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CaVB1A and CaVB1E embryonic isoforms in adult skeletal muscle, a Mbnl1 related-expression
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INTRODUCTION

CaVPB1-E/GDF5 axis in muscle mass homeostasis Cacnb1 isoforms in skeletal muscle Implication of MBNLs in DM1 pathophysiology
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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 CaVal subunit, the CaVp1
subunit is an essential subunit guaranteeing CaV fine-tuning activity. CaVB1, encoded by Cacnbl gene, exists as several variants in skeletal muscle. Our recent work demonstrates CaVB1D as the constitutive adult
isoform, localized with CaVal at the triad. On the other hand, our previous and present works show that CaVB1E and CaVB1A 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 CaVB1 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 CaVB1 transcript (CACNB1) (Arandel et al. 2017).

Here, we evaluate the effect of a modulation of MBNLs protein levels on the expression of CaVB1 isoforms in both in vitro and in vivo systems as well as in pathological mouse models of DM1.

Diversity of CaVpB1 isoforms in skeletal muscle Regulation of the expression of CaVf1 isoforms

ChIP-PCR Adult muscles \

H3K4me3: at active promoters Pol2: RNA pol Il occupancy
Nanopore Sequencing ; \ . . H3K9ac: at active promoters —> Promoters
(long read sequencing) &il/ E Xon 1 - E Xon 2 B : E p | g en et IC Mar k S — H3K4me3 - PAe3 H3K4me3 - PAi2 _ pS5-Pol2 - PAe3
ExlA_fw ExATGAl_fW % I ’(g w g- .
1 2A | 2B 3 4 5 6 7A ﬂp 8 El 10 11 12 |13_beg|13_end L 14 Epigenetic marks (ChIP): embryonic limb VS adult muscle samples Ex2B Ex1 "E:% 807 EI";% %07 gﬁ .
< - Reference Assembly Alternate nglotypelSequengeﬂ gnments %é 60— i’é == % g —
Ex13end_rv Ex14 rv GENCODE VM23 Comprehensive Transcript Set (¢nly Basic digplayed by default T o T @ © 40 = 1=
. l i E o - E ™ . g > 4 .
O i £ Spei [T 0 23 +
i B o 53 53 20 o8 o
Cacnb1 <1} = = = gt_é N lgé g &
EX;;ar;\s,\(/:riptionn]_ag,leunn;t . Eralnsfcriptio;all:nit Exzrapv\slcriptéigglet:gitrv - 40 _ ChlP-seq signal of embryonic limb H3K27ac on day Efji2.5 from ENCODE 3 (UCSDVRen) Ex2B: reduced epigenetic E E 0 — T E E 0 |n'n —r Ex2: Reduced E E 0 |nln e 20
— X1 TW — EXI2 IV — K27ac limb 12 marks of active promoters__ Pol2 pause__
23 splice variants 16 splice variants 42 splice variants E}j - 43 - : Ll —_— . RGN SR after denervation _ after pS5-Pol2 - PAi2
A~ B _ ChlP-seq signal of embryonic limb H3K27ac on day E[I5.5 from ENCODE 3 (UCSDVRen) H3K9ac - PAE3 H3K9ac - PAIi2 denervation R "
) 0 L “. & 9 300+ %k & @ 150 * %glo_
_ 20 - EDOL-H3K2TAc1-Tags ::Wu;;;s = ”——-—‘! to 1.00e+07 e]éé : 0535 ) i’ﬁ 7
[JEDL-H3K27AC .I. ' éf«; 200 T é% 100 I . g o 6- I
‘a B - s T H3K27 Ao M4 5 A2k iOF " PP S Imm— °z + = ’ ; § g o | ;
mCacnb1-D ' mCacnb1-E 4 lauad-Hake7ac - T TTTT] [T] SE 007 | ; SE - ;% i
(84,2%) (89,8%) (85,7%) W | [T iz 1 £ l fg l
) S 40 52|-|_'|-3-}_{E?J3.C'-_EL:|E- Total Tags = 2.03e+07] normalized jo 1.00e+07 — e o ' we 0 ' — & <0 '
84% 90% A : : Inn  Den 2d Inn  Den 2d Inn  Den 2d
SobfaKETAC B H3K9ac - ilel _ pS5-Pol2 - ilel
) et cdemetiniioncitiol me3 - i 0L
(ENCODE projecl‘I:E" Ramachandran K et al. 2019) ChiIP-seq signal of embryonic limb H3K27ac on day E15.5 from ENCODE 3 (UCSD/Ren) . 250_H3K4 e3-ilel & @ 204 * % é 10+ % ok k
K27ac limb 15 ‘ . Ex1: increased epigenetic | £ 3 * s 8 Ex1l:Increased | 25 8
l ! l - i < 5 2001 = 2 150 =
. . « 4 . . Y ————— Adult muscle samples: Epigenetic marks of an active promoter at Ex2B region marks of active prqmoters_< 5§§ ] g o Pol2 pause £ 67
One main isoform per transcriptional unit 3rd isoform to be after denervation £ 150 O after < £z
(E. Allemand) . £2 1004 £ - denervation Eg 4
' considered i - 2% ol 0%
. . . . . 28 soq | £E : 2 &
—> Restoration of the embryonic epigenetic program in Cacnbl 55 . $5 55 o
. . — |nln Den 2d '”I” Den 2d = Inn  Den 2d
K / K gene after denervation in adult skeletal muscle - /
Regulation of CaVB1 isoforms in the physiopathology of muscle disease(s): the possible role of Muscleblind-like proteins (Mbnls)
o Mbni3 CacnblA/E
c % 15- ded 20 *kk
%% ) 5. Mbnll downregulation Variations of Cacnb1 isoforms at transcriptional level Variations of CaVB1 isoforms at protein level
- O )
% 2 104
- i mMbnl1
g g 5
E (&] ~ **%x%
° e = 1.5- %k %k %k %k . 100- PBS hMbnl1 CavB1l D CavB1l A
3 o —1 . ol S RT-PCR triplex Cacnb1 Ex2-3 ] . >hvon .  some
vibni1 Cocnbib -% g Lo éi— OF l_'é 80 EE Cacnbl-A/E S WSS G e e CaVPBAD (53kDa) § 0.3 T + é 0.20 .
° = (&] (@] b o . =
- s Role of Mbnls in 59 . ctl shMbnll CaVB1E § 607 = Cacnbl-D g T S T
o Cancnls expressions? <& . S 40+ CaVB1A (58kDa) 2 %2 @
%g 1.0- — wd T 3‘ o’ £ 0.5 Cacnb1-A/E S . - - P1A ) S £ 0.10-
% \) 3 months < 20— = 0.1- é _f_
5 = Cacnb1-D c c 0.05-
< S 054 0.5- 2 0.0 . i— e 0 , , PRS- CaVB1E (70kDa) 5 g % i
Z s ctl shMbnlil Ctl shMbnl1 % 0.0 I T % 0.00 T 1
o 0.0 | 0.0 PBS shMbnl1 PBS shMbnll
3 inn den . inln den
kanI / Cancn1l expressions are correlated after denervation A downregulation of Mbnll induces an increase of the expression of CaV1-A & CaVB1-E in mouse skeletal muscle Y,
Cross-talk between Mbnl proteins in the regulation of CaVB1 isoforms D
¢ ok %k ok
mMbni3 Mbnl3 downregulation mMbnlil mMbni3 RT-PCR triplex Cacnbl1 Ex2-3 * AKX
* % Xk I**; '
e ok —— ' mm Cacnbl-A/E
3 1.5+ S50 ak An shMbnl3 OE 100 ['—== _ (@ Cacnbl-D
_ k¥ K S Xk o okokk S Inn Den 3d shMbnl3 +den3d  CaVB1E
5 37 i? 5 . 5 £ o T 5 807
So CS7BI6WTmouse 7AN ? 9 1.0- == w9 Cacnb1-E S
8.2 2 — Y — ——>  Sacrifice g'g I “E’_ o L 8
s . L aw 2 months 3 days 8 X% 4- Cacnb1-A/E o
ij o - » > \:;\’ shMbnl3 % % 0.5- <zt g (\%?
E % 14 = = g m nE: ? 2 = o
E 0 | E 0.0 | T | T % 0 |-ilh-l T "?h' l_T_l
ctl shMbnl1 D d> O & = - S B
*@bo \‘z'brb Nl d Nl 3 é@bo f&@b v“& g §
L L& & F & e e
< ) x < QQ! bx
\(S oe(\ 6,56 © oe’ Qb‘b NS
ol @’5’&
& ~
& P
Q
Downregulation of Mbnll induces an Mbni3 is required to increase Cacnb1-E expression in vivo — The increase of CaVB1-A & CaVB1-E expression under Mbnll downregulation is due, at least partially, to
\ increase of Mbnl3 expression. Mbnl3 increased expression /
Cacnbl isoforms in DM1 models and potential role in the disease
Variations of Cacnb1 isoforms at transcriptional level Fonctional analysis
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The expression of Cacnb1-E is increased in HSA and shMbnl1+2 DM1 models. Myotonia feature is increased when Cacnb1 increase of expression is prevented.

CONCLUSIONS & PERSPECTIVES

e Adult Cacnb1D and embryonic Cacnb1A/E isoforms are expressed upon specific promoter activation
A/E

* Adownregulation of Mbnl1, and the subsequent increase of Mbnl3, leads to increased CaV1-A and . - _
CaVB1-E and decreased CaVB1-D expression in vivo * Characterization of the splicing events occurring at Cacnb1 Ex2-3 and Ex13-14

e Mouse models of DM1 are associated with an increased Cacnb1-A and Cacnb1-E expression * Deciphering the role of CaVB1-E in DM1 pathophysiology
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