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Abstract: MicroRNA-874 (miR-874) is downregulated and acts as a tumor suppressor gene in several human can-
cers. Its biological function and underlying molecular mechanism in rhabdomyosarcoma (RMS), however, remain 
unclear. In this study, we found that miR-874 expression was downregulated in human RMS tissue samples and cell 
lines through quantitative real-time polymerase chain reaction (qRT-PCR). Functional studies revealed that miR-874 
overexpression in RMS cells remarkably inhibited proliferation, invasion, migration, and induced apoptosis. The 
results of luciferase activity assay, qRT-PCR and western blot analyses showed that miR-874 inhibited GEFT transla-
tion and suppressed GEFT expression by directly targeting the 3’-untranslated region (3’-UTR) of GEFT mRNA. GEFT 
expression was upregulated in RMS tissue samples and cell lines and was inversely correlated with miR-874 expres-
sion. Downregulation of GEFT has similar effects to miR-874 overexpression in RMS cells. Notably, GEFT restoration 
partially reversed the tumor-suppressive effects of miR-874. Our results indicated that miR-874 functions as a tumor 
suppressor in RMS and may suppress the growth and metastasis of RMS cells partially by targeting GEFT.
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Introduction

Rhabdomyosarcoma (RMS) is one of the most 
common soft-tissue sarcomas and the third 
most common extracranial solid tumor among 
children [1]. It is a malignant cancer with a mes-
enchymal origin [2]. The two major subtypes of 
RMS are alveolar rhabdomyosarcoma (ARMS) 
and embryonal rhabdomyosarcoma (ERMS) 
showing different histological, genetic, and clin-
ical features. During the last few decades, 
tumor resection, radiotherapy, and chemother-
apy regimens are widely used to treat RMS. 
Despite advancements in strategies for the 
treatment of RMS, the survival rate of children 
with high-risk RMS remains low [3]. The devel-
opment of RMS is a complex multistep process, 
and its molecular basis remains poorly under-
stood. Therefore, the molecular mechanisms 
underlying the initiation and development of 
RMS must be uncovered to aid the identifica-
tion of novel therapeutic targets and molecular 
diagnostic biomarkers for this malignancy.

MicroRNAs (miRNAs) are small noncoding RNAs 
that are 18-25 nucleotides in length. They have 
attracted considerable attention in cancer re- 
search given that they can potentially control 
roughly one-third of human messenger RNA 
(mRNA) expression [4, 5]. They control the 
expression of protein-coding genes by inducing 
degradation or inhibiting translation through 
binding to the 3’-untranslated region (3’-UTR) of 
their target mRNAs [6-8]. Accumulating evi-
dence indicates that miRNAs serve as tumor 
oncogenes or suppressors and participate in 
cell proliferation, apoptosis, invasion, migra-
tion, and differentiation [9-11]. Given these 
behaviors, the identification of novel microR-
NAs and their potential target genes has 
become a hotspot in research on human 
malignancies.

Numerous miRNAs are abnormally expressed in 
RMS; play essential roles in cancer cell growth, 
metastasis, and proliferation; and exert tumor-
suppressive or oncogenic effects by regulating 
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target genes. For example, Francesca Bersani 
et al. [12] demonstrated that miR-22 inhibited 
cell proliferation, invasiveness and promoted 
apoptosis by targeting TACC1 and RAB5B in 
RMS. J A Hanna et al. [13] showed that miR-
206 was downregulated in RMS and relieves 
the differentiation arrest of fusion-negative 
RMS (FN-RMS) by inhibiting PAX7. Francesca 
Megiorni et al. [14] reported that miR-378a-3p 
caused significant changes in cell migration, 
apoptosis as well as cytoskeleton organization 
mainly by inhibiting IGF1R in RMS. This showed 
that exploring the mechanism and role of miR-
NAs in RMS is essential for the development of 
novel diagnostic and therapeutic strategies for 
this malignancy. 

Recent studies have shown that microRNA-874 
(miR-874) is downregulated and acts as a 
tumor-suppressor gene in several human malig-
nancies, including gastric cancer [15, 16], 
hepatocellular carcinoma [17], colorectal can-
cer [18], breast cancer [19], nonsmall-cell lung 
cancer [20], maxillary sinus squamous cell car-
cinoma [21], and osteosarcoma [22]. It also 
participates in cancer development and pro-
gression. Nevertheless, the potential role and 
mechanisms of miR-874 in the development of 
RMS are unclear. Therefore, we aimed to inves-
tigate and identify the functional importance 
and target genes of miR-874 in RMS. The 
results of this study will provide novel insights 
into the pathogenesis of RMS and will aid the 
development of new therapeutic strategies for 
this malignancy.

Materials and methods 

Human tissue specimens

Human ERMS tissue samples (n = 10), human 
ARMS tissue samples (n = 10) and normal skel-
etal muscle tissue samples (n = 10) were col-
lected from the First Affiliated Hospital of 
Shihezi University, China, and the First Affiliated 
Hospital of Xinjiang Medical University, China. 
Informed consent was obtained from all 
patients prior to surgery. Diagnosis was con-
firmed by pathologists. The study protocol and 
consent procedures were approved by the eth-
ics committee of Shihezi University, China.

Cell culture

The ERMS cell line RD (purchased from the Cell 
Bank of the Chinese Academy of Sciences, 

China), ARMS cell line RH30 (purchased from 
Shanghai Fu Xiang Biotechnology Co., Ltd., 
China), human skeletal muscle cell line HSKMC 
(purchased from Be Na Biotechnology Co., Ltd., 
China), embryonic kidney cell line 293T (pro-
vided by the Key Laboratories for Xinjiang 
Endemic and Ethnic Diseases, School of 
Medicine, Shihezi University, China), and RD 
and RH30 cell lines stably transfected with gua-
nine nucleotide exchange factor T (GEFT) or 
empty vector (EV) (provided by the Department 
of Pathology, School of Medicine, Shihezi 
University, China) were used in this study. All 
cell lines were routinely maintained in DMEM 
medium supplemented with 10% fetal bovine 
serum (FBS) and 1% streptomycin-penicillin in a 
humidified incubator under 5% CO2 atmosphere 
at 37°C.

Cell transfection

The miR-874 mimic (miR-874) and correspond-
ing negative control (NC) were purchased from 
Gene Pharma (Shanghai, China). The shRNAs 
for GEFT (sh-GEFT) and scrambled negative 
control (sh-control) were designed and synthe-
sized by GeneChem (Shanghai, China). Trans- 
fection was performed with Lipofectamine 
2000 (Life technologies, USA) in accordance 
with the manufacturer’s instructions.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR) for miRNAs and mRNA

Total RNA was isolated from cultured cells or 
human samples by using miRNeasy Mini Kit 
(Qiagen, Germany) or miRNeasy FFPE Kit 
(Qiagen, Germany), respectively, in accordance 
with the manufacturer’s protocols. The total 
RNA samples were reverse transcribed into 
cDNA by using miScript II RT Kit (Qiagen, 
Germany). The qRT-PCR analysis was per-
formed with miScript SYBR Green PCR Kit 
(Qiagen, Germany) in the 7500 Real-Time PCR 
System (Applied Biosystems, USA). The miRNA 
sequence-specific qRT-PCR primers for miR-
874 were purchased from Qiagen. U6 was used 
as an internal control. The sequences of the 
forward and reverse U6 primers were 5’-GCT- 
TCGGCAGCACATATACTAA-3’ and 5’-AACGCTTC- 
ACGAATTTGCGT-3’, respectively. The sequenc-
es of the forward and reverse GEFT mRNA  
primers were 5’-TAGGTACCACCATGCGGGGGG- 
GGCACAAA-3’ and 5’-CGACCGGTGACAGCTCAT- 
CTTCATCCAG-3’, respectively. β-actin was used 
as an internal control. The sequences of the 
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forward and reverse β-actin primers were 
5’-TCATGAAGTGTGACGTGGACAT-3’ and 5’-CTC- 
AGGAGGAGCAATGATCTTG-3’, respectively. The 
relative expression levels of miR-874 and GEFT 
were normalized to those of U6 and β-actin, 
respectively, through the 2-ΔΔCt method.

Cell proliferation and apoptosis assays

Cell proliferation rates were quantified by using 
Cell Counting Kit-8 (CCK-8) (Dojindo, Japan) in 
accordance with the manufacturer’s protocol. 
In brief, different groups of cells were plated at 
the density of 4 × 103 cells/well in 96-well 
plates and cultured in the DMEM medium 
including 10% FBS. CCK-8 solution was added 
to each well at 0, 24, 48, and 72 h post plating, 
and absorbance was measured at 450 nm 
(OD450) after 120 min of incubation at 37°C.

Cell apoptosis was detected by using the 
Annexin V-APC/PI Apoptosis Detection Kit 
(KeyGEN, Chain) in accordance with the manu-
facturer’s instructions. The cell apoptosis assay 
was performed with PAS flow cytometry appa-
ratus (PARTEC, Germany) at 48 h post transfec-
tion. This experiment was repeated thrice for 
each group.

Cell invasion and migration assays

Cell invasion and migration assays were per-
formed using chambers with diameters of 6.5 
mm (8 lm pore size, Costar, USA). Cells were 
resuspended in 0.2 ml serum-free medium at 
the density of 2 × 105 cells and seeded on top 
chambers with or without inserts coated with 
Matrigel (BD Biosciences, USA) for invasion and 
migration assays, respectively. Subsequently, 

0.6 ml of 20% FBS-DMEM medium was added 
to the lower chambers. After 24 h of incubation, 
cells that have invaded or migrated through the 
membrane and cells on the lower surfaces of 
the membranes were fixed and stained. The 
fixed cells were photographed under micro- 
scopy (Olympus, Japan). Five fields were ran-
domly selected from the photographs for cell 
counting.

Wound-healing assay

Cell migration was assessed through the clas-
sic in vitro wound-healing assay. Transfected 
cells (106/well) were cultured in six-well plates 
for 24 h. Linear wounds were created on conflu-
ent cell monolayers through scratching with a 
P10 pipet tip. Cells were washed thrice with 
PBS and then cultured in DMEM medium sup-
plemented with 10% FBS. Cells were imaged at 
0, 12, and 24 h after wounding. Individual cells 
were quantified as an average of at least five 
randomly selected fields for each experiment.

Luciferase reporter assay

The luciferase reporter assay was performed to 
determine the relationship between miR-874 
and GEFT. The wild-type (Wt) 3’-UTR and the 
mutant (Mut) 3’-UTR were synthesized by 
GENECHEM (China). To perform the luciferase 
assay, 293T cells were seeded at the density of 
3 × 104 cells/well in 24-well plates for 24 h and 
then transfected with 0.1 µL of GEFT-3’-UTR-
Wt/Mut reporter plasmids and 100 nM of miR-
874 or NC. In addition, 293T cells were trans-
fected with 0.02 µL of Renilla luciferase expres-
sion plasmid as the reference control. Relative 
luciferase activity was quantified using the 

Figure 1. miR-874 is downregulated in RMS tissues and cell lines. A. The relative expression levels of miR-874 in 
ERMS (n = 10), ARMS (n = 10) and normal skeletal muscle tissues (n = 10) were determined through qRT-PCR 
analysis. B. The relative expression levels of miR-874 in RMS (RD and RH30) and human skeletal muscle (HSKMC) 
cell lines were determined through qRT-PCR analysis. *P < 0.05, ***P < 0.001.
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Figure 2. miRNA-874 inhibits cell proliferation and induces apoptosis in RMS. A. The expression levels of miR-874 in RD and RH30 cells transfected with miR-874 or 
NC were analyzed through qRT-PCR. B. The proliferative abilities of RD and RH30 cells transfected with miR-874 or NC were determined through CCK8 assay. C. The 
apoptosis rates of RD and RH30 cells transfected with miR-874 or NC were determined through flow cytometry. *P < 0.05, **P < 0.01, ***P < 0.001.
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Dual-Luciferase Reporter Assay System (Pro- 
mega, USA) at 48 h post transfection and nor-
malized against Renilla luciferase activity.

Western blot analysis

Western blot was performed to quantify the 
protein expression levels of GEFT. Equal am- 
ounts of cell lysates were electrophoretically 
separated and transferred to a PVDF mem-
brane. The membrane was blocked with 5% 
skimmed milk and then incubated with primary 
antibodies against GEFT (1:1000; Abcam, USA) 
and β-actin (1:1000; ZSGB-BIO, China) and the 
appropriate secondary antibodies. Proteins 
were visualized with a chemiluminescent detec-
tion system (Thermo, USA) and exposed to an 
autoradiography film (Kodak, China).

Statistical analysis

Data were expressed as the mean ± standard 
deviation (SD) of at least three separate experi-
ments. Statistical analysis was performed with 
Statistical Package for Social Science (SPSS for 
Windows version 17.0., USA). Student’s t-test 
and one-way ANOVA were used to evaluate sta-
tistical significance. P < 0.05 was considered 
statistically significant.

Results

miR-874 expression was downregulated in 
RMS tissues and cell lines

We quantified miR-874 expression levels in 
RMS tissues and normal skeletal muscle tis-

Figure 3. miRNA-874 inhibits cell invasion and migrationin in RMS. A. The invasive capabilities of RD and RH30 cells 
transfected with miR-874 or NC were determined with a Transwell system. B. The migratory capabilities of RD and 
RH30 cells transfected with miR-874 or NC were determined with a Transwell system. C. The migratory capabilities 
of RD and RH30 cells transfected with miR-874 or NC were determined through the wound-healing assay. *P < 0.05, 
**P < 0.01, ***P < 0.001.
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sues through qRT-PCR analysis to determine 
the potential role of miR-874 in RMS. As shown 
in Figure 1A, miR-874 expression in ERMS (n = 
10) and ARMS tissues (n = 10) was lower than 
that in normal control tissues (n = 10). We also 
performed qRT-PCR analysis to compare miR-
874 expression in the human skeletal muscle 
cell line with that in the human RMS cell lines. 
miR-874 expression was downregulated in RD 
and RH30 relative to that in HSKMC (Figure 
1B). These results indicate that miR-874 likely 
plays a suppressive role in RMS. 

miR-874 inhibited cell proliferation and in-
duced cell apoptosis in RMS cells

To investigate the biological role of miR-874 in 
the development of RMS, we transfected miR-
874 or NC into two cell lines (RD and RH30) 
with low miR-874 expression. The cells were 
then cultured for 48 h. As shown in Figure 2A, 
RD and RH30 cells transfected with miR-874 
had higher intracellular miR-874 levels than 
those transfected with the NC. Meanwhile, we 
determined the proliferation and apoptosis 
rates of RD and RH30 cells transfected with 
miR-874 or NC. Growth curves constructed on 
the basis of CCK8 results revealed that miR-
874 overexpression decreased cell prolifera-
tion rates (Figure 2B). Flow cytometry results 

showed that the apoptosis rates of miR-
874-transfected cells increased (Figure 2C). 
These data imply that miR-874 could inhibit the 
growth of RMS cells in vitro by inhibiting cell 
proliferation and inducing cell apoptosis.

miR-874 inhibited the invasion and migration 
of RMS cells

To further investigate the effect of miR-874 on 
the invasive and migratory capabilities of RMS 
cells, we transfected miR-874 or NC into RD 
and RH30 cell lines and performed invasion 
and migration assays with a Transwell system. 
The data revealed that miR-874 overexpression 
inhibited the invasion (Figure 3A) and migration 
(Figure 3B) of RD and RH30 cells. Additionally, 
the results of wound-healing assays showed 
that the migration of miR-874-overexpressing 
cells was dramatically inhibited relative to that 
of control cells (Figure 3C).

GEFT was directly targeted by miR-874

To investigate the exact molecular mechanism 
underlying the effects of miR-874 in the devel-
opment of RMS, we first predicted the poten- 
tial target genes of miR-874 by using the 
TargetScan, miRanda, and miRDB algorithms. 
GEFT, a Rho family guanine nucleotide exchange 

Figure 4. GEFT is the direct target of miR-874 in RMS cells. A. Predicted miR-874 binding sites in the 3’-UTR of the 
GEFT mRNA sequence and their induced mutations. B. 293T cells cotransfected with miR-874 or NC and luciferase 
reporter plasmid (Wt/Mut 3’-UTR GEFT) were subjected to the luciferase reporter assay. C. The expression levels of 
GEFT in RD and RH30 cells transfected with miR-874 or NC were analyzed through qRT-PCR. D, E. The expression 
levels of GEFT in RD and RH30 cells transfected with miR-874 or NC were analyzed through western blot analyses. 
*P < 0.05, ***P < 0.001.
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factor, attracted our attention because all three 
algorithms predicted that it is targeted by miR-
874 (Figure 4A). To investigate whether miR-
874 directly target GEFT, we performed lucifer-
ase reporter assay with a vector encoding the 
complete sequence of the 3’-UTR of GEFT 
mRNA or a vector encoding the Mut 3’-UTR of 
GEFT mRNA to change the predicted miR-874 
target site. We found that miR-874 inhibited 
luciferase activity in cells transfected with the 
Wt 3’-UTR of GEFT mRNA but not in cells trans-
fected with the Mut 3’-UTR of GEFT mRNA 
(Figure 4B).

We investigated the effect of miR-874 on GEFT 
expression in RD and RH30 cells through miR-
874 overexpression experiments. We transfect-
ed miR-874 or NC into two cell lines (RD and 
RH30) with low miR-874 expression. The cells 
were then cultured for 48 h. As shown in Figure, 

the restoration of miR-874 expression reduced 
GEFT protein expression in RD and RH30 cells 
(Figure 4D, 4E) but did not affect GEFT mRNA 
expression (Figure 4C). These results indicate 
that miR-874 can inhibit GEFT translation and 
suppress GEFT expression by directly targeting 
the 3’-UTR of GEFT mRNA.

GEFT expression was upregulated in RMS tis-
sues and cell lines

Given that GEFT was identified as the target of 
miR-874, we employed qRT-PCR and western 
blot analyses to determine whether reductions 
in miR-874 expression were correlated with 
increased levels of GEFT expression in RMS. 
We found that the expression level of GEFT 
mRNA and protein in RMS tissues and cell lines 
were higher than that in normal tissues and cell 
lines (Figure 5A-F) and was inversely correlated 

Figure 5. GEFT expression was upregulated in RMS tissues and cell lines. A. GEFT mRNA levels in ERMS (n = 10), 
ARMS (n = 10) and normal skeletal muscle tissues (n = 10) were quantified through qRT-PCR analyses. B, C. GEFT 
protein levels in ERMS, ARMS and normal skeletal muscle tissues were quantified through western blot analysis. D. 
GEFT mRNA levels in RMS (RD and RH30) and human skeletal muscle (HSKMC) cell lines were quantified through 
qRT-PCR analyses. E, F. GEFT protein levels in RMS (RD and RH30) and human skeletal muscle (HSKMC) cell lines 
were quantified through western blot analysis. G. The correlation between miR-874 and GEFT in ERMS (n = 10) was 
analyzed through Spearman’s correlation analysis. H. The correlation between miR-874 and GEFT in ARMS (n = 10) 
was analyzed through Spearman’s correlation analysis. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 6. Downregulation of GEFT inhibits cell proliferation and induces apoptosis in RMS. A. The expression levels of GEFT in RD and RH30 cells transfected with 
sh-GEFT or sh-control were analyzed through qRT-PCR. B. The proliferative abilities of RD and RH30 cells transfected with sh-GEFT or sh-control were determined 
through CCK8 assay. C. The apoptosis rates of RD and RH30 cells transfected with sh-GEFT or sh-control were determined through flow cytometry. *P < 0.05, ***P 
< 0.001.
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with the expression level of miR-874 in RMS tis-
sues (Figure 5G: r = 0.4473, P < 0.05; Figure 
5H: r = 0.5324, P < 0.05).

Downregulation of GEFT has similar effects to 
miR-874 overexpression in RMS cells

To investigate the biological functions of GEFT 
in RMS cells, we knocked down its expression 
in RD and RH30 cell lines using shRNA. The 
expression levels of GEFT were repressed in 
sh-GEFT transfectants in comparison with sh-
control transfectants (Figure 6A). Growth cur- 
ves constructed on the basis of CCK8 results 
revealed that GEFT inhibition decreased cell 
proliferation rates (Figure 6B). Flow cytometry 
results showed that the apoptosis rates of sh-
GEFT-transfected cells increased (Figure 6C). 

Silencing GEFT inhibited the invasion (Figure 
7A) and migration (Figure 7B) of RD and RH30 
cells. Additionally, the results of wound-healing 
assays showed that the migration of GEFT 
down-regulating cells was dramatically inhibit-
ed relative to that of control cells (Figure 7C). 
These findings suggest that downregulation of 
GEFT mimicked the inhibitory effects of miR-
874 overexpression in RD and RH30 cell lines 
and indicated that GEFT is a functional target of 
miR-874.

Restoration of GEFT reversed the effects of 
miR-874 on RMS cells

We further studied the involvement of GEFT in 
the function of miR-874 in RMS cells. The 
expression levels of GEFT in RD and RH30 cell 

Figure 7. Downregulation of GEFT inhibits cell invasion and migrationin in RMS. A. The invasive capabilities of RD 
and RH30 cells transfected with sh-GEFT or sh-control were determined with a Transwell system. B. The migratory 
capabilities of RD and RH30 cells transfected with sh-GEFT or sh-control were determined with a Transwell system. 
C. The migratory capabilities of RD and RH30 cells transfected with sh-GEFT or sh-control were determined through 
the wound-healing assay. **P < 0.01, ***P < 0.001.
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Figure 8. GEFT restoration partially reversed the effects of miR-874-regulated tumor cell proliferation and induced apoptosis on RMS. A. The expression levels of 
GEFT in RD and RH30 cell lines stably transfected with GEFT or EV were analyzed through qRT-PCR. B. The proliferative capabilities of RD and RH30 cells stably 
transfected with GEFT or EV after transfection with miR-874 or NC were determined through CCK8 assay. C. The apoptosis rates of RD and RH30 cells stably trans-
fected with GEFT or EV after transfection with miR-874 or NC were determined through flow cytometry assay. *P < 0.05, **P < 0.01, ***P < 0.001.
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lines stably transfected with GEFT or EV were 
analyzed through qRT-PCR. The results showed 
that GEFT expression was increased in RD and 
RH30 cell lines stably transfected with GEFT 
(Figure 8A). Then, we subjected RD and RH30 
cells that were stably transfected with GEFT or 
EV after transfection with miR-874 or NC to 
CCK8, flow cytometry, wound-healing, cell inva-
sion, and migration assays. The inhibitory 
effects of miR-874 on cell proliferation were 
rescued by the coexpression of GEFT in RD and 

RH30 cells (Figure 8B). The upregulation of 
GEFT markedly reduced the elevation of cell 
apoptosis rates by miR-874 (Figure 8C). GEFT 
overexpression rescued the suppressive eff- 
ects of miR-874 overexpression on the invasive 
(Figure 9A) and migratory (Figure 9B, 9C) capa-
bilities of cells. Therefore, GEFT restoration 
reversed the tumor-suppressive effects of miR-
874 on RMS cells. These data suggest that 
miR-874 may partially exert its tumor-suppres-
sive effect by targeting GEFT.

Figure 9. GEFT restoration partially reversed the effects of miR-874-regulated tumor cell invasion and migration on 
RMS. A. The invasive capabilities of RD and RH30 cells stably transfected with GEFT or EV after transfection with 
miR-874 or NC were determined with a Transwell system. B. The migratory capabilities of RD and RH30 cells stably 
transfected with GEFT or EV after transfection with miR-874 or NC were determined with a Transwell system. C. The 
migratory capabilities of RD and RH30 cells stably transfected with GEFT or EV after transfection with miR-874 or 
NC were determined through the wound-healing assay. *P < 0.05, **P < 0.01, ***P < 0.001.
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Discussion

In this study, we focused on the functional sig-
nificance of miR-874. miR-874 is located on 
chromosome 5q31.2, a fragile site in the hu- 
man genome that is often deleted in cancers 
[23, 24]. It participates in cancer development 
and progression and functions as a tumor sup-
pressor. Recently investigations revealed that 
miR-874 is downregulated in human malignan-
cies, and furthermore, tumor suppressive func-
tions of miR-874 in these cancer cells support 
that miR-874 is a tumor suppressor [15-22]. In 
addition, miR-874 overexpression could inhibit 
cancer progression and development through 
the regulation of target genes. For example, 
Zhao et al. [18] demonstrated that miR-874 
functions as a tumor suppressor in human 
colorectal cancer by targeting STAT3. Jiang et 
al. [16] reported that miR-874 inhibits the 
growth, migration, invasion, and tumorigenicity 
of GC cells by targeting AQP3. Song et al. [25] 
showed that miR-874 drastically alters cancer 
cell proliferation and invasion patterns by inhib-
iting HCA587/MAGE-C2. These studies provide 
evidence for the potential role of miR-874 as a 
tumor suppressor in various cancers.

Nevertheless, the biological function of miR-
874 in RMS remains unclear. Here, our qRT-
PCR results showed that miR-874 expression 
was downregulated in human RMS tissues and 
cell lines. Furthermore, we demonstrated that 
the overexpression of miR-874 in RMS cell lines 
decreased the rates of cell proliferation, inva-
sion, migration, and antiapoptosis. Notably, we 
found that miR-874 directly targeted the 3’-UTR 
of GEFT mRNA to inhibit GEFT translation and 
suppress GEFT expression, and GEFT overex-
pression partially attenuated the tumor-sup-
pressive effects of miR-874 on RMS cells. 
These data indicate that miR-874 may function 
as a tumor suppressor in RMS, and miR-874 
may partially exert its suppressive effects on 
the growth and metastasis of RMS cells by tar-
geting GEFT.

GEFT, also known as ARHGEF25 or p63Rho-
GEF, is located on chromosome 12q13.3, which 
is highly expressed in excitable tissue, such as 
muscle, heart, and brain tissues. GEFT acti-
vates Rho GTPases by accelerating GDP/GTP 
exchange [26], regulates cell processes, and 
plays essential roles in the genes of important 
function during the processes of skeletal mus-

cle regeneration and myogenic differentiation. 
Endogenous GEFT expression is transcription-
ally upregulated during myogenic differentia-
tion and downregulated during adipogenic dif-
ferentiation [27]. Exogenous GEFT expression 
promotes myogenesis of cells by activating Rho 
A, Rac1, and Cdc42, while a dominant-negative 
mutant of GEFT strongly inhibits this process, 
suggesting GEFT expression is very necessary 
for myogenesis to occur [27]. In current study 
showed that GEFT overexpression is associat-
ed with the advanced clinical stage, lymph 
node metastasis, and distant metastasis of 
RMS [28, 29]. We demonstrated that silencing 
GEFT inhibits the proliferative, migratory, inva-
sive, and antiapoptotic capabilities of RMS cell 
lines. These findings indicate that GEFT overex-
pression may function as an oncogene in RMS. 
The mechanism underlying GEFT regulation in 
RMS, however, remains undefined. Here, our 
luciferase activity assay, qRT-PCR, and western 
blot assay results confirmed that the 3’-UTR of 
GEFT mRNA is the direct target of miR-874 in 
RMS cells. In addition, GEFT expression was 
upregulated in human RMS tissues and was 
inversely correlated with miR-874 expression. 
We used RMS cell lines to confirm that miR-874 
inhibits cell proliferation, invasion, and migra-
tion and induces apoptosis by targeting GEFT.

Notably, we performed miR-874 overexpres-
sion experiments to investigate the effect of 
miR-874 on GEFT expression in RMS cell  
lines. The restoration of miR-874 expression 
decreased GEFT protein expression in RD and 
RH30 cells. Nevertheless, GEFT mRNA expres-
sion in RD and RH30 cells transfected with 
miR-874 negligibly differed from that in control 
cells. This phenomenon piqued our interest in 
the mechanism underlying the inhibitory effects 
of miRNAs on protein synthesis, because it is 
reported in a large number of documents that 
miRNAs usually inhibit mRNA expression and 
protein expression. Pillai et al. [30] showed that 
in plants, miRNAs generally show almost per-
fect complementarity to target sequences posi-
tioned in either 3’-UTR or coding regions of  
target mRNAs, and the perfect base pairing 
triggers mRNA degradation; in animals, with 
rare exceptions, miRNAs regulate target gene 
expression by base pairing imperfectly to the 
3’-UTR of target mRNAs, and the role of effi-
cient repression is either achieved by inhibiting 
translation or by causing mRNA degradation 
that are initiated by deadenylation and decap-
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ping of the mRNA. Chen et al. [31] reported that 
arsenic induces SATB2 overexpression by in- 
hibiting miR-31 expression, which suppresses 
SATB2 translation, since SATB2 mRNA levels 
remain the same but protein levels decrease. 
Wang et al. [19] demonstrated that miR-874 
suppressed CDK9 protein expression without 
affecting its mRNA expression, indicating that 
miR-874 can directly target the 3’-UTR of CDK9 
mRNA, resulting CDK9 translation inhibition 
and suppressing its expression. Therefore, 
miR-874 suppresses GEFT protein expression 
through translational repression by targeting 
the 3’-UTR of GEFT mRNA in RMS.

In summary, the current study provided evi-
dence that miR-874 reduces the proliferative, 
invasive, migratory, and antiapoptotic capabili-
ties of RMS cells by directly targeting GEFT. This 
behavior indicates that miR-874 has a potential 
role as a tumor suppressor in RMS and may be 
applied in the treatment of this malignancy.

Conclusions

miR-874 functions as a tumor suppressor in 
RMS and may suppress the growth and metas-
tasis of RMS cells through translational repres-
sion by targeting the 3’-UTR of GEFT mRNA.
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