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Gene therapy is considered a potential treatment for Duchenne muscular dystrophy (DMD). Researchers have
been working on this for many years to ﬁnd effective therapeutic targets. Here, we found that MRTF-A
(myocardin-related transcription factor A) could activate the transcription of L-type Ca2?-channel-related
protein CACNA1S (calcium voltage-gated channel subunit alpha1 S) by binding to the CarG box in the
promoter of CACNA1S. However, increased phosphorylation and decreased expression of MRTF-A were
observed, along with the expression of CACNA1S reduced in mdx mice. Further, the decreased expression and
increased phosphorylation of MRTF-A could inhibit the release of Ca2? via CACNA1S. Therefore, MRTF-A
may be a potential molecular target for the diagnosis and treatment of DMD.
Keywords. Ca2? release; CACNA1S; Duchenne muscular dystrophy; MRTF-A; phosphorylation
modiﬁcation

1. Introduction
Duchenne muscular dystrophy (DMD) is an x-linked
recessive hereditary disease caused by dystrophin
mutation resulting in muscular dystrophy and death
from respiratory or cardiac failure (Boland et al. 1996;
Melacini et al. 1996; Camirand et al. 2004). Current
treatment methods can only delay the progress of
DMD, but cannot change the outcome. With the
development of gene therapy and the progress of
genome editing technology, researchers are trying to
ﬁnd some molecular targets, hoping to cure DMD
completely at the genetic level, and they have achieved
some results (Salmaninejad et al. 2018).
The abnormal Ca2? homeostasis and its related signal conduction may be one of the pathological features
of DMD patients (Gailly 2002). Moreover, the increase
of Ca2? in the cytoplasm is one cause of muscle

necrosis (Tanihata and Takeda 2016). Substantial evidence indicates that Ca2? inﬂux and endoplasmic
reticulum Ca2? release are the main reasons for the
increase of intracellular Ca2? concentration (Berridge
et al. 2003; Barritt 1999; Pauly et al. 2017; Agell et al.
2002). Due to the lack of dystrophin, the membrane of
muscle cells is destroyed, which contributes to Ca2?
inﬂux (Bakker et al. 1993). However, the molecular
mechanism of endoplasmic reticulum Ca2? release
regulation is relatively complex and not fully
understood.
CACNA1S is an important voltage-gated ion channel protein of Ca2? in skeletal muscle which can
activate the opening of calcium release channels in the
endoplasmic reticulum and increase the concentration
of Ca2? in the cytoplasm (Schartner et al. 2017; Avila
et al. 2019; Filipova et al. 2018). Therefore, in-depth
study of the molecular mechanism of CACNA1S-reg-
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ulating Ca2? homeostasis is helpful to explore effective
targets for DMD.
Previously, proteins associated with muscle differentiation and proliferation, especially cytoskeleton coding
genes, were identiﬁed to be targets of the SRF (Medjkane
et al. 2009). MRTF-A is a transcriptional co-activator of
the transcription factor SRF, and has important functions
in muscle tissue development and function maintenance
(Cen et al. 2003). It is noteworthy that the modiﬁcation
of MRTF-A protein is closely related to maintaining
function, especially phosphorylation modiﬁcation.
When the MRTF-A protein is phosphorylated by ERK
pathway, it will transfer from the nucleus to the cytoplasm, thus losing the function of regulating downstream
target genes (Muehlich et al. 2008). Nevertheless, so far,
the role of MRTF-A in DMD has not been reported.
By bioinformatics analysis, we predicted that the
binding site of SRF (CarG box) existed in the promoter
region of CACNA1S, which suggested that MRTF-A
might regulate CACNA1S. In this study, we will discuss the possible effect of MRTF-A on CACNA1S
expression and Ca2? release in DMD, exploring
potential molecular targets.
2. Materials and methods
2.1 Cell culture and mice model
C2C12 cells purchased from ATCC were seeded in
Dulbecco’s modiﬁed Eagle’s medium (PAN) supplemented with 10% fetal bovine serum (FBS, Gibco.) at
37°C in humiﬁed air with 5% CO2.
The 4-week-old C57BL/6 mice (control) and mdx
mice (DMD model) were purchased from Model Animal
Research Center of Nanjing University. All the experiments involving animals were complied with the ethical
standards outlined in the Guide for the Care and Use of
Laboratory Animals (National Institutes of Health publication No. 85–23, revised 1996) and approved by the
Technology Experimental Animal Welfare and Ethics
Committee of Tianyou Hospital afﬁliated to Wuhan
University of Science and Technology (Decision of
Laboratory animal ethics No.20190302; Wuhan
University of Science and Technology, Wuhan, China).
2.2 Primary myoblasts isolation, culture
and induction
Primary myoblasts were isolated from the leg skeletal
muscle of C57BL/6 and mdx mice with mild enzymatic

(0.2% collagenase type II and 0.25% trypsin) digestion
and gentle mechanical attrition in sterile environment.
After centrifugation, cells were incubated in DMEM
(Gibco.) containing 10% equine serum (Gibco.), 100
U/mL penicillin and 100 lg/mL streptomycin. Two
days later, the myoblasts were switched to and maintained in induced medium (DMEM) containing 10%
equine serum, 100 U/mL penicillin and 100 lg/mL
streptomycin.
2.3 Plasmid construction and transfection
The CDS region of MRTF-A was inserted into the
pcDNA3.1-. The target shRNAs against MRTF-A gene
or CACNA1S gene were inserted into the pLKO.1
vector. A non-targeting sequence which had no signiﬁcant homology to any mouse gene was inserted into
pLKO.1 to be a negative control (NC). All plasmids
were transfected into the cells using Lipofectamine
3000 (Invitrogen) following the manufacturer’s protocols and the medium was replaced 8 h after the transfection. The sequences of these shRNAs were as
follows: No target shRNA: 50 -CCGGGCGCGAT AG
CGCTAATAATTTCTCGAGAAATTATTAGCGCTAT
CGCGCTTTTTG-30 ; sh-MRTF-A-1: 50 -CCGGAGCACATGGATGATCTGTTTGCTCGAGCAAACAG
ATCATCCATGTGCTTTTTTG-30 ; sh-MRTF-A-2: 50 CCGGATCATTGTGGGCCA
GGTAAATCTCGAGATTTACCTGGCCCACAATGATTTTTTG-30 ; shMRTF-A-3: 50 -CCGGCAGTCTTGGTGTATAGTATAACTCGAGTTATACTATACACCAAGACTGTTT
TTG-30 ; sh-CACNA1S-1: 50 -CCGGAGGAACTTTGAGGAGCACGTTCT
CGAGAACGTGCTCC
TCAAAGTTCCTTTTTTG-30 ; sh-CACNA1S-2: 50 CCGGC TAGACTCCTTAGCAGCAGATCTCGAG
shATCTGCTGCTAAGGAGTCTAGTTTTTG-30 ;
CACNA1S-3: 50 -CCGGCCTCAGGACCTCACAGC
AGATCTCGAGAT CTGCTGTGAGGTCCTGAGG
TTTTTG-30 .
2.4 Quantitative real time PCR
Total RNA was isolated from cells and skeletal muscle
tissue using Trizol reagent (Invitrogen), then, RNA
sample were reverse-transcribed using iScript gDNA
Clear cDNA Synthesis Kit (BioRad). GAPDH (lyceraldehyde-3-phosphate dehydrogenase) was used as an
internal control to show equal loading of the cDNA
samples. Real time PCR was performed in an Applied
Biosystems Step OneTM Real-Time PCR System. Fast
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Table 1. Real time PCR primer sequences
Genes
GAPDH
MRTF-A
CACNA1S

Page 3 of 11

40

samples. Beads were washed using 19 PBS before
SDS-PAGE and immunoblotting.

Primers for real time RCR
F: AGGTCGGTGTGAACGGATTTG
R: TGTAGACCATGTAGTTGAGGTCA
F:CAGTGCCACCTCCATATCACC
R: GGGGACGATGCTTCCATTGG
F: TCAGCATCGTGGAATGGAAAC
R: GTTCAGAGTGTTGTTGTCATCCT

SYBRÒ Green Master Mix was obtained from Applied
Biosystems. Data were shown as relative expression
level after being normalized by GAPDH. The primers
for the real time PCR analysis were listed in table 1.

2.7 Immunocytochemistry assay
For immunocytochemistry assay, the parafﬁns sections were hydrate in the concentration gradient of
ethanol after dewaxed by xylene. Antigen retrieval
was following the instructions of the All-purpose
Powerful Antigen Retrieval Solution (Beyotime).
A UltraSensitive IHC Kit (MXB) was used to block
the activity of endoperoxidase and incubate antibody.
Colour reactions of the sections used a DAB Kit
(MXB). After the treatment of hematoxylin the sections were dehydrated and then photographed by
microscope.

2.5 Western blot
Equivalent protein samples were separated by SDS
PAGE (10%) and transferred onto a PVDF membrane. The membrane was blocked using 5% nonfat milk at 37°C for 2 h, and then incubated with
primary antibodies overnight at 4°C. The antibodies used were as follows: Anti-mouse GAPDH
antibody (#97166, Cell Signaling Technology);
Anti-rabbit MRTF-A (#14760, Cell Signaling
Technology); Anti-mouse CACNA1S (ab2862,
Abcam); Anti-mouse p-ERK1/2 (sc81492, Santa
cruz); Anti-rabbit Dystrophin (ab275391, Abcam);
Anti-mouse MHC (MAB4470, R&D Systems);
Anti-rabbit MyoD (ab203383, Abcam); Anti-rabbit
MyoG (ab124800, Abcam). Then, the membrane
was incubated anti-mouse or anti-rabbit secondary
antibodies (Jackson ImmunoReasearch Laboratories) for 1 h at room temperature. The protein
signals were visualized with the odyssey infrared
imaging system.
2.6 Co-immunoprecipitation (CO-IP) assay
Co-immunoprecipitation in primary cardiomyocytes
was performed 48 h after the corresponding treatment.
Cells were lysed in Pierce IP Lysis buffer (Pierce)
containing protease inhibitor cocktail (Merck) and
phosphatase inhibitor cocktail (Merck). Cell lysate was
incubated with Protein G Plus/Protein A agarose suspension (Millipore) for 4 h for preclearance and with
anti-p-Tyr antibody (AP0905, ABclonal) (2 lg/0.5 mL
lysate) at 4°C overnight. Nonspeciﬁc IgG antibody
(ab172730, Abcam) was added to the negative control

2.8 Immunoﬂuorescence assay
The cells after treatment were ﬁxed in 4%
paraformaldehyde for 15 min and then blocked with
normal goat serum (Boster) for 20 min at room
temperature (RT). After incubation with primary
antibodies (anti-rabbit MRTF-A, #14760, Cell Signaling Technology) in a humid chamber overnight,
cells were incubated with appropriate secondary
antibodies ﬂuorescein isothiocyanate (FITC)-conjugated goat anti-rabbit IgG (Boster) for 30 min at
37°C After washing with PBS, the samples were
observed under laser scanning confocal microscope
(OLYMPUS, Japan).
2.9 Chromatin immunoprecipitation (Chip) assay
Chip assay was followed the manufacturer’s instructions of the Chip assay kit (Merck). Formaldehyde was
used to cross-link DNA-protein complexes, and then
washed by ice-cold PBS for three times, followed lysed
in the SDS lysis buffer. The lysate was sonicated to
shear DNA to 200–1000 bp fragments. Anti-mouse
CACNA1S (ab2862, Abcam) was used to immunoprecipitate the cross-linked proteins at 4°C overnight.
Immunoglobulin G (ab190475, Abcam) acted as the
negative control. The DNA was used as a template for
PCR, and the PCR products were separated on 2%
agarose gel. The PCR primer sequences were as follow:
CACNA1S promoter CarG Box1: Forward 50 Reverse
50 CCGCAGCCCTCTTCCT-30 ,
0
CTGGGTTCCTCCGAC T-3 ; CACNA1S promoter
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CarG Box2: Forward 50 -AGTGAGGGATTGGAGGA30 , Reverse 50 -CTTCTGGCAAATATGGAG-30 .

3. Results
3.1 MRTF-A can regulate CACNA1S expression

2.10 Luciferase constructs and luciferase assay
The mouse CACNA1S promoter (-2000*0) was fused
to the pGL3 luciferase reporter vector, and the luciferase activity was measured with the Dual luciferase
Assay System (Promega) followed the manufacturer’s
instructions. The primers for constructing the luciferase
reporter plasmids were followed: Forward: 50 CCCTCGA GCCACCGAAC CCTTGA-30 , Reverse:
And
50 -CCCTCGATGGCTCCATGGCTTTCCC-30 .
CACNA1S CarG site-directed mutagenesis was using
the MutanBEST Kit (Takara). The primers for site-directed mutagenesis were followed: Mut-CarG1, Forward: 50 -GCTGAGGTTTTTTGGGCTGCTCCTTTTReverse:
50 -AAAAGGA
GCAGCC30 ,
CAAAAAACCTCAGC-30 ; Mut-CarG2, Forward: 50 AGAAGACCGTTTA TAGGTCGGGGAGAGGA-30 ,
Reverse: 50 -TCCTCTCCCCGACCTATAAACGGTC
TTCT-30 .
2.11 Ca2? signals measurement
Cytosolic Ca2? signals were measured with Fluo-2 AM
(Beyotime) according to manufacturers’ instructions. In
detail, cells were incubated with Fluo-2 AM (ﬁnal
concentration of 1 lM) for 30 min in 19PBS at 37°C,
then washed three times with 19PBS and incubated for
an additional 20 min in the absence of Fluo-2 AM to
complete the de-esteriﬁcation process of the dye. After
20 min, the samples were observed with a laser scanning confocal microscope (F3000, OLYMPUS). Five
different visual ﬁelds were taken from each sample for
observation. Then, the average ﬂuorescence intensity
of ﬁve different visual ﬁelds of each sample was statistically analyzed.
2.12 Statistical analysis
Quantitative data are expressed as mean ± standard
error of the mean. Statistical analysis of differences
between two groups was performed by Student’s t-test.
A one-way analysis of variance followed by Tukey test
was performed to compare differences among multiple
groups. Statistical analysis was performed with
GraphPad Prism 8. P\0.05 indicated statistically signiﬁcant difference.

According to the prediction of bioinformatics tools
(http://gtrd.biouml.org), we found that there were two
binding sites of MRTF-A in the promoter region of
CACNA1S (CCTTTTTTGG and CCATATTTGC).
This suggested that MRTF-A may be involved in the
regulation of CACNA1S expression. In order to verify
our hypothesis, follow-up experiments were carried out
using real time PCR and Western blot assays. After
MRTF-A was overexpressed in C2C12 cells, we conﬁrmed that the level of CACNA1S was up-regulated at
the level of mRNA and protein (ﬁgure 1A–B). Similarly, when MRTF-A was silenced, the expression of
CACNA1S showed the same trend with MRTF-A
(ﬁgure 1C–E).
3.2 MRTF-A can regulate CACNA1S by binding
to CarG box in CACNA1S promoter
Here, we attempted to explore the molecular mechanism of MRTF-A regulating the expression of CACNA1S. First, we constructed a luciferase plasmid with
the promoter region of CACNA1S, which contained
two CarG boxes. The results of luciferase assay
showed that MRTF-A could activate the transcriptional
activity of CACNA1S promoter by binding to the CarG
box far from the transcriptional starting point
(ﬁgure 2A). Finally, the chip assay further conﬁrmed
MRTF-A could bind to the CarG box far from the
transcriptional starting point in CACNA1S promoter
(ﬁgure 2B).
3.3 Changes in phosphorylation level and location
of MRTF-A protein in leg skeletal muscle of mdx
mice
Further, we explored the expression and localization of CACNA1S and MRTF-A in mdx mice, and
the expression of dystrophin is shown in supplementary ﬁgure 1. We all know that the increase of
intracellular Ca2? concentration during the development of DMD is an important cause of muscle
injury. As a regulator of endoplasmic reticulum
Ca2? release, the normal expression and functional
maintenance of CACNA1S may be an important
condition for the normal release of Ca2?. However,
the results of Western blot assay showed that the
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Figure 1. MRTF-A can regulate CACNA1S expression. (A and B) Real time PCR and western blot were used to determine
the expression of MRTF-A and CACNA1S after MRTF-A overexpressed in C2C12 cells (n=4, **, P\0.01). (C) Detection of
interference effects of different sh-MRTF-A by real time PCR in C2C12 cells (n=3, *, P\0.05, **, P\0.01). (D and
E) Following knock down of endogenous MRTF-A in C2C12 cells, mRNA and protein levels of CACNA1S were examined
through real time PCR and western blot (n=3, **, P\0.01).

expression of CACNA1S and MRTF-A in mdx
mouse was signiﬁcantly reduced (ﬁgure 3A–B).
Moreover, MRTF-A protein mainly distributed in
the nucleus in normal mice, while in mdx mice,
MRTF-A mainly concentrated in the cytoplasm
(ﬁgure 3C). For MRTF-A protein, phosphorylation
modiﬁcation could alter its cellular localization and
inhibit its activity. Subsequently, co-immunoprecipitation assay was used to detect phosphorylation

modiﬁcation of MRTF-A. And the results conﬁrmed that the phosphorylation modiﬁcation of
MRTF-A protein was signiﬁcantly up-regulated in
mdx mice skeletal muscle (ﬁgure 3D). These
results suggested that the low level and the
increase of phosphorylation of MRTF-A may be
the cause of abnormal expression of CACNA1S in
mdx mice, which related to the Ca2? release.
Further, we extracted myoblasts from normal and
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Figure 2. MRTF-A can regulate CACNA1S by binding to CarG box in CACNA1S promoter. (A) Cos-7 cells were cotransfected with MRTF-A and CACNA1S-pGL-3 or mutant CACNA1S-pGL-3 plasmids, and then luciferase assay was
performed. The pcDNA3.1- plasmid was used as control (n=3, **, P\0.01, #, P[0.05). (B) Chromatin immunoprecipitation
assay was used to determine the binding site in the CACNA1S promoter in C2C12 cells.

mdx mice and induced myoblasts into myotubes
(supplementary ﬁgure 2A). And the results of
western blot also conﬁrmed that the level of
CACNA1S and MRTF-A in normal myotubes were
lower and that in mdx myotubes (supplementary
ﬁgure 2B).

3.4 MRTF-A can regulate Ca2? release
via CACNA1S
In order to detect whether the expression and nuclear
localization of MRTF-A can regulate Ca2? release,
Ca2? ﬂuorescence probe was used. When MRTF-A
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Figure 3. Changes in phosphorylation level and location of MRTF-A protein in leg skeletal muscle of mdx mice. (A and
B) The difference of MRTF-A and CACNA1S expression was detected by real time PCR and western blot between mdx mice
and normal mice ((n=6, **, P\0.01). (C) MRTF-A subcellular localization and expression in skeletal muscle cells of normal
mice and mdx mice were detected by immunohistochemical assay (original magniﬁcation 9400). Black arrows refer to nuclei
with signiﬁcant changes in MRTF-A expression and nuclear localization. (D) The level of MRTF-A protein phosphorylation
in normal mice and mdx mice were detected by co-immunoprecipitation assay.

was silenced, Ca2? release decreased (ﬁgure 4A). To
examine whether the phosphorylation level of MRTFA protein is associated with abnormal Ca2? concentration, agonists of ERK pathway (TPA) were used to
promote phosphorylation modiﬁcation of MRTF-A
protein. After treatment with TPA, the phosphorylation
level of MRTF-A protein in C2C12 cells was signiﬁcantly up-regulated in C2C12 cells and the subcellular
localization of MRTF-A protein was changed from
nucleus to cytoplasm (ﬁgure 4B–C). Compared with
C2C12 cells treated with DMSO, the release of Ca2?
was reduced in TPA-treated C2C12 cells (ﬁgure 4D).
Then, real time PCR was used to detect mRNA level of
CACNA1S; the results showed cytoplasmic localization of MRTF-A signiﬁcantly inhibited the expression
of CACNA1S (ﬁgure 4E). Subsequently, in order to
further explore whether MRTF-A regulated the Ca2?
release through CACNA1S, shRNAs of CACNA1S
were used for subsequent experiments (ﬁgure 4F).
When CACNA1S was silenced, neither the silence of
MRTF-A nor the reduction of nuclear localization had
effect on Ca2? release (ﬁgure 4G). Based on these
results, we proposed that cytoplasmic localization of

MRTF-A can regulate Ca2? release through regulating
CACNA1S expression.

4. Discussion
In recent years, new treatments for DMD have been
emerging, and great progress has been made. Of
course, there are also many challenges. Myoblast
transplantation is highly expected, but it is stagnating
due to the low survival rate, poor migration of myoblasts, and strong immune rejection stagnation (Camirand et al. 2004). For myogenic stem cells treatment of
DMD, the mechanism is still confusing in the differentiation process (Meregalli et al. 2010). In this case,
researchers turn their attention to gene therapy, hoping
to solve the problem fundamentally.
Previously, researchers knocked out exon 23 of
DMD gene, restoring the expression of dystrophin, and
improved skeletal muscle and myocardial function,
with AAV8 or AAV9-mediated CRISPR/Cas9 genome
editing (Nelson et al. 2016). Some other studies conﬁrmed that UTRN could replace dystrophin and
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Figure 4. MRTF-A can regulate Ca2? release via CACNA1S. (A) Calcium ion probe was used to detect Ca2? release in
C2C12 cells after MRTF-A knocking down. Scale bars represent 30 lm. Bar diagram showed the average ﬂuorescence
intensity of C2C12 cells knocking down MRTF-A in ﬁve different ﬁelds after comparing with NC group (n=5, **, P\0.01).
(B) Co-immunoprecipitation assay was used to detect the phosphorylation level of MRTF-A protein after TPA treatment in
C2C12 cells. (C) The changes of MRTF-A protein localization in C2C12 cells after TPA treatment were detected by
immunoﬂuorescence assay. Scale bars represent 30 lm. (D) Changes of Ca2? release in C2C12 cells after TPA treatment
were detected. Scale bars represent 30 lm. Bar diagram showed the average ﬂuorescence intensity of TPA-treated C2C12
cells in ﬁve different ﬁelds after comparing with DMSO group (n=5, **, P\0.01). (E) The mRNA levels of CACNA1S and
MRTF-A were measured by real time PCR in C2C12 cells with TPA treated (n=4, *, P\0.05, #, P[0.05). (F) Detection of
interference effects of different sh-CACNA1S by real time PCR in C2C12 cells (n=3, **, P\0.01, #, P[0.05). (G) Following
knock down of endogenous CACNA1S in C2C12 cells, calcium ion probe was used to detect the effect of MRTF-A silence
or TPA treatment on Ca2? release. Scale bars represent 30 lm. Bar diagram showed the average ﬂuorescence intensity of
C2C12 cells treated with different ways in ﬁve different ﬁelds after comparing with NC group (n=5, **, P\0.01, #, P[0.05).
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restored muscle function in patients with Duchene
muscular dystrophy (Fairclough et al. 2013; Wang
et al. 2005). Especially in 2010, Brown University
cooperated with Tivorsan to develop a drug for DMD,
biglycan, which had been conﬁrmed that could repair
UTRN protein in muscle tissue (Amenta et al. 2011).
These indicated that gene therapy was an important
way to treat DMD in the future. Therefore, the discovery of more effective molecular targets needs to be
further promoted.
Intracellular Ca2? handling is associated with a
variety of ion channels and pumps on the plasma
membrane and organelle membrane of skeletal muscle
cells, while, the function of these channels is changed
in most DMD cases, causing chronic Ca2? overload
and muscle injury (Kumar et al. 2004; Moens et al.
1993). Therefore, Ca2? overload has become an
important link in the development of DMD. Due to the
lack of dystrophin protein, the cell membrane of
skeletal muscle cells was vulnerable to mechanical
damage during muscle contraction, resulting in unregulated mechanical sensitive ion channels and a large
amount of Ca2? inﬂux (Kumar et al. 2004; Dalkilic
2003). It should be noted that intracellular Ca2? was
raised in the subsarcolemmal region of dystrophic
muscle, which cannot be explained by membrane
damage alone and additional pathogenic mechanisms
are also involved (Millay et al. 2009). The abnormal
activities of various ion channels may also induce the
imbalance of Ca2? inﬂux and efﬂux, including:
ryanodine receptor channel (RyR1, RyR3), Ca2?
pump channel (SERCA), L-type voltage-dependent
Ca2? channel dihydropyridine receptors (DHPR and
CACNA1S), transient receptor potential channels
(TRPC1, TRPC3, and others), Ca2?-release-activated
Ca2? current channels (CRAC), Na?/Ca2? exchanger (NCX), plasma membrane Ca2?-ATPases
(PMCA), etc. (Lee 2010). So far, the relationship
between CACNA1S and DMD have not been unclosed
and yet. As reported, voltage-gated Ca2? channels are
Ca2?-selective pores linked to voltage-sensing
domains, and L-type Ca2? channels (Cav1.1, Cav1.2,
Cav1.3, and Cav1.4), is uniquely sensitive to organic
Ca2? channel blockers (Catterall et al. 2005). Especially, Cav1.1 (CACNA1S) almost exclusively in
skeletal muscle (Kugler et al. 2004). In this article, we
revealed that the abnormal expression of CACNA1S in
muscle tissue might be related to the abnormal concentration of Ca2? in the development of DMD.
Colleagues has previously conﬁrmed that CACNA1S could activate the ryanodine receptor (RyR1) of
the calcium release channel on the endoplasmic
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reticulum in skeletal muscle cells, resulting in the
massive release of Ca2? from the calcium pool (Hernández-Ochoa et al. 2015). In this study, we found that
CACNA1S expression was inhibited in skeletal muscle
cells of mdx mice related to the increased phosphorylation and decreased expression of MRTF-A, leading to
reduced release of Ca2?. More concretely, increased
phosphorylation and expression inhibition of MRTF-A
could reduce the transcription activity and assembly of
CACNA1S via reduction of MRTF-A/SRF/CarG box
complex formation. The occurrence of this phenomenon could inhibit the opening of calcium release
channels, reducing the intracellular Ca2? concentration
and delaying the progress of DMD. It is important that
phosphorylation of MRTF-A depended on the activation of ERK. Moreover, previous studies showed that
the activation of ERK pathway was higher in skeletal
muscle cells of mdx mice, and its abnormal activation
was related to the increase of intracellular Ca2? concentration (Kumar et al. 2004). All of the above suggested the potential protective effect of MRTF-A in
DMD.
Furthermore, MRTF-A was related to the differentiation, proliferation and development of skeletal muscle
and muscle-derived stem cells (Wallace et al. 2016).
All these indicated that MRTF-A would be a promising
molecular target. This may provide a new way to
control the development of DMD in the future.
Overall, we have found a regulatory pathway that
may be able to control the endoplasmic reticulum Ca2?
release in the progress of DMD and relieve muscle
damage, which may be a way for the body to protect
itself. These ﬁndings can provide theoretical guidance
for clinical application.
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