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CaVβ1A and CaVβ1E embryonic isoforms in adult skeletal muscle, a Mbnl1 related-expression
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INTRODUCTION

Voltage-gated calcium channels (CaVs or VGCCs) are major regulators of calcium-related cellular functions. In skeletal muscle, though the essential component of the pore channel is the CaVα1 subunit, the CaVβ1
subunit is an essential subunit guaranteeing CaV fine-tuning activity. CaVβ1, encoded by Cacnb1 gene, exists as several variants in skeletal muscle. Our recent work demonstrates CaVβ1D as the constitutive adult
isoform, localized with CaVα1 at the triad. On the other hand, our previous and present works show that CaVβ1E and CaVβ1A are expressed at late embryogenesis and peri-natal stages and that these embryonic
isoforms are re-expressed after sciatic nerve resection in adult skeletal muscle, both at mRNA and protein level enabling the expression of GDF5 (Growth Differentiation Factor 5) to counteract excessive muscle wasting
(Traoré et al. 2019). However, the mechanisms leading to the increase these embryonic isoform expressions are unknown to date.
Our RNAseq data analysis in innervated versus denervated muscles revealed MuscleBlind-Like (MBNL) proteins as potential candidates regulating CaVβ1 expression in skeletal muscle. Interestingly, in a human model of
Dystrophy Myotonic 1 (DM1), the sequestration of MBNLs in toxic nuclear aggregates is related to an impaired splicing of CaVβ1 transcript (CACNB1) (Arandel et al. 2017).
Here, we evaluate the effect of a modulation of MBNLs protein levels on the expression of CaVβ1 isoforms in both in vitro and in vivo systems as well as in pathological mouse models of DM1.

CaVβ1-E/GDF5 axis in muscle mass homeostasis Implication of MBNLs in DM1 pathophysiologyCacnb1 isoforms in skeletal muscle 

CONCLUSIONS & PERSPECTIVES
• Adult Cacnb1D and embryonic Cacnb1A/E isoforms are expressed upon specific promoter activation
A/E

• A downregulation of Mbnl1, and the subsequent increase of Mbnl3, leads to increased CaVβ1-A and 
CaVβ1-E and decreased CaVβ1-D expression in vivo

• Mouse models of DM1 are associated with an increased Cacnb1-A and Cacnb1-E expression

• Characterization of the splicing events occurring at Cacnb1 Ex2-3 and Ex13-14

• Deciphering the role of CaVβ1-E in DM1 pathophysiology

Diversity of CaVβ1 isoforms in skeletal muscle

The expression of Cacnb1-E is increased in HSA and shMbnl1+2 DM1 models.

PCR triplex Cacnb1 Ex2-3
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shMbnl1+2 mouse model of DM1 :

Cacnb1 isoforms in DM1 models and potential role in the disease
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Fonctional analysisVariations of Cacnb1 isoforms at transcriptional level

Myotonia feature is increased when Cacnb1 increase of expression is prevented.
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Nanopore Sequencing
(long read sequencing)

(E. Allemand)

One main isoform per transcriptional unit

Transcriptional unit
Ex1_fw ⟶ Ex13end_rv

mCacnb1-A
(85,7%)

42 splice variants

Transcriptional unit
Ex1_fw ⟶ Ex14_rv

mCacnb1-E
(89,8%)

16 splice variants

ExATG1_fwEx1_fw

Ex14_rvEx13end_rv

Transcriptional unit
Ex2B_fw ⟶ Ex13end_rv

mCacnb1-D
(84,2%)

23 splice variants

3rd isoform to be
considered

Ex1Ex2BEpigenetic marks (ChIP): embryonic limb VS adult muscle samples

E xon 1 - E xon 2 B  :  E p i ge n et i c ma r ks

(ENCODE project ; Ramachandran K et al. 2019)

Adult muscle samples: Epigenetic marks of an active promoter at Ex2B region

Regulation of the expression of CaVβ1 isoforms

Inn Den 2d

0

20

40

60

80

H3K4me3 - PAe3

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s

✱✱

Inn Den 2d

0

20

40

60

H3K4me3 - PAi2

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s

✱✱✱✱

Inn Den 2d

0

50

100

150

200

250

H3K4me3 - i1e1

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s

✱

Inn Den 2d

0

100

200

300

H3K9ac - PAe3

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s ✱✱

Inn Den 2d

0

50

100

150

H3K9ac - PAi2

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s

✱

Inn Den 2d

0

50

100

150

200

H3K9ac - i1e1

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s

✱

Inn Den 2d

0

100

200

300

pS5-Pol2 - PAe3

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s ✱✱

Inn Den 2d

0

50

100

150

pS5-Pol2 - PAi2

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s

✱

Inn Den 2d

0

50

100

150

200

pS5-Pol2 - i1e1

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s

✱

Inn Den 2d

0

20

40

60

80

H3K4me3 - PAe3

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s

✱✱

Inn Den 2d

0

20

40

60

H3K4me3 - PAi2

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s

✱✱✱✱

Inn Den 2d

0

50

100

150

200

250

H3K4me3 - i1e1

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s

✱

Inn Den 2d

0

100

200

300

H3K9ac - PAe3

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s ✱✱

Inn Den 2d

0

50

100

150

H3K9ac - PAi2

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s

✱

Inn Den 2d

0

50

100

150

200

H3K9ac - i1e1

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s

✱

Inn Den 2d

0

100

200

300

pS5-Pol2 - PAe3

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s ✱✱

Inn Den 2d

0

50

100

150

pS5-Pol2 - PAi2

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s

✱

Inn Den 2d

0

50

100

150

200

pS5-Pol2 - i1e1

R
e
la

ti
v

e
 e

n
ri

c
h

m
e

n
t 

(%
H

3
)

n
o

rm
a
li
z
e
d

 b
y
 -

3
,6

k
b

 l
o

c
u

s

✱

Ex1: increased epigenetic 
marks of active promoters

after denervation
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ChIP-PCR Adult muscles

H3K4me3: at active promoters
H3K9ac: at active promoters

Pol2: RNA pol II occupancy
⟶ Promoters

Ex2: Reduced 
Pol2 pause

after 
denervation
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Ex1: Increased
Pol2 pause

after 
denervation

⟶ Restoration of the embryonic epigenetic program in Cacnb1 
gene after denervation in adult skeletal muscle

Variations of CaVβ1 isoforms at protein level

Mbnl / Cancn1 expressions are correlated after denervation

Downregulation of Mbnl1 induces an 
increase of Mbnl3 expression.
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Mbnl1 downregulation
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Variations of Cacnb1 isoforms at transcriptional level
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A downregulation of Mbnl1 induces an increase of the expression of CaVβ1-A & CaVβ1-E in mouse skeletal muscle

Mbnl3 is required to increase Cacnb1-E expression in vivo ⟶ The increase of CaVβ1-A & CaVβ1-E expression under Mbnl1 downregulation is due, at least partially, to 
Mbnl3 increased expression 
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Regulation of CaVβ1 isoforms in the physiopathology of muscle disease(s): the possible role of Muscleblind-like proteins (Mbnls)

Role of Mbnls in 
Cancn1s expressions?

Cross-talk between Mbnl proteins in the regulation of CaVβ1 isoforms


