleaved-caspase 3 (rabbit-derived;
1:1,000; 17 kDa; cat. no. 9664; Cell Signaling Technology, Inc.),
cleaved-poly (ADP-ribose) polymerase (PARP; rabbit-derived;
1:1,000; 25 kDa; cat. no. ab32064; Abcam), B¢l-2 (rabbit-derived;
1:1,000; 25 kDa; cat. no. AB112; Beyotime Institute of
Biotechnology) and B-actin (mouse-derived; 1:1,000; 40 kDa;
cat. no. TA-09; OriGene Technologies, Inc., Beijing, China)
at 4°C overnight. Subsequently, the secondary antibodies
horseradish peroxidase (HRP)-conjugated goat anti-mouse
immunoglobulin G (IgG; 1:1,000; cat. no. TA130003; OriGene
Technologies, Inc.) or HRP-conjugated goat anti-rabbit IgG
(1:5,000; cat. no. TA140003; OriGene Technologies, Inc.)
were added for 2 h at room temperature. Finally, detection was
performed using an enhanced chemiluminescence kit (Thermo
Fisher Scientific, Inc.).

Statistical analysis. SPSS 19.0 (IBM Corp., Armonk, NY,
USA) was used for all statistical analysis. Data are presented
as the mean =+ standard deviation. One-way analysis of vari-
ance followed by the least significant difference post hoc test
was used to determine statistical significance. P<0.05 was
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Figure 1. RMS cells and tissues exhibit low miR-410-3p expression levels. (A) The expression levels of miR-410-3p were significantly lower in the three RMS
cells, PLA802, RD and RH30, compared with HSkMCs, as revealed by RT-qPCR analysis. U6 expression was used as a control for normalization. Three

ok

independent experiments were performed. " P<0.001 vs. HSkKMC. (B) The expression levels of miR-410-3p were significantly lower in 22 RMS tissue samples
compared with nine normal skeletal muscle tissue samples, as revealed by RT-qPCR analysis. U6 expression was used as a control for normalization. Three
independent experiments were performed. “P<0.05. (C and D) The associations between copy number alterations of miR-410 and overall or disease-free
survival of patients with sarcoma were obtained using the cBioPortal database. Red lines represent cases with miR-410 alterations and the blue lines represent
cases without miR-410 alterations. RMS, rhabdomyosarcoma; miR, microRNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction;

HSKMC, human skeletal muscle cell.

considered to indicate a statistically significant difference.
All figures were created with GraphPad Prism 7.0 (GraphPad
Software, Inc., La Jolla, CA, USA).

Results

miR-410-3p is endogenously expressed at low levels in
RMS tissues and cell lines. RT-qPCR was performed to
determine the expression levels of miR-410-3p in three RMS
cell lines. miR-410-3p was revealed to exhibit significantly
low expression levels in the three RMS cell lines compared
with HSkMCs (Fig. 1A). The miR-410-3p expression levels
in RMS cells were further investigated using the DTP
website. The miR-410-3p expression levels in RH30, RD
and normal human skeletal muscle cells was 5.64, 5.94
and 6.59, respectively, which supported the aforementioned
results. In addition, the expression of miR-410-3p in tissues
were consistent with that in cells (Fig. 1B). Subsequently, the
cBioPortal for Cancer Genomics (30) was used to investigate
the association between overall survival, DFS and miR-410
CNAs in sarcoma using data obtained from TCGA. No
significant associations were identified between miR-410-3p
CNAs and survival (Fig. 1C and D). However, according to
the survival curve, patients with altered miR-410-3p expres-
sion (red line) exhibited an improved overall survival rate.
Therefore, changes of miR-410-3p may serve as tumor regu-
latory factors in patients.

Upregulated miR-410-3p inhibits the invasion and migration
of RMS cells. When transfected with the miR-410-3p plasmid,
RD and RH30 cells exhibited significantly higher expression
levels of miR-410-3p compared with cells transfected with
miR-control (Fig. 2A). A Transwell assay was then used to
investigate the cell invasion and migration abilities in vitro.
The number of invasive and migratory cells was significantly
lower in the miR-410-3p-transfected group compared with the
control group (P<0.05; Fig. 2B and C).

Upregulated miR-410-3p inhibits the expression of molecules
associated with EMT. In a previous study, miR-410-3p
inhibited EMT in breast cancer cells by targeting Snail (20).
Therefore, the current study analyzed the expression of Snail
in RMS cells. The expression levels of Snail mRNA were
significantly higher in the three RMS cells, RD, RH30 and
PLA802, compared with HSkMCs (Fig. 3A). Subsequently, the
high-throughput sequencing dataset GSE108022 was down-
loaded and Snail expression in this dataset was analyzed. The
expression levels of Snail were identified to be significantly
higher in RMS tissues compared with normal tissues (Fig. 3B).
As demonstrated in Fig. 3C and D, the mRNA and protein
expression levels of Snail notably decreased following the
overexpression of miR-410-3p in RD and RH30 cells. To iden-
tify the association of Snail expression with patient survival,
the present study analyzed the mRNA expression profiles of
patients with sarcoma whose DFS data were available in the
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sarcoma dataset of TCGA (Fig. 3E). Patients with low Snail
expression exhibited increased survival; however, this was
not significantly higher compared with patients exhibiting
upregulated Snail expression (P=0.15). It may be suggested
that miR-410-3p inhibits RMS cell invasion and migration by
targeting Snail.

RT-qPCR analysis revealed the mRNA expression levels
of molecules associated with EMT (Fig. 3C). Compared
with cells transfected with miR-control, RD and RH30 cells
transfected with miR-410-3p exhibited significantly lower
mRNA expression levels of Slug, ZEB-1, Vimentin and
N-cadherin (P<0.05), and significantly higher expression
levels of E-cadherin (P<0.05; Fig. 3C). Western blot analysis
revealed that miR-410-3p overexpression enhanced the expres-
sion of the epithelial marker E-cadherin, but decreased that
of mesenchymal markers Slug and N-cadherin in RD and
RH30 cells (Fig. 3D). Therefore, it can be suggested that
miR-410-3p inhibits tumor invasion and migration by regu-
lating EMT-associated proteins in RMS cells.

Upregulated miR-410-3p suppresses proliferation and
promotes RMS apoptosis. Following the transfection of
RH30 cells with miR-410-3p or control plasmids, the effect of
miR-410-3p on proliferative ability was assessed by a CCK-8
assay. Exogenous expression of miR-410-3p significantly inhib-
ited RH30 cell proliferation 48 and 72 h following transfection
compared with the control (Fig. 4A). Subsequently, a TUNEL
assay was employed for the detection of apoptotic RH30 cells
(Fig. 4B). The cells with overexpressed miR-410-3p demon-
strated a significantly increased apoptotic rate. Western blot

analysis was used to detect the expression of apoptotic proteins
following 48 h of transfection with miR-410-3p. Exogenous
miR-410-3p expression promoted the expression of apoptotic
proteins, including bax, cleaved-caspase 3, cleaved PARP and
p53, and inhibited the expression of Bcl-2 protein (Fig. 4C).
This suggests RH30 cells may have underwent apoptosis as
reflected by alterations in the expression of the aforemen-
tioned proteins. In summary, miR-410-3p was identified to
be downregulated in RMS, promote apoptosis and suppress
the proliferation of RMS cells in vitro, which indicated that
miR-410-3p may serve as a tumor suppressor in RMS.

Discussion

RMS is one of the most common types of STS in children
and exhibits a poor prognosis (34); however, to the best of our
knowledge, the invasion and metastasis mechanisms of RMS
remain to be clarified. Numerous miRNAs suppress various
cancer-associated genes by acting as oncogenes or tumor
suppressors (35). Endogenously low expression of miR-410-3p
has been demonstrated in various types of tumor, including
osteosarcoma (18), cholangiocarcinoma (36), pancreatic
cancer (19) and breast cancer (20), which is consistent with
the current results. In addition, analysis using the DTP
website also confirmed low expression of miR-410-3p in RMS
cells. The cBioPortal for Cancer Genomics revealed that the
miR-410 alterations may act as regulatory factors of sarcoma
in patients. miR-410-3p serves different roles in various types
of tumor; however, the role of miR-410-3p in RMS remains
unclear.
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miR-410-3p inhibits cell invasion and migration in
numerous cancer types (18-20,36,37), including pancreatic
cancer (19), breast cancer (20) and cholangiocarcinoma (36).
The present results demonstrated that upregulated miR-410-3p
suppressed the proliferation and promoted RMS cell apoptosis
by regulating the expression of apoptotic proteins, as is the
case in cholangiocarcinoma cells (36) and human colorectal
cancer cells (21). Furthermore, miR-410-3p was revealed to
inhibit the invasion and migration abilities of RMS cells.

EMT and its reverse process, mesenchymal-epithelial
transition, serve central roles during early embryonic devel-
opment (38). However, EMT also serves a critical role in
tumor invasion and metastasis (39,40). A number of studies
have reported that sarcoma aggressiveness is associated
with key factors of the phenotypic plasticity of tumors (41),
including Snail, of which high expression was associ-
ated with reduced DFS of patients with sarcoma (42), and
ZEBI, which is upregulated in patients with metastasized
osteosarcoma compared with those without metastasis (43).
The current results indicated that upregulated miR-410-3p
inhibits the expression of EMT-associated molecules; Snail,
Slug and N-cadherin were downregulated, and E-cadherin
was upregulated. Epithelial-derived tumors can activate
associated embryonic pathways, while mesenchymal tumors
transform into increased epithelial phenotypes (44). As of
the role of EMT at the onset of the metastatic process, regu-
lating EMT in tumors is considered a promising strategy for
inhibiting metastasis and improving the survival of patients
with cancer (45). miR-410-3p inhibits EMT in breast cancer
cells by targeting Snail (20). The expression profiling datasets
revealed that Snail was upregulated in RMS tissues and Snail
mRNA was overexpressed in RMS cells. When miR-410-3p
was upregulated in RMS cells, the mRNA and protein expres-
sion levels of Snail were notably downregulated. Therefore,
it can be suggested that miR-410-3p may inhibit the invasion
and migration of RMS cells by targeting Snail, which may be
beneficial for the development of drugs.

miR-27a overexpression has been demonstrated to promote
RMS cell proliferation by directly targeting retinoic acid a
receptor and retinoic X receptor a (46). miR-206 can mediate
RMS differentiation by directly regulating SET and MYND
domain-containing protein 1 and glucose 6-phosphate dehy-
drogenase (47). In addition, by targeting transcription factors
of early growth response-1, miR-183 promotes the migration
of RMS cells (48). Therefore, growing evidence suggests that
the aberrant expression of miRNAs serves important roles in
diverse biological processes, including development, differ-
entiation, growth and metabolism (10,49). The current results
demonstrated that miR-410-3p overexpression can inhibit
RMS cell proliferation and Bcl-2 protein expression, induce
apoptosis and promote the expression of bax, cleaved-caspase
3, cleaved PARP and p53.

It was hypothesized that miR-410-3p inhibits the inva-
sion and migration of RMS by inhibiting EMT. Therefore,
the current study first detected the expression of miR-410-3p
in RMS tissues and cells, and identified that miR-410-3p
expression was reduced in RMS tissues and cells compared
with the healthy controls. Therefore, the low expression of
miR-410-3p may exhibit a potential role in RMS development.
Furthermore, exogenous miR-410-3p expression was revealed
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to induce apoptosis and inhibit proliferation by enhancing the
expression of pro-apoptotic proteins, and suppress RMS cell
invasion and migration by regulating the EMT process.

In conclusion, miR-410-3p overexpression was proposed
to suppress invasion, migration, proliferation and the EMT
process, and promote apoptosis and apoptotic factor expres-
sion in RMS cells. These findings may provide a novel insight
for the identification of potential therapeutic targets for the
treatment of RMS.
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