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Advances 2025
in myotonic dystrophy

This document, published to coincide
with the AFM-Téléthon General Meeting
2025, presents a selection of myotonic
dystrophy type 1 (DM1) research news
stories from the past year (ongoing
observational studies and clinical trials,
scientific and medical publications, etc.).
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Highlights from the past 12 months

Intensification of trials in France

New innovative therapeutic approaches have been taking shape with the
launch of four clinical trials since the start of 2025.

The majority involve RNA-based drug candidates, a technology that is
already used to treat other rare diseases (spinal muscular atrophy (SMA)
and transthyretin amyloidosis).

Publication of a reference guide for DM1

The PNDS (Protocole National de Diagnostic et de Soins [French National
Diagnosis and Care Protocol]) for DM1 was published at the end of 2024.

Created by FILNEMUS (a French healthcare network for rare neuromuscular
diseases) in close collaboration with AFM-Téléthon, this reference guide
drew from nearly 450 scientific publications, accounts from over 40
healthcare professionals, and contributions from the AFM-Téléthon Groupe

d'Intérét DM1 & DM2 in order to ensure that patients’ voices were included.
[_] www.has-sante.fr/jcms/p 3574785/fr/dystrophie-myotonique-de-type-1-maladie-de-steinert
[page in French]

European collaborations driving progress in DM1

This year was marked by the creation of Euro DM CRN (launched in Munich
in April 2025), a European network that brings together clinicians, research
experts and the European patient organisation federation Euro-DyMA to
improve the structure of clinical trials and research projects.

It also saw the launch of a European programme called ENTRY-DM (2025-
2029) which is training 15 doctoral students in DM1 research, in association
with 11 European pharmaceutical companies and 18 international experts,
in order to develop innovative therapies.

Several workshops organised by the ENMC also explored key subjects in
depth (gastrointestinal symptoms, cognitive function in children, exercise,
registries), helping harmonise practices and plan future clinical trials.
Finally, the SIMPATHIC programme (funded by the European Union) is
planning a DM1 clinical trial involving a drug that is already used in other
indications.

Pharma’s Day 2025 goes glohal

Organised every year by Euro-DyMA (the federation of European patient
organisations committed to the fight against DM1 and DM2), this year's
event was integrated into the Myotonic Dystrophy Foundation conference
which took place in early May 2025 in the United States.

It brought together over 250 experts to discuss ongoing clinical trials for
nine drug candidates.

The American and European associations launched a strategic partnership
to combat key issues such as drug pricing and the harmonisation of
registries.

[ Trait d'Union newsletter number 23 — May 2025 [newsletter in French]
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Myotonic dystrophy type 1

This disease, which is also known as Steinert’s disease, mainly affects the muscles but can also impact
other organs to a greater or lesser extent.

Common symptoms

DM1 is a “multisystem” disorder, meaning it affects several different organs (muscles, the
m heart, the respiratory system, the digestive system, the endocrine system and the nervous

system).

Muscles decrease in volume, become weak (dystrophy) and have difficulty relaxing after they

contract (myotonia).

Symptoms vary greatly from patient to patient, with some forms remaining asymptomatic (no
m symptoms) until old age, while others are very severe and start at birth.

Five forms classified according to age of onset of first symptoms

Il

®

Congenital-
onset

From birth

Adult-onset Late-onset

(classic)

Childhood- Juvenile-onset

onset

Before the age of / \ Before the age of fter the age of 40

10

Before the age of
40

Adult-onset DM1 is the most common form, with the first signs of muscle impairment
‘ occurring during adulthood (muscle stiffness, walking difficulties, increasing fatigue, etc.)

Management and treatment

Multidisciplinary treatment of symptoms at specialist
centres.

Preventing complications.

Improving quality of life.

]

10 to 50 people in every 5,000 to 8,000 patients Nearly 230 scientific articles
100,000 have DM1 in France published between May 2024 and May 2025
(PubMed)
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What causes it?

DM1 is caused by a mutation in the DMPK (dystrophia myotonica protein kinase) gene on
chromosome 19. This type of mutation is called a repeat expansion and involves a segment of
DNA in a gene being repeated more than usual. In DM1, this segment contains three
nucleotides and is written as CTG (cytosine, thymine and guanine).

|

Person without DM1
5 to 37 CTG repeats

]

Person with DM1
50 to several thousand CTG repeats

[

How is it inherited?

Autosomal dominant inheritance: only one copy of the mutated DMPK gene needs to be
inherited for DM1 to develop.

Genetic anticipation: when passed from one generation to the next, the number of CTG
repeats increases which can make symptoms more severe or appear at an earlier age.

From genetic mutation to symptoms

Messenger RNA (mRNA) is a copy\
of a gene which is produced in the
nucleus.

After maturation (splicing), mRNA
leaves the nucleus to act as a guide

for protein synthesis.

The abnormally high number of R
CTG repeats is reproduced in DMPK
mRNA, causing these molecules to
have abnormal structures. P

&le mutated DMPK mRNA

molecules accumulate in the
nucleus and form foci in which
RNA-binding proteins become
trapped. These proteins, such as
MBNL1 and CUGBP1, regulate the
splicing of mRNA in cells, )

L /
%e MBNL1 protein is involved in the regulation of: \

- amphiphysin 2 and dystrophin — gradual weakening
of skeletal muscle;

- a muscle chioride channel — myotonia;

- & cardiac sodium channel and cardiac troponin —
onset of heart problems;

- a tau protein — neuronal cytoskeleton
destabilisation;

\- an insulin receptor — insulin resistance,

© AFM-Tolethon ~ M. Gilos

J

For more information on DM1, please visit:
] www.afm-telethon.fr/fr/fiches-maladies/maladie-de-steinert [page in French]
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Clinical trials

Clinical trials consist of assessing a potential treatment (drug candidate,
medical device, etc.) in order to ensure that it is well tolerated and effective
in treating a disease. The product is tested during successive phases (I, II, Il
IV) which each answer specific questions such as, is it well tolerated? What
is the optimal dose? Is it effective and according to what criteria (walking
ability, motor function, respiratory function, etc.)? After a product has
received regulatory approval, it is then used in real life and continues to be
monitored in order to refine knowledge and identify any unexpected or

serious side effects that may occur.
[ www.afm-telethon.fr/fr/vivre-avec-la-maladie/mon-parcours-de-soins/les-essais-cliniques-
en-pratique [page in French]

Phase | Phase Il Phase IV
Safety/tolerability Efficacy Pharmacovigilance
0.0 ‘
(1]
Lo .

Marketing
Authorisation (MA)

Eleven drug candidates being evaluated in DM1

In June 2025, 11 drug candidates were undergoing trials in DM1. These drug
candidates were either RNA-based drugs developed specifically to target
the mutations that cause DM1, or existing drugs which have previously been
approved to treat other diseases that are being reevaluated in DM1 (drug
repurposing).

RNA-based drug
candidates and gene —
therapies

AMO-02 (76 participants)

Metformin (142 participants) 3:3

Repurposed drugs | |

Namuscla (176 participants)

Pitolisant (78 participants)
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]XUX[ Antisense oligonucleotide-based drug candidates

Several pharmaceutical companies have synthesised small fragments of
nucleic acid capable of binding specifically to DMPK messenger RNA (mRNA)
molecules and causing them to break down.
Researchers categorise them into different types (gapmers, small interfering
RNAs (siRNAs), microRNAs, etc.) depending on their size and chemical
makeup and they have been conjugated to enable them to penetrate muscle
cells more effectively. Del-desiran and DYNE-101 are conjugated to a
fragment antibody that binds to TfR1 (a muscle cell surface receptor) while
PGN-EDODM1 and VX-670 are conjugated to a peptide which is able to cross
the cell membrane.

Del-desiran (AOC 1001) — MARINA and HARBOR trials

Developed by Avidity Biosciences, del-desiran (AOC 1001 or delpacibart
@ etedesiran) is an siRNA designed to target DMPK mRNA. It has been

granted orphan drug designation by the European Medicines Agency
(EMA) and its Japanese equivalent, and Breakthrough Therapy, Orphan Drug
and Fast Track designations by the U.S. Food and Drug Administration
(FDA). Based on preclinical data, these designations reflect the drug's
significant therapeutic potential in DM1 and enable its development and
regulatory evaluation to be accelerated. They do not guarantee its efficacy
(which still needs to be demonstrated in clinical trials) but may facilitate

patient access.
Avidity Biosciences. Press release 8 April 2025

= The first trial (MARINA) was conducted in 37 DM1 patients in the United
States in order to evaluate the safety and tolerability of del-desiran vs
placebo over six months. The extension phase that followed (in which all of
the participants receive del-desiran) could last for up to four years.

The results of the initial six-month phase were presented in April 2023.

© In every participant that received AOC 1001, a reduction in DMPK mRNA
was observed in muscle (45% on average) and was associated with a mild
improvement in splicing abnormalities characteristic of DM1.

© Myotonia in the hands was reduced (as early as six weeks after treatment
for some participants).

© Their muscle strength improved compared to those on the placebo.

© Any side effects experienced were mild in the majority of participants.
© Results after a year showed continued improvements in muscle strength
and myotonia. All of the participants were more active in their daily lives

than they were at the start of the trial.
Johnson N et al. MDA Clinical & Scientific Conference 2024

 Encouraged by these results, in June 2024, Avidity Biosciences launched a
new phase Il clinical trial (the HARBOR trial) in order to test del-desiran in
a larger number of patients in 13 countries around the world. It will be
followed by an extension phase which will last a maximum of four years
(HARBOR-OLE or NCT07008469).

SAVOIR & COMPRENDRE

The “orphan drug” designation
is applied to drug candidates
(whose efficacy has not yet been
demonstrated) in rare diseases,
with the aim of facilitating the
various stages of their
development.
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https://clinicaltrials.gov/study/NCT07008469
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France and 150 Recruiting May 2024 - April 2027 E
abroad (18 to 65 years old) 1 year of follow-up =

DYNE-101 — ACHIEVE trial

DYNE-101, an antisense oligonucleotide developed by Dyne
@ Therapeutics, is a gapmer that targets mRNA from the DMPK gene and

causes it to break down. It has been granted orphan drug designation
in the United States and Europe. The FDA also granted it Fast Track
designation.

Gapmers

DA Gapmers are antisense oligonucleotides with a particular structure that
binds to target RNA, activating a cellular complex which in turn induces the
degradation of the target RNA. Some are already being used to treat other
rare genetic diseases.

= The ACHIEVE trial is evaluating DYNE-101 in patients for the first time after
encouraging results were obtained from animal models of DM1. lts
objectives are to assess the safety of DYNE-101, determine the dose and
frequency of administration that will be recommended for future trials and

look for evidence of its efficacy in muscle cells against a placebo.
Weeden T et al. Commun Med (Lond). 2025

ACHIEVE trial
3 i 5
~
iyl B -
&
France and 104 Recruiting Sept 2022 - July 2029 8
abroad (18 to 65 years old) 6 months of follow-up =

Dyne Therapeutics announced the preliminary results of the trial via several
press releases published between January 2024 and January 2025. These
results pertained to 56 participants who received four escalating doses of
the product or a placebo.

© DYNE-101 reduced myotonia and improved muscle strength and
balance in the participants at the four doses tested.

© In addition, their Myotonic Dystrophy Health Index (or MDHI, a patient-
reported outcome measure designed to measure the impact of DM1
symptoms on quality of life) scores improved, indicating fewer difficulties in
their everyday lives.

© Laboratory tests showed that DYNE-101 had an impact on muscle cells
(reduced amount of mutated DMPK RNA and partial correction of altered
splicing).

© Thus far, it has not caused any serious side effects.

The high dose will now be administered to the next participants in the trial
as it led to the most benefits on strength, mobility, and quality of life, as



https://doi.org/10.1038/s43856-025-00733-w
https://clinicaltrials.gov/ct2/show/NCT05481879
https://clinicaltrials.gov/study/NCT06411288
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well as certain central nervous system symptoms such as fatigue and

cognitive dysfunction, all while remaining well tolerated.

Dyne Therapeutics is planning a phase Il trial to confirm these results.
Dyne Therapeutics. Press release 17 June 2025

PGN-EDODM1 — FREEDOM-DM1 trial
PGN-EDODM1 is an optimised antisense oligonucleotide developed by
@ PepGen. It is conjugated to a peptide which helps it penetrate skeletal,
smooth and cardiac muscle. It targets CUG repeats in mutated DMPK
RNA in order to prevent MBNL1 protein binding. The FDA has granted it
Orphan Drug and Fast Track designations for the treatment of DM1.

= Two trials are currently taking place in North America and the United
Kingdom. One is a placebo-controlled, dose-escalation trial evaluating the
safety and tolerability of a single injection of PGN-EDODM1. According to
the initial results announced by PepGen in February 2025, PGN-EDODM1
has been well tolerated and successfully penetrating muscle, with a

reduction in altered splicing caused by mutated DMPK RNA.
PepGen. Press release 24 February 2025

FREEDOM-DMH1 trial
O 0 O + +
@ i =
S
S
Abroad (outside 32 Recruiting Dec 2023 - Oct 2025 g
France) (18 to 60 years old) 4 months of follow-up =

The other trial is evaluating the safety and tolerability of monthly PGN-
EDODMT1 injections. Several doses will be tested in order to identify the
most effective one for a future phase Il trial.

FREEDOM2-DM1 trial

000 + +
mn ) 3
@ i S
S
Abroad (outside 24 Recruiting Dec 2024 - Aug 2026 8
France) (16 to 60 years old) 4 months of follow-up =

VX-670 — Galileo trial
VX-670 is an antisense oligonucleotide developed by Vertex
@ Pharmaceuticals Incorporated. It targets CUG repeats in mutated DMPK
RNA and is linked to a cyclic peptide to improve its penetration into
tissue. It was granted orphan drug designation in the United States in
September 2024.

* A placebo-controlled trial is currently evaluating the safety, tolerability,
pharmacokinetics and pharmacodynamics of VX-670 over two stages. The
first involves a single injection where the dose gradually increases from
participant to participant, while the second involves multiple injections
(depending on the data obtained during the previous stage).

SAVOIR & COMPRENDRE

Skeletal muscles are muscles
that are attached to bones. They
are under voluntary control and
move different parts of the body
by contracting.

Smooth muscle is found in the
walls of blood vessels, the
digestive tract, the urinary tract
and some organs. This type of
muscle contracts involuntarily. Its
organisation is different to that of
skeletal muscle.
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https://investors.dyne-tx.com/news-releases/news-release-details/dyne-therapeutics-announces-fda-breakthrough-therapy-designation
https://investors.pepgen.com/news-releases/news-release-details/pepgen-announces-positive-initial-results-including-robust
https://investors.pepgen.com/news-releases/news-release-details/pepgen-announces-positive-initial-results-including-robust
https://clinicaltrials.gov/study/NCT06204809
https://clinicaltrials.gov/study/NCT06667453
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The trial is taking place in around 10 countries in North America, Oceania
and Europe (including France). It will be followed by an extension phase
during which all of the participants will receive the treatment (EUCT number:
2024-517983-47-00)

Galileo trial
i =
O
N~
il E2E 5
O
France and 36 Recruiting Feb 2024 - Dec 2026 =~
abroad (18 to 64 years old) 6 months of follow-up =

ATX-01- ArthemiR trial

Developed by ARTHEx Biotech, ATX-01 is an antimiR (synthetic single
G stranded oligonucleotide). It inhibits a natural microRNA called miR-23b
which regulates MBNL1 protein synthesis. ATX-01 has been granted
orphan drug designation in the United States and Europe, as well as Rare

Pediatric Disease Designation for the treatment of DM1.
ARTHEX Biotech. Press release 7 November 2024

MicroRNAs (miRNAs)
DA MicroRNAs are small RNA molecules which are able to regulate the
production of a given protein by binding specifically to its messenger RNA.
They are involved in the control of many biological processes.
They are also currently being studied as potential therapeutic targets.
Targeting microRNAs that are specifically deregulated in DM1 could make it
possible to compensate for certain disturbances linked to the disease.

= The inhibition of miR-23b by ATX-01 increased MBNL1 protein levels and

indirectly reduced toxic DMPK RNA in a cell model of DM1.
Cerro-Herreros E et al. Sci Adv . 2024

= A clinical trial was launched in North America and Europe to evaluate the
safety, tolerability, pharmacokinetics and pharmacodynamics of ATX-01,
and to determine the best dose to administer.

ArthemiR trial

O 0 O } }
n &) 5
Y3 i =
Q
France and 56 Recruiting  Oct 2024 - June 2026
abroad (18 to 64 years old) 4 months of follow-up =



https://euclinicaltrials.eu/ctis-public/view/2024-517983-47-00?lang=en
https://euclinicaltrials.eu/ctis-public/view/2024-517983-47-00?lang=en
https://www.arthexbiotech.com/post/arthex-biotech-announces-fda-rare-pediatric-designation-rpd-of-atx-01-for-the-treatment-of-myotonic-dystrophy-type-1-dm1
https://doi.org/10.1126/sciadv.adn6525
https://doi.org/10.1126/sciadv.adn6525
https://clinicaltrials.gov/study/NCT06185764
https://clinicaltrials.gov/study/NCT06300307
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ARO-DM1 (SRP-1003)

ARO-DM1 (SRP-1003) is a peptide-conjugated siRNA designed to
@silence DMPK mRNA in muscle cells. This effect was confirmed in
preclinical studies, the results of which were presented at the Muscular
Dystrophy Association Clinical & Scientific Conference in March 2024. This
drug candidate was developed by Arrowhead Pharmaceuticals in

collaboration with Sarepta Therapeutics.
Van Dyke J et al. 2024 Muscular Dystrophy Association Clinical & Scientific Conference

» A placebo-controlled, dose-escalation trial is currently evaluating the
safety, tolerability, pharmacokinetics and pharmacodynamics of single and
multiple injections of the product. The trial is being conducted in Australia
and New Zealand and the first participants were included in March 2024.

ARO-DM1 trial
O 0 O + +
(MM i
@ i @ =
o
Abroad (outside 36 Recruiting = March 2024 - Oct 2025 E
6 months of follow-up =

(18 to 65 years old)

France)

SAR446268 - BrAAVe trial
SAR446268 is a gene therapy product created by Sanofi. It contains

% an AAV vector expressing an artificial microRNA that targets DMPK
RNA. It has been granted orphan drug designation for DM1 in the

United States and Europe.

A single intravenous injection of the product in mouse models of DM1

decreased the amount of DMPK RNA in muscle and cardiac cells, reducing

damage to these organs, and prolonged the survival of the animals treated.
Tomassy G et al. Abstract 1042 - Annual Meeting of the ASGCT 2023

= An international trial is currently preparing to start recruiting participants
in order to evaluate the safety of a single injection of SAR446268 and its
effects on DMPK RNA levels and muscle function. The trial will start with a
dose escalation phase in order to determine the optimal dose that will
provide the best balance between efficacy and safety and tolerability.

BrAAVe trial
000 —
mn {c <
@ i & =
2
Abroad (outside 32 Not yet April 2025 - Feb 2030 g
France) (10 to 50 years old) recruiting 2 years of follow-up =

SAVOIR & COMPRENDRE

Phase |
Safety/tolerability

Adeno-associated viruses
(AAVs) are small DNA viruses
that can infect humans. However,
they do not cause disease but
instead trigger a mild immune
response. Once inside cells, AAVs
do what all viruses do - they
incorporate their genes into all of
the genes of the infected cells.
They are used in genetic
engineering as vectors for gene
therapy.
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https://www.mdaconference.org/abstract-library/silencing-dmpk-gene-by-aro-dm1-an-sirna-therapeutic-for-type-1-myotonic-dystrophy/
https://www.mdaconference.org/abstract-library/silencing-dmpk-gene-by-aro-dm1-an-sirna-therapeutic-for-type-1-myotonic-dystrophy/
https://www.cell.com/molecular-therapy-family/molecular-therapy/issue?pii=S1525-0016(22)X0016-6
https://clinicaltrials.gov/study/NCT06138743
https://clinicaltrials.gov/study/NCT06844214

SAVOIR & COMPRENDRE ! o Advances in myotonic dystrophy type 1

An enzyme is a protein that
specifically allows, facilitates or
accelerates a particular chemical
reaction in our bodies (cell
digestion, protein synthesis, DNA
replication, etc.).

Phase lll

Efficacy
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AMO-02 — REACH CDM trial

i AMO-02 (tideglusib) is a drug candidate developed by AMO
.? Pharma. It has been granted orphan drug designation in the United

States.

Inhibiting the GSK3B enzyme

y In DM1, the activity of the GSK3[ enzyme is elevated, which impairs the
formation of muscles and nerves.
AMO-02 is a GSK3[3 enzyme inhibitor. GSK3p inhibition normalises the activity of
CUGBP1, a regulatory protein that is overexpressed in DM1. AMO-02 improved
general cell function and muscle strength in animal models of DM1, regardless
of whether the treatment was started very early or during adulthood.
L Lutz M et al Int J Mol Sci. 2023

= In 2020, the results from an initial clinical assessment of 16 DM1 patients
treated for three months showed improvements in cognitive performance
as well as a decrease in fatigue and behavioural problems.

A second trial involving 56 children and adolescents with the congenital-
onset form of DM1 who received either AMO-02 or a placebo for six months
obtained mixed results.

© The primary endpoint was the scores obtained on the “Clinician-
Completed Congenital DM1 Rating Scale”, a questionnaire completed by a
doctor which is used to measure the general impact of the congenital-onset
form of DM1. The trial failed to demonstrate any significant differences
between the patients who received AMO-02 and those who took the
placebo (clinical benefits were seen in both groups).

© However, AMO Pharma announced that significant improvements were
measured with regards to physical (10-metre walk test) and cognitive
(vocabulary test) abilities as well as reduced levels of creatine kinase (an
enzyme that indicates muscle and cardiac damage) in the patients treated

with AMO-02.
AMO Pharma. Press release 6 September 2023

The placebo effect in clinical trials
pThe act of taking part in a clinical trial alone can improve a patient's
symptoms, even if they are not receiving the study drug. This is called the
placebo effect. In order to obtain reliable clinical trial results, a drug candidate is
often compared to a drug that looks identical to the drug candidate but is
pharmacologically inactive - the placebo.
The placebo effect is very real and has itself become a subject of study, enabling
medical practices in both clinical trials and the daily monitoring of patients to
improve.

= The trial has been extended with an open-label phase during which all
participants will receive the treatment.

Extension of the REACH CDM trial
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AMO Pharma also announced its intension to conduct a phase Ill trial in

adults with the adult-onset form of the disease in order to continue the

development of its drug candidate.
AMO Pharma. Press release 2 May 2024

Metformin

@D

of aging and obesity are currently being studied.
conducted by the I-Stem laboratory, the first clinical trial in DM1 was carried
out in France, with the support of AFM-Téléthon, which showed its

therapeutic potential in the disease.

=10) Metformin is a drug used to treat type 2 diabetes. Its potential

o| anticancer, cardioprotective and neuroprotective properties (in

19) Alzheimer's disease, depression, etc.) and ability to fight the effects
Following research

I-Stem is a research centre
supported by AFM-Téléthon
which works with stem cells to
study and treat monogenic
diseases.

I-Stem works on cell therapy in
order to restore function to tissue
and organs using stem cell

{9} Multiple benefits

Metformin has the ability to target multiple cellular mechanisms employed

in neuromuscular diseases. It reduces inflammation, promotes the recycling of
damaged cells (autophagy) and improves cellular energy production

(mitochondria).

transplants, and tools developed
from stem cells in order to better
understand the mechanisms at
play in rare diseases and discover
new drugs.

[] www.istem.eu

Years’ worth of research on metformin in DM1

© AFM-Téléthon

2015: laboratory research

o
o=

e Correction of splicing defects
in cells from DM1 patients.

2018: first clinical trial in 40
patients

)

e Improvement in walking ability

e No changes in other
parameters (myotonia, muscle
strength. etc.)

2019: study of over 900 DM1
patient records

o

¢ Seemed to reduce the risk of
cancer in DM1 patients and
diabetics.

=In France, the multicentre,

placebo-controlled METFORMYO trial,

supported by the AP-HP [Greater Paris University Hospitals], is evaluating
the safety of metformin and its ability to improve muscle function in DM1.
Recruitment will mainly be aimed at patients who are being monitored at

FILNEMUS specialist centres.
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METFORMYO trial

@@ =
Not yet Sept 2024 - May 2027

recruiting 1 year of follow-up

Phase Il

Efficacy

EUCT number: 2023-507660-39-00
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Mexiletine (Namuscla®)

j;f 9| characterised by muscle stiffness and difficulty relaxing the muscles.

19J Its use in DM1 is limited as doctors do not have long-term data
regarding its safety (particularly with regard to the heart) and efficacy. It is
prescribed when myotonia is severe and causes discomfort on a daily basis.

ijexiletine (Namuscla®) is used to treat myotonia which is

ﬁ Namuscla® in France
n:ii Mexiletine is sold by the pharmaceutical company Lupin under the name

Namuscla®. Since June 2021, it has been available in France as part of the “cadre
de prescription compassionnelle” [a French compassionate access scheme] for the
treatment of myotonia in myotonic dystrophies in adults. Namuscla® is now also
available from pharmacies with a prescription from a hospital doctor.

= Neurologists and cardiologists from specialist centres in France published
guidelines to help guide cardiologists when prescribing mexiletine in DM1
patients. Although available data suggests that mexiletine is well tolerated,
its use comes with the need for close cardiac monitoring (assessment before
starting treatment followed by yearly checkups). The onset of any new
cardiac symptoms should lead to the benefits of the treatment being

reassessed with the patient’s cardiologist and neurologist.
Wahbi K et al. Arch Cardiovasc Dis. 2024

= A survey conducted in specialist paediatric centres in France found that
mexiletine is still rarely prescribed in children with DM1, despite the absence
of reported cardiac events. Of the 347 children surveyed, only 11 were
receiving mexiletine. This led to the launch of an open-label trial
(NCT04624750) involving 12 children and adolescents with myotonic
disorders (DM1, DM2, non-dystrophic myotonias), the results of which are

currently being analysed.
Barriere S et al. Arch Pediatr. 2025

« A clinical trial is currently being prepared in order to enable Namuscla® to
be authorised in countries where it is not yet available.

HERCULES trial
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Pitolisant
=7o) Pitolisant (Wakix®) is a drug used to treat narcolepsy. A study
pre==r] b . . . .
o| showed that it also reduces daytime sleepiness in DM1.
Dfio

Harmony Biosciences evaluated its safety and efficacy in 30 DM1 patients.
After three months of treatment, the participants who received pitolisant
generally experienced less fatigue and sleepiness than those who received
the placebo. Harmony Biosciences is planning a phase lll trial to confirm
these results and to demonstrate the efficacy of pitolisant in a larger

number of patients using a new optimised formulation.
Harmony Biosciences. Press release 5 June 2024



https://doi.org/10.1016/j.acvd.2024.03.001
https://clinicaltrials.gov/study/NCT04624750
https://ir.harmonybiosciences.com/news-releases/news-release-details/harmony-biosciences-presents-positive-data-pitolisant-treatment/
https://clinicaltrials.gov/study/NCT06523400
https://clinicaltrials.gov/study/NCT06523400
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New treatment avenues

Advances in understanding the mechanisms of DM1 allow different
treatment avenues to be explored.

These treatment avenues must first be tested and approved in cell and
animal models of the disease (preclinical trials) before they are allowed to
be evaluated in humans in clinical trials.

p Treatment avenues currently being studied in DM1 target:

= abnormal DMPK gene DNA (and CTG repeats),

= abnormal RNA (and CUG repeats),

= nuclear foci and sequestered proteins,

= the consequences of these abnormalities on cell function.

Prominent treatment avenues in DM1

» Targeting abnormal DMPK gene
DNA
CRISPR/Cas9, small molecules

» Targeting abnormal DMPK RNA
Antisense oligonucleotides (DYNE-
101, etc.), siRNAs (del-desiran, etc.),
small molecules

disruption
Gene therapy (decoy protein, etc.),
microRNA (ATX-01, etc.)

7

» Targeting proteins with impaired
synthesis

/
 Targeting regulatory protein

Targeting the DMPK gene

Several approaches looking at how to reduce the abnormally high number
of CTG repeats in the DMPK gene are currently being studied. They use
either the CRISPR/Cas9 system (a new, highly effective tool used to modify
targeted genetic information) or small molecules.

= Recently, an Italian team used an optimised CRIPSR/Cas9 approach to
treat mice with DM1. The injection of their product in these mice reduced
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Adeno-associated viruses
(AAVs) are small DNA viruses
that can infect humans. They are
used in genetic engineering as
vectors for gene therapy.
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molecular abnormalities observed in muscle and cardiac cells and improved

their strength.
Izzo M et al. Clin Transl Med. 2025

Targeting DMPK RNA

Six approaches which aim to release trapped proteins by targeting mutated
DMPK RNA have already been tested in humans. Others are still being
developed.

= American researchers used a technique called nuclear magnetic resonance
to better understand the form that abnormal DMPK RNA takes in DM1 and
observe how certain small molecules can bind to pathological CUG repeats.
This research will help create compounds that have a better affinity for
binding with these repeats and which will potentially be more effective at

neutralising their toxic effects.
Chen JL et al. Bioorg Med Chem Lett . 2024

= A Japanese team designed a protein (CUG-PPR1) that is capable of
recognising abnormal repeats in DMPK RNA. It belongs to the
pentatricopeptide repeat protein family which bind specifically to RNA and
play a role in the regulation of genes in plants.

Inserted into an AAV9 gene therapy vector and injected in mice with DM1,
the CUG-PPR1 protein reduced myotonia and partially corrected splicing

defects in the long term.
Imai T et al. Sci Transl Med . 2025

‘ An orally-administered product currently in development ‘
‘ o Arrakis Therapeutics is developing a small molecule that targets CUG ‘
‘ repeats in DMPK RNA. It reduced nuclear foci, released MBNL and reversed ‘
‘ myotonia in models of DM1. ‘
‘ Stickens D et al. — poster — MDA Clinical & Scientific Conference - 2025 ‘

Targeting disrupted regulatory proteins

In DM1, abnormal nuclear foci sequester MBNL regulatory proteins, making
them less available which in turn causes numerous disturbances in muscle
cells.  MBNL proteins regulate the splicing of various different RNA
molecules and therefore influence the activity of several other cell proteins.

= Researchers used a type of gene therapy to increase the production of the
MBNL protein in mice with DM1. This approach helped alleviate certain
heart problems such as arrhythmias and heart failure. However, these
improvements were limited, suggesting that other factors (in addition to

MBNL loss) contribute to the cardiac manifestations seen in DM1.
Hu RC et al. J Clin Invest. 2025

Targeting muscle cells

When a muscle forms, several cells join together to create one large cell
with multiple nuclei. The provision of a small number of healthy stem cells
that are capable of fusing with muscle cells affected by DM1 has been
shown to improve cellular hallmarks of the disease in vitro (fewer foci and

less MBNL protein sequestration).
Raaijmakers RHL et al. Stem Cell Res Ther 2024



https://onlinelibrary.wiley.com/doi/10.1002/ctm2.70227
https://doi.org/10.1016/j.bmcl.2024.129888
https://doi.org/10.1126/scitranslmed.adq2005
https://www.mdaconference.org/abstract-library/discovery-of-small-molecules-that-bind-cug-repeats-displace-muscleblind-protein-and-improve-pathogenesis-of-myotonic-dystrophy-type-1/
https://doi.org/10.1172/jci186416
https://doi.org/10.1186/s13287-024-03913-y
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Identifying new therapeutic targets

» Two studies showed that oxidative stress plays a role in the toxic effects
induced by mutated DMPK RNA and that antioxidant administration had a

beneficial effect on cell and fly models of DM1.
Morales F et al. Antioxidants (Basel). 2025 Garcia-Puga M et al_Cells. 2024

_s> Oxidative stress
N Mitochondria produce the energy that cells need to function, however,
this process also generates small amounts of free radicals. These molecules
can damage DNA, proteins and cell membranes. Oxidative stress refers to
when a cell is overwhelmed by too many free radicals and is no longer able to
neutralise them with its natural antioxidant systems.

= Activating the AMPK (adenosine monophosphate-activated protein

kinase) signalling pathway using specific pharmacological compounds Cell signalling pathways enable
such as MK-8722 or AICAR improved muscle cell structure in mice with messages to be sent to cells to
DM1. modulate their activity (growth,
Ravel-Chapuis A et al. FASEB J . 2024 division, differentiation, death,

etc.). A message can come from
other cells in the body or from
the external environment. Its
arrival at a cell receptor triggers
a cascade of reactions that
change the cell’s behaviour.

:E; AMPK and energy homeostasis

O AMPK plays an essential role in the maintenance of cellular energy
homeostasis. This is disrupted when energy needs increase or resources
decrease. It is therefore necessary for cells to have a coordinated response so
that they can react to these changes. This is the role of AMPK, which can activate
or inhibit several cell proteins directly or via other intermediary proteins. It is
present in the cells of various organs (heart, brain, muscle, etc.).

» The addition of oleic acid, a fatty acid that occurs naturally in animal fats
and vegetable oils, to muscle cell models of DM1 improved several
dysfunctions in these cells (ability to fuse to form muscle fibres, size of
myotubes). This effect is thought to be mediated by the MSI2 protein and a

microRNA called miR-7.
Moreno N et al. Biol Res . 2024

= The MBNL protein is partly degraded by the proteasome, a cell “cleaning
system” that breaks down abnormal or toxic proteins which, when they
accumulate, can disrupt cell function. Administering proteasome inhibitors
to cell models of DM1 increased MBNL protein levels and attenuated

splicing abnormalities characteristic of DM1.
Aoki Y et al. Biochem Biophys Res Commun. 2024

» Two small nucleolar RNAs called SNORA40 and SNORA70 are essential for
muscle stem cells to work properly. Their dysregulation in DM1 impairs
muscle regeneration. By reintroducing them into in vitro cell models of
DM1, researchers supported by AFM-Téléthon were able to improve the
ability of these muscle cells to fuse, possibly by correcting the activity of the
CCND3 gene which is involved in the regulation of cell division.

Bogard B et al. Nucleic Acids Res . 2025
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Tools for future trials

The DM-Scope registry

The DM-Scope registry, supported by AFM-Téléthon, was set up in France
in 2008 to collect data from people with myotonic dystrophies and facilitate
clinical research in these diseases. It has since become the world’s largest
myotonic dystrophy database.

Registries and databases
A patient registry or database is a collection of genetic and medical data from
people with the same disease (with their consent).

Healthcare

O
professionals f@ﬂ% ‘Q ﬂ? Patients

Genetic and medical data

Natural Data warehouse Clinical

history trial

%

Treatment

o Genotype-
% phenotype
( (‘D' correlations

Epidemiology  Laboratory
research

= DM-Scope currently collects demographic, clinical and laboratory test data
from 3,828 people with myotonic dystrophies (3,551 DM1 patients and 263
DM2 patients).

In collaboration with 55 specialist neuromuscular disease centres, it has
been the foundation for 12 clinical trials (observational studies, basic
research, etc.).

] www.dmscope.fr/french-registry-of-myotonic-dystrophies/
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DM-Scope registry
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France 3,828 patients ecruiting January 2008

Identifying the bhest endpoints

It is important to have easy-to-use measures that help to identify the
beneficial effects of a drug candidate on a restricted number of patients
(since DM1 is a rare disease) over a limited period of time (the disease
progresses slowly) - usually around one year.

« A four-year follow-up study conducted in 187 DM1 patients showed that
symptom progression was not linear and highlighted the importance of
using multiple measures and criteria to properly evaluate disease
progression over time, particularly in clinical trials.

Grip strength was found to a good overall indicator of disease progression,
however myotonia (which improved over time, likely explained by the
decline in strength) was not. There was a general decline in the patients’
ability to carry out activities of daily living, however, this decline varied from

patient to patient.
la Fontaine LA et al. Neuromuscul Disord. 2024

Splicing abnormalities
Two studies showed that splicing abnormalities (a hallmark of DM1) are

tightly linked to muscle weakness.
Hartman JM et al. Ann Clin Transl Neurol . 2024

» The splice index is a measure which incorporates 22 splicing abnormalities
that are characteristic of DM1. An analysis of 58 muscle biopsies taken from
DMT1 patients participating in the END-DM1 study showed that the splice
index was useful for evaluating the overall severity of DM1 and could be

used as a biomarker to measure the efficacy of a treatment in clinical trials.
Provenzano M et al. J Clin Invest. 2025

END-DM1 study
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A biological marker (or
biomarker for short) is a
measurable characteristic that
indicates a normal or
pathological biological process.
Identifying new biomarkers for a
disease is very important for
monitoring the course of the
disease and the efficacy of new
treatments. These markers can be
physiological (e.g. a change in
blood pressure or heart rate) or
molecular (e.g. a change in the
expression of a protein).
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Tools for diagnosing, monitoring and managing DM1
é Certain microRNAs (which can be detected in blood and urine) are
modified in DM1 patients. They could be used as biomarkers for diagnosing
and monitoring the disease, but also potential therapeutic targets as they
seem to play a role in the onset of symptoms.

A study is currently taking place to identify and monitor microRNA
biomarkers for four years.

RNA biomarkers in blood and urine
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More focus on children with DM1

At present, the majority of clinical trials for DM1 are conducted in adults.
Endpoints and biomarkers specific to children, particularly for the
childhood-onset and congenital-onset forms of the disease, are relatively
unestablished.

Two studies are currently taking place to help better monitor the
progression of the disease in young patients, and to identify useful
biomarkers and lay the groundwork for future paediatric trials.
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Better management of the disease

A new PNDS - a guide for healthcare professionals

The PNDS for DM1 was published in December 2024 on the Haute Autorité
de Santé [French National Authority for Health] website. Created by
FILNEMUS in close collaboration with AFM-Téléthon by drawing from a
comprehensive bibliography and experiences from clinicians, this reference
guide aims to optimise the diagnosis, treatment and management of DM1
in France.

Doctors can use it to quickly find out which specialist centres to refer their
patients to and which specialists to contact (cardiologist, neurologist,
pulmonologist, etc.) so that every patient benefits from the best care

practices.
1 www.has-sante.fr/icms/p 3574785/fr/dystrophie-myotonique-de-type-1-maladie-
de-steinert [page in French]

Indispensable multidisciplinary action for preventing complications

DM1 is a disease that progresses gradually and can affect various parts of
the body, including the muscles, heart, lung, brain and gastrointestinal tract.
Only a multidisciplinary approach enables complications to be detected
early and treatments to be adapted to improve the quality of life of patients
and reduce life-threatening risks.

» Two recent studies (one conducted in the United Kingdom on the causes
of death of 1,021 DM1 patients, the other analysing data from 949 people
from Danish national health registries) highlighted the vital importance of
close multidisciplinary monitoring. They showed that cardiac complications
(arrythmia, conduction defects) and respiratory complications (respiratory
failure, aspiration pneumonia) are still the main causes of death. However,
these complications can be anticipated and better managed if they are
detected early through coordinated monitoring involving several medical
specialties.

Although cancer deaths seemed to be on the rise in DM1, they were no

more frequent than in the control population.
Alsaggaf R et al. Muscle Nerve. 2024 Werlauff U et al. Eur J Neurol. 2025

w Regular cardiology checkups are essential

It can be difficult to get DM1 patients to see a cardiologist and have an
ECG every year when they usually have almost no symptoms. However, the
potential seriousness of cardiac involvement in DM1 is not proportional to the
severity of limb muscle impairment. Regular checkups enable suitable treatment
to be started as soon as any cardiac abnormalities are detected.

* In France, a retrospective study (COSMOS-France) is planning to study the
presence of disorders associated with DM1 by combining data from the
DM-Scope registry and the Systeme National des Données de Santé [French

National Healthcare Data System].
[ www.health-data-hub.fr/projets/comorbidites-et-symptomes-des-patients-
diagnostiques-avec-une-dystrophie-myotonique-de-0 [page in French]
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Respiratory insufficiency is a
condition in which the lungs are
unable to supply oxygen and/or
remove carbon dioxide from the
blood. Depending on how severe
it is, it may cause no symptoms

at all or manifest as excessive
shortness of breath on exertion,
repeated bouts of bronchitis or
waking up with headaches.

Respiratory insufficiency can be

detected using tests such as
arterial blood gas analysis or
lung function tests, the results of
which help determine how it
should be treated (respiratory
physiotherapy, medication,
ventilation, etc.).
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= A review of the literature on the experiences of living with adult-onset
DM1 revealed the overall impact of the disease on daily life. The disease not
only affects movements, but energy levels, sleep, motivation and mood as
well. This can limit participation in social and family life, sometimes leading
to isolation. The study highlighted the need for personal companionship,
taking into account the physical and psychological aspects, as well as
tailored support for family carers who are often confronted with a significant

practical and emotional burden.
Allergodt K et al. Disabil Rehabil 2024

Non-invasive ventilation - sometimes started in childhood

Respiratory problems can develop gradually in DM1 without the patient
realising (temporary breathing difficulties, ineffective cough, recurrent chest
infections, headaches or sweating (especially when waking up), difficulty
gaining or losing weight, fatigue, etc.).

Regular checkups are able to detect these problems so that non-invasive
ventilation (NIV) can be administered if necessary. There is currently no
consensus on when to start NIV.

- An analysis of medical records from 20 children with DM1 revealed that
sleep disordered breathing can be difficult to detect in children when
going solely off of the symptoms that they report. In fact, some of the
children with significant nighttime respiratory problems and severe sleep
apnoea showed few visible signs of these issues. The authors therefore
recommend comprehensive screening for all children with DM1, even if

they have no complaints.
Basa M et al. Biomedicines. 2025

= An ltalian study involving 46 children with congenital-onset or childhood-
onset DM1 showed that 30% suffered from daytime sleepiness and sleep
disorders. These problems seemed to be associated with cognitive disorders
(like ADHD), highlighting the importance of screening for them and treating
them.

Trucco F et al. J Clin Med. 2024

= Many patients do not use NIV enough, which can reduce its efficacy. A
Dutch study involving 60 patients on NIV found that anxiety seems to be
an important factor to consider in improving treatment adherence in DM1

patients.
Vosse BAH et al. J Neuromuscul Dis. 2024
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https://doi.org/10.3390/biomedicines13040966
https://doi.org/10.3390/jcm13185459
https://doi.org/10.3233/jnd-240081
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Starting ventilation treatment

Ask your doctor to explain the advantages and disadvantages of
ventilation treatment in everyday life and make sure that you ask questions and
voice your concerns. Preparing for the upcoming changes in your everyday life
will help this treatment be implemented more smoothly.
If you experience any problems, report them straight away. There are always
ways in which the comfort and efficacy of ventilation treatment can be improved.

Treatments for excessive sleepiness

= Excessive daytime sleepiness is a common symptom in DM1, but what
causes it is still unclear. Recent research showed that it is not just linked to
poor nighttime sleep, but also to a disruption in the brain's sleep regulation
system.

Hoxhaj D et al. Front Neurol. 2024

» Stimulants such as modafinil and methylphenidate used in sleep disorders
and ADHD are sometimes prescribed to reduce the tendency to fall asleep
during the day.

A Franco-Canadian team reviewed data from six clinical trials on the use of
these drugs in myotonic dystrophies (DM1 and DM2). They seemed to
reduce daytime sleepiness but without improving the quality of life of the
patients. Long-term trials are needed to better characterise the degree of
efficacy of these treatments and their long-term benefits and risks. So far,

they have only been evaluated in adults and for a maximum of one month.
Annane D et al. Cochrane Database Syst Rev. 2024

Cognitive impairment - variable profiles depending on age of onset

@ The central nervous system

Several different types of exams, first and foremost magnetic resonance
imaging (MRI), can detect central nervous system abnormalities but are not able
to precisely identify their effects.

Although the mechanisms are poorly understood, we do know that central
nervous system abnormalities in DM1 contribute to cognitive impairment, sleep
disorders and motor impairment (walking and balance problems).

A document written by healthcare professionals and the AFM-Téléthon
Groupe d'Intérét Steinert (DM1 & DM2) was published in May 2024. It
includes a list of way for patients to better manage their cognitive difficulties

in their daily lives.
[ Atteintes psycho-cognitives dans la Maladie de Steinert : les comprendre pour mieux
s’y adapter [Cognitive impairment and mood disorders in DM1 - better understanding for

a better response]

» An analysis of 45 publications on DM1’s impact on patient intelligence was
conducted. It showed that DM1 patients generally have below average 1Qs.
The earlier the onset of the disease, the more significant its impact on
intelligence. The abnormally high number of CTG repeats does not fully
explain these findings, suggesting that other factors, whether genetic or

environmental, may be involved.
Pascual-Morena C et al. Pediatr Neurol. 2024

SAVOIR & COMPRENDRE

The central nervous system is
made up of the brain (the
cerebrum, cerebellum and brain
stem) and the spinal cord. It is
protected by the skeleton (the
skull for the brain and the spine
for the spinal cord). It controls
cognitive functions (thoughts,
speech, memory, etc.), analyses
sensory information, coordinates
movement and orders muscles to
contract.
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https://doi.org/10.3389/fneur.2024.1389949
https://doi.org/10.1002/14651858.cd003218.pub3
https://steinert.afm-telethon.fr/wp-content/uploads/2024/05/Fiche-FRIGO-de%CC%81finitive.pdf
https://steinert.afm-telethon.fr/wp-content/uploads/2024/05/Fiche-FRIGO-de%CC%81finitive.pdf
https://steinert.afm-telethon.fr/wp-content/uploads/2024/05/Fiche-FRIGO-de%CC%81finitive.pdf
https://doi.org/10.1016/j.pediatrneurol.2024.08.002
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Cognitive remediation is a
type of individual or group
therapy that involves learning
how to manage the impact of
cognitive impairment in
everyday life. It can be
undertaken at any age and
involves various different types
of healthcare professionals
(psychologists,
neuropsychologists, speech and
language therapists,
occupational therapists).
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= A similar study was conducted to evaluate the prevalence of

neuropsychiatric disorders in DM1 patients.

- the prevalence of autism was 14% (much more common in the
congenital-onset form).

- the prevalence of ADHD was 21% (no differences between forms).

- the prevalence of depression was 14% (more common when the disease
started during adulthood).

- the prevalence of anxiety was 16%.

These figures are higher than in the general population. It is therefore

important that patients talk to their doctor if they experience low mood,

agitation, anxiety or concentration problems. Counselling, support at school

or work and/or tailored treatments can improve quality of life.
Pascual-Morena C et al. Acta Neuropsychiatr . 2024

= A study is currently taking place in France (Lille) to evaluate the link
between white matter abnormalities visible on MRI and cognitive
impairment, and to look for possible causes of this cognitive impairment
(diabetes, accumulation of tau protein which is known to be toxic in other
neurological diseases).

MD-VASCOG trial

3 i =
9N

O

il o= §

France 85 Not Oct 2021 - Jan 2029 &
(18 to 75 years old)  recruiting 4 years of follow-up =

Cognitive remediation

Cognitive remediation therapy (CRT) helps patients improve their cognitive
abilities and translate the skills they learn into their daily lives.

= At the end of 2022, a team from the Institut de Myologie set up a cognitive
remediation group offering social skills training for adults with DM1.

This programme helped participants learn how to better navigate social
interactions (by reducing their impulsivity, improving how they express their
emotions and their understanding of situations, etc.) and encouraged them
to share their experiences, which in turn helped their fellow participants

make difficult medical decisions that they were previously unable to.
SAYAH et al. — poster — journées du Département Médical-Universitaire (DMU)
Neuroscience du groupe Hospitalier Pitié-Salpétriere [workshop offered by the Pitié-
Salpétriere Hospital Group Neuroscience University Medical Department] — 2024
DM]1: Setting up a cognitive remediation group — Interview with Sabrina Sayah and
Thibaud Guillopé - Institut de Myologie

= A study is currently taking place in France to characterise the social and
emotional difficulties present in childhood-onset DM1, and to evaluate the
use of virtual reality centred on emotional processing and theory of mind
(NCT05916677).


https://doi.org/10.1017/neu.2024.27
https://www.institut-myologie.org/wp-content/uploads/2024/09/Poster-journee-DMU-Groupe-remediation-cognitive-Institut-de-Myologie-2024.pdf
https://www.institut-myologie.org/wp-content/uploads/2024/09/Poster-journee-DMU-Groupe-remediation-cognitive-Institut-de-Myologie-2024.pdf
https://www.institut-myologie.org/wp-content/uploads/2024/09/Poster-journee-DMU-Groupe-remediation-cognitive-Institut-de-Myologie-2024.pdf
https://www.institut-myologie.org/en/2024/09/03/dm1-setting-up-a-cognitive-remediation-group-interview-with-s-sayah-and-t-guillope/
https://www.institut-myologie.org/en/2024/09/03/dm1-setting-up-a-cognitive-remediation-group-interview-with-s-sayah-and-t-guillope/
https://clinicaltrials.gov/study/NCT05916677
https://clinicaltrials.gov/ct2/show/NCT04656210
https://clinicaltrials.gov/ct2/show/NCT04656210
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The beneficial effect of exercise training programmes on combating
deconditioning and the fatigue it causes is well documented.

Three recent studies explored various methods for improving muscle
strength, walking ability, dexterity and/or quality of life in DM1 patients.

= A supervised, three-month strength-training programme completed by 12
women with DM1 improved leg strength, reduced pain and had a positive
impact on mental health, particularly with regard to signs of depression and
lack of motivation. Some of these benefits lasted for up to six months after

the programme had finished.
Girard-Coté L et al. Neuromuscul Disord. 2024

» Assistive technology that facilitates movement can be used to enable
patients to carry out precision exercises (often more intense and
stimulating) while being supervised by a caregiver.

Six DM1 patients took part in a hospital-based rehabilitation programme
which involved using robotic devices designed to help patients regain or
improve their mobility and strength in their arms and hands. The
programme helped improve their dexterity and muscle strength without
inducing more fatigue.

Fossmo HL et al. ] Neuromuscul Dis. 2024

Over four and a half years, a Japanese patient completed several gait
training sessions with an exoskeleton. His follow-up showed that his muscle

strength, walking ability and daily autonomy were maintained.
Nakazawa R et al. Cureus. 2024

« A trial that involves completing a four-month at-home exercise training
programme with or without taking a dietary supplement is due to take place
in Canada and will include 40 DM1 patients and 20 healthy subjects
(NCT05848830).

Personalised rehabilitation to prevent falls

Falls are common in DM1 patients. They can lead to a fear of falling again,
causing some patients to limit how much they move around. Foot muscle
weakness (which causes “foot drop”) makes walking and climbing stairs
more difficult. However, this is not the only reason why DM1 patients fall
more often.

°= Balance

« Proprioception refers to the brain's ability to know where different parts
of the body are in space using receptors found in skeletal muscles and skin.

« The vestibular system of the inner ear provides the brain with
information on the position of the head in space and its movements.

« Vision provides information on the body's position in its environment.
These three systems are used to inform the brain of movements and the relative
position of different parts of the body. This information, which is usually
unconscious, enables muscle use to be adjusted during movements, and posture
and balance to be maintained.

Two studies each analysing balance in 16 DM1 patients suggested that
proprioceptive and vestibular deficits were present in some of the patients.
These deficits can impair balance and destabilise walking which should be

SAVOIR & COMPRENDRE

Deconditioning syndrome is
defined as a decline in physical
function (heart, lungs, muscles)
that occurs following prolonged
inactivity. It manifests as fatigue
and fatigability which leads to
further inactivity and in turn
makes the syndrome worse.
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https://doi.org/10.1016/j.nmd.2024.05.009
https://doi.org/10.1177/22143602241301675
https://doi.org/10.7759/cureus.71030
https://clinicaltrials.gov/ct2/show/NCT05848830
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The human gut microbiota
refers to all of the
microorganisms (such as
bacteria) that are naturally
present in a person’s
gastrointestinal tract.

It seems to play an important
role in health. An imbalance in
the gut microbiota can foster the
development of conditions such
as obesity and cardiovascular
diseases.
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considered when treating these issues (neck strengthening exercises,
vestibular rehabilitation, etc.).

Scarano S et al. J Clin Med. 2024

Calic Z et al. Eur J Neurol . 2024

Gastrointestinal symptoms should not he underestimated

* A long-term follow-up study of 51 people with DM1 highlighted the high
frequency of gastrointestinal symptoms in the disease.

Over half of these patients had abdominal pain and swallowing difficulties
(food going down “the wrong way”, coughing during meals, etc.). Nausea,
vomiting, gastro-oesophageal reflux disease and bowel incontinence can

also occur.
Rénnblom A et al. Ups J Med Sci. 2024

= An analysis of the gut microbiotas of 35 DM1 patients compared to those
of their family members revealed specific changes in the gut microbiotas of
the DM1 patients. These changes were also seen in an animal model of
DM1.

These studies suggest that disturbances in the gut microbiota could
contribute to the gastrointestinal symptoms observed in DM1, as well as
weakness in the muscles of the digestive system. Research on the gut
microbiota in DM1 is still in its infancy but could pave the way for new

therapeutic approaches in the future.
Mahdavi M et al. Comput Struct Biotechnol J . 2024
Mahdavi et al. Comput Struct Biotechnol J. 2025

Chronic pain management

Chronic pain is common in DM1, however, what causes it is still unclear.
Chronic pain was evaluated in a study involving 21 DM1 patients which
found that it may be partly caused by nerve damage (neuropathy). This
finding will help pave the way for new treatment strategies that are more
targeted and better suited to treat this very specific type of pain (sharp,
burning, etc.).

Schmitt V et al. Front Neurol. 2024

[ Douleurs et maladies neuromusculaires [Pain and neuromuscular diseases], AFM-
Téléthon reference document 2024

Music therapy

) The Dalcroze method is an approach to music education that
promotes better coordination between the mind and body. One
study showed that when used in a therapeutic setting, it was able

to reduce the risk of falls in older adults, possibly through improved balance,

posture and cognitive function.
Hars M et al. Adv Biol (Weinh). 2024



https://doi.org/10.3390/jcm13164685
https://doi.org/10.1111/ene.16513
https://doi.org/10.48101/ujms.v129.10663
https://doi.org/10.1016/j.csbj.2024.05.009
https://doi.org/10.1016/j.csbj.2025.02.016
https://doi.org/10.3389/fneur.2024.1414140
https://www.afm-telethon.fr/sites/default/files/media/documents/Reperes_Douleur_MNM.pdf
https://www.afm-telethon.fr/sites/default/files/media/documents/Reperes_Douleur_MNM.pdf
https://doi.org/10.1002/adbi.202400089
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« A Canadian study is assessing the feasibility, safety and tolerability of
attending 45-minute music education sessions once a week for two and a
half months and evaluating their potential impact on neurological and
cardiac symptoms in children with the congenital-onset form of DM1 by
stimulating both the body and the brain.

Music therapy
AR — :
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France) (6 to 18 years old) 2.5 months of follow-up

Advances in genetics

The genetic mutation that causes DM1 is the abnormally high number of
CTG repeats in the DMPK gene. This number is over 50. Generally, the higher
the number of CTG repeats (there can be up to 4,000), the greater the
number of, the more severe and earlier the onset of the disease’s
manifestations, although this correlation is not absolute.

 Repeat expansions are particularly difficult to sequence. Research is

underway to find new, more effective techniques for reading (sequencing)

DNA and analysing its structure.

- New long-read sequencing techniques are able to accurately read
challenging regions of DNA such as the abnormally high number of CTG
repeats in the DMPK gene.

- Optical genome mapping is a DNA imaging technology that can
accurately reveal structural abnormalities like CTG repeats.

- REPLICA, a technique that uses the CRISPR-Cas3 system, can rapidly
detect and quantify CTG repeats.

Although these techniques are used in research, they still have not been

approved to be used as a diagnostic tool in DM1.
Yang K et al. Clin Chem. 2024 van der Sanden B et al. Genome Res. 2025
Asano K et al. ACS Synth Biol. 2024

o@o An international workshop

X The second Long-Read Sequencing of Expanded Tandem Repeats
workshop, organised by researchers from the Institut de Myologie, took place
between 30 September and 2 October 2024. It brought together nearly 90
international experts to review technological advances related to DNA repeats
made in various rare diseases, including myotonic dystrophies and Huntington's
disease. The event highlighted the potential of long-read sequencing to improve

diagnosis and our understanding of repeat instability.
[ www.institut-myologie.org/en/2024/11/14/improving-diagnosis-and-prognosis-in-dm1-
and-other-short-repeat-expansions-diseases-with-Irs-interview-with-stephanie-tome
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https://doi.org/10.1101/gr.279491.124
https://doi.org/10.1021/acssynbio.4c00265
https://clinicaltrials.gov/study/NCT06809049
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DNA methylation is an
epigenetic modification. It refers
to the addition of a methyl (CH3)
group to the nucleotide base
cytosine which influences gene
expression.
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DMPK methylation

DMPK methylation can moderate the effects of the high number of CTG
repeats in DM1. High levels of methylation seem to be involved in the
congenital-onset and adult-onset forms of DM1, while the degree of
methylation in the DMPK gene seems to be linked to muscle strength.

= Sometimes, the CTG repeats are interrupted by other trinucleotide repeats
(CCG or CGG for example).

Using long-read sequencing, a French study showed that CCG interruptions
within CTG repeats were associated with a general stabilisation of CTG
repeats and milder symptoms. However, these interruptions varied within
tissues and between generations. They were also hypermethylated,
suggesting that they play a key role in the regulation of CTG repeat
instability.

Lameiras S. et al. bioRxiv 2024.

Keep up to date with DM1 research news throughout the year on the AFM-Téléthon
website:
[] www.afm-telethon.fr/en/latest-news

And via the AFM-Téléthon Groupe d'Intérét Steinert (DM1 & DM2) blog
[ steinert.afm-telethon.fr/ [website in French]



https://doi.org/10.1101/2024.10.10.617614
https://www.afm-telethon.fr/en/latest-news
https://steinert.afm-telethon.fr/

