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Actin-microtubule cytoskeletal interplay
mediated by MRTF-A/SRF signaling
promotes dilated cardiomyopathy caused
by LMNA mutations
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L’IC et les étiologies |

v L'insuffisance cardiaque est une pathologie évolutive chronique (elle peut étre aiglie dans l'infarctus
du myocarde ou la rupture de valve) qui peut étre secondaire a de nombreuses étiologies : cardiopathies

ischémiques, hypertension artérielle chronique, cardiomyopathies, cardiopathies valvulaires, troubles du
rythme, etc.
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Electrocardiogramme (ECG) de repos: relation onde-propagation
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Echocardiographie |

» Exploration morphologique et fonctionnelle du cceur par ultrasons

 En mode bidimensionnel (BD) pour analyser en temps reel les structures cardiaques et la
cinétique des parois myocardiques en 2D

* En mode temps-mouvement (TM) pour mesurer les mouvements des différentes structures
cardiaques, les dimensions des parois et des cavités cardiaques et les fonctions ventriculaires en
fonction du temps
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Mutations in the lamin A/C gene (LMNA) cause
dilated cardiomyopathy

Cardiomyocyte defects :

. Cellular signaling

. Nuclear structure / Mechano-transduction
W . Chromatin binding / Gene transcription
Left ventricle

. Cytoskeleton organization

dilatation

Cytoplasm

Dynein/
Kinesin/

&
88 Nesprin 1/2G

LINC complex

Chromatin

Nucleus

CLINICAL MANIFESTATIONS

Dilated cardiomyopathy

Cardiac conduction system disease

Atrial and ventricular arrhythmias

Sudden cardiac death

+/- skeletal muscle phenotypes

Chatzifrangkeskou et al, Amer. J. Phys. Cell Phys., 2023
Crasto et al, Front Physiol., 2020



ERK1/2 is hyper-activated in LMNA cardiomyopathy
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Cofilin-1 phospho-activation at Thr 25 by ERK1/2
stimulates actin diassembly in LMNA cardiomyopathy

p-ERK1/2 LMNA cardiomyopathy
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. V20A mutated NES (nuclear export signal)
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Vignier et al, Cell Rep., 2021
Chatzifrangkeskou et al, Hum. Mol. Genetic, 2018



MRTF-A / SRF :
myocardin-related transcription factor A / serum response factor
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MRTF-A / SRF deregulation lead to heart failure

Disruption of SRF in adult mice heart :
. impaired left ventricular function : reduced contractility, progressive cardiac dilatation.

. early decreases in the cardiac gene expression program:
cardiac alpha-actin, muscle creatine kinase, calcium-handling genes.

. Altered cytoarchitecture of cardiomyocytes in the intercalated discs.

Cardiac Muscle Diagram Cardiac Muscle Microscopy
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Heart failure in 10 weeks

Parlakian et al, Circulation, 2005
https://ib.bioninja.com.au/options/option-d-human-physiology/d4-the-heart/cardiac-muscle.html/



Cofilin-1 phosphorylated on T25 binds MRTF-A and
prevents its nuclear localization in LMNA cardiomyopathy

Healthy

S 2N

LMNA cardiomyopathy

Cofillin EZ00LU T
ERK1/2 MRTEE S

®]

¢ Q@
MRTFo @

ERK1/2 SR

e MRTF) &
< ®
PDXP /
Decreased
transcription

SRF 4

Le Dour et al., Nature Comm., 2022



Cofilin-1 phosphorylated on T25 binds MRTF-A and
prevents its nuclear localization in LMNA cardiomyopathy
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o-TAT1 transcription is stimulated by SRF, leading to
microtubule acetylation

Actin, WASP
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o TAT-1 : a-tubulin acetyl transferase (K40)
HDACG : deacetylase
(inhibited by Tubacin, Tubastatin A)




Gap junctions are altered in LMNA cardiomyopathy
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Chatzifrangkeskou et al, Amer. J. Phys. Cell Phys., 2023
Arimura et al, hum. Mol. Genet., 2005



Groupe 1

Analysis : figure 3
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Groupe 1

Analysis : table S1 related to figure 3

Lmna WT Lmna WT Lmna WT Lmna H222P
NT AAV-cofilin WT AAV-cofilin T25A NT

age 6 months 6 months 6 months 6 months
n 3 3 3 3
time (ms) 93,033 +1,86 101,82 + 2,37 ** 108,13 + 1,66 *** 96,11 + 2,88
heart rate (bpm) 645,07 + 12,80 589,53 + 13,61 ** 554,9 + 8,6 *** 624,6 + 18,51
cardiac output (I/min) 0,06+0 0,05 + 0,01 0,06 + 0,02 0,07 £0,01
IVSd (cm) 0,070 0,06 £ 0,005 0,07 £ 0,005 0,060
LVDd (cm) 0,35+0,01 0,36 £ 0,03 0,37 +0,04 0,47 £0,07 *
LVPWd (cm) 0,07+0 0,060 0,07 £0,011 0,06 + 0,005
IVSs (cm) 0,12+0,01 0,09 + 0,01 ** 0,13 £ 0,005 0,09 +£0,01 **
LVDs (cm) 0,18 + 0,005 0,23 £ 0,025 0,19 £ 0,025 0,37 £0,09 **
LVPWs (cm) 0,12+0,01 0,09 £ 0,005 0,11+0,015 0,08 £ 0 **
LVED vol (ml) 0,113 £ 0,005 0,12 £ 0,026 0,13+0,04 0,26 £0,11
LVES vol (ml) 0,02+0 0,036 + 0,01 0,02 £0,01 0,14 +0,10
EF (%) 84,4 +0,58 71,12+ 3,67 * 84,28 + 1,58 48,760 + 16,50 **
FS (%) 47,32 £ 0,67 35,01+2,89* 47,22 +1,68 21,54 £ 9,27 ***
LV eject vol (ml) 0,09 £ 0,005 0,08 £ 0,015 0,11+0,03 0,11 +£0,02
h/r 0,39 + 0,007 0,34 £ 0,032 0,40 £ 0,03 0,26 £0,03 **

Table S1| Echocardiographic data for Lmna™" (WT) mice transduced or not transduced with

AAV-cofilin-1 or AAV-cofilin-1-T25A at 6 months of age. [VS, inter ventricular septum; LVD, left
ventricular diameter; LVPW, left ventricular posterior wall; LVED, left ventricular end diastolic;
LVES, left ventricular end systolic; EF, ejection fraction; FS, fractional shortening; s, systole; d,
diastole. Values are means + SEM. *p<0.05, **p<0.01 and ***p<0.001 between Lmna™ mice
transduced and Lmna™" mice not transduced. Values for Lmna®™*"™** mice are shown as

comparison.



Groupe 2

Analysis : figure 4
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Groupe 2

Analysis : figure 5
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Groupe 3

Analysis : figure 5
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Groupe 4

Analysis : figure 6
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Groupe 4

Analysis : table S6 related to figure 6

Table S6] ECG parameters. Baseline values of ECG parameters measured in Lmn

H222P/H222P -
a’ mice

treated with Tubastatin A as compared with DMSO-treated (top table); in Atatl” (KO) mice as
compared with wild-type mice (WT) (middle table) and in mice transduced with AAV overexpressing
HDAC6 as compared with WT mice (bottom table).

H222P H222P H222P H222P H222P H222pP
DMSO Tubastatin DMSO Tubastatin DMSO Tubastatin
age 2 months 2 months 2,5 months 2,5 months 3 months 3 months
n 4 5 4 3 4 3
RR (ms) 80.55+19 8084109 803x1.2 789+ 0.6 7861+11 7931038
PR (ms) 34.23+0.7 35106 33.7+0.6 32.82+0.77 34.08+0.7 32.55+0.38
QRS (ms) 13.64+0.42 13.44+0.44 13.20+£0.37 14.136+0.39 18.38+1.7 18.20%+1.29
WT Atatl KO WT Atatl KO WT Atatl KO
age 3 months 3 months 4 months 4 months 5 months 5 months
n 10 11 10 11 4 11
RR (ms) 8055+19 808409 803+1.2 78.9+ 0.6 7861+11 7931038
PR (ms) 34.23+£0.7 351206 33.7+£0.6 32.8220.77 34.08+0.7 32.55%0.38
QRS (ms) 12.16 £0.19 11.66+0.2 11.99+0.19 11.46+0.11 1205+0.44 1143+0.17
WT AAV-HDAC6 WT AAV-HDAC6 WT AAV-HDAC6 WT AAV-HDAC6
age 2 months 2 months 3 months 3 months 4 months 4 months 5 months 5 months
n 3 3 3 3 3 3 3 3
RR (ms) 788+0.32 79.72+046 78.77+08 8158+13 79.20x16 83.11+34 83.05+16 86.14%+4.7
PR (ms) 33.2+0.7 33.24+0.7 3267+0.37 34.16+09 33.15+158 3456+1.2 36.168+1.07 3441+1.14
QRS (ms) 12.27+0.18 11.74+0.11 12.20+0.26 11.81+0.18 12.11+0.07 1163+0.31 11.44+0.32 1149+0.23




Conclusion of the study
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HDACG6 a new key player in the treatment of many diseases

L Formation
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Osseni & Schaeffer, Med. Sci., 2022



HDAC inhibitors in clinic
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Di Bello et al., Chimia, 2022
Histone modifications in therapy, 2020



Paclitaxel / Taxol to increase a-tubulin acetylation in clinic ?

L mna H222P
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Macquart et al, Hum. Mol. Genet., 2019



Dilated cardiomyopathy

Heart with Dilated

Normal Heart Cardiomyopathy

Chambers relax and fill, Muscle fibers have stretched.
then contract and pump. Heart chambers enlarge.

Figure 1. A comparison between a normal heart (left)
and one with dilated cardiomyopathy (right), potentially
caused by a mutation in LMNA.

https://www.Imnacardiac.org/introduction/
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