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Déclaration

J’ai recu via le CHUV des émoluments pour des activités
de consell scientifique pour Biogen, AveXis/Novartis Gene
Therapies, Roche, Pfizer.

J'ai recu un fonds de recherche de la part de Biogen,
AveXis/Novartis Gene Therapies et Roche.

JVaud

\\\\\\V
H T



JVaud

‘ orphaaet

Maladies neuromusculaires

« Ensemble de maladies touchant la fonction motrice, du cerveau
au muscle

« Grande majorité d’origine génétique

N e U.S. National Library of Medicine kosel(
¢ Spectre treS varie él";z?nicalTrials.gov
« Maladies rares ou rarissimes

Nationale Koordination
Seltene Krankheiten

Neuromuscular GENETABLE OF NEUROMUSCULAR DISORDERS
Disorders This table has been prepared by Dr Gistle Bonne * - PHD and by Pr. Erancuis Rivier . - MID, PhD
This website is developed and maintained by Dalil Hamroun - PhD

i i Doelepmatt Medsin | Hac Kt Pross @)

Neuromuscular
Disorders in Children

A Multidisciplinary Approach to Management

* Sorbonne Université-Inserm, Centre of Research in Myology , Paris, France.
++ Chu de Montpellier, Montpellier. France.

GT_NMD 2025 (updated 12/03/2025)

Neuromuscular Disorders
of Infancy, Childhood, and
Adolescence

A Clinician’s Approach

Ttea sy

Disease Gene Gene product References

STATISTICS

The gene table contains:
1240 Diseases
697 Different genes
697 Different proteins ,_of which 80 are mitochondrial (M)
65 Mapped lod awaiting gene identification

153 References. el R @\“&v
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Classification des MNM

Spinal cord

Motor
unit 1

Motor
unit 2

Axon terminals at
neuromuscular junctions

Motor neuron

oell body Motor neuron

axon

Branching axon
to motor unit

https://blogs.ncl.ac.uk/katarzynapirog/skeletal-muscle-

structure-and-function/ %\\\\\\ \ v
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640 muscles

muscles of the body by arvalis.jpg
(1024x791) (wixmp.com)
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MNM = maladies multisystémiques

2 b)
cognitive impairment
CMT type 2A white matter alterations tic atroohy
sensorineural hearing loss OpucAEOPLY -
= visual impairment. +/- colour vision defect
— vocal cord paresis
— respiratory insufficiency
nuscular atrophy, muscular atrophy,
weakness weakness
postural hand tremor
and pain
areflexia preserved
areflexia muscular atrophy, muscular atrophy, or increased reflexes
weakness weakness knee joint contracture
h—_——— vibration sense loss, —mild increases in muscle tone
> athic pai neuropathic pain
1 1 N N
heuropathic pair F ¥ — profound proprioception loss
I pes cavus
PR extensor plantar responses

Fig. 1. Pure neuropathic phenotype (a) and additional features (b) in MFN2 mutations. The common features are in blue,

G. Stuppia et al. / Journal of the Neurological Sciences 356 (2015) 7-18 §\\\\\\\§v
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Le coeur, c’est important

CENTRAL ILLUSTRATION Predominant Cardiovascular Phenotypes in the Most Commonly Inherited Muscle

Diseases With Cardiac Involvement
Cardiomyopathy: Uncommon
Rhythm Defects: Common

Dilated Hypokinetic Hypertrophic
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Myotonic Dystrophies

Skeletal Muscle Diseases

XLRDMD/ EDMD LGMD1 AD
BMD  ADARXLR LGMD2 AR

Example of Desminopathies

Biomarker Increased in Almost All Skeletal Muscle Diseases: HyperCKemia

Arbustini, E. et al. J Am Coll Cardiol. 2018;72(20):2485-506.
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Et puls encore.

Genetics N Medicine = Volume 12, Number 6, June 2010 The skeletal dyvsplasias
narmal epiphsyeal metaphyseal diaphyseal
abnormality abnormality abnormality

secondary secondary secondary
epiphysis e epmliis epiphysis epiphysis

metaphysis metaphysis metaphysis metaphysis
<%, o
Pty %5,
% %
normal spondylo-
spondylo- abnormality

Vertebrae

process

Fig. 2. Cartoon demonstrating the different portions of the appendicular skeleton that manifest radiographic abnor-
malities that aid in the clinical classification of the skeletal dysplasias.
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VOLUME 175C NUMBER 1 MARCH 2017

AMERICAN JOURNAL OF

medical genetics

Seminars in Medical Genetics

Hypermobile EDS

wileyonlinelibrary.com/journal/ajmge WILEY
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Journal of /
. Clinical Medicine J Clin Med 2022, 11, 6394 m‘\"\"l)

Neuropathology and Applied Neurabiology (2017), 43, 24-43 doi: 10.1111/nan.12385

Myopathology in times of modern imaging

Review

New Targeted Agents in Myasthenia Gravis and Future

Therapeutic Strategies

t t

Daniel Sanchez-Tejerina
and Maria Salvado *

, Javier Sotoca

Drug Discovery Today * Volume 28, Number 3 » March 2023

The myotonic dystrophy type 1 drug
development pipeline: 2022 edition

Marta Pascual-Gilabert ', Ruben Artero >**, Arturo Lopez-Castel 2>

" Myogem Health Company, S.L, Barcelona, Spain
2University Institute for Biotechnology and Biomedicine (BIOTECMED), University of Valencia, Valencia, Spain
*Translational Genomics Group, Incliva Biomedical Research Institute, Valencia, Spain
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H. Jungbluth*,t,#

, Arnau Llaurado ¥, Veronica Lépez-Diego, Raul Juntas-Morales Gene therapy for neuromUSCUIar disorders: prOS pECtS

and ethics

. 1,2
Monique M Ryan Arch Dis Child 2022;107:421-426

. Yiu EM et al. J Neurol Neurosurg Psychiatry 2022;93:530-538.
Review

Clinical practice guideline for the management of
paediatric Charcot-Marie-Tooth disease

Next-generation sequencing in neuromuscular
diseases

Curr Opin Neurol. 2016 Oct;29(5):527-36

Stephanie Efthymiou™®, Andreea Manole®®, and Henry Houlden™"
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1. Amyotrophie spinale 2. Dystrophinopathies
(Duchenne et Becker)

4. Neuropathies
périphériques

3. Dystrophies
musculaires

5. Myasthénies
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Amyotrophie spinale (SMA)
Werdnig & Hoffmann, 1890
1/10°’000 naissances (porteur =1/50)
Autosomique recessive
Genes SMN1 et SMN2 sur chr. 59
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SPINAL MUSCULAR ATROPHY (smp)
% (HENETIC DISORDER *

DiesS MUSCLE
——  ATROPHIES
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Faiblesse progressive symétrique

e Gradient proximo-distal

* MI>MS
Perte des réflexes ostéotendineux
Fasciculations linguales
«Tremor» (pseudominimyoclonus)

e Mauvaise croissance

e RGO
* Scoliose
e Luxation hanches

vald

Difficultés oromotrices / déglutition
Trouble / insuffisance respiratoire

Fatigue

Pas de probleme
cardiaque (en général)
Intelligence normale
(en général)
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«Continuum» des phénotypes

TABLE 1. Classification and Subtypes of Spinal Muscular Atrophy

Type Age of Onset Maximal Motor Ability and Prognosis® e
Motor Additional Features
Milestone

Non-
Sitter

SMA 0 Before birth None Severe hyportonia; Respiratory insufficiency at

unable to sit or roll® birth: death within weeks

60% SMA 2 weeks (Ia) None Severe hypotonia; Death/ventilation by 2 years
3 months (Ib) unable to sit or roll®
6 months (Ic)

Sitter

30% SMA II 6 to 18 months Sitting Proximal weakness; Survival into adulthood

un Hl')l ¢ to V\’i{l k in ({C pCll Ll(‘ n tl}'

10% SMA I <3 years (IIa) Walking May lose ability to walk Normal life span
>3 years (I1Ib)
>12 years (I1lc)

Walker

SMA IV =30 years or 10 to 30 years Normal Mild motor Impairment Normal life span

Farrar et al., Ann Neurol, 2017

D. Jacquier N \\\\\\\
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En Suisse

Swiss-Reg-NMD b

u

b
UNIVERSITAT
BERN

Swiss Registry for

Neuromuscular Disorders

Annual report for 2023

JVaud

Table 2. Total number of patients alive? by neuromuscular disorder and age (31.12.2023).

Disease Age 0-20 Age 20-65 Total
DMD-Duchenne 117 53 170
BMD-Becker 19 21 40
IMD-Intermediate 4 <3 6"
SMA type 1

SMA type 2

SMA type 3

SMA unspecified®

LAMA2-RMD 15 <3 18°
COL6-RD 6 0 6
Total 241° 167 408

DMD: Duchenne Muscular Dystrophy; BMD: Becker Muscular Dystrophy; IMD: Intermediate form; SMA1-3: Spinal Muscular
Atrophy type 1-3; LAMA2-RMD: LAMA2-related Muscular Dystrophy, COL6-RD: Collagen-VI-related dystrophy. To ensure
patient confidentiality we mask small numbers with “<3".

2 Not reported as deceased; ® Approximate value to ensure patient confidentiality; ¢ unspecified SMA type, e.g. pre-
symptomatic start of treatment.

\
h
https://www.swiss-reg-nmd.ch/wp-content/uploads/sites/17/Swiss-Reg-NMD_2023_Annual_Report_webpa \




Available online at www.sciencedirect.com

ScienceDirect

b

ELSEVIER Neuromuscular Disorders Il (2017) HE-HE
Pulmonary

www.elsevier.com/locate/nmd

Diagnosis and management of spinal muscular atrophy: Part [:

Recommendations for diagnosis, rehabilitation,
Neuro-

Mot/ orthopedic and nutritional care
rehabllitation Eugenio Mercuri “** Richard S. Finkel *', Francesco Muntoni ¢, Brunhilde Wirth ¢,
Jacqueline Montes *, Marion Main ¢, Elena S. Mazzone “°, Michael Vitale £, Brian Snyder ",
Susana Quijano-Roy ¥, Enrico Bertini ¥, Rebecca Hurst Davis |, Oscar H. Meyer ™,
Anita K. Simonds ", Mary K. Schroth °, Robert J. Graham P, Janbernd Kirschner 9,
Susan T. Tannaccone ', Thomas O. Crawford °, Simon Woods ', Ying Qian , Thomas Sejersen * for
the SMA Care Group

Coordinator

Patient
with
SMA

Orthopedic pther organ
P involvement

Diagnosis and management of spinal muscular atrophy: Part 2: Pulmonary
and acute care; medications, supplements and immunizations; other organ
N systems; and ethics

gastrointestinal Richard S. Finkel *!, Eugenio Mercuri “*, Oscar H. Meyer ¢, Anita K. Simonds ¢,
and bone health Mary K. Schroth ¢, Robert J. Graham ', Janbernd Kirschner ¢, Susan T. lannaccone "
Thomas O. Crawford |, Simon Woods !, Francesco Muntoni ¥, Brunhilde Wirth ',
Jacqueline Montes ™, Marion Main ¥, Elena S. Mazzone °, Michael Vitale ", Brian Snyder °,
Susana Quijano-Roy *, Enrico Bertini 9, Rebecca Hurst Davis ', Ying Qian *, Thomas Sejersen ' for
Fig. 2. Multidisciplinary approach. the SMA Care grow

s

Adapted from Mercuri et al. Diagnosis and management of spinal muscular atrophy: Part 1; Neuromuscul Disord 2018 Feb;28(2):103-115

; curi et . . MW\
& Finkel RS et al. Diagnosis and management of spinal muscular atrophy: Part 2; Neuromuscular Disorders 28 (2018) 197-207 N v
\
\ \\\\\\\
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PATHOMECANISME &
GENETIQUE
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Transition C>T altére I'épissage
Gene SNVIN1 de I'exon 7 de SMN2

DNA

mRNA

¥
pre-mRNA m
¥
| 6 HIE 3 |
\ 4

Protein Full-length SMN,

SMN shortened
(SMNA7), non-
functional, degradated

stable and
functional

mRNA = messanger RNA
Inspired by Messina S et Sframeli M. J Clin Med. 2020 Jul 13;9(7):2222
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Transition C>T altére I’épissage

Gene SNVIN1 de I'exon 7 de SMN2 SNVIN2

Autres régulateurs de
DNA I’épissage permettent
I'inclusion de I’exon 7

pre-mRNA

mRNA

Protein Full-length SMN, Full-length SMN, SMN shortened
stable and stable and (SMNA7), non-
functional functional functional, degradated

mRNA = messanger RNA
Inspired by Messina S et Sframeli M. J Clin Med. 2020 Jul 13;9(7):2222
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de I’exon 7 de SMIN2

Gene SMN1 Transition C>T altére I'épissage SMNZ

DNA

pre-mRNA

mRNA

Protein Full-length SMN,
stable and
functional

Full-length SMN, SMPV shortened
stable and (S” .NA7), non-
functional f .nctional, degradated

mRNA = messanger RNA
Inspired by Messina S et Sframeli M. J Clin Med. 2020 Jul 13;9(7):2222
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Les copies de SMN2

Forte corrélation avec la sévérité de la maladie

Fercentage

90

80

70

60

50

40

30

20

10 -

0 K4
SMA | (N=188)

SMA Il (N=110) SMA Il (N=77)

D. Jacquier

1 SMN2 copy
W 2 SMNZ2 copies
& 3 SMN2 copies
® 4 SMNZ2 copies

Adapted from 6 etal.Q itati I f SMN1 and SMN2 based on real-time

lightCycler PCR: fast and highly reliable carrier testing and prediction of severity of spinal
muscular atrophy. Am J Hum Genet 2002 Feb;70(2):358-68
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The characters shown are real patients and the required consent to use their stories has been
obtained from the patients and families. Photographs are for illustrative purposes only.

https://care.togetherinsma.eu/en/home/sma-in-infants-and-
children/living-with-sma.html

https://treat-nmd.org/care-overview/2017-standards-
of-care-for-spinal-muscular-atrophy-sma/the-guide-
to-the-2017-international-standards-of-care-for-sma/

NOUVELLES THERAPIES
MEDICAMENTEUSES

\\\\\\V D. Jacquier A\ \\\\\\\
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Small molecules
for splicing correction
- RG7916

Antisense
oligonucleotide

- Nusinersen

Exoni6)

SMN1 gene

replacement using
SMN2 pre-mRNA an adenovirus
vector AAV9-SMN
‘ v CK-2127107
fast skeletal
that sensitises tr;e
sarcomere to calciul
SMN2 mRNA SMN1 mRNA and increases the
v ‘.’ contractile response
o to nerve signaling
% ‘;‘:
g o2
SMN protein SMN protein

Farrar AM et al. Ann Neurol. 2017 Mar;81(3):355-368

D. Jacquier \ \\\\\\\



Survival Motor Neuron-Directed Treatment Pathways for Patients With TABLE 12-3
Spinal Muscular Atrophy

Oskoui M & Servais L.
Continuum 2023 Oct
1;29(5):1564-1584

Date of FDA Pivotal trials Dose, route of
approval, Mechanism (age range administration, and Main adverse
age group of action inclusion) frequency of maintenance effects
Nusinersen December 2014, Antisense ENDEAR?® 12 mg; intrathecal; Adverse effects
all ages oligonuclectide (1 week to 7 months), 4 loading doses over related to the
splicing modifier CHERISH?? 2 months, then lumbar puncture,
of SMN2Z (2-12 years), maintenance every unknown risk
NURTURE" 4 months of teratogenicity
(0-6 weeks)
Onasemnogene May 2019, SMNI gene STRIVE®4¢ 1.1% 10" vector genomes  Thrombotic
abeparvovec <2 years replacement (<7 months), (vg)/kg patient body microangiopathy,
via AAV9 vector SPRINT®2#% weight, IV single infusion  liver toxicity and
(0-6 weeks) acute liver failure

leading to death,
thrombocytopenia

Risdiplam August 2020, Small molecule  FIREFISH®' <2 months: 0.15 mg/kg Potential
May 20227 splicing modifier (0-7 months), ) teratogenicity,
all ages of SMN2 SUNFISH™ g rznoonmth;.kto <2 years: photosensitivity,
(2-25 years), : E/xg diarrhea
Rainbowfish 22 years and <20 kg:
(0-6 weeks) 0.25 mg/keg

=2 years and 220 kg: 5 mg

Orally, once daily after a
meal

FDA = US Food and Drug Administration.
® FDA approved in May 2022 for children younger than 2 months old.

WVald
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The Greatest Improvements in HINE-2 Total Motor Milestone Scores
Were Observed in Presymptomatic Infants Treated With Nusinersen

In all NURTURE participants, mean (SO) at last visit and mean (SD) change from baseline to last visit in HINE-2 total scores were 24.8 (2 74) and 21 9 (2 55), respectively

EMDEAR sham controll
SHINE rusinersen n = 23)

R TR

4 NURTURE (3 SMINZ copies; n = 10)

® NURTURE (2 Wz copiesin= 15 osoncn in ey BCSIA (n=17) ENDEAR sham conteol 1 = 40)

Max score 26

2

3
@

g
2
H
=
5
]
=
3
2
y
23
H
=

20

16 29 64 65 92 169 13 253 302 33 36 39 M 421 442 605 G40 568 678 31 649 G 690 700 77 770 918 620 83 930 46 10091072 11351198
Scheduled Viskt, d

- w n s & - 3 " "

The ability of infants to suck and swallow was also
— At the last obsenved visit (up to and including [
(good sucking 3) on the HINE-1

using HINE-1 neurol
all NURTURE partic

sessment
d the ability to suck and swallow, and 22 of 25 achieved the maxdmum score of 3

2 was amsessed in NURTURE parbcipants up unl the Day 778 shudy visit.
cohortof i nio inorals bzsed on b froem basebne. Data ara reparted fram
thata cxn of SHINE_ For each shudy,

achieved the maximum CHOP-INTEND score

2 SMN2 copies
(n=4 infants)

Most infants treated with risdiplam for 212 months (n=7)

>2 SMN2 copies
(n=3 infants)

40

30

20

CHOP-INTEND total score

10 = Baseline CMAP amplitude 21.5mV 10
= = Baseline CMAP amplitude <1.5mV*

60
. {v

0 2 4 6 8 10 12 14 16 18 0 2 4
Age (months)

6 8 10 12 14 16 18
Age (months)

E
SPR1INT (patients with two copies of

SMN2): Bayley-lll gross motor score

Increases in mean Bayley-lll gross and fine motor score in patients with two copies of SMN2

5 %0 « 7 of 14 (50%) have gross motor
2 ® performance similar to same-age
g * children
2 =

2
2 + 14 of 14 (100%) have fine motor
g performance similar to same-age
© children

o 2 4 8 8 W 2 1w ® 1B 2
AGE (MONTHS)

1, 2018, Bayley-ilis an o
dan main

ol Each line in the graph represents dats from an individs!
1. Bayloy Seales of infant and Toodler Daveiapment, Version 3; SO,

Uy NOVARTIS | Reimagining Medicine

SPR1INT (patients with three copies of
SMN2): Bayley-lll gross motor score

Increases in mean Bayley-lll gross and fine motor score in patients with three copies of SMN2'

. + 15 of 15 (100%) have gross motor
§ e p similar to -age
K children

g

2 + 14 of 15 (93%) have fine motor

g v performance similar to same-age
© s children

U, NOVARTIS

Reimagining Medicine

D. Jacquier
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Pediatric Drugs
https://doi.org/10.1007/540272-022-00529-8 Paediatr Drugs. 2022 Aug 27

REVIEW ARTICLE

Pharmacotherapy for Spinal Muscular Atrophy in Babies and Children:
A Review of Approved and Experimental Therapies

Claudia A. Chiriboga'

Some key points:

* These 3 DMT are effective in treating SMA.

* No studies have established superior efficacy of any one DMT.
* The earlier the treatment, the better the clinical response.

* Presymptomatic treatment results in the best clinical response.

vald
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Nusinersen (Spinraza

Risdiplam (Evrysdi

®)
Autorisé des 2017

Si = 2 copies du gene SMN2
« Aussi chez les patient.es présymptomatiques

®)
Autoriseé des 2021

Si = 2 copies du gene SMN2
« Aussi chez les patient.es présymptomatiques

\\\\\\V
H T



Onasemnogene abeparvovec (Zolgensma®)

« Autorise des 2021

« sientre 1-3 copies du gene SMN2 et <2 ans d’age
* Aussi chez les patient.es présymptomatiques

Office federal de la
Office fédéral des

santé publique

Fonction fédérale suisse

assurances sociales

Fonction fédérale suisse

’ di
SWi Esme lc‘ Assurance-maladie

D. Jacquier \ \\\\\\\

Assurance-invalidité
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Dangouloff T et al. Newborn
screening programs for spinal
muscular atrophy worldwide:
Where we stand and where to
go. Neuromuscul Disord. 2021
Apr 7;5S0960-8966(21)00071-7

No screening, no treatment
= No screening, treatment
m Screening part of the country, treatment
m Screening the whole country, treatment
No information

D. Jacquier
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muskelkrank & lebensstark

(@*#s,] Neugeborenen-Screening
Dépistane Néonatal
Screening Neonatale
Screening dal Novnaschi

Eidgenossische Kommission fur .,
M\\ o\ e Qsaslgtct“izz(‘aoe”;ﬁche are genetische Untersuchungen beim  AHV 2. IV
i \\._// \.\ Svizzera italiana Menschen (GUMEK) '
Bundesamt fir Gesundheit BAG BAG
Sekretariat EAMGK OFSP
Ausschuss Analysen UFSP
- Janvier 2020: Début projet N EK} <CNE
15.12.2023: Autorisation CH
N
- 01.03.2024: Début dépistage Biogen
(financements externes)
- 01.07.2024: Prise en charge par les
assurances-maladies
. | ) NOVARTIS
AN
D. Jacquier &\\Q\\&v



NBS Alliance | Home (sma-screening-alliance.orq)

. All newboms are screened
fior SMA

Schaduled to start shartly

Under reguiatory .
consideration

Varles — click for detalls

B Ongoing academic pliot

Past academic pllot
- o

5  Capture du 31.03.2025
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https://www.sma-screening-alliance.org/
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Swiss pediatric neuromuscular
centers

Etablis sur mandat de la Société suisse de
neuropeédiatrie
Travail en réseau

Membres de Myosuisse
* https://www.muskelgesellschaft.ch/myosuisse/

Reconnu par la kosek
 https://www.kosekschweiz.ch/fr/kosek
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JAMA Pediatrics | Original Investigation

Clinical Effectiveness of Newborn Screening for Spinal Muscular Atrophy
A Nonrandomized Controlled Trial Schwartz O. et al. JAMA Pediatr. 2024 Jun 1;178(6):540-547

Figure 2 Patients diagnosed by NBS who were asymptomatic vs symptomatic at start of treatment
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@ clinical symptom onset; NBS, those diagnosed via newborn screening.
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Figure 2. Probability of Gaining the Ability to Sit or Walk Independently
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Clinical
Effectiveness of
Newborn Screening
for Spinal Muscular
Atrophy
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2024;178(6):540-
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@E SMA DRUG PIPELINE

We're undng and directing research wth mom breacth and depth than ever before. We know wihat we need 5 co o develop nnd debver new rerepies, which could slso work in combmaton,
° 12 mach our odf of Yeamens for 3l ages and types. And weo're on he varge of farther breakhroughs hat wilt 10 change the course of SNA and overually kad %0 2 cure.

PRECLINICAL: DISCOVERY Lot CLINICAL DEVELOPMENT (uor/BLA] Fpa

T0
APPROVAL PATIENTS

MERTY A

RINTINCATION ORTIMIZATION NARUFACTURING
!

N

Shogrn Spawny
Srvarta J oigename )

Desctzch-Roche - Evrpud ol masiod

e Apitegromab TepT——
* Nusinersen «+» -

* OAenlIT

« GYM329

* Taldefgrobep alfa

Do e S Mo

Seare AT RS WA

| Farbe Crrsesn G (Ve Dot
Dehares e s (BN 20

AR5 (e U SR RS0

ORGANIZATION/DRUG NAME OR APPROACH
i

s a0 1 Ee—

T

https://www.curesma.org . wmwhl-
/sma-drug-pipeline/

BLA = Siologics License Application Bl?agc}mé?swa(ional New Drug NDA = New Drug Application  Last upeated: Fesnyary 2020



Swiss-Reg-NMD

Registre suisse des maladies neuromusculaires

NORMAL

SIT @ /

Letter to the Editor

The emerging spectrum of neurodevelopmental comorbidities in early-onset Spinal

Muscular Atrophy

71 Onset
¥ 4

/!
4
A
5

Type 4
Minimal
manifestations
or even cure

Type 3
permanent
walker

( Type 2 with less )
complications

No scoliosis
vy

Type 1 with

"
European Journal of Paediatric

Neurology 48 (2024) 67-68

Tizzano EF, Finkel RS.
Neuromusc Dis 2017 Oct; 27(10):883-889

JVaud

H =\-' - improved survival
ymptom . and ?etteﬁr motor
e Onset [ Death ] \_ unction p
D. Jacquier
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Classification des MNM

Le muscle
a) Myopathie
« Génétique
Inflammatoire

Metaboligue
Toxique

http://campusport.univ-lille2.fr/physio/co/grain1_VT.html

Infectieuse
b) Dystrophie musculaire

JVaud
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Dystrophie musculaire de Duchenne
 E. Meyron (1852), G.B.A. Duchenne de Boulogne (1868)

Jeffrey Ehmsen, Ellen Poon and Kay Davies

Dystrophin

5500y

45

Wy

http://www.exonskipping.nl
/dystrophin-protein/

Figure 1. Overview of dystrophin in muscle %\\\\\\ \ v
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Dystrophinopathie
Dystrophie musculaire de

« Duchenne
e Becker

Cardiomyopathie (dilatee) liee a I'X
Femme avec dystrophinopathie / porteuse
symptomatique
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Gruber D. et al.
AJMG: Semin in Med Gen
2022, 190C:197-205

vald

TABLE 1 Common symptoms reported in female carriers

Female carriers commonly report:

A history of weakness and clumsiness in childhood (e.g., poor
performance in sports)

Proximal muscle weakness (maybe asymmetric) leading to:
Exhaustion/tired all the time (TATT)
Difficulty getting up and down stairs
Difficulty getting up from sitting to standing position
Awkward gait

Myalgia (growing pains, cramps)

Unexplained abdominal or chest pain

Tachycardia of unknown origin

Pseudohypertrophy of calf muscle

D. Jacquier
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DMD: Un peu de géenétigue
* Incidence 1/3'600-6'000 naissances de gargons

 Maladie récessive liee a X

« 1/3 «de novo»
« Attention mutation lignée germinale

* Dup / Del / mutation ponctuelle

* Gene DMD (Xp21.2)
79 exons

\\\\\\V
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EEEEE € EX 1 3 B XX GO IC BT NS XN 5N 0
BT BT XN KX GEETN EEIK 6PN EE BN B N
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EEN KX
X & D IX GGE BED X3 2D ) D D X1 N X
q

https://www.musculardystrophyuk.org/research/understanding-research/what-is-exon-skipping-and-how-does-it-work

WVald
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Chromosome X

Dp4278 Dp427P Dp260 Dp140 Dp116 Dp71
[P R 1 -
Exon 1 Exon 31

4 {4 4

Dp427 B, M, P : cortical neurons (B), Dp260 : brain, retina layer Dp71 : brain, liver,
skeletal and cardiac muscles (M), and heart heart and retina
Purkinje cells (P)

Dp140 : brain, retina and
kidneys

Dp116 : Schwann cells

Figure 1: Genomic organization of the dystrophin gene.

vad

Ricotti V et al. DMCN 2016, 58: 77-84
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DMD a evoquer devant...

 Difficultés motrices
Retard dév. moteur (40%)
Retard de la marche (20%)
Marche «particuliere»
Chutes, difficultés a la course ou escaliers
Signe de Gowers
Pseudohypertrophie musculaire (mollets!)

« HyperCKemie (10-200x N)

D. Jacquier N \\\\\\\
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Aussi si atteinte «cognitive»
Retard langagier (25%)
Retard global du développement

Trouble du spectre autistique
TDAH (30%)

DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY ORIGINAL ARTICLE

Neurodevelopmental, emotional, and behavioural problems in
Duchenne muscular dystrophy in relation to underlying dystrophin

gene mutations .
Developmental Medicine

VALERIA RICOTTI" | WILLIAM P L MANDY? | MARIACRISTINA SCOTO' | MARIKA PANE? | & Child Neurology 2016,
NICOLAS DECONINCK*® | SONIA MESSINA® | EUGENIO MERCURI'® | DAVID H SKUSE? | 58:77-84

1,%
FRANCESCO MUNTONI §\\\\\\\ \ v
D. Jacquier N \\\\\\\




When to suspect DMD

’ Unexplained increase in If family history of DMD If no family history of DMD
D e m a rc h e transaminases Any suspicion of abnormal Notwalking by 16-18 months,
musdle function Gowers' sign, or toe walking

(any age, expecially <5 years old)

diagnostique

h J
Creatine kinase Testing for serum creatine Creatine kinase
. < . .
notincreased [ kinase increased
Testing for DMD gene
deletion or duplication
No mutation found Mutation found
No mutation found [« Genetic sequencing
v
Muscle biopsy p{ Dystrophin absent
i h 4
Dystrophin present Mutation found
Birnkrant et al. Lancet Neurol
2018; 17: 251-67
Y r v v
DMD unlikely; consider alternative diagnoses p DMD diagnosis

JVaud
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Neuromuscular and skeletal management

Interventions
Stretching
Positioning
Tools Spﬂmrmlg
Creatine kinase Submaximum exercise/activity
Musdle biopsy Standing devices
Adaptive equipment
Assistive technology
Manval/motorised wheelchairs
Chinical evaluation  Age of patient
Strength Stage of disease
Function Risk factors for
ROM side-effects Tools Interventions
Available GCs Assessmentof ROM  Tendon surgery
Choice of regimen Spinal assessment  Posterior spinal fusion
Side-effect monitoring Spinal radiograph
and prophylaxis Bone age (left wrist
Dose alteration and hand radiograph)
Bone densitometry
Management of other complications
Tools Interventions

Upper and lower  Diet control and
Glinvestigations  supplementation

Anthropometry Gastmstomy. Assessments Interventions
management of gastric CN:’ing ::91 jical
reflux and constipation Speech and language Social
Autism Educational
Social work Supportive care
Tools
se oximetry
Capnography i Other heart failure
PCF, MIP/MEP,ABG  Mechanical i
srwiadc Lancet Neurol 2018

v, satyuict

Figure 1: Interdisciplinary g of DMD A \\\\\\\



Nouvelles
thérapies?

JVaud

Semin Pediatr Neurol 37:100877

§.J. Mackenzie et al.

&
s

viral vector
transferred
gene
truncated | , AM\dystophin _
dystrophin expression

« >

@ EXON SKIPPING

deleted exons

mRNA

readiné frame disrupted

eoe TG R T T e

skipped exon

(1 Y] CEE::D (X 1] eteplirsen
. casimersen
reading frame restored golodirsen
viltolarsen

snNRNA

@ CORTICOSTEROIDS
“aﬂ:::\ 4 r:ﬁggzzg inflammatory

+ sarcolermmal repair

+ intermittent dosing associated
with reduced muscle fiber
atrophy and lipogenesis

prednisone
membrana deflazacaort
stabilization vamorolone

wssvnes (3) STOP CODON READTHROUGH

ataluren

protein ribosome
L -
PG

o

. mMRMNA

(5) GENOME EDITING

g
= quide RNA

/7

host DNA

donor DNA

CRISPR/Cas9

cleavage, insertion, repair
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Restoring or Replacing Dystrophin | LEARN MORE »

Dystrophin restoration or replacement aims to treat the underlying cause of Duchenne which is the lack of
dystrophin, the protein that provides stability to the muscles. Exon skipping and nonsense mutation
readthroughs are both ways that dystrophin restoration is being explored. Strategies to replace the missing
dystrophin protein include gene therapy, which uses a modified smaller version of the dystrophin gene, called
micro-dystrophin, to produce a modified micro-dystrophin protein.

Combating Fibrosis | LEARN MORE >

Fibrosis, defined as the thickening and scarring of connective tissue, is a downstream symptom of the lack of
dystrophin. Fibrosis occurs in Duchenne when chronic inflammation inhibits muscle repair. Reducing fibrosis

may help decrease the breakdown of mature muscle cells and increase muscle strength.

Reducing Inflammation | LEARN MORE >

Inflammation is a critical characteristic of Duchenne disease progression. Due to muscle degeneration and
the resulting immune cells brought in to help regenerate the muscle, a whole host of inflammatory

substances are released. The muscles of individuals with Duchenne are constantly in a state of inflammation.

Corticosteroids are currently the standard of care to treat inflammation but have a number of side effects
associated with long-term use. There are a number of experimental therapies in development that are aimed

at reducing inflammation.

Regulating Calcium Balance | LEARN MORE >

In Duchenne, because of the instability of the muscle membrane due to the lack of dystrophin, leaks in the

muscle cell membrane can develop. These leaks can let too much calcium flow in and out of the muscle cell,
disrupting cellular functions which further exacerbate cellular repair. Companies are developing compounds

that aim to help regulate the calcium flow.

Improving Muscle Growth & Protection | LEARN MORE »

Several therapeutic options intend to encourage muscle growth and discourage muscle breakdown. There
are many strategies that can be explored in this domain, including approaches to enhance repair capabilities

of the muscle, protect the muscle from breakdown, reduce inflammation and fibrosis, or induce muscle

development.

Parent

Project

Muscular
Dystrophy

https://www.parentprojectmd.org/duch
enne-drug-development-pipeline/
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Corticostéeroides et DMD

Sans

Prednisone 0.75 mg/kg/jour ou déflazacort 0.9mg/kg/]
Prise quotidienne (ou schéma alternatif)
Début entre 3-6 ans (avant déclin moteur)

Avec

Perte de la marche
début 2¢me décennie

Détérioration cardio-
pulmonaire

Scoliose fréquente

Ralentissement déclin moteur
(2-3 ans)

Moins de scoliose (10-20%)

Meilleure fonction cardio-
pulmonaire (un peu)

Espérance vie plus grande
Des effets secondaires

Guglieri M
et al. JAMA
2022
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Predniso(lo)ne
o Efficacité similaire

* Plus d'effets 2° sur poids

(et comportement?)

Journal of Neuromuscular Diseases
Volume 9, Issue 4, 1 July 2022, Pages 463-476

®SAGE
journals

Review

Comparing Deflazacort and Prednisone in Duchenne
Muscular Dystrophy

©2022 — The authors. Published by 10S Press, Article Reuse Guidelines
https://doi.org/10.3233/JND-210776

W. Douglas Biggar®", Andrew Skalsky®, and Craig M. McDonald®

Déeflazacort
 Efficacité similaire

la force?)

(discretement mieux pour

 Plus d'effets 2° sur tallle,

fragilité osseuse,
cataracte

JAMA | Original Investigation JAMA. 2022’.327(15):1456_1468

Effect of Different Corticosteroid Dosing Regimens on Clinical Outcomes
in Boys With Duchenne Muscular Dystrophy
A Randomized Clinical Trial

Michela Guglieri, MD; Kate Bushby, MD; Michael P. McDermott, PhD; Kimberly A. Hart, MA; Rabi Tawil, MD; William B. Martens, BA; Barbara E. Herr, MS;

Elaine McColl, PhD; Chris Speed, MBA; Jennifer Wilkinson, PhD; Janbernd Kirschner, MD; Wendy M. King. PT; Michelle Eagle, PhD;
Mary W. Brown, MS, RN; Tracey Willis, PhD: Robert C. Griggs, MD; and the FOR-DMD Investigators of the Muscle Study Group
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Vamorolone

Nouvelle classe de corticoides dit
«dissoclatif»

 Effet anti-inflammatoire

* Moins d’effet gluco- et minéralocorticoide
= moins d’effets secondaires (en theorie)

\\\\\\V
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Study Dietalls
igsgrl-éni cirz y;fmg\;ﬁxzr‘ Diseases 10 (2023) 1013-1030 1013 » T P . Efficacy
duratisn severity
Commentary VBP1S-001 Tdoseor 2 a
({mcrmal rmales,  whs VAN = GCs
aged 19-54 yra)
VEF15-bl
. . . VEF15-bl 2w wBL o v ]
Considering the Promise of Vamorolone for - L axams vt
. pestivesi- D23, IL-22EF,
Treating Duchenne Muscular Dystrophy Tl SoEEe
B‘ud-.wh
TTOal/Bl,
Miranda D. Grounds* and Erin M. Lloyd LTalp2
Department of Anatomy, Physiology and Human Biology, School of Human Sciences, The University of Western (VBPIS-BIL03  2whs 26w BL g
Australia, Perth, Western Australia, Australia x;“ PD Biomarkos: +
O3, CCL22,
LTalB2,
2, MMP-122
whs)
(VEP15-DE2A003 26 wics (6 ws BL. sierosd saive
) DWHS, or low-dose
VAM (025
mg/kpid)
VEF15- TR wis (=1% we BL, stercsd pafve
mos) DNHS
VBP1S- 130whs  va steroid maive,
MOZWHLTE (-3 mos)  PRED- and DEF-
treated DWHS
VBP15- 130whks  vsBL
MZMNLTE  (~30 mos)
VEP1S-004 24 whs v PBO
Abbreviatinas: GMWT ~ Gmimuie walk test, APM lﬁmm,ﬁﬂ'l‘ a=giotensinngem, OCL22 = C-C metif ine 2 Zerived ine), CDZE = Fc epsi I, CK = creatine kinase, DINHS — DM Namuml
History Srudy (NCTODL6RESZ), DEF = icaid, HhA 12 = haemogloin A iz, IGFEP-2 = ml.mlmwmmpmmr interleciin-22 hinding protein, [TGal i = integrin a1,
O L.Tu:lsz hummlut-ﬂ.mr—tz mmmnwwnnu NEAA = wammmrmm Perponal Adjusomenst and Raode Skilla Sesle ed, 3, FBO = wrmvﬁuhm
%3 PODCT = Pesdatric Outcomes Data Collection T = Cruanti Muscle Tusting, TSOM = Treatment Sati
c I'TCI..IMB mmmmmw-muwmmmmmm mwmu...s wﬁmmmmmn.nm
.g('U *Lawer doses of (.0, 025 and 1075 mgkgid) were found o be ingfully affict th 4
8>
(]

=
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Un peu d’argent...

Prednisone
« Suisse: = 0.02 CHF par mg

Déflazacort
 ltalie: = 0.04 CHF par mg
« USA: =20 CHF par mg

Vamorolone
* Allemagne = 0.85 CHF/mg
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AGAMREE®
Corticosteroid
Catalyst Pharmaceuticals

EMFLAZA®
Corticosteroid
PTC Therapeutics

ATL1102
Antisense Oligonucleotide
Percheron Therapeutics

Canakinumab (ILARIS®)
Monoclonal Antibody
Children's Research Institute

Pre-Clinical

D. Jacquier

Phase |

Phase [/II

Phase ||

Phase |l

To Patients
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Multiple levels of HDACIi effects on DMD-related pathogenic events

u u
G I V I n O S t at . @ Anti-inflammatory effects Anti-fibrotic effects ._,GACI
€08
£5E 8
® Immune cells . )
\ :
u Vyz a- GQCi ¢ i Fibroblasts
Reduce
inflammatory
cytokines .
i 4(7/00 8one

] ﬁlé & oo

* FDA pour 26 ans i, |l@  22f

o0 5= '

22 |9 . Adi
8 £ HD pocytes
* Peros B
Basal lamina MUS‘Clsx ([ﬁ((—((((@“ = {.
iz . = S — { m
(R (e
Eﬁxggﬁng myofibers Myoblasts HDB How mretieey

ic‘ Promote muscle-genes transcription HDD
and fusion into differentiated myotubes
Increase formation of an increased

number of regenerating, center-

degeneration/necrosis. asted fib
e e . . nucleated myofibers
Inhibit activation of TGFbeta signaling Y
“Trends in Molecular Mecicine
Figure 1. Multiple levels of histone deacetylase inhibitor (HDACI) effects on Duchenne muscular dystrophy (DMD)-related pathogenic events. Schematic
of the numerous cell types and functional interactions targeted by HDACIs in DMD muscles. Pathogenic events triggered by dystrophin deficiency promote DMD
progression and, therefore, are potential targets for interventions aimed at halting disease progression. Compeliing evidence indicates that the mechanism responsible
for the beneficial action of HDACIs in DMD muscles is multifaceted and occurs through effects on multiple cell types and at various levels. Abbreviations: EV,
extracellular vesicle; FAP, fibro-adipogenic progenitor; MuSC, muscle stem cell; TGF, transforming growth factor.
WM
v

Counter myofiber membrane leakage and myofiber

A\
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6-0 7 —4— Givinostat* (n=81)
—- Placebo* (n=39)
50
4.0
30
2.0
10 1
0 J
-1.0 | T | I | |

0 12 24 36 48 60 72
Time (weeks)

Mean change from baseline, s

Mean change from

baseline (95% Cl), s
Givinostat 0-03(-013t00-19)  0-05(-010t00-21)  0-21(0-01t00-41)  0.61(0-32t00-91)  0-60(0-26t00-95)  1:31(0-73t0 1.-90)

Placebo 018(-019t0023) 0-32(-000t00.64) 053(0:07t00-98)  1.42(034t02:49) 271(0-45t04-98)  2.89 (0-60t0 5-18)

Figure 3: Mean change in results of the four-stair climb assessment between baseline and 72 weeks

Assessed in the group A part of the intention-to-treat population. Data are mean (95% Cl). The Cls have not been adjusted for multiplicity and should not be used for
hypothesis testing. Baseline mean values were 3-39 s for the givinostat group and 3-48 s for the placebo group. *All patients were also receiving systemic
corticosteroids, in a dose and regimen that was to remain unchanged over the follow-up period.

Mercuri E et al. Lancet Neurol 2024; 23: 393-403 Q\\\\\%v
D. Jacquier \ \\\\\\\
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Restoring or Replacing Dystrophin | LEARN MORE »

Restaurer la dystrophine

Pre-Clinical Phase | Phase |/l Phase || Phase |l To Patients

AMONDYS 45™
Exon Skipping
Sarepta Therapeutics

ELEVIDYS
Gene Therapy: Replacement
Sarepta Therapeutics

EXONDYS 51°
Exon Skipping
Sarepta Therapeutics

VILTEPSO™
Exon Skipping
NS Pharma

VYONDYS 53®
Exon Skipping
Sarepta Therapeutics

\\\\\\ \
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Le saut d’exon

EECEN €1 EN 1 I B EX GirE BN BT NI X7 RN N
I D XTN [X GEETE BEIK 6EN BE BN DN B
T O T T XN D XN A O EX

EX GECEE KCH X
X & D XX GGE EED X KD ) D D XD N EX
4

https://www.musculardystrophyuk.org/research/understanding-research/what-is-exon-skipping-and-how-does-it-work

D. Jacquier
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Le saut d’exon E:_-_E:.f_-_:::_;.:_'"
Pour les exons 44, 45, 51,53  fumsmmse==-
Perfusion IV 1x/semaine
Aux USA:

Casimersen (Amondys 45®)\
Eteplirsen (Exondys 51 ®)
Vitolarsen (Viltepso ®)

___ Pas autorises en
CH ou en Europe

Golodirsen (Vyondys 53 ®)

D. Jacquier
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La therapie genique...

JVaud

Table 1. Comparison of recent micro-dystrophin trials with their key data points and outcomes as of November 2024. Dosages administered, patient age, current
status/outcomes of the trials, and adverse events are summarized.
Clinical Trial Patient
ID Treatment Vector age Dosage Outcome Adverse effects Start/End Dates
NCT05096221 delandistrogene ~ AAVrh74 4-8years 133x10' favorable safety, not no serious adverse events, 674 2021/10/
moxeparvovec vg/kg statistically significant mild adverse events in treated 27-2023
efficacy in phase lll patients
NCT05693142 RGX-202 AAV8  4-11years 1x10™or favorable safety, phase lll trial no serious adverse events 1/4/2023-2025
2x10™ expected in 2024
gc/kg
2020-002093—- GNT0004 AAV8  6-10years 1x10" or tolerable safety, efficacy to be 5 adverse drug reactions, 4 mild  6/24/2020-2028
27 3x10" determined events
vg/kg
NCT06138639 SGT-003 AAV-  4-6years, to be safety and efficacy to be to be determined 2024/
SLB101 7-1 determined  determined 05/06-2031
years
NCT04281485 fordadistrogene AAV9  4-7years unspecified on hold 2 fatal adverse events in related 2020/
movaparvovec trials 11/05-2029
NCT03362502 fordadistrogene AAV9 62-13  but 1x10"™ on hold 1 fatal adverse event, and 1 in 2018-01-23-
movaparvovec years or 3x10™ related trial 2026
Tang A & Yokota T. Expert Opin Drug Saf. 2025 Apr;24(4):395-411
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A I’heure actuelle

Delandistrogene moxeparvovec (Elevidys®)
approuvé seulement aux USA:

« Patient =4 ans

« Pas d’anticorps anti-AAVrh74 (vecteur)

« Pas de deélétion touchant exon 8 et/ou 9

Nécessité de prednisone 1-1.5mg/kg/jour + dose
habituelle, pendant 2 mois au mois

\\\\\\‘v
A\



JVaud

Sinon?

Diagnosis and management of Duchenne muscular
dystrophy, part 1: diagnosis, and neuromuscular,
rehabilitation, endocrine, and gastrointestinal and
nutritional management

Diagnosis and management of Duchenne muscular
dystrophy, part 2: respiratory, cardiac, bone health, and
orthopaedic management

Diagnosis and management of Duchenne muscular
dystrophy, part 3: primary care, emergency management,
psychosocial care, and transitions of care across the lifespan

David ] Birnkrant, Katharine Bushby, CarlaM Bann, 5usan D Apkon, Angela Blackwell, Mary K Colvin, Linda Cripe, Adrienne R Herron,
Annie Kennedy, Kathi Kinnett, James Naprawa, Garey Noritz, James Poysky, Natalie Street, Christina | Trout, David R Weber,
Leanne M Ward, for the DMD Care Considerations Working Group*®

Lancet Neurol 2018

Research Report

Adult North Star Network (ANSN):
Consensus Guideline For The Standard Of
Care Of Adults With Duchenne Muscular
Dystrophy

D. Jacquier

Quinlivan R et al.
Journal of Neuromuscular Diseases 8 (2021) 899-926
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AUTRES DYSTROPHIES
MUSCULAIRES
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Dystrophie myotonique type 1

JUIN 2024 SAVOIR & \ ’ -
COMPRENDRE
AVANCEES

DE LA Y
RECHERCHE

Avanceées 2024

dans la maladie de
Steinert
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Dystrophie myotonique type 1

Les pistes thérapeutiques marquante:

NOYAU
.).4)‘1“‘\'_ Candidats-médicaments
- 3 ARN
PATVEVATVATHANY

Meédicaments

S \
:«gﬁ’,;gtéraﬁon de la producti
repositionnés

~ de certaines protéines

© AFM-Telethon - M. Gilles

| PHASE | | PHASE Il

Del-desiran (38 participants)
| |
DYNE-101 (72 participants) i}

PGN-EDODM1 (24
participants)
|

ARO-DM1 (48 participants)
|
VX-670 (36 participants)

ATX-01 (56 participants)

- |
AMO-02 (56 participants)
| |

-

|
MYD-0124 (30 participants)

Pitolisant (78 participants)
| l

MNamuscla (14 participants) q )
s

Metformine (146 et 194 participants) ﬁ\ 4

—

D. Jacquier
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Review article

Antisense RNA therapies for muscular
dystrophies

1,2

Virginia Arechavala-Gomeza , Andrea Lépez-Martinez'

and Annemieke Aartsma-Rus’

Journal of Neuromuscular Diseases
=11

© The Author(s) 2025

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/22143602251324858
journals.sagepub. com/homeljnd

§ Sage | % 10 Press

READING FRAME RESTORATION

el P YT 7 EXE1 B

Smaller but functional
dystrophin protein

JVaud

D. Jacquier

PROMOTION OF DUX4 mRNA DEGRADATION
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B4 o4 DUX mRNA /

RNAse H | s T

- & Qqq
RNAse H DUX mRNA - mRNA degradation
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PREVENTION OF DUX4 TRANSLATION -
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Steric hindrance DUX mRNA
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Ajout du 06.4 car question posee

RESEARCH ARTICLE

Phase 1 Open-Label Study of Omigapil in Patients
With LAMA2- or COL6-Related Dystrophy

A. Reghan Foley, MD, Pormi Yun, MD, MPH, Meganne E. Leach, MSN, Sarah B. Neuhaus, DO,

Gilberte V. Averian, BSN, Ying Hu, M5, Leslie H. Hayes, MD, Sandra Donkervoort, M5, CGC, Minal 5. Jain, D5c, PT,
Medissa Waite, MSPT, Rebecca Parks, M5, Diana ¥. Bharucha-Goebel, MD, Oscar H. Mayer, MD, Yagun Zou, MD,

Margaret Fink, MD, Jameice DeCoster, PsyD, MPH, Christopher Mendoza, Cynithia Arevalo, BA,
Fudolf Hausmanin, PhD, Diana Petraki, MSc, Ken Cheung, PhD, and Carsten G. Bonnemann, MD

Newrol Genet 2024;10:2200148. doi: 10,1212/ NXG.0000000000200148

Correspondence
Dr. Faley

raghan foley@Enihgay
ar Dr. Bennemann

carsten banremarn@nih gay
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BE PART OF THE
1T WORLD COL6

MYOPATHY DAY!

YOUR STEPS FORWARD

6 JUNE 2025
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MYOPATHIES CONGENITALES

\\\\\\‘v
A\



!

SAVOIR & COMPRENDRE Avancées 2024

Avancées dans les myopathies congénitales

dans les myopathies
congénitales

Juin 24

faits marquants de ces 12 derniers mois

/ Plusieurs stratégies thérapeutiques a I'étude chez I'animal
- De nouvelles pistes thérapeutiques continuent d'étre explorées comme
I'édition génomique de base dans la myopathie liee a RYRI, des petites
RYR]. molécules activatrices de la troponine dans la myopathie a némaline liée a
ACTA1, des activateurs de la myosine dans la myopathie a némaline liée a NEB
ou des inhibiteurs de la myosine dans les myopathies liées a TPM2, TPM3 ou
X TNNTT.
Némaline - L'acide tauro-urso-désoxycholique (TUDCA) dans la myopathie liee a
SELENON et les inhibiteurs du SOCE dans les myopathies liées a STIMT ou
ORAI1 donnent également des resultats precliniques encourageants.
* Une nouvelle piste a |'étude dans la myopathie myotubulaire consiste a inhiber

Se|en0path e \ I'enzyme PI3K-C28 dont |'action est inverse de celle de la myotubularine.

XLMTM (MTM1)

Des essais chez I'homme
- Un médicament en développement aux Etats-Unis, de la famille des rycal, a
donné des premiers résultats encourageants chez 'homme dans les myopathies

A liges a RYRT avec fuite calcique.
. » Des résultats de l'essai de thérapie génique dans la myopathie myotubulaire

Ne)]

§(30 contrastes : sur les 24 enfants traités, quatre sont décédés mais 16 sont capables

5> de respirer sans assistance, 20 sont en capacite de tenir assis, 12 peuvent se lever AN v
B seuls et 8 marcher sans aide. %k %

Vv \ A\




Nouvelles tous les jours?

Safety and efficacy of gene replacement therapy for X-linked
myotubular myopathy (ASPIRO): a multinational,
open-label, dose-escalation trial Lancet Neurol 2023;22: 1125-39

Perry B Shieh, Nancy L Kuntz, James | Dowling, Wolfgang Mller-Felber, Carsten G Bonnemann, Andreea M Seferian, Laurent Servais,

Barbara K Smith, Francesco Muntoni, Astrid Blaschek, A Reghan Foley, Dimah N Saade, Sarah Neuhaus, Lindsay N Alfane, Alan H Beggs,

Ana Buj-Bello, Martin K Childers, Tina Duong, Robert | Graham, Minal Jain, julie Coats, Vicky MacBean, Emma S James, Jun Lee, Fulvio Mavilio,
Weston Miller, Fatbardha Varfaj, Michael Murtagh, Cong Han, Mojtaba Noursalehi, Michael W Lawlor, Suyash Prasad, Salvador Rico

JVaud
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1004

804

60+

40

204

20

40

-60-

Percentage change from haseline in
ventilation hours per day, LSM (95% CI)

-80

1004

1204

-140

Week 24 estimated p value Week 48 estimated p value

percentage point difference percentage point difference

(95%Cl) (95%C1)
Lower dose vs control —77-73(-115.24 to -4022)  0-0002 -103-73(-128-83to -78-61)  <0.0001 T -
Higher dose vs control -22:.76(-39.37 to-6-15) 0-0077 -62-05 (-76-61to -47-49) <(-0001 T T
Lower dosevs higherdose  -54.97(-92.16t0-1778)  0-0048 4167 (-67.73 to-15-61) 0-0027 T T

,gﬁiﬁir=h__,,o!tgﬂgﬂii‘iiiil!."..."..HMHMZMH;J“

Cohort

-@- Lower dose (1-3x10* vg/kg)
-®- Higher dose (3.5x10" vy kg)
-@- Control

Cohort, n
Lower dose

Higher dose
Control

4] 4 é

77 117

T T
12 16

6 6

T T
20 24

Time (weeks)

6

T T T T T T

28 32 36 40 44 48

6 6

17 17 13 13 17 13 13 13 13 1313 13 16 12 13 12 1612 12 12 12 12 12 12 16 12 13 13 12 12 13 13 13 13 13 12 14 10 11 1011 11 9 10 10 9 10 10 13
14 7 2 214 2 2 212 22 213 2 2 2132 2 22 22213 2 2 22 22 22 22 212 2 2 22 222222 211

Figure 2: Respiratory outcomes in dosed and control participants

LSM percentage change from baseline in ventilation hours per day. Error bars indicate 95% Cls from a repeated measures analysis of covariance model. LSM=least squares mean. vg/kg=vector genomes

per kg bodyweight.

Shieh PB et al. Lancet Neurol 2023;22: 1125-39

D. Jacquier
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Lower dose cohort, Higher dose cohort,

Control cohort

1-3x10" vg/kg 3-5x10" vg/kg (n=14)
(n=7) (n=17)
Any TEAE 7 (100%) 17 (100%) 14 (100%)
Treatment-related TEAE 6 (86%) 17 (100%) 0
Severe TEAE (grade =3) 7 (100%) 12 (71%) 13 (93%)
Serious TEAE 5 (71%) 13 (76%) 13 (93%)
Treatment-related serious TEAE 2(29%) 9(53%) 0
TEAE leading to study discontinuation 1(14%) 1(6%) 2 (14%)
TEAE resulting in death 1(14%) 3 (18%) 3(21%)

TEAE=treatment-emergent adverse event.

Table 3: Summary of TEAEs in dosed and control participants

Gene therapy for X-linked myotubular myopathy: the challenges

Nicol C Voermans, Ana Ferreiro, Annemieke Aartsema-Rus, Heinz Jungbluth

vald

D. Jacquier
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EXPERT OPINION ON BIOLOGICAL THERAPY Taylor & Francis
https://doL.org/10.1080/14712598.2025 2473430 Tayhor &francis Group

I 3 OPEN ACCESS [® croct e upastes

X-linked myotubular myopathy: an untreated treatable disease
Cristina Martin® and Laurent Servais*®

*Department of Paediatrics, MDUK Oxford Neuromuscular Centre & NIHR Oxford Biomedical Research Centre, University of Oxford, Oxford, UK;
*Department of Pediatrics, Neuromuscular Reference Center, University and University Hospital of Liege, Liége, Belgium

JWVald
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MALADIES DE CHARCOT-
MARIE-TOOTH
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210 = S.Rudnik-Schéneborn et al., Charcot-Marie-Tooth disease and hereditary motor neuropathies DE GRUYTER

Figure 1: Venn diagram of disease genes for Charcot-Marie-Tooth disease (subdivided into demyelinating and axonal CMT) and distal
hereditary motor neuropathy (May 2020). Shaded areas represent overlap phenotypes between subtypes. AD = autosomal dominant,

=)
50 AR = autosomal recessive, XL = X linked.
5> Q\\\\\\ W
i l\
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Hereditary
neuropathies:
clinical
presentation
and genetic
panel
diagnosis

JVaud

HS(AIN ARL6IP1
FAM134B
SFN SCN9A ATL3
SCN11A ATL1
KIF1A
RAB7
FIG4 ALS
VCP
SPG11
Z DNM2 KIF1A HSP
S LMNA CMT SACS
S TFG
=
BSCL2
REEP1
DYNC1H1 oars
IGHMBP2 | HSBP1
TRPV4 HSBP8
HMN
SMA

Genetic overlaps among the neuropathies and with other clinical entities.

ALS, amyotrophic lateral sclerosis; CMT, Charcot-Marie-Tooth disease; HMN, hereditary motor
neuropathy; HS(A)N, hereditary sensory (and autonomic) neuropathy; HSP, hereditary spastic
paraplegia; SFN, small fiber neuropathy; SMA, spinal muscular atrophy

Eggermann K et
al. Dtsch Arztebl
Int 2018; 115: 91—
7
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Des lésions génétiquement déterminées des nerfs périphériques transmettant les informations
nécessaires aux mouvements, aux perceptions (toucher, douleur...), au maintien de I'équilibre...

~= (cellute de Schvann)
_,-/‘— noyau de la cellule de Schwann
" Le nerf périphérique relie les ooz \
organes du corps (dont les muscles) TP A AR ‘ AN ”“::‘;22 myéline
au systeme nerveux central (moelle ‘ ———— _, sals
épiniére, cerveau...). ) A ‘. i

L'axone est le prolongement du
nerf qui conduit l'influx nerveux.

7,

[ Linflux nerveux peut étre accéléré | mitochondrie
= 3 2 4 microtubule

grace a une gaine isolante de fioiromanmont
kinésine-1 béta

myéline (les cellules de Schwann)
autour de I'axone. )

D. Jacquier

© AFM-Téléthon

\\\&\\V
M



vald

PXT 3003 pour CMT1A

« Reésultats initiaux encourageants

« Mais pas de confirmation dans essal
PREMIER
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Qu’est-ce que la thérapie génique ?

ADMINISTRATION ADMINISTRATION
INTRAVEINEUSE INTRAMUSCULAIRE

&
\\

> <

v
Le vecteur, contenant
le géne thérapeutique
se lie 3 la membrana
cellulaire
La protéine essentielle
MEMBRANE 65t crdba en tracuisant
CELLULAIRE les instructions codées
dang FARN
CYTOPLASME ! 5 s
L A
Le vecteur entre
dans le noyau
L'ARN sort
NOYAU du noyau

< A
2 gl A
A L'ADN ast
* e z:nuscril en

... etlibéra FADN
qui y était contenu
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disease
related

approaches

delivery
routes

Axonal CMT2

CMT2A:AAV8-SARM1
CMT2D:AAVO-miR ;
CMT2E:CRISPR/Cas9 |
|
9_25 AAVO-IGHMP2 " |
|
|
|
|

\/

Demyelinating CMT1/4 Non-specific

%
MT1X: AAV9-Mpz.GJB1 CMT1A: AAVI-shRNA CMT1A: AAV1-NT-3
LV-Mpz.GJB1 AAV9-miR HPHGF
: LV-shRNA™ MT1X: AAV1-NT-3
CMTA4C: LV-Mpz.SH3TC2 m N
CMT4J): AAV9-CBA.FIG4 squalenoyl-NP-siRN AQMIZD
CMT1B: LV-MANF CRISPR/Cas9
ASOs

b J

[‘\ Motor
Neuron
ﬂ CNS

intrathecal
intravenous

myelinating Schwann cells muscular Muscle
junction
intrathecal ﬂ
intra-nerve
intravenous intramuscular

EVald

Stavrou M et al. J Peripher Nerv Syst. 2023;28:150-168
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LA MYASTHENIE AUTO-
IMMUNE
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Geéenéeralités
Rare voire ultra-rare
Tout age, adultes >> enfants
Pediatrie: predominance chez filles

Maladie chronique, évolution variable

« Debut oculaire, généralisation frequente (en
2-3 ans)

Role génétique (HLA) et thymus
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Nerve terminal

00
o
000
© 9y 00,
080 Ogo
Agrin 09
g Og Oog 00
) o o
LRP4 AMCh—e% 0 o 0o
o o

AChE and/or ColQ @@
©

Muscle MuSK

VGSC

A @ [:0 Kv1.4 3

Cortactin
Actin % SRR |

|
Sarcoplasmic Myosin —Gmesssassss m‘.‘: Muscle
reticulum Titin N l.. fibre

Fig. 1| Structure of the neuromuscular junction. The neuromuscular junction comprises the presynaptic nerve
terminal and the postsynaptic muscle cell. Agrin released from the nerve terminal binds to lipoprotein-receptor-related
protein 4 (LRP4) and muscle-specific kinase (MuSK), leading to the activation of MuSK, which in turn causes clustering
of the acetylcholine (ACh) receptors (AChRs), which is necessary for the maintenance of the postsynaptic structures.
ACHhE, acetylcholinesterase; ColQ, collagen Q; Kv1.4, voltage-gated potassium channel; RyR, ryanodine receptor;

VGSC, voltage-gated sodium channel.

D. Jacquier

https://doi.org/
10.1038/s41572
-019-0079-y
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Nerve terminal
Y Anti-ACHR
Anti-MuSK ggg
” Anti-LRP4 o o
A Ane o8 38
[1 Mechanism
of anti-MuSKs Agrin > ggg -
[ Mechanism LRP4 ACh26°,0%0,°0°
of anti-AChRs 0 Blocked ACh-AChHR binding
Q= Reduced density Complement

Ry of AChR

AChE and/or ColQ Jé'@
% MAC formation
@ and damage of
MAC the postsynaptic
membrane

Muscle MuSK

Increased AChR
internalization
and degradation

Cortactin 0
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i1 fibre

reticulum Titin }
L e ot

Fig. 3 | Pathophysiology of MG at the neuromuscular junction. Anti-acetylcholine (ACh) receptor (AChR) antibodies

D. Jacquier

https://doi.org/
10.1038/s41572
-019-0079-y
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NEUROLOGICAL
EXAMINATION

PM. Rodriguez Cruz et al. / Experimental Neurology 270 (2015) 6671

Ach DOK?
usk  Agrin Rapsyn

WVald
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Prise en charge

« Controle de la maladie
¢ Symptomes +/- Immunosuppression
e Symptomes vs risques/E2°

« Qualité de vie, guérison si possible

« Comorbidités (auto-immunes,
psychologiques, douleurs...)

\\\\\\‘v
A\



83
£(0

V7

A\

* Immunosuppression:

Symptome:

« Pyridostigmine (Mestinon®)

 Prednisone, azathioprine

* autres

\\\\\\&
M

Dépt des neurosciences cliniques
Service de neurologie

Recommandations pour le bilan et traitement de la myasthénie grave

Protocole de prise en charge au CHUV

Protocole National de Diagnostic et de Soins (PNDS)

Myasthénie autoimmune

Texte du PNDS
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Direct B cell inhibitors e Indirect B cell inhibitors
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J. Clin. Med.
2022, 11, 6394
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FcRn inhibitors

Efgartigimod
Rozanolixizumab
Nipocalimab K
Batoclimab =
Oralinomab o \)rl’/’
ABY-039 "
r

J. Clin. Med.
N\¢7
2022, 11, 6394 [FFcRn 1‘96 J Endothelial cell
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Et encore...

Linitiative pour Rehassist
Uinclusion est
déposée!

Devenez membre de l'a: iation pour une Suisse inclusive et sout]
ainsl jative pour linclusion.
Deves

=

Pour regevoir les dermiéres informations sur le dévilopment de ¥

[initiative abonnez la newsletter.

R
b

hﬁ e

The research group Rehabilitation and Assistive Robotics -
REHAssist- is headed by Dr. Mohamed Bouri.

En live sur notre chaine Youtube

Aprés l'école:

la nébuleuse des parcours de formation
des jeunes a mobilité réduite

e
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Merci pour votre
attention!
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