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Abstract: The microRNA-29 family, which contains mir-29a, mir-29b, and mir-29c, can promote or resist the devel-
opment of several types of tumors. However, its role in rhabdomyosarcoma (RMS) has not been determined. In this
work, we detected the expression of mir-29a/b/c in RMS. Results showed that the tissues and cell lines in RMS
were significantly lower than those in muscle and human skeletal muscle cells, and that these cell lines could also
inhibit the proliferation, migration, and invasion and induce apoptosis of RMS cells. Dual-luciferase reporter assay
and RNA immunoprecipitation verified the direct binding site between mir-29a/b/c and GEFT. Under the combined
actions of mir-29a/b/c and GEFT, the former weakened the promoting effect of GEFT on RMS cells. Finally, mir-29a
inhibited the tumorigenesis of subcutaneous xenografts in nude mice and inhibited the mRNA and protein expres-
sion levels of GEFT in transplanted tumors. These findings proved that mir-29 inhibits the occurrence of RMS and

may be a potential molecular target.
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Introduction

Rhabdomyosarcoma (RMS) is a soft-tissue sar-
coma from skeletal muscle-lineage cells com-
mon among children [1]. The World Health
Organization (WHO) guidelines in 2012 catego-
rized RMS into four subtypes according to its
genetic, histological, and clinical features: em-
bryonal RMS (ERMS), alveolar RMS (ARMS),
pleomorphic RMS, and spindle cell/sclerosing
RMS [2]. Although the neoplasm easily devel-
ops in several positions limitedly and few
patients show metastasis, the prognosis of
high-risk groups remains poor, and treatment
effects are disheartening. The 5-year progres-
sion-free survival for RMS is less than 30% [3,
4]. Thus, understanding the molecular mecha-
nisms of the disease is necessary to provide a
theoretical basis for molecular targeted
therapy.

MicroRNAs (miRNAs) are small noncoding RNA
molecules that were first discovered in Candida

elegans by Lee; miRNAs are a kind of single-
stranded non-coding RNA molecule with a
length of about 22 nucleotides that regulate
gene expression at the post-transcriptional
level [5, 6]. MiRNAs can regulate the expression
of more than 30% of coding protein genes in
the body [7, 8]. MiRNAs may affect their target
genes as the oncogenes or antioncogenes per-
form many functions in cell proliferation, migra-
tion, and apoptosis [9-11]. These molecules
have regulators at upstream or downstream
pathways that allow them to play important
roles in tumor occurrence and development [9].
For example, the overall survival of a cohort of
patients with RMS is correlated with miR-206
level [12]. Mir-206 blocks tumor growth by pro-
moting myogenic differentiation in mice xeno-
transplanted with RMS [13]. The oncogene
N-ras is a target gene of mir-214, which in turn
could inhibit N-ras expression in xenograft
tumor models [14]. TGF-B1 is negatively corre-
lated with mir-411-5p, and SPRY4 is a target
gene of mir-411-5p. These findings were con-
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Table 1. MicroRNA targeting genes and their roles in rhabdomyosarcoma

MicroRNA Target Gene Biological Behavior

Mir-1/206 c-Met, CCND2, PAX3 myogenic differentiation, proliferation [15]
Mir-133b PAX3, PTBP1 proliferation, autophagy [16]

Mir-29 CCND2, YY1, EZH2, E2F7 proliferation, myogenesis [15, 17-19]
Mir-26a EZH2 myogenesis [20]

Mir-27 PAX3 proliferation [21]

Mir-214 N-ras proliferation [14]

Mir-450 ENOX2, PAX9 pyogenic [22]

Mir-411 SPRY4 myogenic [23]

Mir-203 P63, LIFR myogenic, proliferation, invasion, migration [24]
Mir-378 IGF1R myogenic, apoptosis migration [25]
Mir-183 EGR1, PTEN migration [26]

firmed by other studies [15-26] on RMS (Table
1). Mir-29a/b/c belongs to the mir-29 family,
which is the target of the PcG transcription fac-
tor Yin Yang 1 (YY1). There have study showed
that abnormal mir-29 expression is associated
with hypermethylation of tumor-related genes
and disease outcome in cutaneous melanoma
[27]. In addition, studies of mir-29 in different
types of tumors have been involved [15, 28-63]
(Table 2). An in-depth study of this phenome-
non may further our understanding of the
mechanism of RMS.

Materials and methods
Patients and tissue samples

Formalin-fixed and paraffin-embedded tissue
samples were retrieved from the database of
the Department of Pathology of the First
Affiliated Hospital of Shihezi University School
of Medicine. The specimens included 16 RMS
samples and 9 normal striated muscle sam-
ples. The size of the samples met the require-
ments of the basic experiment with certain rep-
resentativeness. These samples were obtained
from patients who were previously diagnosed
through optical microscopy by at least two
experienced pathologists in accordance with
the WHO classification of tumors. We used the
blind method, in which both pathologists were
unaware of the original diagnosis of the pathol-
ogy. Except for the above process, the samples
were not included in our inclusion criteria.
Informed consent was provided by all of the
recruited patients. This study was approved by
the Institutional Ethics Committee of the First
Affiliated Hospital of Shihezi University School
of Medicine and was conducted in accordance
with the ethical guidelines of the Declaration of
Helsinki.
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Cell lines and transfection

We used five cell lines: three RMS cell lines,
namely, RD (ERMS), RH30 (ARMS), and PLA802
(ARMS); human embryonal kidney (HEK) 293
cells; and human skeletal muscle satellite
cells (HSKMSC). The cells were obtained from
Biological Technology Co., Ltd. (Fu Xiang,
Shanghai, China). RD, RH30, PLA802, HSk-
MSC, and HEK 293 cells were maintained in
Dulbecco’s modified Eagle’s medium (DMEM,
Gibco) supplied with 10% fetal bovine serum
(FBS) (Gibco), 100 U/mL penicillin (Sigma), and
100 mg/mL streptomycin (Sigma). All cells
were pollution-free and cultured in a humidified
5% CO, atmosphere at 37°C. Mir-29a/b/c
and control miRNA (miR-control) plasmids,
3’-untranslated regions (3’'UTR) of wild-type
human GEFT [3’UTR-GEFT-WT, GenBank-ID:
NM-182947-3utr (mir-29a/b/c)], mutant-type
GEFT [3'UTR-GEFT-MUT, GenBank-ID: NM-18-
2947-3utr (mir-29a/b/c)-mut] plasmids, and
pRL-TK Renilla plasmid were designed and
synthesized by Genechem (Shanghai, China).
An endo-free plasmid mini kit (Omega, USA, No.
D6950-01) was used to extract the plasmids.
Mir-29a/b/c mimic oligoribonucleotides were
purchased from Genepharma (Shanghai, P.R.
China). The RMS cells were transiently trans-
fected with Lipofectamine 2000 (Invitrogen) for
48 h in accordance with the manufacturer’s
protocol.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR) detection

Total RNA was isolated from the paraffin-
embedded tissues and cell lines by using the
miRNeasy FFPE kit and miRNeasy mini Kit
(Qiagen, Hilden, Germany, No. 217504 and

Am J Transl Res 2020;12(3):1136-1154



MicroRNA-29 family regulates the occurrence of rhabdomyosarcoma by GEFT

Table 2. Mir-29 expression in various types of tumors

Tumor Types Author Level Target Gene
Lung cancer Volinia S [28] Down
Fabbri M [29] Down DNMT3A/3B
Morita S [30] Down TET1, TDG
Barkley LR [31] Down Cdc7, Dbf4
Qu H[32] Down PMP22
Mizuno K [33] Down LOXL2
Breast cancer Gebeshuber CA [34] Up TTP
Parpart S [35] Down Bcl-2, Mcl-1
Down ADAM12-L
Zolkiewska A [36] Down ADAM12-L
Duhachek-Muggy S [37] Down KLF4
Cittelly DM [38] Down NMI
Zhang [39] Down CcDC42
Liver cancer Fang JH [40] Down MMP-2
Lin [41] Down TET1
Xing TJ [42] Down
Stomach cancer Gong J [43] Down CCND2, MMP-2
Wang D [44] Down
Glioblastoma Cortez MA [45] Down PDPN
Xu H [46] Down B7-H3
Prostate cancer Peng Ru [47] Down
Nishikawa [48] Down LAMC1
Mantle cell lymphoma Dalton WS [49] Down CDK6
Chronic myelogenous leukemia Hassel [50] Down RNase-L
Nasopharyngeal carcinoma Zeng X [51] Down
Esophageal squamous cell cancer Wang JW [52] Down cyclin E
Osteosarcoma Qian JX [53] Down Bcl-2, Mcl-1, E2F1
Cholangiocarcinoma Mott JL [54] Down Mcl-1
Bladder cancer Xu XD [55] Down Bcl-2, Mcl-1
Clear cell renal cell carcinoma Atala A [56] Down LOXL2
Colorectal cancer Fu J [57] Up KLF4
Inoue A [58] Down
Acute myeloid leukemia Han YC [59] Up
Garzon R [60] Up
Melanoma Schmitt MJ [61] Up
Diffuse large B cell ymphoma Fang C [62] Up -
Rhabdomyosarcoma Li L [15] Down CCND2, E2F7
Balkhi MY [63] Down HuR, TNFAIP3

-; Not to mention.

217004) according to the manufacturer’s pro-
tocol. The complementary DNA (cDNA) of
miRNA or mRNA was generated with the miS-
cript Il RT kit (Qiagen, Hilden, Germany, No.
218161). gRT-PCR was performed using the
miScript SYBR Green PCR kit (Qiagen, Hilden,
Germany, No. 218075) or SYBR Green PCR
Master Mix (Qiagen, Hilden, Germany) on a
7500 fast real-time PCR system (Applied
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Biosystems, South San Francisco, CA, USA).
The parameters were set in accordance
with the kit's manual. U6 small RNA (U6)
and glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) mRNA were used as internal
controls. The primer sequences (5-3’') were
as follows: GAPDH-F, ACCCAGAAGACTGTGGAT-
GG; and GAPDH-R, TCTAGACGGCAGGTCAGG-
TC; GEFT-F, AAACTGAGGCAGACAGTGGTC, and
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GEFT-R, TTCAGGTGGCTGCGTCTTAT. mir-29a/
b/c and U6 primers were obtained from
QuantiTect Primer Assays (Qiagen). All reac-
tions were performed in triplicate.

Western blot analysis

Approximately 48 h after transfection in RMS
cells, we used radio-immunoprecipitation as-
say lysis buffer (Solarbio, China) for cell lysis
and protein extraction. The proteins were
separated on sodium dodecyl sulfate-poly-
acrylamide gels, electrotransferred onto po-
lyvinylidene fluoride membranes (Immobilon
0.22 um, Millipore, USA), and immersed in
blocking solution containing 5% nonfat milk
and 0.1% Tween-20 for 1.5 h. After blocking,
the membranes were incubated with GEFT
(1:1000, Abcam, MA, USA, No. Ab127690) or
B-actin (mouse-derived antibody, Zhongshan
JinQiao, Beijing, China, No. IEQA3) at 4°C over-
night. We then added the corresponding sec-
ondary antibodies (Zhongshan JinQiao, Beijing,
China) and incubated the membranes for
another 2 h at room temperature. Detection
was performed by routine Western blot assay
with an enhanced chemiluminescence kit
(Thermo Fisher Scientific). All reactions were
performed in triplicate.

Cell proliferation assays

We used the CCK-8-kit (Dojindo, Japan) to eval-
uate cell proliferation in accordance with the
manufacturer’s protocol. Approximately 0, 24,
48, and 72 h after transfection, we recorded
the absorbance of the solutions at 450 nm. All
reactions were performed in triplicate.

Plate clone formation assay

After the RMS cells were transfected success-
fully at approximately 48 h, we counted 1 x
103 cells and cultivated them in six-well plates
for 2 w. The cells were fixed with 4%
paraformaldehyde for 20 min and stained
with 0.1% crystal violet for 20 min. The num-
ber of colonies was counted after drying the
plate. All reactions were performed in
triplicate.

Cell migration and invasion assays

A 24-well plate containing 8 um pore size cham-
ber inserts (Costar, Corning, USA) was used to
evaluate the migration and invasion of tumor
cells in accordance with the manufacturer’s
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instructions. For the migration assay, 5 x 104
cells transfected for 48 h were seeded in the
upper chamber. For the invasion assay, the
membrane was coated with Matrigel to form a
matrix barrier, and 2 x 10° cells transfected for
48 h were placed in the upper chamber. The
cells in 100 yL of serum-free DMEM medium
were carefully loaded onto each filter insert
(upper chamber), whereas 600 yL of DMEM
medium with 10% FBS was added in each
lower chamber. The cells were incubated at
37°C for 24 and 48 h for the migration and
invasion assays, respectively. The filter inserts
were then removed from the chambers. The
migrated and invaded cells were fixed and
stained with 0.1% crystal violet for 20 min,
counted, and photographed using an inverted
microscope (Olympus, Japan). All reactions
were performed in triplicate.

Apoptosis assay

The apoptosis of mir-29a/b/c was investi-
gated using two methods, namely, terminal
deoxy-nucleotidyl transferase dUTP nick end
labeling (TUNEL, One Step TUNEL Apoptosis
Assay Kit, #C1089; Beyotime, Jiangsu, China)
and flow cytometry analysis (eBioscience,
USA). We evaluated the apoptosis in RMS cells
48 h after transfection. For the TUNEL assay,
the cells were treated with 4% paraform phos-
phate buffer saline, rinsed with phosphate-
buffered saline (PBS), permeabilized by 0.1%
Triton X-100 for 5 min, and incubated at 37°C
for 1 h following the manufacturer’s protocol.
Fluorescence microscopy with 488 nm excita-
tion and 530 nm emission was used to detect
positive cells. Red fluorescence was defined as
positive apoptotic cells. For flow cytometry an-
alysis, the cells were rinsed with prechilled
PBS, digested, and counted. Approximately 1 x
1068 cells were placed in a tube and added with
5 uL of annexin V-APC and 10 pL of 7-AAD
according to the manufacturer’s instructions.
Flow cytometry analysis was conducted to
detect apoptosis. All reactions were performed
in triplicate.

Wound-healing assay

About 48 h after transfection in six-well plates,
we drew a trace on the cell surface with a ster-
ile pipette. We then obtained photographs of
the traces by using a microscope (Olympus,
Japan) 0, 12, and 24 h after scratching. All
reactions were performed in triplicate.
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Luciferase reporter assay

We used HEK 293 cells for the luciferase
reporter assay. The cells were cotransfected
with 0.52 pg of plasmids containing 0.4 ug of
mir-29a/b/c, 0.1 ug of 3’'UTR-GEFT-MUT/WT
of GEFT, and 0.02 pg of pRLTK in Lipo-
fectamine® 2000 Reagent (Invitrogen). App-
roximately 48 h after transfection in the 24-
well plate, the dual-luciferase reporter assay
system (Promega, USA, No. E1910) was used
to measure luciferase activity with Renilla lucif-
erase activity as internal reference. All experi-
ments were performed in triplicate.

RNA immunoprecipitation (RIP)

The cells that were transfected successfully
were added with 5 yg of Ago2 antibody, and
RIP was conducted using the Magna RIP kit
(Millipore) according to the manufacturer’s
instructions. GEFT mRNA was analyzed by qRT-
PCR to detect the interaction with mir-29a/b/c.
All reactions were performed in triplicate.

Mouse xenografts

The mir-29a overexpressed RD cells were inoc-
ulated under the skin of the right side of 12
nude mice in the two groups (BALB/c nude
mice, female, aged 4 weeks, 13-17 g in weight).
The size of the samples met the requirements
of the basic experiment and had a certain rep-
resentativeness. The experimental and control
groups were randomly assigned. Tumor forma-
tion was observed on the 9th day. The diameter
of the tumor was measured every 2 days. The
tumor volume was calculated, and the tumor
growth curve was plotted. The body weight of
nude mice was recorded. The tumor was
removed and weighed on the 16th day of inocu-
lation. The size of the nude mice after tumor
formation was measured by persons unrelated
to this experiment in accordance with the blind
method principle.

Statistical analysis

SPSS 22.0 software was used for all statistical
analyses. Student’'s t-test was employed to
determine significant differences between the
two groups. All results were presented as mean
+ standard deviation and met the assumptions
of the tests. No estimate of variation was calcu-
lated within each group of data. p values < 0.05
were considered statistically significant. All fig-
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ures were drawn using GraphPad Prism 7.0
(GraphPad Software, CA, USA).

Results

Mir-29 is downregulated in RMS tissues and
cell lines

We reviewed the literature [15, 63] and found
that mir-29 was underexpressed in RMS. We
measured mir-29 (mir-29a, mir-29b, and mir-
29c¢) expression in paraffin-embedded tissues
and RMS cell lines. Mir-29a, mir-29b, and mir-
29c were detected in 15, 14, and 16 tumors
and nine, six, and nine normal striated muscle
tissues and 4 cell lines, respectively (Figure 1A
and 1B).

Mir-29 inhibits the proliferation, invasion, and
migration in RMS cells

Although mir-29 (mir-29a, mir-29b, and mir-29c¢)
was underexpressed in the samples we detect-
ed for RMS, its corresponding biological role is
unknown. To clarify the function of mir-29 (mir-
29a, mir-29b, and mir-29c), we transfected
their mimics into RMS cells (RD, RH30, and
PLA802) and detected miRNA expression via
gRT-PCR. All miRNAs were overexpressed in the
tested cell lines (Figure 2A). Experiments were
performed to analyze the proliferative effects
of mir-29 (mir-29a, mir-29b, and mir-29c¢) on
RMS cells (RD, RH30, and PLA802). Plate clone
formation assay revealed that mir-29 overex-
pression inhibited the proliferation of these
three lines (Figure 2B). CCK-8 assay obtained
the same results (Figure 2C). Therefore, mir-29
could inhibit the proliferation of RMS cells. We
used Transwell models to analyze the invasion
and migration abilities of RMS cells transfected
with mir-29 (mir-29a, mir-29b, and mir-29c).
Decreased numbers of invasive and migratory
cells were found after transfection (Figure 2D
and 2E). Wound-healing assay also indicated
that mir-29 (mir-29a, mir-29b, and mir-29¢)
reduces the percentage of wound closure
(Figure 2F and Supplementary Figures 1, 2, 3).

Mir-29 promotes apoptosis in RMS cells

After transfecting the mimics at approximately
48 h, we performed TUNEL and flow cytometry
analyses to evaluate apoptosis. As shown in
Figure 3A, the number of positive apoptotic
cells overexpressing mir-29 (mir-29a, mir-29b,
and mir-29c¢) increased compared with that in
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according to Student’s t-test.
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the control. Flow cytometry analysis demon-
strated the same result (Figure 3B).

GEFT is targeted by mir-29

We used Targetscan (http://www.targetscan.
org/vert_71) and miRanda (http://miranda.org.
uk/) to predict the target gene of mir-29 (mir-
29a, mir-29b, and mir-29c¢), and the identified
gene is GEFT (Figure 4A). To validate the bioin-
formatics approach, we used RIP assay and
showed that mir-29a, mir-29b, and mir-29¢
directly repress GEFT (Figure 4B). Luciferase
reporter assay results also showed that mir-29
(mir-29a, mir-29b, and mir-29c¢) likely suppress
the luciferase activity of 3'UTR-GEFT-WT (P =
0.044) (Figure 4C).

Mir-29 overexpression inhibits GEFT levels at
mRNA and protein levels

We verified the expression level of GEFT in RMS
tissues. Samples from clinical trials were used
in the experiment to measure the mRNA ex-
pression of GEFT, and high levels of expression
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were found (Figure 5A). A negative correlation
was found between mir-29 (mir-29a, mir-29b,
and mir-29c¢) level and GEFT mRNA expression
in RMS tissues (Figure 5B). We also detected
the mRNA and protein expression of GEFT when
mir-29 (mir-29a, mir-29b and mir-29¢c) was
exogenously upregulated and found that mir-29
(mir-29a, mir-29b, and mir-29c¢) overexpression
could suppress the expression of GEFT mRNA
(Figure 5C) and protein (Figure 5D) in cell lines.

Mir-29 mediates GEFT to restrain the biologi-
cal functions in RMS cell

To verify whether the biological function of mir-
29 on RMS cell tumorigenesis is mediated by
GEFT, we employed cells stably overexpressing
GEFT. Western blot was performed to verify the
success of this approach (Supplementary
Figure 4A). After transfecting the mir-29 (mir-
29a, mir-29b, and mir-29¢) mimics into the two
cell lines (RD and RH30), GEFT protein was
detected by Western blot. Mir-29 (mir-29a, mir-
29b, and mir-29c¢) overexpression reversed the

Am J Transl Res 2020;12(3):1136-1154
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Figure 5. Mir-29 overexpression inhibits GEFT levels at mRNA and protein levels. A. The relative expression of GEFT
in RMS tissues was measured by qRT-PCR. B. The correlation analysis of mir-29 and GEFT mRNA in RMS tissues was
performed via Spearman’s correlation analysis. C. The expression levels of GEFT mRNA in RD, RH30, and PLA802
after treatment with mir-29 mimics were measured by qRT-PCR. D. The expression levels of GEFT protein in RD,
RH30, and PLA8O2 after treatment with mir-29 mimics were measured by Western blot. *P < 0.05 and **P < 0.01

according to Student’s t-test.

expression of GEFT protein in GEFT/vehicle-RD
and GEFT/vehicle-RH30 cells (Supplementary
Figure 4B). We applied CCK-8 assay and found
that the optical density in the group treated
with both mir-29a and GEFT at the same time
was higher than that in the group treated with
mir-29a alone but lower than that in the group
treated with GEFT alone (Figure 6A). Plate
clone formation assay revealed similar results
(Figure 6B). We thus believe that mir-29a could
reduce the effect of GEFT on the proliferation of
RMS cells. Transwell system assay was used to
assess cell invasion and migration. The num-
bers of invasive cells in the group treated with
both mir-29a and GEFT were higher than those
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in the group treated with mir-29a alone but
lower than those in the group treated with GEFT
alone (Figure 6C). Moreover, the number of
migrated cells increased in the group treated
with GEFT alone and decreased in the group
treated with mir-29a alone compared with that
in the group treated with both mir-29a and
GEFT (Figure 6E). Wound-healing assay
revealed similar results (Figure 6D and
Supplementary Figure 5). Finally, TUNEL stain-
ing and flow cytometry analyses showed that
the apoptosis rate increased in the group treat-
ed with GEFT alone and decreased in the group
treated with mir-29a alone compared with that
in the group treated with both mir-29a and

Am J Transl Res 2020;12(3):1136-1154
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Figure 6. Mir-29a mediates GEFT to restrain the biological functions in RMS cell. A. The proliferative abilities of
RMS cells (RD and RH30) transfected with mir-29a and GEFT were determined through CCK8 assay. B. The number
of colonies of RMS cells (RD and RH30) transfected with mir-29a and GEFT were determined through cell cloning
experiment. C. Transwell systems were used to detect the effect of invasion in RMS cells (RD and RH30) after being
transfected with mir-29a and GEFT. D. The healing ability was detected to determine the effect of migration in RMS
cells (RD and RH30) after being transfected with mir-29a and GEFT. E. Transwell systems were used to detect the ef-
fect of migration in RMS cells (RD and RH30) after being transfected with mir-29a and GEFT. F. The results of RD and
RH30 cell apoptosis after treatment with mir-29a and GEFT by TUNEL analysis. *P < 0.05, **P < 0.01, and ***P <
0.001 according to Student’s t-test. (D mir-29a+Vehicle, @ mir-NC+Vehicle, @ mir-29a+GEFT, and @ mir-NC+GEFT.
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Figure 7. Mir-29a inhibits the tumorigenesis of subcutaneous xenograft in nude mice. A. Comparison of tumor vol-
ume and weight in mice treated with RD cells overexpressing mir-29a in the control groups. B. Western blot results
revealed that the GEFT protein expression with subcutaneous xenograft in nude mice treated with RD cells overex-
pressing mir-29a and the control group. C. The mechanism of mir-29 targeting GEFT to affect proliferation, invasion,
migration, and apoptosis of rhabdomyosarcoma. *P < 0.05 according to Student’s t-test.

GEFT (Figure 6F). Similar results were observed
with  mir-29b and mir-29¢ (Supplementary
29a, mir—29_b,;na mF29c) could attenuate the
effect of GEFT on the migration, invasion, and
apoptosis of RMS cells.

Mir-29a inhibits the tumorigenesis of subcuta-
neous xenograft in nude mice

Our studies revealed that the mir-29a expres-
sion level in RMS cells and tissues and its
effect on some biological behaviors in cells are
more obvious than the mir-29b/c expression
level. Therefore, we constructed a tumor forma-
tion model in nude mice to explore the role of
mir-29a further. We inoculated the constructed
mir-29a-overexpressing RD cells into the right
armpit of nude mice to observe the effect of
this molecule on the tumorigenic ability of the
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xenografts and then detected GEFT expression
in the transplanted tumor tissues. The weights
of solid tumors in the inoculated group were
significantly smaller than those in the control
group (Figure 7A). Western blot revealed that
the expression level of GEFT protein in the
xenograft tumors of the mir-29a-overexpress-
ing RD cell group was lower than that in the
control group (Figure 7B). The role of mir-29a in
xenograft tumors in nude mice provides further
evidence that the mir-29 family includes tumor
suppressor genes targeting GEFT.

Discussion

In this study, we mainly explored the functional
significance of the mir-29 family, which is com-
posed of mir-29a, mir-29b, and mir-29¢. Mir-
29b includes two subfamily members, namely,
mir-29b-1 and mir-29b-2, in which mir-29b-1/

Am J Transl Res 2020;12(3):1136-1154
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mir-29a and mir-29b-2/mir-29¢ are located at
chromosomes 1g32.2 and 7q32.3, respe-
ctively. Mir-29 is involved in the regulation of
various normal physiological activities of the
body, such as insulin secretion and cell aging
[64, 65]. A recent study reported the presence
of mir-29 in RMS [15] and its promotion of
skeletal muscle cell differentiation [17]. Mir-
29 is induced in a nuclear factor kappa B
(NF-kB)-dependent manner in the absence of a
myogene and promotes skeletal muscle differ-
entiation [66]. NF-kB activation in RMS leads to
the overexpression of YY1, which interacts with
EZH2, thereby downregulating mir-29b/mir-29¢
and suppressing myogenesis [66]. YY1 recruits
EZH2 to a specific site of the mir-29b/mir-29¢
promoter that is different from that used during
the expansion of normal myoblasts. The mir-29
pathways in RMS may depend on the effects of
mMiRNAs on the expression of Pax3 and proteins
regulating the cell cycle, such as CCND2 [15].
Mir-29 also targets the cell cycle regulator E2F7
and regulates cell proliferation [67]. Therefore,
mir-29 does affect the occurrence and develop-
ment of RMS.

To date, the term “epi-miRNAs” is proposed to
represent a class of specific tumor suppressor
miRNAs that can reduce the expression of epi-
genetic enzymes and affect the expression of
tumor suppressor genes [68]. Mir-29b is an
epi-miRNA that can target DNA methyltransfer-
ase (DNMTs) and/or regulate members of the
DNA demethylation pathway, leading to overall
downregulation of DNA methylation in malig-
nant tumor cells [68]. Mir-29b overexpression
in acute leukemia cells inhibits the mRNA and
protein expression levels of DNMT1, DNMT3B,
and DNMT3A. Mir-29b can also target Spl
and inhibit DNMT1, leading to downregulation
of DNA methylation in malignant tumor cells
and deletion of the expression of the tumor
suppressor gene pl5 (INK4b) and ESR1 [69].
The abnormal expression of mir-29 regulates
the cell cycle and inhibits apoptosis and DNA
methylation in Burkitt's lymphoma. Mir-29
methylation-mediated epigenetic silencing may
also occur in Burkitt’s lymphoma [70]. Further
research must seek to determine whether mir-
29 is also methylated in RMS.

GEFT is the target gene of mir-29 that we pre-
dicted and verified. It is also called ARHGEF25
or p63RhoGEF and is located on chromosome
12g13.3 and belongs to the Rho guanine nucle-
otide exchange factor (GEF) family [71, 72].
GEFT can catalyze Rho GTPases and activate
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the bound guanosine diphosphates for guano-
sine triphosphates on Rho proteins, thereby
activating these proteins and their downstream
targets [73, 74]. In our previous study on RMS,
we conducted high-resolution array compara-
tive genomic hybridization and found that GEFT
overexpression is related to the degree of
tumor differentiation. GEFT overexpression in
RMS tissues is correlated with poor prognosis
[75, 76]. The gene may function as an onco-
gene [75].

In summary, the present work successfully
demonstrated that mir-29 targets GEFT to
inhibit the proliferation, migration, invasion,
and apoptosis of RMS cells (Figure 7C). The
results provide a preliminary basis for studies
on RMS at the miRNA level and subsequent
related research. This study is the first to
report that mir-29 targets GEFT expression
and is necessary to inhibit the proliferation,
migration, invasion, and promote apoptosis of
RMS cells. Mir-29 overexpression can effe-
ctively destroy the biological behavior of RMS
cells. Our research also provides a basis for fur-
ther research on the diagnosis and treatment
of RMS using mir-29 and GEFT as targets.
Further studies must be conducted to deter-
mine the mechanism of maladjustment of mir-
29 expression in RMS. A larger sample size
must be employed to determine the effect of
mir-29 on RMS. Whether Mir-29a/b/c elicits the
observed biological behavior by directly acting
on GEFT and its effect on the pathogenesis of
RMS must be explored deeply.

Conclusions

We elucidated a new mechanism of RMS patho-
genesis. Our data demonstrated the targeting
effect of mir-29a/b/c on the GEFT-regulated
proliferation, migration, invasion, and apopto-
sis of RMS cells. Mir-29a/b/c, as a tumor sup-
pressor gene, may provide a new basis for the
targeted treatment and evaluation of the prog-
nosis of RMS.
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Supplementary Figure 1. Comparison between the cell scratch test and discounting diagram of mir-29a overex-
pression with control in (A) RH 30, (B) RD, and (C) PLA 802 cell lines. *P < 0.05, **P < 0.01, and ***P < 0.001
according to Student’s t-test.
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Supplementary Figure 2. Comparison between the cell scratch test and discounting diagram of mir-29b overex-
pression with control in (A) RH 30, (B) RD, and (C) PLA 802 cell lines. *P < 0.05, **P < 0.01, and ***P < 0.001
according to Student’s t-test.
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Supplementary Figure 3. Comparison between the cell scratch test and discounting diagram of mir-29¢ overexpres-
sion with control in (A) RH 30, (B) RD, and (C) PLA 802 cell lines. *P < 0.05, **P < 0.01, and ***P < 0.001 accord-
ing to Student’s t-test.
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Supplementary Figure 4. A. Western blot was used to verify the GEFT protein in the cells stably overexpressing
GEFT. B. GEFT protein was detected by Western blot after transfection with mir-29a/b/c+vehicle, mir-NC+vehicle,
mir-29a/b/c+GEFT, and mir-NC+GEFT into the two cell lines (RD and RH30). *P < 0.05 according to Student’s t-test.
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Supplementary Figure 5. Comparison between the cell scratch test and discounting diagram after treatment with
mir-29a and GEFT in (A) RH 30 and (B) RD cell lines. (D mir-29a+vehicle, @ mir-NC+vehicle, @ mir-29a+GEFT, and
@ mir-NC+GEFT). *P < 0.05, **P < 0.01, and ***P < 0.001 according to Student’s t-test.
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Supplementary Figure 6. A. The proliferative abilities of RMS cells (RD and RH30) transfected with mir-29b and
GEFT were determined through CCK8 assay. B. The number of colonies of RMS cells (RD and RH30) transfected with
mir-29b and GEFT was determined ((D mir-29b+vehicle, @ mir-NC+vehicle, @ mir-29bGEFT, and @ mir-NC+GEFT)
through cell cloning experiments. C. The proliferative abilities of RMS cells (RD and RH30) transfected with mir-29¢
and GEFT were determined through CCK8 assay. D. The number of colonies of RMS cells (RD and RH30) transfected
with mir-29¢ and GEFT was determined (D mir-29c+vehicle, @ mir-NC+vehicle, @ mir-29¢c+GEFT, and @ mir-
NC+GEFT) through cell cloning experiments. *P < 0.05, **P < 0.01, and ***P < 0.001 according to Student’s t-test.
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Supplementary Figure 7. A. Transwell systems were used to detect the effect of invasion in RMS cells (RD and RH30) after transfection with mir-29b and GEFT (D
mir-29b+vehicle, @ mir-NC+vehicle, @ mir-29b+GEFT, and @ mir-NC+GEFT). B. The healing ability was detected to determine the effect of migration in RMS cells
(RD and RH30) after transfection with mir-29b and GEFT. C. Transwell systems were used to detect the effect of invasion in RMS cells (RD and RH30) after transfec-
tion with mir-29c and GEFT (D mir-29c+vehicle, @ mir-NC+vehicle, @ mir-29¢+GEFT, and @ mir-NC+GEFT). D. The healing ability was detected to determine the
effect of migration in RMS cells (RD and RH30) after transfection with mir-29¢ and GEFT. *P < 0.05, **P < 0.01, and ***P < 0.001 according to Student’s t-test.

RH30

(B 5 .

y 4\;‘!_‘-..“.""‘,".,.:% i

’.:"ﬂ_.n

- 900 o . J"‘ . wl |

E o *'"—..._'r 4 "., oy M Zs: 3 200+ -
2300 H Sy ’ 151 - . B
g 200- % L) B

& 100, E 5

h= =

= 0- - nd

© 2@ 6 @

* -
0 A P .;* * ‘P&J 400 1
’ " Wy . = T

3 G ey 37 =
5 150 15" 5,«::;&‘- W as® 300 =
% s e, ‘_-“\‘-;};'_' #ﬁ E;
B 100 AE D a0 TiE 8 2004
[ f— . (=
£ > o - B S
2 5 % 100
2 k=2
£ = gl

O © 6 @ ©® @ @ @

Supplementary Figure 8. A. Transwell systems were used to detect the effect of migration in RMS cells (RD and RH30) after transfection with mir-29b and GEFT
(@ mir-29b+vehicle, @ mir-NC+vehicle, @ mir-29b+GEFT, and @ mir-NC+GEFT). B. Transwell systems were used to detect the effect of migration in RMS cells (RD
and RH30) after transfection with mir-29¢ and GEFT ((D mir-29c+vehicle, @ mir-NC+vehicle, @ mir-29¢c+GEFT, and @ mir-NC+GEFT). *P < 0.05, **P < 0.01, and
**%pP < (0.001 according to Student’s t-test.
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Supplementary Figure 9. A. The apoptosis of RD and RH30 cells after treatment with mir-29b and GEFT was de-
termined (D mir-29b+vehicle, @ mir-NC+vehicle, @) mir-29b+GEFT, and @ mir-NC+GEFT). B. The apoptosis of RD
and RH30 cells after treatment with mir-29c and GEFT was determined (D mir-29c+vehicle, @ mir-NC+vehicle,
(3 Mir-29¢c+GEFT, and @ mir-NC+GEFT). *P < 0.05, **P < 0.01, and ***P < 0.001 according to Student’s t-test.
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Supplementary Figure 10. Comparison between the cell scratch test and discounting diagram after treatment with
mir-29b and GEFT in (A) RH 30 and (B) RD cell lines. (D mir-29b+vehicle, @ mir-NC+vehicle, @) mir-29b+GEFT, and
@ mir-NC+GEFT). *P < 0.05, **P < 0.01, and ***P < 0.001 according to Student’s t-test.
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Supplementary Figure 11. Comparison between the cell scratch test and discounting diagram after treatment with
mir-29¢ and GEFT in (A) RH 30 and (B) RD cell lines. (D mir-29c+vehicle, @ mir-NC+vehicle, 3 mir-29¢c+GEFT, and
@ mir-NC+GEFT). *P < 0.05, **P < 0.01, and ***P < 0.001 according to Student’s t-test.
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