
 

 

 

June 2022 

 

 

  

Charcot-Marie-Tooth (CMT) disease is a group of 

clinically and genetically heterogeneous diseases, 

characterised by damage to the peripheral nerves of the 

upper and lower limbs.  

This damage mainly causes muscle weakness, hand and 

foot sensory disorders (and at times, pain) and balance 

disorders. Most of the time, the condition begins in 

childhood or young adulthood, with walking difficulties 

or foot deformities.  

This document, published to coincide with the AFM-

Téléthon General Meeting 2022, presents news from the 

past year about research on Charcot-Marie-Tooth disease 

(international symposia, ongoing clinical trials or studies, 

scientific and medical publications, etc.). It can be 

downloaded from the AFM-Téléthon website, where 

other information in the scientific, medical, psychological, 

social and technological spheres relating to Charcot-

Marie-Tooth disease can also be found: 

 WEB  www.afm-telethon.fr 
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What is Charcot-Marie-Tooth disease?  

Charcot-Marie-Tooth (CMT) disease is a rare disorder that affects between 

30,000 and 50,000 people (approximately 1 in 1,200 to 2,500 people) in 

France. It is caused by genetically determined peripheral nerve axon or 

myelin lesions. It is the most common genetic neuropathy. 
 

Peripheral nerves 

Peripheral nerves connect the spinal cord to the muscles and sensory 

organs. The information they transmit is necessary for movement, tactile and 

pain sensations, and to maintain balance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

▪ Charcot-Marie-Tooth disease is a hereditary genetic disease. However, 

there are also sporadic cases that are sometimes wrongly diagnosed as 

"neuropathy of unknown cause", especially when they manifest in 

adulthood. 

Genetic abnormalities generally lead to a deficit or change in a protein 

involved in peripheral nerve function. 

This results in damage to the myelin sheath that is wrapped around nerve 

axons (demyelinating forms) or to the axon itself (axonal forms). 

 

 

 

Genetic diseases are diseases 

caused by abnormalities in an 

individual’s DNA, i.e. the 

information that determines the 

body’s biological function. This 

information is found in our cells 

in the form of chromosomes. We 

inherit this information from our 

parents and our children inherit 

ours. This is why genetic diseases 

are often familial, i.e. several 

members of the same family may 

be affected. 

 Did you 
know? 

A sporadic disease is a disease 

that affects a few individuals in a 

few isolated places, as opposed to 

diseases that are: 

• epidemic, which affect a large 

number of individuals at the 

same time, 

• hereditary, which affect several 

members of the same family. 

Peripheral nerves can be: 

- motor (transmitting commands from the brain to the muscles for them to 

contract), 

- sensory (transmitting sensations – touch, heat, body position, etc. – from sensory 

receptors to the central nervous system)  

- or mixed (motor and sensory). 
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A peripheral nerve is composed of several nerve fibres (or axons).  

The axon conducts the nerve impulse in the form of an electrical signal. Certain axons are covered by a 

myelin sheath, an insulating envelope made of Schwann cells that wrap around the axon, allowing the 

nerve impulse to travel more quickly (myelinated fibres). 

 
Certain altered genes in CMT code proteins that are involved in: 

- the formation of myelin 

- axon function (intracellular transport (which provides “material") and mitochondria (which provide 

energy)). 
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Many different forms 

▪ There are a large number of different forms of Charcot-Marie-Tooth 

disease, classified according to three criteria: 

- nature of peripheral nerve damage, determined by nerve conduction 

velocity using electromyography;  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

- mode of genetic inheritance: autosomal dominant, autosomal recessive 

or X-linked; 

- the genetic abnormality that causes the disease (more than 80 genes 

have currently been identified). 
 

▪ Six broad types of CMT can be distinguished with the first two criteria: 

CMT1, CMT2, CMT4, CMTX, DI-CMT and RI-CMT (historically, the term 

“CMT3” was also used, but has now fallen out of use). 
 

 
 

▪ These six broad types are divided into subtypes (1A, 1B, 1C, etc; 2A, 2B, 

etc.). Each of these subtypes corresponds to a genetic abnormality which 

causes the production of an abnormal protein. 

For example, CMT1A corresponds to the autosomal dominant, 

demyelinating form related to the PMP22 gene, while CMT1B corresponds 

to the autosomal dominant, demyelinating form related to the P0 gene. 
 

Every year, researchers are discovering new genes, thus expanding the 

classification, which grows as these new genes are identified. 

Charcot-Marie-
Tooth disease 

demyelinating

autosomal 
dominant CMT1

autosomal 
recessive CMT4

axonal 
autosomal 

(dominant or 
recessive)

CMT2

intermediate

linked to the X 
chromosome CMT X

autosomal 
dominant DI-CMT

autosomal 
recessive RI-CMT

A hereditary disease is passed on 

via the dominant mode of 

inheritance when the person 

with the disease has one copy of 

the gene carrying the genetic 

abnormality and one normal 

copy of the gene. The disease 

manifests even though the other 

copy of the gene does not carry 

the abnormality. 

A hereditary disease is passed on 

via the recessive mode of 

inheritance if both copies of the 

gene belonging to the person 

with the disease – one received 

from their father and one 

received from their mother – 

carry the genetic abnormality. 

The disease only manifests if both 

copies of the gene carry the 

abnormality. 

Based on nerve conduction velocity, a distinction can be made between:  

• axonal damage with a normal or slightly reduced nerve conduction velocity 

(greater than 38 m/s); it is the nerve impulse intensity in particular that is reduced, 

• demyelinating damage with a reduced nerve conduction velocity (less than 25 

m/s), 

• mixed damage with an intermediate nerve conduction velocity of between 25 

m/s and 38 m/s  

<

25 m/s 38 m/s 
demyelinating 

CMT 

intermediate 

CMT  
axonal 

CMT  

<
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Unfortunately, this classification is not very clear, especially to non-

specialists. Experts are working on improving this classification to make it 

more "accessible to patients and care providers". 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

More than 80 genes are involved in the different forms of CMT 

While certain genes are well documented (names in bold), others have insufficient data for a firm conclusion to be reached 

regarding their role. 

Benquey T et al. Genes (Basel). 2022 Feb. 

 

https://doi.org/10.3390/genes13020318
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Advances in genetics 

Many individuals with CMT do not have a precise genetic diagnosis, 

especially those with axonal forms of CMT. It is sometimes very difficult to 

identify the genetic abnormality (or abnormalities) responsible for the 

disease. 
 

▪ In the last few years, new genetic diagnostic techniques have been 

developed. These “next-generation sequencing” (NGS) techniques make it 

possible to analyse tens, if not hundreds, of genes simultaneously. 
 

Results need to be interpreted judiciously by experts 

▪ A big difficulty in using high-throughput sequencing techniques is that they 

increase the risk of finding DNA sequence variations, referred to as genetic 

variants, which are not necessarily pathogenic. 

Certain variations are harmless to the human body, whereas others are enough 

to result in the onset of a genetic disease (the latter tend to be referred to as 

genetic abnormalities or mutations). 

A collaborative effort to survey for causal genes 

In February 2022, the FILNEMUS network, which coordinates the centres 

involved in the care of patients with neuromuscular diseases, published a 

clear and easy-to-use list of all the genes involved in Charcot-Marie-Tooth 

disease. This unique effort was completed thanks to the involvement of all 

the laboratories who carry out genetic testing on French patients with 

peripheral neuropathies. It is a crucial tool in improving the efficacy of the 

genetic diagnosis of CMT. 
 

▪ Of the 127 genes identified: 

- 81 are related to CMT. 

- 46 are involved in genetic peripheral nervous system conditions, 

which are different to CMT since they do not involve both motor and 

sensory neuropathy. These conditions present with either pure motor 

neuropathy, which is distal in nature (distal hereditary motor neuropathy – 

dHMN), or pure sensory neuropathy (hereditary sensory and autonomic 

neuropathy – HSAN). 

- certain mutated genes have been identified in two types of these 

neuropathies. 

 

 

 

The FILNEMUS rare 

neuromuscular diseases 

healthcare network hosts, 

coordinates and encourages 

interactions between stakeholders 

involved in the diagnosis, 

treatment and research of 

neuromuscular diseases 

(reference centres and centres of 

expertise, diagnostic laboratories, 

research teams, associations for 

individuals affected by these 

conditions, etc.). It was created in 

February 2014 as part of the 

second Plan National Maladies 

Rares [French National Rare 

Diseases Plan] 2011-2014. 

 WEB  www.filnemus.fr 

http://www.filnemus.fr/
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For 34 genes, while variants have indeed been identified in a small number 

of patients, larger scale genetic analyses will be required to confirm whether 

or not they are involved. 

Benquey T et al. Genes (Basel). 2022 Feb. 

A new candidate gene 

▪ A Taiwanese team has identified abnormalities in the NOTCH2NLC gene 

in seven individuals with axonal CMT with primarily sensory neuropathy. 

This gene is also involved in neuronal intranuclear inclusion disease (which, 

similarly to CMT, can cause distal neuropathy) and oculopharyngodistal 

myopathy. 

Liao YC Neurology . 2021 Oct.  

Sometimes several genes are involved 

Next-generation sequencing techniques make it possible to resolve 

complex situations involving several different genes. 

Publications regularly show that it is not rare for several genes to be 

involved in a single person with CMT. 
 

▪ A Chinese team conducted a genetic study involving 189 families with a 

diagnosis of suspected CMT that had not been genetically confirmed. 

Four of these families had two concomitant abnormalities in genes known 

to be related to CMT:  

- one involved a combination of an MPZ gene variant and a PMP22 

duplication,  

- the other three involved abnormalities in the MFN2 and GDAP1 

genes. 

Xie Y Front Neurol, 2022 Jan.  
 

▪ An Italian team identified abnormalities in the MPZ and MFN2 genes in a 

boy with demyelinating CMT.  

Comella M. et al. Case Rep Pediatr. 2022 Apr. 

 

List of genes involved in CMT and the associated neuropathies  

Benquey T et al. Genes (Basel). 2022 Feb. 

 

 

https://doi.org/10.3390/genes13020318
https://doi.org/10.1212/wnl.0000000000013008
https://doi.org/10.3389/fneur.2021.736704
https://doi.org/10.1155/2022/3793226
https://doi.org/10.3390/genes13020318
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A variation in the number of copies 

Sometimes a chromosome fragment (varying greatly in size, from a few 

nucleotides to an entire gene, or even larger) is duplicated or, conversely, 

deleted. This causes variations in the number of gene copies present in this 

chromosome fragment. 

This phenomenon, responsible for various genetic diseases, has been 

known to experts for a long time. However, these variations are not 

systematically sought, especially since they are not able to be detected by 

traditional genome analysis techniques. 

The technical advances made have shown that they are much more 

common than previously thought. 
 

▪ A variation in the number of copies of PMP22 is the most common cause 

of the onset of CMT: 

- a duplication of PMP22 causes CMT1A 

- whereas a deletion of PMP22 causes tomaculous neuropathy. 

 

▪ CovCopCan is a software application that was developed by geneticists at 

the Université de Limoges [University of Limoges] which enables changes in 

the number of copies in a large genetic sequence to be identified. 

This tool helped to establish the genetic diagnosis of CMT in complex 

situations. One initial study has reported deletions in the KIF5A gene in two 

families with CMT. Another study has presented the case of a patient with a 

point mutation and a deletion in the SH3TC2 gene. 

Pyromali I. et al. Comput Struct Biotechnol J. 2021 Jul. 

Pyromali I. et al. J Pers Med., 2022 Feb. 

Two large-scale genetic studies 
 

Four key genes  

The PMP22, GJB1, MFN2 and MPZ genes alone represent 60% to 80% of 

genetically confirmed diagnoses of CMT. 
 

Two cohort studies published in the last 12 months put these general data 

into perspective. While the data from a Chinese cohort seem similar to those 

observed in Western countries, an analysis of all the published cases of 

patients followed up in Africa shows significant differences in genetic 

distribution. The studies available on the subject seem to indicate that the 

most commonly mutated genes are not the same (in particular, few 

abnormalities in the PMP22 gene), which could be explained by the 

significant consanguinity present in this population which might have 

contributed to the dissemination of certain genetic abnormalities. 
Xie Y et al.- Eur J Neurol. 2021 Jul. 

Abdoulaye Yalcouyé A et al. J Peripher Nerv Syst. 2022 Apr. 

 

 

 

 

 

 

 

 

 

Nucleotides are the base units 

for DNA molecules and come in 

four different types (A, T, G and 

C). 

 Did you 
know? 

https://doi.org/10.1016/j.csbj.2021.07.037
https://doi.org/10.1016/j.csbj.2021.07.037
https://www.mdpi.com/2075-4426/12/2/212
https://doi.org/10.1111/ene.15024
https://doi.org/10.1111/jns.12489


Advances in Charcot-Marie-Tooth disease 

10 ǀ AFM-Téléthon ǀ  June 2022 

 

Savoir & Comprendre 

 
 

Improved description of the damage related to a specific gene 

The SORD gene 

The SORD gene, which was identified in 2020, is involved in a relatively 

common form of axonal CMT (CMT2) and in distal hereditary motor 

neuropathy (dHMN). It could be responsible for almost 10% of cases of 

axonal CMT with no genetic diagnosis. 
 

▪ In a Chinese cohort of 78 patients with undiagnosed hereditary 

neuropathy, five had abnormalities in the SORD gene, i.e. an incidence of 

6.4% of unresolved cases of CMT2 and dHMN. 

Liu X et al. Front Neurol. 2021 Nov. 
 

▪ Australian geneticists and doctors report the benefits of the “long-read" 

sequencing technique in researching mutations in the SORD gene. This 

technique makes it possible to read longer genetic sequences and to avoid 

interpretation errors related to the existence of a pseudogene called 

SORD2P, the sequence of which is very close to that of the SORD gene but 

with variations that are not pathogenic. 
Grosz BR.et al. J Peripher Nerv Syst. 2022 Feb. 

The MPZ gene 

The MPZ gene is involved in different forms of CMT (CMT1B, CMT2I, DI-

CMT D) which can be distinguished from each other by the nature of the 

peripheral nerve damage (demyelinating, axonal or intermediate). 
 

▪ In an article published in June 2021, neurologists practising in 11 French 

neuromuscular reference centres identified 91 patients (belonging to 61 

affected families) carrying MPZ gene mutations. 

This study confirms, as has been reported for a long time, a very significant 

degree of phenotypic diversity – the same mutation can cause both an 

axonal and a demyelinating form of CMT. 
 

The authors recommend that future trials specifically target patients with 

moderate disease severity with an age of onset between 18 and 50 in order 

to increase the chances of identifying a possible beneficial effect of the drug 

candidate. 
Subréville M. et al. Eur J Neurol. 2021 June 

A phenotype is the collection of 

physical characteristics pertaining 

to an individual (hair colour, eye 

colour, disease manifestation, 

etc.). 

https://doi.org/10.3389/fneur.2021.733926
https://doi.org/10.1111/jns.12485
https://doi.org/10.1111/jns.12485
https://onlinelibrary.wiley.com/doi/10.1111/ene.14948
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The NEFH gene 

▪ European researchers have identified 30 

individuals with a rare form of axonal 

CMT disease with mutations in the NEFH 

gene (CMT type 2CC). An analysis of their 

clinical and laboratory test data revealed 

that the first impairments, mainly motor 

in nature, appear in the patients’ 30s, but 

progress quickly to major disability (with 

loss of ability to walk), unlike the more 

common forms of CMT.  

The muscle deficit is often proximal to 

start with, which is not usual in CMTs and 

is more suggestive of SMN1 gene-related 

proximal spinal muscular atrophy. 

Pipis M J Neurol Neurosurg Psychiatry. 2021 

Sep. 

Pisciotta C. et al. J Neurol Neurosurg 

Psychiatry. 2021 Sep. 

 

 

The PLEKHG5 gene 

▪ In an article published in June 2021, researchers at the Institut de Myologie 

de Paris [Institute of Myology in Paris] reported observing two families 

affected by intermediate CMT related to the PLEKHG5 gene. While the 

motor involvement was comparable with the data in the literature (not very 

progressive distal deficit, with little or no sensory involvement), certain 

elements were less suggestive of CMT (diffuse conduction blocks outside 

the conventional nerve compression areas, significantly elevated CPK levels, 

and brain MRI abnormalities). The authors stress the value of considering 

this form of CMT in order to avoid misdiagnosis or unnecessary treatment 

prescription. 
Villar-Quiles RN et al. Neuromuscul Disord. 2021 Aug. 

  

Proximal muscle damage 

The proximal muscles 

are muscles that are 

close to the core of 

the body. They are 

located at the base of 

the limbs, i.e. the 

shoulder and arm 

muscles for the upper 

limbs (or pectoral 

girdle), and the hip 

and thigh muscles for 

the lower limbs (pelvic 

girdle). 

 The musculoskeletal 

system, Savoir & Comprendre 

reference documents, AFM-

Téléthon.  

https://doi.org/10.1136/jnnp-2021-327186
https://doi.org/10.1136/jnnp-2021-327186
https://doi.org/10.1136/jnnp-2021-327438
https://doi.org/10.1136/jnnp-2021-327438
https://doi.org/10.1016/j.nmd.2021.06.004
https://doi.org/10.1016/j.nmd.2021.06.004
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Advances in diagnosis, description and therapeutic 
management  

Improving diagnosis  

Differentiating CMT from inflammatory neuropathies 

The demyelinating forms of CMT are sometimes incorrectly diagnosed as 

chronic inflammatory demyelinating polyradiculoneuropathy (CIDP). Both 

diseases are caused by damage to the myelin sheath, with a genetic origin 

in CMT and an inflammatory origin in CIDP. It is not always possible to 

differentiate between these two diseases using clinical examination and 

electromyography, even for expert doctors. 
 

▪ French, Belgian and Swiss neurologists searched for cases of CMT among 

a cohort of 1,104 patients with CIDP. A collection of clinical criteria (other 

affected individuals in the family, foot deformities, etc.) led them to suspect 

a diagnosis of CMT in 56 patients. A genetic analysis confirmed this in 35 of 

these patients. Their therapeutic care was adjusted as a result 

(discontinuation of immunosuppressant treatments, which are ineffective in 

CMT). 

Hauw F et al. Eur J Neurol. 2021 June 

Reviewing a diagnosis 

It is possible to obtain an update of an old diagnosis for which no 

genetic abnormality could be identified at the time. If this diagnosis has not 

been reconsidered for several years, it is important to contact the doctor who 

made the original diagnosis or to attend a specialised "neuromuscular 

diseases" consultation to complete the diagnostic process. 
 

▪ A consortium of German-speaking paediatric neurologists has issued 

guidelines for the diagnosis of hereditary or acquired neuropathies in 

childhood. Before considering genetic testing, the possibility of a toxic 

origin should always be considered, and any family history should be 

researched. 

For hereditary neuropathies, especially the demyelinating ones, PMP22 

gene duplication should be checked (because of its frequency) before 

testing other genes using high-throughput sequencing (NGS). 
Korinthenberg R. et al. Children (Basel) . 2021 Aug. 

Genetic analysis and nerve conduction velocity  

▪ French doctors have compared the genetic and electrophysiological data 

of 61 children with CMT. 
 

 

 

 

 

 

 

 

 

 

 

 

 

An electromyogram (EMG) is an 

examination that consists of 

collecting the electrical signals 

emitted by muscle fibres at rest, 

during movement and after 

movement using fine needles 

(that serve as electrodes) 

implanted in the muscle. An 

analysis of the traces makes it 

possible to know whether motor 

difficulties are caused by muscle 

involvement (myopathic or 

myogenic origin) or nerve 

involvement (neuropathic or 

neurogenic origin). An 

electrophysiological study of the 

muscles and nerves can also 

measure the conduction velocity 

of certain nerves in cases of 

neurogenic involvement. 

https://doi.org/10.1111/ene.14950
https://doi.org/10.3390/children8080687
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By putting all cases where nerve conduction velocity was between 25 m/s 

and 45 m/s in the intermediate group, genes normally associated with 

demyelinating forms (CMT1A, CMT1B, etc.) or axonal forms (CMT2A, 

CMT2N, etc.) were classified as intermediate forms. 

The authors concluded that it is necessary to systematically check for PMP22 

gene duplication in children with intermediate forms of CMT before 

conducting more advanced genetic testing. 
Baudou E et al. Neuropediatrics. 2022 Mar. 

Therapeutic management in childhood 

More than 20 CMT experts from around the world collaborated to establish 

therapeutic management guidelines for children with the disease. They 

based these guidelines on their clinical experience and a detailed analysis 

of clinical and scientific articles on the subject. 
 

In practice 

▪ A programme involving regular physical exercise (two to three times 

per week with at least one day of rest between sessions) with a 

physiotherapist maintains, and even strengthens muscles and decreases 

feelings of fatigue and pain. This should be discontinued if signs of muscle 

lesions appear (exercise-induced cramps, dark urine).  

▪ This can be combined with moderate sports activity tailored to the child’s 

muscle capacity (swimming, Pilates, dance, water aerobics, etc.).  

▪ Physiotherapy, stretching of the joints (Achilles tendons, toes, etc.) every day 

if possible, orthopaedic devices (orthoses wore at night) help the child grow 

without joint or bone deformities appearing. Orthopaedic surgery is 

sometimes necessary. 

▪ These measures also help to preserve the ability to walk, prevent falls, 

maintain manual abilities, manage pain and rehabilitate sensory capacities. 

▪ Comfortable, wide retail shoes with solid stiffeners and extending more or 

less over the ankles to support them (like high-tops) may be sufficient. Ankle-

foot orthoses are sometimes necessary to prevent the foot from scraping the 

ground and to decrease tiredness caused by walking.  

▪ Use of a computer provides autonomy for writing. Typing tutor software, text 

prediction software and voice recognition software facilitate working on a 

computer. 
 

You EM et al. J Neurol Neurosurg Psychiatry. 2022 Feb. 

Orthoses to stabilise feet  

▪ According to an Italian study conducted on 149 patients with CMT, 87% 

required orthoses, whether it be insoles, orthopaedic shoes or ankle-foot 

braces. 

The CMTNS (CMT neuropathy score) functional score and the ambulation 

index were the primary deciding criteria for orthopaedic treatment 

prescribers. 

It was not possible to establish any links or differences between the orthoses 

used according to CMT type. 
Prada V et al. Neurol Sci. 2022 Apr. 
 

 

 

 

 

https://doi.org/10.1055/s-0042-1743438
http://dx.doi.org/10.1136/jnnp-2021-328483
http://dx.doi.org/10.1136/jnnp-2021-328483
https://doi.org/10.1007/s10072-021-05646-9
https://doi.org/10.1007/s10072-021-05646-9
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▪ The results of an online survey regarding treatment approaches for foot 

involvement among 940 patients with CMT were presented at the last CMT-

France Association Conference. While a large majority uses devices 

(orthopaedic insoles or shoes, ankle-foot orthoses), more than half had 

stopped using these devices. The main reasons mentioned were the fact 

that they were not adjustable, their in-shoe volume or their weight, their 

lack of aesthetic appeal, the onset of skin pain, etc. 

These results show the importance of optimising devices for each person, 

taking into account the specificities of the type of CMT, something often 

poorly understood by practitioners. They also stressed the need for joint 

action between expert doctors and patient associations to improve 

therapeutic care (training and educating the professionals prescribing the 

devices, appropriate reimbursement given in line with the complexity of the 

care, etc.). 

Developing an orthosis in practice 

Creating a tailored orthosis is a complex process.  

▪ Several criteria are involved such as muscle weakness, sensory damage, 

orthopaedic deformities, etc. The aesthetic aspects of the device should also 

be taken into account, although technical constraints mean that there are 

some limitations.  

▪ It is often necessary to conduct several trials to find the right device, whether 

it be orthopaedic insoles or ankle-foot orthoses. 

▪ An adaptation period of at least one month is necessary in order to feel an 

improvement from using the device.  

▪ If you do not notice any improvement after this adaptation period, or if you 

feel pain, this means the device is not suited to your particular case. 
 

▪ A Dutch team compared walking and prolonged standing with retail shoes 

versus specific orthoses in 15 patients with CMT. While these aids did not 

improve balance (for walking or standing), they did help the patients to walk 

better and faster. 
de Jong LAF et al. Clin Biomech (Bristol, Avon). 2022 Apr. 

Preventing overweight and malnutrition  

▪ Doctors from the Inherited Neuropathy Consortium evaluated the impact 

of CMT in 477 young people (aged 3 to 20) in relation to their nutritional 

status using body mass index (BMI), compared to 316 children without the 

disease. 
 

While the majority of the children and adolescents with CMT had a healthy 

weight (62%), they were three times more likely to be significantly 

malnourished (6%) and two times more likely to be obese (7%) compared 

to the young people of the same age without the disease. This can be 

explained by the fact that CMT causes muscle wasting (causing possible 

weight loss) and a decrease in physical activity (which can cause 

overweight). 
 

The young people with CMT who had a very low BMI (malnutrition) or a very 

high BMI (obesity) had more problems associated with CMT than the others 

(less strength, poorer walking ability, a more pronounced lack of dexterity, 

etc.). Furthermore, those who were significantly overweight were more likely 

to feel pain in their feet and cramps in their legs, while those who were very 

https://doi.org/10.1016/j.clinbiomech.2022.105638
https://doi.org/10.1016/j.clinbiomech.2022.105638


Advances in Charcot-Marie-Tooth disease 

  15 ǀ AFM-Téléthon ǀ June 2022 

 

Savoir & Comprendre 

malnourished complained more frequently of falls and tingling and burning 

sensations, etc. 
 

Monitoring growth and weight during childhood and adolescence  

helps to maintain an optimum balance between weight and height. In 

cases of overweight or malnutrition, talking to a doctor is recommended 

before starting a diet in order to limit any possible harmful effects on nerves 

and muscles. 

 

Donlevy GA et al. Neurology 2021 Sep. 

Recognising and treating pain 

In CMT, pain can originate from nerve damage (neuropathic pain), for 

example, pins and needles, burning sensations, electric shock-like 

sensations, etc. Other mechanisms can also be the cause of pain (muscle-

tendon retractions, joint deformities, areas of excessive pressure, etc.).  
 

▪ An Italian study was conducted among 50 patients with CMT (19 with 

CMT1A, 12 with CMTX1, 11 with MPZ-related CMT and eight with CMT2A).  

Pain was experienced by 36% of patients. The pain was neuropathic in 15% 

of cases, was more commonly experienced in the extremities, and seemed 

to be strongly related to damage to a specific category of nerve fibres (Aδ 

fibres).  
Peretti A et al. Eur J Pain. 2022 Feb. 

Treating pain  

The management of this pain varies depending on the cause. Talk to 

your doctor about it in order to put measures in place that suit you best 

(adjustment of orthopaedic therapy, psychological support, relaxation, 

medicines, physical exercise, etc.). 

Taking care of your teeth 

▪ A literature review relating to the involvement of the face, neck and dental 

health in CMT was conducted. While certain publications report specific 

problems relating to CMT (difficulty swallowing, episodes intense pain on 

one side of the face due to trigeminal neuralgia, difficulty talking, etc.), 

patients with the disease can find it difficult to take care of their teeth on a 

daily basis. 

 

 

 
 

 

 

 

https://doi.org/10.1212/wnl.0000000000012725
https://onlinelibrary.wiley.com/doi/10.1002/ejp.1922


Advances in Charcot-Marie-Tooth disease 

16 ǀ AFM-Téléthon ǀ  June 2022 

 

Savoir & Comprendre 

Dental hygiene in practice 

Using an electric toothbrush with a thick handle or wrapping the handle 

with foam (to make it easier to hold) makes tooth brushing easier. 

▪ Your dentist can recommend fluorine supplements or mouthwash to help 

compensate for any difficulties you are experiencing when brushing your 

teeth. 

▪ Do not use your teeth to remove a bottle top, cut sticky tape, etc., as this can 

damage them. Instead, use objects that are designed to help you carry out 

tasks made difficult by hand impairment. Talk to an occupational therapist 

about this. 
 

Brooks JK et al. Oral Surg Oral Med Oral Pathol Oral Radiol. 2021 Dec.  

Natural history studies and databases 

Charcot-Marie-Tooth disease consists of a complex collection of different 

forms. These forms can be disguished by the gene involved in the 

development of the disease, age of onset of first symptoms, disease 

progression, associated signs (reduced hearing, respiratory impairment, 

etc.). 

Databases and observational clinical studies help to describe the different 

forms of CMT and to anticipate potential impairments. 
 

Databases and observational clinical studies  

These clinical research tools collate data relating to: 

- disease manifestations and the diversity of these manifestations within the 

same family and between unrelated families (phenotypes), 

- genetic diagnosis results (genotypes), 

- parameters for monitoring the progression of muscle and sensory 

impairment, which are essential for clinical trials.  
 

▪ Databases accumulate medical and genetic data from patients with the 

same disease, often with no time limit.  

▪ Cross-sectional studies describe how a disease manifests in a 

group/population of patients at a specific moment in time, while 

longitudinal studies describe the progression of a disease over a specific 

period of time (natural history).  

▪ The analysis of collated data makes it possible to establish 

genotype/phenotype correlations, optimise the diagnostic process and 

therapeutic management, specify the natural history of the different forms 

of a disease, and facilitate the recruitment of clinical trial participants. 

A French database 

Started in 2015 by the Société francophone du nerf périphérique 

(Francophone Peripheral Nerve Society), this peripheral neuropathy 

database is, for the moment, only operational in two centres in France, CHU 

de Saint-Étienne (Saint-Étienne University Hospital) and hôpital Henri 

Mondor de Créteil (Henri Mondor Hospital in Créteil), and one centre in 

Switzerland, CHUV de Lausanne (Lausanne University Hospital). 

 

 

 

 

 

 

Genotype/phenotype 

correlation studies investigate 

the existence of a relationship 

between genetic characteristics, 

i.e. genotype, and observable 

characteristics, i.e. phenotype 

(height, eye colour and shape, 

hair colour, disease 

manifestation, etc.).  

This helps to identify whether a 

relationship exists, to a greater or 

lesser extent, between the 

presence of genetic abnormalities 

and the manifestations of a 

genetic disease.  

 Did you 
know? 

https://doi.org/10.1016/j.oooo.2021.12.125
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The INC international database 

The Inherited Neuropathies Consortium (INC) database is particularly 

important in this field.  

Its objective is to establish the natural history of CMT (the most common 

and also the rarest forms) to help the development of clinical evaluation 

tools and to identify new genes involved in the axonal forms of the disease. 

▪ Since its creation in 2010, it has collated the medical data (clinical and 

genetic) of more than 6,000 patients with Charcot-Marie-Tooth disease, 

with more than half of these individuals participating in the natural history 

study. 
 

 

 

 

 

 

 

 

 
 

 WEB  https://www.rarediseasesnetwork.org/cms/inc 
 

Natural history studies underway 

▪ The CMT&Me study surveys “real-world data” via a mobile phone app. This 

term encompasses data that do not come from the controlled setting of a 

clinical trial such as epidemiological data (incidence of the different forms 

of CMT), demographic data (age, educational level, occupation, etc.), data 

regarding disease symptoms and their progression, etc. and supplement the 

information collected during clinical trials.  
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

5 years of follow-up 

Impact of CMT on daily living 
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2,500 participants (over 18 years 

old) 

Recruiting 

In France  

and abroad 

Peripheral neuropathy database 

In France and abroad 

Recruiting 

Created in 2015 

400 patients 

Database for CMT1A, 1B, 2A, 4A, 4C and other forms of CMT 

Created in April 2010 

Recruiting 
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Abroad (outside France) 

 

https://www.rarediseasesnetwork.org/cms/inc
https://clinicaltrials.gov/ct2/show/NCT03782883
https://clinicaltrials.gov/ct2/show/NCT01193075
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▪ A large-scale cohort study started in July 2019 (expected to end in 2049) 

in China. Follow-up will take place over a 20-year period.  
 

 

 

 

 

 

 

 

 

 

 

In search of reliable and sensitive measurement tools 

It is important to have easy-to-use tools that help to identify the beneficial 

effects of a drug candidate on a restricted number of patients (CMT is a rare 

disease) and over a limited period of time, generally around one year (the 

disease progresses slowly).  
 

Monitoring the progression of CMT  

While there are specific scores (such as the CMTNS-v2 and CMT-FOM), 

the use of biological markers such as blood markers (in particular 

neurofilament light chain) or MRI (of a muscle or nerve) seems promising.  

iMAX: a new tool for neuropathies 

▪ Four European university hospitals have joined forces to develop a new 

electrophysiological technique for conducting simple and reproducible 

investigations of peripheral nerve motor axon excitability, a useful 

parameter in the diagnosis and follow-up of many neuropathies. 

Christened iMAX, this approach has been tested successfully in 28 healthy 

volunteers and 32 patients with various neuropathies (CMT1A, chronic 

inflammatory demyelinating polyradiculoneuropathy, Guillain–Barré 

syndrome). This tool is easy to use, quick and non-invasive compared to 

other techniques used to date, allowing it to be used in routine practice. 
Tyberghein M et al. Clin Neurophysiol. 2022 Jan. 

MRI of the peripheral nerves 

Magnetic resonance imaging (MRI) can be used to detect nerve fibre 

abnormalities.   

▪ Korean researchers compared the sciatic nerves of 18 patients with CMT1A 

versus 18 healthy subjects using MRI. They observed differences, particularly 

distally (the feet and hands) - the nerves were larger and were infiltrated by 

fat cells.   

Hyun Su Kim et al. Sci Rep. 2021 Nov. 
 

▪ A Chinese study has shown, based on data from 22 patients with CMT1A, 

12 patients with CMT2 and nine healthy subjects, that MRI images of nerves 

can differentiate between these three situations.  
Sun X et al. Eur Radiol. 2022 Jan.  

 
 

 

 

 

 

 

A biological marker, also 

referred to as a biomarker, is a 

measurable characteristic that 

indicates a normal or 

pathological biological process. 

The identification of new 

biological markers for a disease is 

very important in monitoring the 

progression of the disease and 

the efficacy of new treatments, 

whether these markers are 

physiological (change in blood 

pressure, heart rate, etc.) or 

molecular (change in the 

expression of a protein, etc.). 

MRI or magnetic resonance 

imaging is a medical imaging 

technique that provides cross-

sectional or 3-dimensional 

images of an organ or a region of 

the human body. During the 

examination, the person lies still 

on a mobile bed that slides into a 

cylindrical device made up of a 

very powerful magnet. This 

examination is not painful, 

however, the sensation of being 

enclosed and isolated, the noise 

made by the machine and the 

duration of the examination can 

be a bit overwhelming. 

N
C
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500 participants (all ages) 

20 years of follow-up 

Natural history of CMT 

In China 

Recruiting 

 Did you 
know? 

https://doi.org/10.1016/j.clinph.2021.10.004
https://doi.org/10.1038/s41598-021-00819-0
https://doi.org/10.1007/s00330-021-08506-4
https://www.clinicaltrials.gov/ct2/show/NCT04010188
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Muscle MRI 

MRI is also useful for examining muscles - it can help to quantify the 

degree of fat infiltration in the muscles (when muscle cells are destroyed, they 

are replaced by fat cells) in the legs.  

Blood markers 
 

Neurofilaments 

Neurofilaments are proteins that are present specifically in neurons. The 

levels of neurofilament light chains in the blood can be used to measure the 

extent of neuronal destruction.  
 

▪ A study among 49 patients with CMT confirmed that neurofilament light 

chain levels are elevated in different forms of CMT (CMT1B, CMTX1 and 

CMT2A).  

However, a follow-up over six years of 10 patients with CMT1A from a 

second cohort showed that this level remains stable over time, which is 

unfavourable for making it a clinical trial endpoint.   
Rossor AM et al. J Peripher Nerv Syst. 2021 Dec. 
 

▪ An international consortium of researchers has searched for candidate 

biomarkers from samples taken from humans and mice with CMT:  

- neural cell adhesion molecule 1 or NCAM1 was elevated in four 

mouse models (Gjb1, Hspb8 and two Gars models), but also in CMT1A and 

two axonal forms of CMT (CMT2D, CMT2N). This elevation correlates to a 

large extent with the severity of the disease as measured by the CMT 

examination score (CMTES).  

- the growth differentiation factor GDF15 and other molecules 

(related to the complement pathway) were also elevated. 
Jennings MJ. et al. Brain 2022 Feb. 

  

 Did you 
know? 

 Did you 
know? 

https://doi.org/10.1111/jns.12477
https://doi.org/10.1093/brain/awac055
https://doi.org/10.1093/brain/awac055
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Clinical trials 

Clinical trials are used to evaluate the effects of a potential treatment (a 

drug candidate, a medical device, etc.) in a disease, to make sure it is well 

tolerated and effective in the disease. 

 

 

 

 

 

 

 
 

PXT3003 in CMT1A 

A drug candidate resulting from 10 years of research 

Developed by Pharnext, PXT3003 is a low-dose combination of drugs 

that are already available on the market. This is referred to as “PLEODRUG".  

▪ Research started on this combination drug in 2009-2010. Partly financed by 

AFM-Téléthon, this research identified the promising effects of PXT3003 in a rat 

with CTM1A. 

▪ Since 2014, PXT3003 has had the status of "orphan drug" for CMT1A in Europe 

and the United States.   

▪ PXT3003 benefits from fast track designation with the US health authority and, 

since March 2020, has had the Promising Innovative Medicine status in the UK. 
 

 

 

 

 

 

 

 

 

 

 

An international trial underway in France 

▪ The international trial PREMIER is evaluating the safety and efficacy of 

PXT3003 versus placebo in CMT1A over a period of 15 months.  

Recruitment started in March 2021 in the United States, and in July 2021 in 

France at CHU de la Timone (Timone University Hospital) in Marseille. Other 

French centres are now open. A total of 350 patients with CMT1A have been 

recruited in Europe, the United States, Canada and Israel. 
 

▪ If the results of this trial are successful, the company could put together a 

marketing authorisation application dossier.  

This would require submitting all information stemming from preclinical 

research conducted in the laboratory and from clinical trials conducted on 

patients with CMT1A to the drug assessment agencies (manufacturing and 

product quality verification procedures, adverse events, precautions for use, 

efficacy endpoints assessed during the course of clinical trials, clinical trial 

results, benefit/risk assessment, etc.). 
 

Phase I 
Safety/tolerability 

Phase II 
Dose/effect 

Phase III 
Efficacy 

Phase IV 
Pharmacovigilance 

Marketing 
Authorisation (MA) 
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Encouraging previous results 

▪ The PREMIER trial builds on the results of two previous trials: 

- a French phase II trial conducted among 80 patients with CMT1A 

over a period of one year, 

- a phase III trial among 235 patients with CMT1A followed up over 

a period of 15 months. 

Beneficial effects on motor health… 

▪ The results of the phase III trial PLEO-CMT, announced in press releases 

and at conferences as early as October 2018, were published in October 

2021. At a high dose, PXT3003 slows down or stabilises motor impairment 

progression. 
 

These results show: 

- preserved arm and leg function with easier movements in patients 

treated with a high-dose of the product compared to the placebo group, 

demonstrated by the ONLS (Overall Neuropathy Limitations Scale) score; 

- significantly better Timed 10-Metre Walk Test results for these 

patients;  

- the treatment is well tolerated. 

Due to problems relating to the packaging of PXT3003, which caused the 

trial to be halted temporarily, Pharnext optimised the manufacture and 

packaging of PXT3003 before starting the PREMIER trial. 
Attarian S et al. Orphanet J Rare Dis. 2021 Oct. 

…confirmed during the extension phase 

The PLEO-CMT trial was followed by an extension study in which 126 

patients are still participating. This will make it possible to find out the long-

term effects of the drug candidate. 
 

▪ The results of an analysis published in May 2022 demonstrated the long-

term safety of PXT3003 in CMT1A patients over a five-year follow-up period. 

The analysis of the ONLS score supports the potential long-term beneficial 

effect of PXT3003 in CMT1A patients. Motor skills are preserved. 
Pharnext – Press release 2022 May 

 

 

 

 

 

 

 

 

Trial in progress  

(recruitment completed) 

In France 

and abroad 

PREMIER trial 

350 participants  

(16 to 65 years old) 

15 months of follow-up 
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March 2021 – March 2024 

The ONLS (Overall Neuropathy 

Limitations Scale) score assesses 

the impact of arm and leg 

muscle impairment on ability to 

perform daily tasks (difficulty 

turning a key in a lock, going up 

stairs, etc.): the higher the score, 

the more severe the 

consequences of the muscle 

impairment. Thus, a one-point 

decrease in the ONLS score can 

mean going from being able to 

walk without help to having to 

use a walking stick to get 

around. 

Phase III 
Efficacy 

https://doi.org/10.1186/s13023-021-02040-8
https://doi.org/10.1186/s13023-021-02040-8
https://pharnext.com/fr/press-releases/de-nouvelles-donnees-de-lessai-en-ouvert-pleo-cmt-fu-montrent-un-benefice-durable-de-pxt3003-chez-les-patients-atteints-de-la-maladie-de-charcot-marie-tooth-de-type-1a-apres-une-duree-totale-de-cinq-ans-dessai-clinique
https://clinicaltrials.gov/ct2/show/NCT04762758
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IFB-088 in CMT1A 

IFB-088 (or sephin 1) was developed by InFlectis BioScience with the 

support of AFM-Téléthon. 

▪ A phase I trial among 72 healthy volunteers was conducted in Marseille 

and showed that the product is well tolerated in healthy volunteers, even at 

the highest tested doses. 
InFlectis BioScience, Press release 2020 Jan. 
 

▪ InFlectis BioScience is now considering setting up a phase II trial to 

evaluate IFB-088 among patients with CMT1A. 

Mechanism of action 

In certain forms of CMT (1A, 1B, etc.), there is an accumulation of misfolded 

proteins in the Schwann cells which disrupts the structure and function of 

the myelin sheath, thus slowing down nerve signal transmission. 

▪ IFB-088 acts on the diseased cells, slowing down their protein synthesis. 

The misfolded proteins, which are then fewer in number, can be dealt with 

by the natural compensatory mechanisms of the cell (correction of their 

folding or degradation). 

▪ Preclinical research has shown that the administration of IFB-088 to mouse 

models of CMT1B restores their motor function and improves their nerve 

conduction velocity. 

In April 2022, a new publication confirmed the beneficial effects of IFB-088 

in a second mouse model of CMT1B, and also in a mouse model of CMT1A. 

Bai Y et al. Mol Neurobiol. 2022 Apr. 

Orphan drug designation 

The drug candidate IFB-088 is recognised as an orphan drug by the US 

health authority (Food and Drug Administration or FDA) and the European 

health authority (European Medicines Agency or EMA). This facilitates the setting 

up of clinical trials to determine the efficacy or non-efficacy of the drug 

candidate, and to bring it to market quicker if it proves to be beneficial in CMT. 

 

 

 

 

 

 

 

 

 

Extension of the PLEO-CMT trial 

187 participants (16 to 65 years  

old) 
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Recruitment completed 

In France 

and abroad 

9 months of follow-up 

March 2017 – December 2024 

Phase III 
Efficacy 

https://inflectisbioscience.reportablenews.com/pr/inflectis-bioscience-announces-successful-completion-of-phase-1-clinical-trial-of-oral-ifb-088
https://doi.org/10.1007/s12035-022-02838-y
https://clinicaltrials.gov/ct2/show/NCT03023540
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AT-007 in SORD-related CMT 

The SORD gene is involved in a relatively common form of axonal CMT 

(CMT2) in which impairment can be both motor and sensory in half of cases, 

or solely motor (distal hereditary motor neuropathy). 
 

▪ As soon as the causal gene was discovered, aldose reductase inhibition 

was considered to be a promising lead. As it were, the SORD protein (or 

sorbitol dehydrogenase) is involved in a reaction that transforms sorbitol 

into fructose. 
 

 
 

When the SORD protein doesn't work properly, sorbitol accumulates in cells. 

The analysis of cells taken from patients with SORD-related CMT has 

confirmed this. This accumulation also plays a role in diabetic neuropathy. 
 

▪ It is possible to block the production of sorbitol with aldose reductase 

inhibitors, drugs that are being studied in diabetic neuropathy and that have 

already been sold for several years in Asian countries. 
 

Applied therapeutics, which is already assessing an aldose reductase 

inhibitor (AT-007) in galactosaemia (a rare genetic disease in which 

galactose accumulates in the body), was able to quickly conduct a pilot 

study in SORD-related neuropathy. 

This study was conducted during the summer of 2021, and its results were 

announced in a press release in October 2021. 

Eight subjects with SORD-related neuropathy participated in this study for 

a period of one month. Their blood sorbitol levels were 100 times higher 

than those found in the general population. After one month of treatment, 

these levels had decreased by two thirds on average. The short duration of 

the trial meant that it was not possible to observe any changes in the motor 

skills of these subjects. 

AT-007 was well tolerated throughout the pilot study. 
 

In May 2022, on the strength of these results, the company initiated a 

placebo-controlled clinical trial in the United States. 
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https://clinicaltrials.gov/ct2/show/NCT05397665
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Gene therapy trials 

In the beginning, gene therapy consisted solely of replacing a defective 

gene by delivering a normal gene into the patient's body. Since then, gene 

therapy methods have progressed, including all the techniques that 

introduce genetic material in the form of DNA or RNA (gene drugs, 

antisense oligonucleotides, etc.) into the patient's body for therapeutic 

purposes. 
 

Gene therapy is thriving in the field of neuromuscular diseases, with one 

drug already available in SMN1-related proximal spinal muscular atrophy 

(SMA), several clinical trials underway and many drugs being developed. 
 

Multiple approaches  

Several gene therapy approaches are in the process of being developed 

for Charcot-Marie-Tooth (CMT) disease with the following objectives:  

▪ replacing defective genes,  

▪ delivering a "gene drug" to protect the affected cells (motor neurons and/or 

Schwann cells),  

▪ delivering an "RNA drug" (or antisense oligonucleotide) to reduce the 

production of toxic proteins. 
 

 

 

 

 

 

 

 

 

 

 
 

In giant axonal neuropathy 

Giant axonal neuropathy related to the GAN gene is characterised in most 

cases by progressive sensory and motor peripheral neuropathy and 

impairment of the central nervous system (intellectual disability, epileptic 

seizures, etc.) starting in early childhood. There are more moderate forms 

of the disease that start in adulthood and do not impair the central nervous 

system, which is similar to axonal CMT. 

Opal P. GeneReviews 2021 Oct. 
 

▪ TSHA-120, a gene therapy product combining the GAN gene with an AAV9 

vector, is currently undergoing trial. 

 

 

 

 

 

 

 
 

https://www.ncbi.nlm.nih.gov/books/NBK1136/
https://www.ncbi.nlm.nih.gov/books/NBK1136/
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Preliminary results were announced in a press release in January 2022. The 

follow-up data for the first six patients treated between Year 1 and Year 5 

showed a slowing down of muscle impairment progression. Nerve fibre 

regeneration was also observed. 

Taysha Gene Therapies Press release 2022 Jan. 

In IGHMBP2-related CMT2S 

The IGHMBP2 gene is involved in CMT2S, but also in a form of spinal 

muscular atrophy with respiratory distress (SMARD1). 
 

▪ SMARD1 mainly affects infants, combining severe muscle weakness 

predominantly in the distal parts of the limbs and respiratory impairment. 

CMT2S manifests at a later stage and does not cause any respiratory 

difficulties. 
 

▪ A gene therapy product combining the IGHMBP2 gene with an AAV9 

vector is undergoing trial in the United States. Research on a mouse model 

has shown encouraging results. 
Caley ES et al. Human Molecular Genetics 2022 Apr. 
 

 

 

 

 

 

 

 

 

 

 
 

In CMT1A 
 

Neurotrophin-3 for protecting axons 

Neurotrophin-3 plays a role in the growth and survival of peripheral 

nervous system neurons.  

▪ It is normally produced by Schwann cells  

▪ Delivering neurotrophin-3 to peripheral nerves helps to protect axons that 

have been weakened by Schwann cell impairment in CMT1A.  
 

In mouse models of CMT1A, the administration of neurotrophin-3 increases 

axon regeneration. In humans, it has proved to be less effective due to its 

rapid degradation in blood.  

 Did you 
know? 
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Dose/effect 

Phase I trial on GAN-related neuropathy 

1 year of follow-up 

21 participants (over 3 years 

old) 

April 2015 – April 2030 N
C

T0
23

6
2

4
38

 

Recruiting, suspended  

In the United 

States 

Phase I-II trial on IGHMBP2-related neuropathies 

3 years of follow-up 

10 participants (2 months to 

14 years old) 
MP_2019_VRK1, 

November 2021 – November 2028 N
C

T0
51

5
2

8
23

 

Recruiting, suspended  

In the United 

States 

Phase I 
Safety/tolerability 

https://ir.tayshagtx.com/news-releases/news-release-details/taysha-gene-therapies-reports-positive-clinical-efficacy-and
https://doi.org/10.1093/hmg/ddab317
https://clinicaltrials.gov/ct2/show/NCT02362438
https://clinicaltrials.gov/ct2/show/NCT05152823
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▪ To get around this difficulty, one approach involves delivering the 

neurotrophin-3 gene by gene therapy using an adeno-associated virus 

(AAV) vector so that it is secreted more sustainably in the patient's body. 

The long-term (at least nine months) efficacy of this method has been 

demonstrated in a mouse model of CMT1A. The levels of neurotrophin-3 

obtained in the blood were sufficient to improve peripheral nerve tissue 

function and motor function in the mice. 
Sahenk Z et al. Brain Res. 2019 Oct. 
 

▪ A gene therapy trial with the neurotrophin gene should have been initiated 

in the United States in three patients with CMT1A. Due to difficulties in 

producing the gene therapy vector, the start has been delayed and the trial 

is suspended. 
 

 

 

 

 

 

 

 

 

 

 

 
 

▪ The same approach has been tested in mice with CMT1A, CMTX1 and, 

more recently, GARS gene-related CMT, CMT2D.  

Researchers observed beneficial effects of neurotrophin-3 on Schwann cells 

and neuromuscular junction (located between a peripheral nerve and a 

muscle) in the diseased mice. This resulted in improved endurance and 

balance in the treated mice. 
Burcak Ozes B et al. Brain Commun. 2021 Oct. 

 

  

Phase I/II trial on CMT1A 

2 years of follow-up 

3 participants (18 to 35 years old) 

August 2022 – July 2023 N
C

T0
35

2
0

7
51

 

Trial suspended 

In the United 

States 

An adeno-associated virus 

(AAV) is a small DNA virus that 

can infect humans. However, it 

does not cause a disease but 

instead stimulates a moderate 

immune response. Once inside 

the cells, the AAV does what all 

viruses do - it incorporates its 

genes into all of the genes of the 

infected cell. It is used in genetic 

engineering as a vector for gene 

therapy.  

https://doi.org/10.1016/j.brainres.2019.146533
https://doi.org/10.1016/j.brainres.2019.146533
https://doi.org/10.1093/braincomms/fcab252
https://doi.org/10.1093/braincomms/fcab252
https://clinicaltrials.gov/ct2/show/NCT03520751
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Therapeutic avenues to follow 

Reflecting the level of active research in CMT, over the last 12 months 

several articles have reviewed the different approaches being studied in 

CMT; those that have been abandoned and those being considered for the 

future.  

Thus, D. Pareyson's Italian team has surveyed almost 20 different 

approaches.  
Pisciotta C et al Brain Sci. 2021 Oct. 

Fridman V et al. Neurotherapeutics. 2021 Nov. 

Stavrou M Int J Mol Sci. 2021 June  

Miniou P et al. Int J Mol Sci. 2021 June 

McCray BA et al. Neurotherapeutics 2021 Oct. 

Cavallaro T et al. J Peripher Nerv Syst 2021 Sep. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Delivering interfering RNA  

Interfering RNA can reduce the production of a protein that has become 

toxic due to a genetic abnormality, for example PMP22 which is produced 

in excess in CMT1A. 

Several approaches are being studied in CMT1A, two of which are being 

investigated by French teams. The first uses a small interfering RNA inside 

a chemical vector (of squalene), and the second uses an interfering RNA 

combined with a gene therapy vector. 

In both cases, administration to diseased animals (mice or rats) showed 

promising results both for muscle strength and nerve conduction velocity. 
Boutary S et al. Commun Biol. 2021 March. 

Gautier B et al. Nature Nat Commun. 2021 Apr.  

 

 

Main pharmaceutical approaches being trialled or in development in CMT 

https://doi.org/10.3390/brainsci11111447
https://doi.org/10.1007/s13311-021-01145-z
https://doi.org/10.3390/ijms22116048
https://doi.org/10.3390/ijms22116048
https://doi.org/10.3390/ijms22136755
https://doi.org/10.3390/ijms22136755
https://doi.org/10.1007/s13311-021-01099-2
https://doi.org/10.1007/s13311-021-01099-2
https://doi.org/10.1111/jns.12467
https://doi.org/10.1111/jns.12467
https://doi.org/10.1038/s42003-021-01839-2
https://doi.org/10.1038/s42003-021-01839-2
https://www.nature.com/articles/s41467-021-22593-3
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▪ Prof. Kleopa, a CMT gene therapy specialist, has developed a gene therapy 

product made up of an AAV9 vector into which an interfering microRNA, 

miR871, is inserted that targets PMP22. 

It was injected into mice, whose mobility improved.  
Stavrou M et al. J Clin Invest. 2022 May  

Improving axonal transport with histone deacetylase inhibitors  

In axonal CMTs 

HDAC6 histone deacetylase inhibitors act on mitochondrial transport in the 

axon via microtubules. 
 

Acetylation of microtubules 

Microtubules are components of the cytoskeleton which play the role of 

rails along which mitochondria are transported inside the axon.  

▪ Their function is regulated by a chemical reaction that occurs on their 

surface - acetylation. Once acetylated, the microtubules are more active and 

more stable.  

▪ The HDAC6 histone deacetylase is a protein that deacetylates the 

microtubules, making them less stable and reducing transport along the axon. 
 

By blocking the action of the HDAC6 histone deacetylase, HDAC6 inhibitors 

give rise to better acetylation of the microtubules and facilitate better 

mitochondrial traffic flow. They are being studied in axonal forms of CMT, 

mainly CMT2A, but also CMT2F and CMT2D. 
 

▪ Two new Korean publications confirm their therapeutic benefit on cells 

taken from patients with CMT2D (related to the GARS1 gene) and from a 

zebrafish. 
Smith AST et al. Adv Biol (Weinh) 2021 Dec. 

Jeong HS et al.  Mol Cells 2022 Apr. 

In CMT1A 

HDAC inhibitors are being studied in CMT1A since they are able to regulate 

the genes used to produce myelin. They do not necessarily target the same 

histone deacetylases as in the axonal forms of CMT. 

Histone deacetylases (HDACs) 

Histone deacetylases coordinate cell protection mechanisms at the DNA 

level, while HDAC6 coordinates them at the microtubule level (in response to 

cellular stress, a toxic accumulation of aggregates, etc.). 

This is in fact a therapeutic target that is of interest in several neurodegenerative 

diseases. 
 

▪ A Belgian team gave early treatment of HDAC3 inhibitors to mice with 

CMT1A. Myelinisation was improved, as was nerve conduction velocity. 

However, at a high dose, the treatment reduced muscle strength and motor 

coordination in the mice being treated.  

Indeed, HDAC3 is also involved in the inflammatory response in nerves, 

which can be toxic if it is activated excessively. Although promising, this 

avenue requires being able to find the correct treatment dose that is 

effective, but not toxic, in both animals and humans. 
Prior R et al. Mol Neurobiol 2022 Mar. 

 

 

 

 Did you 
know? 

The cytoskeleton is a network of 

filamentous proteins that makes 

up the cell’s structural framework 

and gives the cell its shape. 

https://doi.org/10.1172/jci159814
https://doi.org/10.1002/adbi.202101308
https://doi.org/10.14348/molcells.2022.5005
https://doi.org/10.1007/s12035-022-02782-x


Advances in Charcot-Marie-Tooth disease 

  29 ǀ AFM-Téléthon ǀ June 2022 

 

Savoir & Comprendre 

Deactivating a pathogenic mutation with CRISPR-Cas9  

The CRISPR-Cas9 system is a new, high-performance tool for the localised 

modification of genetic information (genome editing). It can the used to 

deactivate a gene copy when it has a genetic abnormality. 

▪ In cells taken from a patient with NEFL-related CMT2E, researchers 

specifically deactivated the copy with a genetic abnormality. The other 

normal copy of the gene was functioning as it should. This made it possible 

to correct disruptions observed in the cells (neurofilament accumulation, 

etc.). 

Although in its very early stages, this research shows the benefit of genome 

editing in deactivating the toxic effects of certain dominant genetic 

abnormalities (when a normal copy of the gene exists). 
Feliciano CM et al. Front Cell Dev Biol 2021 Aug.  

Improving the response to misfolded proteins in CMT1B 

In CMT1B, the accumulation of misfolded proteins disrupts the myelin 

sheath. In addition to IFB-088, several other drugs that improve the natural 

cell response have shown good results in mice. 
 

▪ The administration of sildenafil (a drug that is sold for a different 

indication) to mice with CMT1B restores the thickness of the myelin sheath 

and improves nerve conduction velocity. 
VerPlank JJS et al. Brain 2022 Jan. 

 

Response to misfolded proteins 

Proteins are produced in the endoplasmic reticulum. If their shape is 

abnormal (mutated protein, misfolded protein), they accumulate in that 

location. This causes the onset of an unfolded protein response (UPR) which, 

in the longer term, can cause cell death. 
 

▪ Another publication shows that the administration of MANF, which inhibits 

the UPR, to Schwann cells cultured in a laboratory improves cell survival. 
Sun B et al. Front Biosci (Landmark Ed) 2022 Jan. 

Reducing oxidative stress  
 

Oxidative stress 

When mitochondrial function is disrupted, this causes excessive 

production of toxic molecules, so-called free radicals, which damages the cell 

components (DNA, proteins, etc.). Oxidative stress corresponds to a situation 

in which the cell is no longer controlling the excessive presence of free 

radicals. 

 

 

 

 

 

 

 

 

 

 

 

 Did you 
know? 

 Did you 
know? 

https://doi.org/10.3389/fcell.2021.723023
https://doi.org/10.3389/fcell.2021.723023
https://doi.org/10.1093/brain/awab249
https://doi.org/10.1093/brain/awab249
https://doi.org/10.31083/j.fbl2701001
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Curcumin in CMT1A 

▪ Curcumin has antioxidant and neuroprotective effects. Its administration 

to Schwann cell models of CM1A, cultivated in a laboratory, restores the 

ability of the cells to combat stress. However, the presence of ethanol (used 

to prepare the curcumin solution) proved to be toxic to the cells.  

Alberdi LV et al. Biomolecules. 2022 Mar. 
 

▪ A French team of researchers from the French National Reference Centre 

for Rare Peripheral Neuropathies in Limoges has devised a new drug, 

developed from curcumin - Nano-Cur. 

When injected into Schwann cell models of CMT1A, Nano-Cur reduced 

oxidative stress and improved mitochondrial function. 

When administered to rats with CMT1A over an eight-week period, the 

treatment improved the myelinisation of peripheral nerves, resulting in an 

increase in muscle strength and balance, and improved sensory capability. 
Caillaud M et al. Free Radic Biol Med 2020 Dec. 

 Possible repurposing of two drugs in CMT4A 

▪ Spanish researchers selected drugs that improved the symptoms of mice 

with GDAP1-related CMT (CMT4A or CMT2K) from more than 1,000 drugs 

already sold in the United States. They showed that florfenicol (an antibiotic) 

or MitoQ (an antioxidant) administered before the first symptoms appear 

prevent their onset.  

Mice treated preventively (before developing the disease) had better motor 

skills and coordination compared to untreated mice or mice treated after 

the appearance of the disease. This beneficial effect was accompanied by a 

decrease in the amount of free radicals in the nerve cells. 
Nuevo-Tapioles C et al. Hum Mol Genet 2021 Jul. 

Farnesol in CMT1A  

Farnesol is a compound used in the cosmetics industry (in perfumes and 

deodorants) and the phytosanitary industry (as a pesticide). It is also being 

studied as a drug candidate in pharmacology in certain neurodegenerative 

diseases.  

▪ Korean researchers have assessed its effects on mice with Charcot-Marie-

Tooth disease type 1A by supplementing their diet with farnesol. This 

treatment improved coordination and balance in these mice. These 

beneficial effects were accompanied by an increase in nerve conduction 

velocity and myelinisation of axons by Schwann cells.  

Further work is necessary to understand the mechanism of action of 

farnesol.   

Park NY et al. Curr Issues Mol Biol 2021 Nov. 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.3390/biom12040515
https://doi.org/10.1016/j.freeradbiomed.2020.09.019
https://doi.org/10.1016/j.freeradbiomed.2020.09.019
https://doi.org/10.1093/hmg/ddab207
https://doi.org/10.1093/hmg/ddab207
https://doi.org/10.3390/cimb43030138
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Reducing nerve inflammation in CMT1A 

Macrophages are immune system cells that are present in all tissues in the 

human body. They play a key role in inflammation, a reaction that allows 

the body to protect itself from attack (damaged cells, foreign particles, etc.). 
 

▪ German researchers have already shown that the administration of a drug 

which inhibits nerve macrophages (PLX5622) in mice with CMTX1 and 

CMT1B reduces signs of the disease. 

They administered the same drug to mice with CMT1A as soon as they were 

born, and this preserved their motor skills.  

This research shows the benefits of targeting inflammation via 

macrophages and acting at an early stage before the appearance of the first 

symptoms.   

Klein D et al. Glia. 2022 Feb. 

Cell therapy in CMT1A 

Cell therapy is based on the use of living cells. It consists of taking cells, 

either from the patient to be treated or from a donor, purifying them and, 

if necessary, modifying and multiplying them. The cells are then reimplanted 

into the patient, for example to replace impaired or missing cells. 
 

▪ Ukrainian researchers injected stem cells into the leg muscle of a mouse 

with CMT1A. The contraction of the treated muscle, in response to electric 

stimulation, was stronger and lasted longer. The authors suggested that the 

cell therapy had enabled the partial recovery of peripheral nerve activity.  

Govbakh I et al. Int J Mol Sci 2021 Nov. 

Inhibiting axon degeneration 

SARM1 plays a central role in programming axon degeneration. When 

SARM1 is activated, the axons gradually waste away.  

American researchers have shown that an SARM1 inhibitor protects the 

axons following a stress event (cut axons or mitochondrial dysfunction). 

Although damaged, the axons do not deteriorate any further; they remain 

viable and continue to function. 
Hughes RO et al. Cell Rep 2021 Jan. 
 

▪ In CMT1A, myelin sheath impairment results in secondary axon 

impairment , which ends up degenerating. 

SARM1 inhibition was therefore assessed among mice with CMT1A; 

however, this did not result in any motor benefit for the mice. According to 

the authors, this can be explained by the fact that the mice did not have any 

secondary axon impairment, unlike humans. 

Moss KR et al J Peripher Nerv Syst. 2022 Mar. 

 

  

https://doi.org/10.1002/glia.24158
https://doi.org/10.1002/glia.24158
https://doi.org/10.3390/ijms222112026
https://doi.org/10.3390/ijms222112026
https://doi.org/10.1016/j.celrep.2020.108588
https://doi.org/10.1016/j.celrep.2020.108588
https://doi.org/10.1111/jns.12483
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Better understood mechanisms 

The discovery of mechanisms that are common to several forms of Charcot-

Marie-Tooth (CMT) disease has helped potential therapeutic targets that 

are of interest in the development of drug candidates to be identified. 

Certain mechanisms are common to several forms and could benefit from 

the same treatment. 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

The altered genes in CMT code proteins that are involved in different cell functions 

Internal cell transport: 

- LITAF  

- TFG  

- GAN  

- KIF1B  

- KIF1A 

- RAB7A 

- NEFL  

- NEFH  

- HSPB1 

- DNM2 

- DYNC1H1  

- SPG11  

- MTMR2  

- SBF2  

- SBF1  

- NDRG1   

- FGD4   

- FIG4   

- DCNTN2  

- NAGLU  

- MORC2  

 

Myelin components: 

- PMP22 

- MPZ 

- SH3TC2 

- PRX  

- GJB1 or Cx32  

- PMP2  

- DRP2 
 

Transcription factor involved  

in the regulation of myelin genes: 

- EGR2 

Protein synthesis: 

- GARS1 

- AARS1 

- MARS1 

- HARS1 

- YARS1 

- KARS1 

 

Regulation of mitochondrial 

function: 

  

- CHCHD10  

- MFN2  

- GDAP1  

- DHTKD1  

- SURF1  

- AIFM1  

- PDK3  

- COX6A1 

- SLC25A46 
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Mitochondria 

In order to be able to function properly, axons require a significant amount 

of energy along their entire length. Mitochondria provide this energy. 

Mitochondria are small structures that are present in every cell that are able 

to produce energy that can be used directly by the cell.  
 

Mitochondria distributed along the entire length of an axon 

Mitochondria need to be mobile in order to function properly and to 

coordinate their activities. The fusion of several mitochondria into one, 

alternating with the fission of one mitochondrion into several mitochondria, 

modulates their activity, number, size and form. 

▪ For cells to function at their best, no region should be devoid of 

mitochondria (and therefore devoid of energy production).  

▪ In nerve cells that are particularly long (certain axons can be up to 1 metre 

long, or even longer), the mitochondria spread themselves along the entire 

length of the axon by moving around.  
 

▪ A French publication has described the disruption observed in iPS 

(induced pluripotent stem) cells obtained from motor neurons taken from 

a patient with GDAP1-related CMT2H. The cells were more fragile, and 

developed oxidative stress and lipid abnormalities.  
Miressi F et al. Biomedicines 2021 Aug. 
 

▪ A Cypriot publication described the disruptions observed with a new 

mouse model of CMT2A. The mice had severe motor impairment and 

inflammation of the central nervous system (presence of macrophages). 

Inside the nerve cells, the mitochondria clustered together.  
Stavropoulos F et al. Int J Mol Sci 2021 Oct. 
 

▪ Researchers have compared the functioning of skin cells taken from 

patients with MNF2-related CMT and GDAP1-related CMT.  

They identified:  

- the presence of oxidative stress in all the cells; 

- changes in the contact sites between the mitochondria and 

lysosomes in the GDAP1 cells,  

- a possible role of the MFN2 protein in these contact sites.  
Pijuan J et al. Front Neurosci 2022 Jan. 
 

Mitochondrial contact sites 

Mitochondrial contact sites constitute a significant mechanism in 

regulating mitochondrial activity. They are disrupted in several forms of axonal 

CMT.  

▪ There are also contact sites between mitochondria and lysosomes. The 

lysosomes intervene in such a way that the mitochondria "detach themselves" 

or are even degraded. This fundamental mechanism helps to regulate 

mitochondrial transport and energy production.  

▪ Mitochondria also interact with the endoplasmic reticulum, where the 

production of proteins and lipids takes place. These contact and exchange 

sites regulate mitochondrial function, energy production, lipid metabolism, 

etc. 

 

 

 

 Did you 
know? 

Lysosomes are small sacks 

(vesicles) that are found in cells, 

whose role is to digest material 

from cell function into small 

molecules. These are either 

evacuated and eliminated as 

waste, or recycled and reused by 

the cell. 

Induced pluripotent stem cells 

(iPS cells) are cells that can self-

renew indefinitely in a culture 

and differentiate into any 

specialised cell in the body.  

 Did you 
know? 

https://doi.org/10.3390/biomedicines9080945
https://doi.org/10.3390/biomedicines9080945
https://doi.org/10.3390/ijms222111569
https://doi.org/10.3390/ijms222111569
https://doi.org/10.3389/fnins.2022.784880
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▪ A study has been underway in France since September 2021 to better 

understand how mitofusin 2 abnormalities have an impact on cell function. 

Supported by AFM-Téléthon, it will eventually include around 30 patients 

with CMT2A, and around 30 healthy subjects. 

The researchers will study the lipids and other small molecules from the 

metabolism using blood and skin samples taken from patients with CMT2A, 

and will compare them to those of the subjects who do not have CMT. 

This might help to identify biomarkers for monitoring the progression of 

the disease, in particular during potential clinical trials, and to identify 

possible therapeutic targets specific to CMT2A. 
 

 

 

 

 

 

 

 

 

 

 
 

 

Aminoacyl-tRNA synthetases in CMT 

Aminoacyl-tRNA synthetases are enzymes that are involved in a preparatory 

stage of protein synthesis. Several of these have been implicated in forms 

of CMT. 
 

▪ There is undoubtedly a pathogenic mechanism common to the different 

CMTs linked to aminoacyl-tRNA synthetases. This does not appear to occur 

via their conventional function in protein synthesis. 

When they are mutated, aminoacyl-tRNA synthetases change shape and 

acquire a new function that is toxic to nerve cells. 
 

▪ A German publication about a model of GARS-related CMT2D suggests 

that this new function could slow down protein production (at the 

translation level). 

Mendonsa S et al. Nucleic Acids Res 2021 Aug. 
 

▪ Japanese research on cell models of CMT2W (HARS1-related) shows that 

the mutated HARS1 protein forms small aggregates that inhibit nerve cell 

growth. 

The administration of valproic acid (an antiepileptic drug) prevents this 

formation of aggregates, making it a possible therapeutic avenue. 
Memezawa S et al Neurochem Res 2022 Apr. 

  

Aminoacyl-tRNA synthetases 

are enzymes that help attach an 

amino acid (protein building 

block) to the corresponding 

transfer RNA. This makes it 

possible to chain amino acids 

together in the appropriate order 

to produce a given protein during 

protein synthesis. 

Recruiting 

In France 

CMT2A: analysis of lipids 

60 participants  

(over 18 years old) 

1 single visit  

N
C

T0
48

8
1

2
01

 

September 2021 – February 2023 

https://doi.org/10.1093/nar/gkab730
https://doi.org/10.1093/nar/gkab730
https://doi.org/10.1007/s11064-022-03587-z
https://clinicaltrials.gov/ct2/show/NCT04881201
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Numerous scientific publications 

It is through articles in specialist journals that researchers working on 

Charcot-Marie-Tooth disease communicate their research and the 

conclusions and/or hypotheses that they are able to draw from this research 

to the scientific and medical community. The number of publications on 

CMT recorded each year demonstrates how active and diverse research in 

this area is. 
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▪ Keep up to date on neuromuscular disease research news throughout the 

year at: 
 WEB  https://www.afm-telethon.fr/en 

Number of medical/scientific publications on CMT each year  

Between June 2021 and June 2022, almost 330 articles on Charcot-Marie-Tooth disease were recorded on 

PubMed, the reference bibliographical database in the fields of medicine and biology. Year after year, 

research in CMT remains very active.  
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