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ACTAT is inhibited by PAX3-FOXOT 2

through RhoA-MKL1-SRF signaling
pathway and impairs cell proliferation,
migration and tumor growth in Alveolar
Rhabdomyosarcoma

Qiande Hu'", Liang Zhu?, Yuan Li', Jianjun Zhou'" and Jun Xu®'

Abstract

Background: Alveolar Rhabdomyosarcoma (ARMS) is a pediatric malignant soft tissue tumor with skeletal muscle
phenotype. Little work about skeletal muscle proteins in ARMS was reported. PAX3-FOXO1 is a specific fusion gene
generated from the chromosomal translocation t (2;13) (g35; g14) in most ARMS. ACTAT is the skeletal muscle alpha
actin gene whose transcript was detected in ARMS. However, ACTAT expression and regulation in ARMS have not
been well investigated. This work aims to explore the expression, regulation and potential role of ACTAT in ARMS.

Results: ACTAT protein was detected in the studied RH30, RH4 and RH41 ARMS cells. ACTAT was found to be inhib-
ited by PAX3-FOXOT at transcription and protein levels by employing western blot, luciferase reporter, gRT-PCR and
immunofluorescence assays. The activities of ACTAT gene reporter induced by RhoA, MKL1, SRF, STARS or Cytochalasin
D molecule were reduced in the presence of overexpressed PAX3-FOXO1 protein. CCG-1423 is an inhibitor of RhoA-
MKL1-SRF signaling, we observed there was a synergistic effect between this inhibitor and PAX3-FOXO1 to suppress
ACTAT reporter activity. Furthermore, PAX3-FOXO1 overexpression decreased ACTAT protein level and knockdown of
PAX3-FOXOT by siRNA enhanced ACTAT expression. In addition, both MKL1 and SRF, but not RhoA were also found to
be inhibited by PAX3-FOXO1 gene at protein levels and increased once knockdown of PAX3-FOXO1 expression. The
association between MKL1 and SRF in cells was decreased accordingly with ectopic expression of PAX3-FOXO1. How-
ever, the distribution of MKL1 and SRF in nuclear or cytoplasm fraction was not changed by PAX3-FOXO1 expression.
Finally, we showed that ACTAT overexpression in RH30 cells could inhibit cell proliferation and migration in vitro and
impair tumor growth in vivo compared with the control groups.

Conclusions: ACTAT is inhibited by PAX3-FOXOT at transcription and protein levels through RhoA-MKL1-SRF signaling
L pathway and this inhibition may partially contribute to the tumorigenesis and development of ARMS. Our findings
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improved the understanding of PAX3-FOXO1 in ARMS and provided a potential strategy for the treatment of ARMS in

future.
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Introduction

Rhabdomyosarcoma (RMS) is the most common soft tis-
sue tumor in children and young adults with an incidence
of about six cases per 1,000,000 population per year [1,
2]. Embryonal Rhabdomyosarcoma (ERMS) and Alveo-
lar Rhabdomyosarcoma (ARMS) are the two major mor-
phologic subtypes of RMS characterized on the basis of
their clinical and histopathological features [3, 4]. ERMS
is more common and favorable to treatment than ARMS.
In contrast, ARMS is more aggressive and has a worse
outcome than ERMS. Specifically, most ARMS are char-
acterized by chromosomal translocation of either t (2;
13) (q35; q14) or t (1; 13) (q36; q14), mainly generating
PAX3-FOXOI and PAX7-FOXO1 fusion genes, respec-
tively. These fusion genes encode chimeric proteins
PAX3/7-FOXO1, which consist of the N-terminal DNA-
binding domain of PAX3/7 and the C-terminus of the
transactivation domain of FOXO1 protein [5, 6]. Both
PAX3-FOXO1 and PAX7-FOXO1 are expressed at higher
levels and have more potent transcriptional activities
than the wild types of PAX3/7 proteins in ARMS tumors.
But PAX3-FOXOI is more common accounting for about
55% of ARMS cases than PAX7-FOXOI with 22% of
ARMS and is associated with worse prognosis and lower
overall survival rate in this disease [7-9].

Numerous studies have shown that PAX3-FOXOI is
oncogenic and involved in ARMS tumorigenesis [10—
12]. Exogenous expression of PAX3-FOXOI could cause
the transformation of chicken embryo fibroblast cells
to become enlarged and grow in multiple layers [10].
In the study using immortalized human myoblast, cells
expressing PAX3-FOXO1 protein developed tumor in
immunocompromised mice [11]. Knockdown of PAX3-
FOXO1 expression by siRNA oligonucleotide in ARMS
cells reduced the cell motility, inhibited the rate of cel-
lular proliferation and induced the muscle differentiation
[12]. However, the detailed mechanism of PAX3-FOXO1I
implicated in ARMS tumorigenesis is still not fully
understood.

Skeletal muscle alpha-actin protein (ACTA1), encoded
by ACTA1 gene, belongs to the actin protein family con-
sisting of six isoforms in human [13]. ACTA1 isoform is
the major component in skeletal muscle thin filament of
sarcomere and is essential for force production, muscle
contraction and movement [13, 14]. ACTAI expression is
developmentally and transcriptionally regulated in vivo.

In chicken skeletal muscle, vascular actin (ACTA2) is
the first muscle actin to be expressed in the myotome,
then ACTA2 is downregulated and cardiac actin (ACTC)
expression increases. At the time of birth, cardiac actin
expression is downregulated and ACTA1 expression is
increased and remains the major isoform in adult skeletal
muscle [15, 16]. A similar developmental process occurs
for ACTAI in human skeletal muscle [17, 18]. At the tran-
scriptional level, ACTA1I expression is mainly modulated
by serum response factor (SRF) [19, 20]. SRF is a MADS-
box transcription factor that is highly conserved and
ubiquitously expressed and can regulate muscle-specific
gene expression by binding to the CC(A/T) GG consen-
sus sequence (also called CArG box) within the promoter
region of target genes [21]. SRF controls ACTAI tran-
scription and expression by binding to CArG box and
associating with the coactivator myocardin-related tran-
scription factor A (MRTF-A/MKL1/Mal/BSAC). MKL1
is one member of the MRTF family which consists of
myocardin, MKL1 and MKL2. MKL1 acts as a cofactor to
associate with SRF and stimulate SRF-dependent target
gene transcription. MKL1 activity is modulated by actin
dynamics. MKLL1 is localized to the cytoplasm by directly
binding to monomeric globular-actin (G-actin) through
the N-terminal RPEL domains, but once actin polym-
erization to form filamentous actin (F-actin) occurs in
response to Rho signaling, MKL1 translocalizes into and
accumulates in nucleus, where it activates the transcrip-
tion of SRF target genes such as ACTA1 [22-24].

Being a structural component of skeletal muscle,
ACTAI is also implicated in a variety of muscle diseases.
ACTA1I knockout in mice causes muscle weakness and
death in the early neonatal period [15, 25]. Amino acid
mutations in ACTA1 protein are responsible for the con-
genital myopathies with muscle weakness such as nema-
line myopathy (NM), intranuclear rod myopathy (IRM)
and actin myopathy (AM) [13]. However, few studies
have been reported about the behavior of ACTAI in can-
cer disease, especially in ARMS.

Here, we firstly examined ACTA1 expression and found
that ACTAI was inhibited by PAX3-FOXO1 in ARMS
cells. We later analyzed the detailed mechanism and
showed that RhoA-MKL1-SRF signaling was involved in
this ACTA1 inhibition by PAX3-FOXO1 in ARMS cells.
Finally, we determined the potential role or function of
ACTAI in ARMS and the in vitro and xenograft assays
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showed that ACTAI overexpression could suppress cell
proliferation and tumor growth. Therefore, our data pro-
vide a new insight to further understand the tumorigen-
esis or progression of ARMS and a potential strategy for
ARMS treatment or prognosis in future.

Materials and methods

Cell culture

Human Alveolar Rhabdomyosarcoma cell lines RH30(S]J-
RH30), RH4(SJ-RH4) and RH41(SJ-RH41) were gener-
ously provided by Dr. Grosveld GC (St. Jude Children’s
Research Hospital, USA) and cultured in DMEM
(Hyclone) supplemented with 10% fetal bovine serum,
100 U/ml penicillin, and 100 ug/ml streptomycin at 37 C
in a 5% CO, atmosphere. All these cell lines were authen-
ticated via STR profiling by BCPCA (Beijing, China) and
confirmed by western blot analysis for PAX3-FOXO1
expression. RH30/vector and RH30/ACTA1 (RH30 cells
stably transfected with p CMV-Tag-2B vector or human
ACTAI expression plasmid, respectively) were main-
tained in the same DMEM as untransfected ARMS cells
but supplemented with geneticin (200 pg/ml).

Plasmids and reagents

PAX3-FOXOI1/FKHR expression plasmid was described
previously [26]. Serum response factor (SRF) and RhoA
(Q63L) expression plasmids were from the stock in our
lab. MKL1 expression plasmid was a gift of Dr. Pry-
wes R. (Columbia University, USA). Human STARS
and ACTAI expression plasmids were individually con-
structed by inserting the STARS, ACTA1 ORF (open
reading frame) from RH30 cDNA into p CMV-Tag-2B
(Stratagene) vector at the BamHI and Pstl sites. The
ACTAI reporter plasmid (546ACTA1I) was constructed
by cloning the human ACTAI promoter region (—464
to+ 82 bp) into p Luc-MCS vector (Stratagene) using the
forward primer 5'-tagAGATCTatctgagcaaagaacccgaag-3’
and reverse primer 5'-agtGAGCTCtagctacaactgc-
tactctcgget-3’ (BglII and Sacl sites are shown in upper-
case letters) for PCR amplification. 546ACTAI deletion
mutants were made by PCR amplifications, primers
used: 5'-ataAGATCTcgctagggagacactecata-3' (forward)
for 321ACTAI; 5'-ataAGATCTccaggecgegaaccggecga-3/
(forward) for 224ACTAI and 5'-tatAGATCTcagcga-
cattcctgeggggt-3' (forward) for 158ACTAI. The common
reverse primer for 546ACTAI mutants is 5'-actGAGCTC
ttaccaacagtaccggaatg-3'.

All the constructs were verified by sequencing.
Antibodies used were: anti-ACTA1 (No.17521-1-AP,
Proteintech). anti-FOXO1 (No. 2880, Cell Signaling
Technology). anti-Flag (No. F1804, Sigma). anti-MKL1
(No. HPA030782, Sigma). anti-SRF (No. SC-25290,
Santa Cruz Biotechnology). anti-GAPDH (No.
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ab181602, Abcam). anti-TBP (No. A10185, Abclonal).
anti-a-Tubulin (No. ab28037, Abcam) and anti-SRF
(No. 5147, Cell Signaling Technology). CCG-1423 was
purchased from MedChem Express. Cytochalasin D
was obtained from Gene Operation.

Luciferase reporter assay

Human Alveolar Rhabdomyosarcoma cells RH30, RH4
or RH41 were seeded in 24-well plate at a density of
0.5-1.0 x 10° cells in 0.5 ml DMEM antibiotic-free
growth medium and transiently transfected using lipo-
fectamine 2000 reagent according to the manufacture’s
instruction. A total of 0.35-0.40 ug plasmids DNA per
well with 50 ng reporter, 2 ng renilla luciferase plasmid
(pRL-TK internal control, Promega) and 300-350 ng
PAX3-FKHR or other indicated expression plasmids
were used for each transfection. The empty vector
pcDNA3.1 or pCMV-Tag-2B was used to keep equal
amount of total plasmid in transfection. Cells were
placed in growth medium overnight after transfection
and then serum free-starved (DMEM-0.3%FBS) for
24-36 h before luciferase activity was analyzed. Firefly
luciferase activity was measured using Dual-Luciferase
assay kit (Promega) with a luminometer (Lumat LB
9507, Berthold Technologies) and normalized to renilla
luciferase activity. The activity difference was expressed
as the fold change compared to the activity obtained
from empty vector control that was set as 1. All assays
were performed in duplicate and repeated indepen-
dently at least three times. The error bar indicated the
standard error of the mean (SEM) of the data from
duplicate samples assayed.

Immunofluorescence assay

Cells grown on glass coverslips in 24-well plate were
transiently transfetcted with empty vector, MKL1 and/
or PAX3-FOXOI using Lipofectamine reagent. Cells were
maintained in DMEM-0.3% FBS for 24 h after transfec-
tion. For staining, cells were washed for two times with
PBS and fixed in 4% paraformaldehyde/PBS for 20 min
at room temperature, then blocked with 3% donkey
serum/0.3% Triton X-100/0.05%Tween-20/PBS for 1 h,
followed by incubation with primary antibodies at 4 °C
overnight. Coverslips were subsequently incubated with
Alexa Fluor 488- and/or Alexa Fluor 633-conjugated
donkey anti-mouse or donkey anti-rabbit secondary
antibody (1:1000 dilution, Biotium) for 1 h at room tem-
perature. The nuclear DNA was stained using DAPI in
PBS for 10 min. Cells were observed and imaged under a
Leica TCS sp5 confocal scanning laser microscope (Leica
Laser Technik, GmmbH, Germany).
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Western blot analysis

Cells transfected with increasing amount of PAX3-
FOXO1 expression plasmid were harvested and lysed
in RIPA buffer (Beyotime, Jiangsu, PRC) containing
protease inhibitor cocktail (Thermo scientific) and
1 mM phenylmethylsulfonyl fluoride (PMSF). The cell
lysates were centrifuged at 12,000 rpm for 20 min at 4
C and the protein concentrations were quantified by
BCA assay kit (Beyotime, Jiangsu, PRC). The nuclear
and cytoplasmic proteins from the transfected cells
were obtained by nuclear and cytoplasmic protein
extraction kit according to the manufacturer instruc-
tions (Beyotime, Jiangsu, PRC). A total of 50 to100
ug/lane of proteins were separated by 10% SDS-PAGE
and electroblotted to nitrocellulose or polyvinylidene
difluoride (PVDF) membrane. The membrane was
blocked with 5% non-fat milk-TBST, sequentially
incubated with primary antibody overnight at 4 ‘C
and horseradish peroxidase-conjugated secondary
antibody for 1 h at room temperature. Protein bands
were detected by use of an enhanced chemilumines-
cent substrate (Thermo scientific). The digital chemi-
luminescent images (blot images) were captured by a
GE LAS 4000 chemiluminescence imager. The densi-
ties of protein bands were quantified using the Image]
software.

gRT-PCR analysis

Total RNA was extracted from the RH30 cells trans-
fected with expression plasmids PAX3-FOXO1, MKL1
or both using Trizol reagent following the manufac-
ture’s instruction. One microgram of total RNA was
used for complementary DNA synthesis using Takara
RT-PCR kit (Takara Biotechnology, Dalian, PRC) and
random hexamer primers. mRNA levels were analyzed
by quantitative Real-Time PCR (qRT-PCR) in 20 pl
volume containing 25 to 50 ng cDNA using SYBR Pre-
mix Ex Taq II kit (TaKaRa) and an ABI 7500 Real Time
PCR Detection System (Applied Biosystems). Prim-
ers used for qRT-PCR were: 5'-GGCATTCACGAG
ACCACCTAC-3" (forward) and 5'-CGACATGAC
GTTGTTGGCATAC-3’ (reverse) for ACTAI 5'-CCT
CTCACCTCAGAATTCAATT-3’ (forward) and
5-TCTGGATTGAGCATCCACCAAG-3' (reverse) for
PAX3-FOX0O1 and 5-CTGGGCTACACTGAGCAC
C-3' (forward) and 5- AAGTGGTCGTTGAGGGCA
ATG-3’ (reverse) for GAPDH as an internal control
for normalization. PCR cycling conditions were set to
95 °C for 30 s, followed by 40 cycles at 95 °C for 5 s,
and 60 °C for 34 s. Relative expression level of ACTA-
Iwas calculated according to the comparative 2~ ALcC
method.
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Knockdown of PAX3-FOXO1 by small interfering RNAs
(siRNAs)

The following siRNAs targeting PAX3-FOXOI and non-
targeting control (NTC) were synthesized by Geno-
meditech Co., Ltd (Shanghai, PRC) according to the
sequences described in [12]. The siRNAs SiPF2 (sense:
5'-CCUCUCACCUCAGAAUUCAATAT-3/; antisense:
5'-UGAAUUCUGAGGUGAGAGGATAT-3’) and siPF3
(sense: 5-CUCUCACCUCAGAAUUCAAATAT-3/;
antisense: 5-UUGAAUUCUGAGGUGAGAGATdT-3')
were for PAX3-FOXOI. And the siCON (sense: 5'-CUA
CUAUACCGAUACUCCCATdT-3/; antisense: 5-GGG
AGUAUCGGUAUAGUAGATAT-3’) was used as the
NTC siRNA. The RH41 or RH30 cells were transfected
with siRNAs at a final concentration of 20 nM by lipo-
fectamine 2000 and kept in serum free DMEM for about
60 h, then harvested for protein expression analysis.

CCK-8 cell viability analysis

RH30 cells stably transduced with ACTAI (RH30/
ACTAI) or empty vector (RH30/ vector) were plated
in triplicate in 96-well plate at 2 x 10® /well in 100 ul
DMEM supplemented with 10% FBS and cultured under
normal conditions with a 5% CO, atmosphere at 37 °C.
At different time points (0 h, 12 h, 24 h, 36 h, 48 h and
72 h), cell viability was measured by the Cell Counting
Kit-8 (CCK-8, Sangon Biotech, Shanghai, PRC). The opti-
cal density (OD) value of each well was determined at
450 nm by a microplate reader (SpectraMax M5, Molec-
ular Devices).

In vitro wound healing assay

Stable cell line RH30/ACTAI or control RH30/ vec-
tor was seeded in 6-well plate at about 3 x 10° cells per
well in DMEM growth medium. When the cells grew to
90% confluence and formed monolayer, a scratch was
made to across the center of the well with a 200 pl sterile
pipette tip. The cells were gently washed twice with PBS
to remove the floating cells and incubated in serum-free
DMEM for 24—48 h. The movements of the cells into the
scratch were photographed on a microscope at 0 h, 24 h
and 48 h, respectively. The average migration distance
was measured using Image] software.

Transwell migration assay

The in vitro transwell migration was performed by cul-
turing the stable cell line Rh30/ACTAI or RH30/vector
control into the upper insert chamber in 24-well plate
(filter with 8-pm pore, Corning Costar, MA, USA) at
4 x 10* cells in 200 ul serum free DMEM medium. 600
ul DMEM with 20% FBS was added to the lower cham-
ber. After 36-48 h incubation at 37 ‘C, cells remaining
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in the upper chamber were removed by cotton swab
and cells that migrate onto the lower surface of the fil-
ter were fixed with 4% with paraformaldehyde (PFA),
stained with 0.3% crystal violet for 30 min and counted
in 3-5 different fields under an inverted microscope
(100 x magnification).

In vivo tumor growth assay

Tumor growth assay was performed using 5—8-week-old
male athymic BALB/c mice purchased from Shanghai
Slac Laboratory Animal Co. Ltd. (Shanghai, PRC). The
mice were maintained in a specific pathogen-free animal
care facility at the Tongji University Animal Experimental
Center. Briefly, RH30/vector control and RH30/ACTAI
stable cells were trypsinized, counted and resuspended
in PBS. Then 2 x 10° cells in 200 ul PBS were subcuta-
neously injected into the hind limbs of the mice. Total
ten mice were used, and each was injected with RH30/
vector control in the left flank and RH30/ACTAI in the
right flank of hind legs, respectively. Tumor growth was
monitored every other day and the tumor dimension
was measured using a digital caliper two times a week.
The tumor volume was calculated according to the for-
mula V=0.52 x L x W? where the L and W represent the
length and width of the tumor, respectively. At the end of
the experiment, the mice were sacrificed and the tumors
were harvested, frozen and stored at — 80 °C for further
analysis. All the mouse work was carried out according to
the protocols approved by the Committee on the Ethics
of Animal Experiments of Tongji University.

Tumor immunohistochemistry analysis

These frozen sections from xenograft tumor samples
derived from RH30/vector and RH30/ACTA1 cells were
cut in 7-15 pm thick by a cryostat microbiotom and ana-
lysed by immunohistochemistry following the standard
IHC staining procedures. The antibodies used for stain-
ing were Ki67 (ER1706-46, 1:400, Hubio, PRC) and Flag
(0912-3, 1:50, Hubio, PRC). H&E staining was used to
assess cell morphology. The stained slides were imaged
and evaluated by the experienced pathologists at Shang-
hai East Hospital and the Service Center in Huabio Com-
pany, respectively.

Statistical analysis

Experiments were repeated at least three times and data
were expressed as mean = SEM. Difference between two
groups was analyzed by two-tailed Student’s t test. Dif-
ference with P < 0.05 (*) or P < 0.01 (**) was considered
statistically significant.
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Results

Protein expression of ACTAT in Alveolar
Rhabdomyosarcoma (ARMS) cells

ACTAI is a very conserved gene encoding a protein with
high identical amino acid sequence from rice to human
[13]. Although ACTAI transcript had been described in
some RMS tumor samples [28], little work was paid atten-
tion to its protein expression and regulation in ARMS
cells. By western blot analysis, we defined the expres-
sion of ACTA1 protein in ARMS cell lines and showed
the difference among them to a certain extent (Fig. 1a,
left and middle). ACTA1 protein appeared expressed
at relative higher levels in RH4 and RH41 cells than
that in RH30 cells with lower expression. mRNA levels
determined by quantitative RT-PCR exhibited a similar
expression pattern to that of ACTA1 proteins in ARMS
cell lines (Fig. 1a, right). Due to the lack of information
about ACTAI in Rhabdomyosarcoma in public database,
we analyzed the expression of ACTAI in related Sarcoma
which usually includes Rhabdomyosarcoma, liposarcoma
and so on based on the TCGA dataset using the online
UALCAN program (http://ualcan.path.uab.edu) [27]. As
indicated in Fig. 1b, ACTAI transcript is significantly
decreased in primary tumor compared to normal tissue
(p=1.25E-02), despite the low number of normal sam-
ples used. Obviously, patients with higher ACTAI expres-
sion displays a little increase in the 3- or 5-year survival
probability compared to those with lower expression,
even though the p-value (p=0.72) shown in the graph is
not significantly over the 10 years of time course (Fig. 1c).
These analyses still suggested that there may be a certain
link between ARMS and the lower ACTA1 expression.

ACTA1 is inhibited by PAX3-FOXOT1 at transcriptional

and translational levels in ARMS cells

PAX3-FOXOI is a specific fusion gene and codes for a
transcription factor in ARMS. To assess the possible reg-
ulation of ACTAI by PAX3-FOXO1 in ARMS cells, we
cloned the promoter region of ACTAI into pLuc-MCS
vector to obtain the human ACTAI reporter (546ACTAI)
and cotransfected the RH30 cells, together with renilla
luciferase control and increasing amounts of PAX3-
FOXO1 expression plasmid. Following 24 to 36 h serum
free starvation, the luciferase activity of ACTAI reporter
was measured using the dual-luciferase reporter sys-
tem. The results indicated that PAX3-FOXOI decreased
the ACTAI promoter activity in a dose dependent man-
ner compared with the empty vector expression plasmid
(Fig. 2a, left). In the same transfections of RH30 cells but
replaced the 546ACTA1I reporter with pLuc-MCS con-
trol reporter plasmid, the luciferase activity was not any
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changed significantly by PAX3-FOXOI in comparison to
the empty vector control (Fig. 2a, left). The protein levels
of total PAX3-FOXO1 expressed were also detected by
Western blot to be gradually increased in the RH30 trans-
fections with different amount of PAX3-FOXO1 plasmid
(Fig. 2a, right). This inhibition of ACTA1 reporter activity
was also observed in other Alveolar Rhabdomyosarcoma
cell lines such as RH41 and RH4 cells (Fig. 2b). Consist-
ent with the reporter activity, the mRNA level of ACTAI
in RH30 cells with overexpressed PAX3-FOXO1 protein
was also shown to be decreased by qRT-PCR analysis
(Fig. 2¢).

To further describe this inhibition of ACTAI by the
fusion gene PAX3-FOXOI, we transiently transfected
RH4 cells with various amount of PAX3-FOXOI expres-
sion plasmid. The cells were serum free-starved for 48 h

after transfection and harvested to detect the ACTAl
protein levels using western blot. As shown in Fig. 2d,
ACTA1 expression (at protein level) in RH4 cells were
gradually decreased or inhibited with increasing amounts
of PAX3-FOXOI expression plasmid used, suggesting
that PAX3-FOXO1 could negatively control the protein
expression of ACTAI gene in RH4 cells. Meanwhile, the
immunofluorescence analysis in RH4 cells more directly
showed the reduction of ACTAI expression regulated by
PAX3-FOXOI gene (Fig. 2e). In addition, we transfected
RH4 cells by use of the siRNA duplex specifically against
PAX3-FOXOI gene and measured the ACTAI expression.
Data in Fig. 2f showed that knockdown of PAX3-FOXO1I
drastically enhances ACTAI expression at protein levels.
These data above strongly demonstrated that ACTAI is
inhibited by PAX3-FOXOI in the ARMS cells.
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Fig.2 ACTAT is dovvnregulated by PAX3-FOXO1 fusion gene. a Luciferase activity of human ACTAT gene reporter (546ACTAT) is inhibited by
PAX3-FOXO1 in RH30 cells. Left: pLuc-MCS or 546ACTAT reporter cotransfected RH30 cells in 24-well plate with internal control pRL-TK and
increasing amounts of PAX3-FOXOT expression plasmid (0, 50, 100, 300 ng). Cells were maintained in DMEM-0.3% FBS-1% P/S for 24-36 h after
transfection. Firefly luciferase activity was measured and normalized to Renilla luciferase activty. The reporter activity from the empty expression
vector was set to one. Right: Representative assay of PAX3-FOXO1 protein levels by western blot in reporter transfections. b Luciferase activity of
human ACTAT gene reporter (546ACTAT) was repressed by PAX3-FOXOT fusion gene in RH4 and RH41 cell lines. 546ACTAT reporter was cotransfected
with pRL-TK and increasing amounts of PAX3-FOXO1 expression plasmid (0, 50, 100, 300 ng) into RH4 or RH41 cells. Assay of luciferase activity

was performed as in (a). ¢ MRNA expression of ACTAT in PAX3-FOXO1 overexpressed RH30 cells by gRT-PCR. ACTAT expression was normalized to
human GAPDH levels. Bars represent the mean £ SEM. d ACTA1 protein expression in RH4 cells transfected with increasing amount of PAX3-FOXO1
plasmid. Left: ACTA1 expression levels were assayed by western blot analysis. Right: the relative expression of ACTA1 protein shown on the left. e.
Immunofluorescence analysis of ACTA1 expression in RH4 cells with overexpressed PAX3-FOXO1 protein. ACTA1 expression (green), detected to
be primarily localized in cytoplasm, was obviously decreased in cells with ectopic PAX3-FOXO1 protein expression. f Knockdown of PAX3-FOXO1
by siRNA oligonucleotides (siPF2, siPF3) increased ACTA1 expression through western blotting. Left: Protein levels of ACTA1 and PAX3-FOXO1
expression assayed by western blot analysis. Right: the quantitative analyses of ACTA1 and PAX3-FOXO1 proteins shown on the left
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PAX3-FOXO1 downregulates RhoA-MKL1-SRF signaling
pathway to inhibit ACTAT expression activity

ACTAL1 is a major actin isoform in skeletal muscle and
it has been reported to be a target of serum response
factor (SRF), a key protein in the RhoA-MKLI1-SRF
signaling pathway [19, 24]. Therefore, we investigated
whether RhoA-MKL1-SRF signaling pathway is involved
in ACTA1 inhibition by PAX3-FOXOI. To this end, we
used 546ACTAI reporter to cotransfect the RH30 cells,
together with MKL1, SRF or constitutive active mutant
RhoA (Q63L) expression plasmid, in the presence of
PAX3-FOXO1 protein expression and determined the
luciferase activity under the same condition as in Fig. 2.
In these transfected RH30 cells, all MKL1, SRF and RhoA
(Q63L) could stimulate ACTAI reporter activities but
these activities were reduced (at least twofold) by PAX3-
FOXOL1 expression (Fig. 3a). The strongly MKL1-stimu-
lated mRNA level of ACTAI was accordingly decreased
by PAX3-FOXOI using qRT-PCR analysis and the protein
expression of ACTAI was also observed to be decreased
by the immunofluorescence assay (Fig. 3b—c). STARS is
an actin-binding protein that is specifically expressed
in striated muscle to promote MKL1 nuclear accumu-
lation and stimulate the transcriptional activity of SRF
[22, 29], we evaluated whether PAX3-FOXOI1 could have
some effect on the role of STARS in RH30 cells. As illus-
trated in Fig. 3d, the protein STARS could enhance the
activity driven by MKL1 but this activity could be sup-
pressed by PAX3-FOXOL1 protein. Cytochalasin D (Cyto
D) is a fungal metabolite to modulate actin dynamics
and induce CTGF/CCN2 expression in tubular epithe-
lial cells [30, 31], we therefore determined the behavior
of Cyto D on ACTAI regulation in aRMS cells. As shown
in Fig. 3e, Cyto D could induce the transcriptional activ-
ity of ACTAI reporter, but this induction was repressed
by PAX3-FOXO1 expression. The ACTA1 protein was
also examined and exhibited to be modulated by Cyto

Page 8 of 17

D in a similar manner of transcriptional activity in the
presence of PAX3-FOXO1 protein (Fig. 3f). CCG-1423
has been a widely used inhibitor which can block MKL1
binding to importin /31 protein and inhibit the RhoA-
MKL1-SRF signaling pathway [32, 33], we next test
whether PAX3-FOXOI could influence the action of
CCG-1423 molecule. The luciferase activity showed the
significant synergistic effect between PAX3-FOXO1 and
CCG-1423 (Fig. 3g) in the transfections of RH30 cells
with co-expressed PAX3-FOXO1 and MKL1 proteins
and followed by the treatment of CCG-1423. The similar
synergistic effect between PAX3-FOXO1 and CCG-1423
was also tested in RH41 cells (Additional file 1: Fig. S1).
Finally, the analyses of a serial of deletion mutants cre-
ated from the ACTAI promoter showed that the ACTAI
activity regulated by PAX3-FOXOI was also CArG box
dependent in the presence of MKL1 expression, imply-
ing the important association between PAX3-FOXOI
and RhoA-MKL1-SRF pathway (Fig. 3h). Taken together,
these results demonstrated that the RhoA-MKLI1-SRF
signaling pathway was involved in the function of PAX3-
FOXOLI to inhibit ACTA1 expression.

PAX3-FOXOT1 represses the total expression of MKL1

and SRF and thus their interaction but not affects their
subcellular localization

It is well known that the association of MKL1 and SRF
is required for the regulation of muscle-specific tar-
get genes controlled by SRF [34, 35]. To further under-
stand the inhibition of ACTAI by PAX3-FOXOI, we
investigated whether PAX3-FOXO1 plays a role in
the expression and association of MKL1 and SRF by
immunofluorescence  staining. We  overexpressed
PAX3-FOXO1 protein in RH30 cells and examined the
expression and colocalization of MKL1 and SRF proteins
under laser confocal microscopy. As shown in Fig. 4a,
MKLI(green staining) and SRF (red staining) were

(See figure on next page.)

Fig. 3 Downregulation of ACTAT by PAX3-FOXOT gene is associated with the repression of RhoA-MKL1-SRF signaling pathway. a Luciferase

assays of RH30 cells transfected with 546ACTAT reporter, along with pRL-TK, RhoA (Q63L), MKL1 or SRF in the presence or absence of PAX3-FOXO1
expression plasmid. b. gRT-PCR analysis of ACTAT in RH30 cells transfected with empty vector, MKLT or MKL1 and PAX3-FOXO1 plasmids together.

c Immunofluorescence analysis of ACTAT expression using anti-ACTA1 specific antibody in RH30 cells transfected with MKL1 or MKL1 plus
PAX3-FOXO1 plasmid. DAPI was used to stain nucleus. ACTAT protein level was tremendously decreased in cells with PAX3-FOXO1 overexpression.
d Luciferase assays of RH30 cells cotransfected with 546ACTAT reporter and pRL-TK, along with MKL1 and/or STARS in presence or absence of
PAX3-FOXO1 expression plasmid. e Luciferase assays of RH30 cells cotransfected with 546ACTAT reporter and pRL-TK, along with MKL1 in the
presence or absence of PAX3-FOXO1 expression plasmid. In the DMEM with serum free starvation, cells were treated with 2 uM Cytochalasin D
overnight as indicated and luciferase activities were then examined. f Analysis of ACTAT protein expression modulated by Cytochalasin D. RH4 cells
cotransfected with MKL1, or MKL1 and PAX3-FOXO1 expression plasmid and treated with 2 uM Cytochalasin D were collected and lysed for the
determination of ACTAT expression. Left: Protein levels of ACTAT and PAX3-FOXO1 assayed by western blot. Right: Relative expression of ACTA1
and PAX3-FOXO1 proteins shown on the left. g Luciferase assays of RH30 cells cotransfected with 546ACTAT reporter and pRL-TK, along with empty
vector, MKL1 and/or PAX3-FOXOT expression plasmid. As indicated, cells were treated with CCG-1423 at 10 uM for 5 h in the DMEM-0.3%FBS before
luciferase assay. h Luciferase assays of RH30 cells cotransfected with 546ACTAT wild type or CArG box-deleted mutant reporters, along with pRL-TK
internal control, empty vector, MKL1 and/or PAX3-FOXO1 expression plasmid. Black bar (Il): CArG box
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expressed in both nucleus and cytoplasm and the colo-
calization or association (yellow staining) of MKL1 and
SRF mainly took place in cytoplasm or around nucleus
in these PAX3-FOXOI or control plasmid transfected
cells. Importantly, the colocalization (yellow staining)
between MKL1 and SRF was significantly reduced in cells
with PAX3-FOXO1 overexpression compared to control
cells, indicating that the protein level of MKL1 or SRF
might be affected by PAX3-FOXOI. We thus transfected
PAX3-FOXOI gene into RH4 cells and determined the
expression of MKL1 and SRF (Fig. 4b). The results in
Fig. 4b indicated that PAX3-FOXOI can indeed repress
the protein expressions of MKL1 and SRE. Correspond-
ing to this data, the protein levels of MKL1 and SRF were
strongly increased in the RH4 cells with PAX3-FOXO1I
knockdown using siRNAs (Fig. 4c). Meanwhile, we deter-
mined the subcellular localization of MKL1 and SRF pro-
teins in cells with increasing amount of PAX3-FOXO1
overexpression. The data in Fig. 4d, e demonstrated that
PAX3-FOXOLI had no any significant effect on the subcel-
lular distribution of MKL1 and SRF proteins. The rela-
tive quantities of MKL1 and SRF expression in nuclear or
cytoplasmic fraction were not significantly changed and
both proteins were primarily localized in nucleus in cells
with increasing PAX3-FOXOI overexpression. Addition-
ally, the protein levels of RhoA were also measured in the
case of overexpression or knockdown of PAX3-FOXO1
and no obvious alteration of RhoA were detected (Fig. 4f,
g). These results strongly demonstrated that the ACTA1
inhibition by PAX3-FOXOI occurs through the repres-
sion of MKL1 and SRF, but not of RhoA expression in the
RhoA-MKL1-SRF signaling pathway.

Ectopic overexpression of ACTAT inhibits cell proliferation
and cell migration

As a major constituent of skeletal muscle, ACTAI plays
important roles in cell contraction, motility, structure and
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morphologic change [14, 15, 18]. In order to explore the
potential role of ACTAI in ARMS, we established stable
cell lines RH30/ACTAI and RH30/vector with over- or
normal expression level of ACTA1 protein, respectively.
CCK-8 assay was employed to determine the effect of
ACTA1 on cell proliferation. And the results showed that
ACTA1 overexpression in RH30 cells (RH30/ACTAI)
could significantly inhibit the cell proliferation after 60 h
compared with the control cells (RH30/vector) (Fig. 5a).
Considering this behavior of ACTAI to impair the cell
proliferation rate, we next examine the effect of ACTAI
on cell migration by the classic scratch wound heal-
ing and transwell methods. In the wound healing assay,
we found that the ACTAI expression in RH30 cells had
moderately decreased the migration ability in compari-
son to the control cells (Fig. 5b). In the transwell assay
shown in Fig. 5c, the cell number on the lower surface
of the filter was less for the ACTA1 overexpressed RH30
cells than the vector control cells. These assays suggested
that ACTAI overexpression could inhibit cell growth and
reduce the cell migration ability. Altogether, these results
shown above led us to further investigate the potential
role of ACTAI in ARMS tumorigenesis.

Overexpression of ACTAT suppresses tumor growth

in nude mice

To evaluate the role of ACTAI in ARMS tumorigen-
esis, we established a xenograft model by s.c inocu-
lating the empty vector and ACTAI overexpressed
stable cell lines into the left and right hind limbs of
male nude mice, respectively. 2 x 10° cells in 200 ul
PBS were used for each injection site. About 12 days
after injection, palpable solid tumors were visible in
the flanks of the mice. The tumor sizes were meas-
ured two times a week and the tumors were harvested
about 5 weeks later of injection when the mice were
sacrificed. The average size of the tumors resulting

(See figure on next page.)

Fig.4 Expression and subcellular localization of MKL1 and SRF protein in ARMS cells. a Confocal images of MKL1 and SRF expression and
subcellular localization in RH30 cells with or without overexpressed PAX3-FOXO1 protein. Protein expression of MKL1 (green) and SRF (red) and
the colocalization or association (yellow) between them were attenuated with ectopic PAX3-FOXO1 expression, but almost not changed for their
subcellular distribution by immunofluorescence staining. b Analysis of total MKL1 and SRF expression in RH4 cells with increasing amount of
PAX3-FOXO1 protein expression. Left: MKL1 and SRF levels determined by western blot. Right: the relative expression of MKL1 and SRF protein
shown on the left. ¢ Analysis of total MKL1 and SRF expression in RH4 cells transfected by siRNAs against PAX3-FOXOT gene. Left: Expression of
MKL1 and SRF determined by western blot. Right: the relative expression of MKL1 and SRF protein shown on the left. d Distribution of SRF and
MKL1 proteins in cytoplasmic fraction of RH30 cells transfected with increasing amount of PAX3-FOXOT plasmid. Left: Expression of MKL1, SRF and
PAX3-FOXOT1 protein determined by western blot analysis. Right: the relative quantification analysis of MKL1, SRF and PAX3-FOXO1 protein shown
on the left. a-Tubulin served as a loading control. e Distribution of SRF and MKL1 expression in nuclear fraction of RH30 cells transfected with
increasing amount of PAX3-FOXO1 plasmid. Left: Expression of MKL1, SRF and PAX3-FOXO1 protein determined by western blot. Right: the relative
quantification analysis of MKL1, SRF and PAX3-FOXO1 protein shown on the left. TBP served as a loading control for nuclear fraction. f Analysis of
total RhoA expression in RH4 cells with a different dose of PAX3-FOXO1T plasmid transfected. Left: RhoA level determined by western blot. Right: the
relative expression of RhoA protein shown on the left. g Analysis of total RhoA expression in RH4 cells transfected by siRNAs against PAX3-FOXO1
gene. Left: Expression of RhoA determined by western blot. Right: the relative expression of RhoA protein shown on the left
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from RH30/ACTA1 cell line was clearly smaller than  control cells was 1338.21 =267.1 mm? at the end of
that from the vector control cells (Fig. 6a). The the experiment. In contrast, the tumor volume from
Mean+ SEM tumor volume from the RH30/vector RH30/ACTAI cells was 969.41 +214.4 mm?, which
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Fig. 5 Effects of overexpressed ACTAT on RH30 cell proliferation and migration. a Proliferation rate of stable cell lines RH30/vector and RH30/ACTA1
was determined by CCK-8 kit over 0-72 h (Lower panel) and assay of Flag-ACTA1expression in RH30/ACTAT by western blot (Upper panel). b Wound
healing assay was performed to detect the migration ability of the two cell lines RH30/vector and RH30/ACTA1. Upper panel: Representative
images were taken at 0, 24 and 48 h. Lower panel: Relative migration rate of cells. *p < 0.05, compared with RH30/vector cells. ¢ Transwell migration
assay was performed in cell lines of RH30/vector and RH30/ACTA1, which showed that overexpressed ACTA1 could inhibit cell motility. *p <0.05,
compared with RH30/vector cells

suggested that the tumor growth may be suppressed large amount of small round cells in the tissue section
by ACTA1I overexpression (Fig. 6b). Meanwhile, these by H&E staining, showing the same characteristic as
tumor samples were evaluated to be composed of a RMS tumor (Fig. 6d). In addition, overexpression of
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Fig. 6 ACTAT overexpression suppresses tumor growth originated from RH30 cells in nude mice. a Photograph of tumor growth in representative
nude mice. Left flank: injected with RH30/vector cells. Right flank: injected with RH30/ACTAT cells. Tumors in the left and right sides were indicated
by red arrow and black arrow, respectively. b Growth curve of tumors originated from RH30/vector control and RH30/ACTAT cell lines. Data are
from two independent experiments. Error bars, SEM. € Western blot analyses for the detection of PAX3-FOXO1 and ACTA1 (Flag-ACTA1) protein
expression in 3 representative tumor samples originated from RH30/vector (1,2,3) and RH30/ACTAT (4,5,6) cell lines, respectively. Gapdh was used
as a loading control. d H&E staining from representative tumor samples; e Flag staining for ACTA1 expression from representative tumor samples;
f Staining for Ki67 expression from representative tumor samples. Arrow indicates ACTAT (Flag-ACTA1) or Ki-67 expression. The expression level of
Flag-ACTA1 or Ki-67 was judged with score 0 (negative), 1 (weak) and 2 (strong) based on the staining intensity and percentage of positive cells in
the slide image
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ACTA1 (Flag-ACTA1) protein was detected in tumors
from RH30/ACTAI cells by western blot and immuno-
histochemistry analyses (Fig. 6¢, e). We also detected
the expression differences of Ki67 in the tumor sec-
tion with the higher level of Ki67 expression in tumors
derived from RH30/vector control cells than those
from RH30/ACTA1 (Fig. 6f), suggesting the inhibitory
effect of ACTAIon tumor growth. Together, the data
in the xenograft assay demonstrated that ACTAI over-
expression could suppress tumor growth in nude mice
and thus may play a role in the tumorigenesis or pro-
gression of aRMS in vivo.

Discussion

RMS is thought to be associated with skeletal muscle tis-
sue origin [2, 36]. However, the roles or functions of skel-
etal muscle proteins are less reported in RMS. ACTA1
is an important member of skeletal muscle proteins and
is coexpressed with cardiac alpha-actin in adult skele-
tal muscle tissue [18]. Although early study showed the
existence of the alpha skeletal muscle actin gene (ACTAI)
transcript in ARMS tumor samples [28], no more
detailed work about ACTAI in aRMS had been reported.
In the present work, we firstly examined ACTA1 pro-
tein expression in ARMS cells by immunoblot and
showed the possible association between ACTAI expres-
sion and ARMS (Fig. 1). Then we investigated the regula-
tion of ACTA I expression in ARMS cells. To our surprise,
we found that ACTAI could be a novel candidate target
gene of PAX3-FOXOI based on its decreased expression
at transcription and protein levels under the condition
of overexpressed PAX3-FOXO1 protein. It has been well
known that ACTA1I is activated by SRF or its coactivator
MKLI1. We thus tested whether this decrease or inhibi-
tion of ACTA1I expression by PAX3-FOXOI1 is associated
with SRF or MKLL1. To the end, we co-transfected RH30
cells with ACTAI gene reporter (546ACTA1), SRF, MKL1
and/or PAX3-FOXOI expression plasmids and meas-
ured the luciferase activity. As expected, these activi-
ties were repressed by PAX3-FOXOI in comparison to
those induced by SRF or MKL1 protein. We also tested
the effects of RhoA and STARS on the ACTAI promoter
activity and obtained the results similar to those from
MKLI and SRF in the presence of PAX3-FOXO1 over-
expression. In addition, the analysis of the functional site
within the promoter region revealed that this inhibition
of ACTAI transcription activity was CArG box depend-
ent (Fig. 3h), demonstrating that the inhibitory action by
fusion gene PAX3-FOXOLI is closely related to the RhoA-
MKL1-SRF signaling pathway. CCG-1423 is an inhibi-
tor of the RhoA-MKL1-SRF signaling pathway [37], the
strongly synergistic effect between PAX3-FOXO1 and
CCG-1423 further established the specific function of
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PAX3-FOXOI in ACTAI regulation in ARMS cells. Fur-
thermore, the ACTAI activity exerted by Cytochalasin
D could also be blocked by PAX3-FOXO! in these cells.
Finally, the measurement of mRNA and protein levels of
ACTAI expression directly showed the inhibitory role
by fusion gene PAX3-FOXOI in ARMS cells. From these
results, we concluded that ACTA1 expression is inhibited
or downregulated by PAX3-FOXOI through the RhoA-
MKL1-SRF signaling pathway in ARMS cells.

Many target genes regulated by the transcription factor
PAX3-FOXO1 fusion protein have been identified so far
[38—41], but genes that were inhibited by PAX3-FOXO1
were relatively less reported or not fully explored in RMS
cell system. To address whether the skeletal muscle alpha
actin gene ACTAIL the newly identified candidate tar-
get of PAX3-FOXOI plays a role in ARMS, we created
the stable cell line (RH30 /ACTA1I) with ACTAI overex-
pression and evaluated the effect of ACTAI on ARMS
cells. We observed that ACTAI overexpression could
obviously impair the proliferation rate of RH30 cells
when compared to the control cells (RH30 /vector). The
scratch wound healing assay showed the RH30 /ACTAI
cells migrated slower than the control cells. Finally, the
xenograft assay demonstrated that ACTAI overexpres-
sion could suppress the tumor growth in the mouse
model system used. These results are almost consistent
with the observations from PAX3-FOXOI knockdown by
Kikuchi et al. [12], suggesting that ACTAI might play an
important role in ARMS tumorigenesis or development.
However, the colony formation assay in our experiment
didn’t show the inhibitory effect of ACTAI to cell pro-
liferation (Additional file 1: Fig. S2.). It may be the pres-
ence of other actin isoforms that obscure the behavior of
ACTALI in ARMS cells during the longer period of incu-
bation. Whether this implies that ACTA1 may also be
associated with apoptosis is unknown. Therefore, it will
be interesting to determine these assays in future by use
of other ARMS cells with ACTA1 expression knockdown
or knockout.

ACTA1 expression in cells is complicated and regulated
by multiple ways. In cardiomyocytes, ACTAI transcrip-
tion is upregulated by serum- and glucocorticoid-induc-
ible kinase (SGK1) and Small CTD phosphatases (SCP1)
protein [42, 43]. miRNA-26b and Myolinc have a nega-
tive or positive role on ACTAI expression in cardiomy-
cytes and myogenesis, respectively [43, 44]. All these
studies demonstrated the complexity and importance of
ACTAI expression and regulation in cells. The mecha-
nism analysis in our work further revealed the similar
and remarkable inhibition of MKL1 and SRF expression
by PAX3-FOXO1 in RH4 cells, but without alteration
in the nuclear accumulation of MKL1 and SRF proteins
in RH30 ARMS cells. Meanwhile, RhoA expression in
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Fig. 7 Proposed model of ACTAT inhibition by PAX3-FOXOT in ARMS cells. ACTAT is inhibited by PAX3-FOXO1 through RhoA-MKL1-SRF signaling
pathway. In this pathway, Cyto D and CCG-1423 can regulate ACTAT expression by controlling nuclear accumulation of MKLT in distinct ways.
PAX3-FOXO1 can cooperate with these molecules in ACTAT regulation. SRF activates ACTAT expression by binding to the promoter region of ACTA1
gene. Overexpressed ACTAT protein can inhibit ARMS cell proliferation, migration and tumor growth. Therefore, decreased ACTAT expression by
PAX3-FOXOT may help to promote cell proliferation, migration and finally tumor growth.

the same signaling pathway was almost not affected
by PAX3-FOXOI. We therefore supposed that ACTAI
inhibition by PAX3-FOXO1 could be as a result of the
repression of MKL1 and/or SRF expression in ARMS
cells. A postulated model describing the ACTAI inhibi-
tion by PAX3-FOXOI and eventually leading to cell and
tumor growth is shown in Fig. 7. To our knowledge, this
is the first report about the expression and regulation of
ACTAI by PAX3-FOXOI in ARMS cells. Obviously, these
findings are helpful to further understand the involve-
ment of PAX3-FOXOI in ARMS tumorigenesis. This
study also suggested that the RhoA-MKL1-SRF signaling
pathway may play an important role in ARMS disease.
In future work, the detailed process of PAX3-FOXOI to
repress MKL1 or SRF will be explored. And other effects
of ACTA1 expression or of the novel RhoA-MKL1-SRF
signaling pathway on the tumorigenesis of ARMS will be
further studied at the same time.

Conclusions

We investigated ACTAI expression and identified that
ACTA1I was inhibited by PAX3-FOXOI fusion gene at
mRNA and protein levels in ARMS cells. The mecha-
nism underlying this inhibition was further revealed
to be involved in the RhoA-MKL1-SRF signaling path-
way with repressions of MKL1 and SRF but not RhoA
expression by PAX3-FOXOI. In addition, the distribu-
tion of MKL1 and SRF in nucleus or cytoplasm was
demonstrated not to be significantly changed by PAX3-
FOXO1 expression. The potential role of ACTAI to
impair cell and tumor growth in ARMS was explored
by in vitro and in vivo experiments. Therefore, ACTA1
inhibition by PAX3-FOXOIl may play an important
role in the development of ARMS. And the appropri-
ate control of ACTA1 expression and/or RhoA-MKL1-
SRF signaling pathway might be a potential strategy for
ARMS treatment in future.
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