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Charcot-Marie-Tooth type 1A (CMT1A), also known as the hereditary motor and 
sensory neuropathy type Ia (HMSN Ia), is the subject of this thesis. Among the 
group of hereditary demyelinating neuropathies, CMT1A is the most prevalent form 
(approximately 1:5000 people). This autosomal dominantly inherited disease is 
most often caused by a duplication at chromosome 17, that includes the peripheral 
myelin protein 22 (PMP22) gene. CMT1A is characterized clinically by distal muscle 
weakness and wasting, legs more than arms, impaired distal sensation, and reduced 
or absent reflexes. Foot deformities (pes cavus) and hand deformities (claw hands) are 
often encountered. Evidence was accumulating that the role of the axon may be of 
importance in this disorder in which myelin is primarily affected. Therefore, the aims 
of this thesis are to determine the natural course of CMT1A and to investigate the 
role of the axon in this disease. This knowledge is important to gain insight into the 
pathogenesis and for the proper design of treatment studies. 

The cross-sectional study in chapter 2 investigated the extent of axonal dysfunction 
in CMT1A and assessed whether axonal dysfunction determines clinical disease 
severity at the impairment and physical disability level. A group of 51 CMT1A patients 
(age range 6-69 years) and 26 healthy controls (age range 25-65 years) were analysed. 
Muscle weakness and sensory disturbances were more severe in the legs than in the 
arms and distally more than proximally. Even so, more than 40% of the patients had 
proximal muscle weakness in the legs. Three-point grip was used as representative 
for combined distal arm muscle groups. Compound muscle action potential (CMAP) 
amplitude, used as an indirect measure for axonal function, was the most important 
independent variable in a multiple linear regression model (forward selection) to 
explain the relation between three-point grip strength and four different features, i.e., 
CMAP amplitude of the APB muscle, motor nerve conduction velocity (MNCV) of the 
median nerve, gender, and duration of signs and symptoms. The severity of axonal 
dysfunction was nerve length-dependent and was related to the myelination status. 
The mild physical disability was predominantly determined by muscle weakness 
and less so by sensory dysfunction and was also related to axonal dysfunction. We 
concluded that clinical disease severity at the impairment and at the disability level 
is related to the severity of axonal dysfunction. Moreover, these data supported the 
hypothesis that the myelination status is one of the factors that determines the extent 
of axonal dysfunction. 

The study presented in chapter 3 evaluated the clinical and electrophysiological 
similarities and differences between two large groups of patients with Charcot-Marie-
Tooth disease, i.e. CMT1A and the autosomal dominant axonal CMT2. A post-hoc 
comparison of clinical and electrophysiological data was performed between the 
CMT1A patients, already described in chapter 2, and 61 CMT2 patients (age range 
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15-72 years). Most CMT1A and CMT2 patients had the classical CMT phenotype and 
were as such undistinguishable. However, there were some differences. Age of onset 
was during the first decade in more than 75% of the CMT1A patients, whereas this 
was significantly later in CMT2. Total areflexia was present in approximately half of the 
CMT1A patients whereas it was rare in CMT2. Pes cavus or high arches were present 
in 94% of the CMT1A patients, as compared to 74% of the CMT2 patients. Weakness 
of knee extensor and foot dorsal flexor muscles was more frequent in CMT1A. Motor 
nerve conduction velocities of the median nerve were always less than 38 m/s in 
CMT1A patients, whereas this was also the case in 16% of the CMT2 patients. Sensory 
nerve conduction velocities showed less overlap. In both CMT1A and CMT2 CMAP 
and sensory nerve action potential (SNAP) amplitudes were often reduced or not 
obtainable in the legs. In CMT1A, SNAP amplitude was more reduced and SNAP 
duration more prolonged than in CMT2. We concluded that there are no robust clinical 
signs or symptoms that differentiate between CMT1A and CMT2 patients. However, 
the results suggest that the combination of disease onset in the first decade, pes cavus 
and areflexia makes a diagnosis of CMT1A far more likely, as none of the CMT2 patients 
had this set of clinical features. Electrodiagnostic studies showed a length-dependent 
motor and sensory axonal dysfunction in both CMT forms. A stringent cut-off value 
of 38 m/s for the MNCV of the median nerve may not be appropriate, although it is 
widely used both in general practice and in the literature. The reduction of CMAP 
and SNAP amplitudes in CMT1A is probably a combined effect of demyelination and 
secondary axonal dysfunction. 

The aim of the study in chapter 4 was to determine the natural history of the disease 
in adults during a 5-year follow-up, and to compare the changes over time with those 
found in normal ageing. Forty-four of 46 adult CMT1A patients (range 17-69 years), 
being the adults of the group described in chapter 2, and all 26 healthy controls (range 
25-65 years) completed the 5-year follow-up. Nerve conduction velocities were stable 
over time in patients and controls. The decrease in muscle strength and in CMAP 
amplitudes was similar for patients and controls alike. However, in contrast to the 
control group, physical disability increased over time in the patient group. In patients, 
muscle strength and physical disability after 5-year follow-up were closely related to 
these parameters at baseline. None of the other assessed baseline characteristics, 
i.e., age, gender, CMAP amplitude and motor nerve conduction velocity, predicted 
the extent of deterioration of muscle strength or physical disability. We concluded 
that in adult CMT1A patients, the decline in axonal function and in muscle strength 
may reflect to a considerable extent a process of normal ageing. The slow increase 
in physical disability in adulthood may well be explained by decreased reserves and 
compensatory mechanisms together with progression of skeletal deformations due 
to chronic muscle weakness.
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The motor unit number estimation (MUNE) technique may be more accurate than 
evaluation of CMAP amplitudes to determine the number of axons and to assess age-
related changes as it takes reinnervation into account. Chapter 5 describes a cross-
sectional study in 69 adult CMT1A patients and 55 age-matched healthy controls 
which compares the high-density MUNE technique with CMAP amplitude recordings 
of the thenar muscles. MUNE value and CMAP amplitude were lower in patients than 
in controls. In CMT1A patients, lower MUNE values and CMAP amplitudes correlated 
with more hand weakness. CMAP amplitudes were lower at older age in controls, but 
not in patients. MUNE values were lower at older age in both patients and controls. 
The age-related decrease of the number of motor units was not different between 
CMT1A patients and controls. Notwithstanding the limitations of a cross-sectional 
design, we concluded that also MUNE values indicate that the loss of motor units in 
adult patients is limited and may be in the range of normal ageing. 

The aims of the study in chapter 6 were to determine the course of the disease in 
two peripheral myelin protein-22 (PMP22) over-expressing mouse models over 1.5 
years and to compare this course with the natural history in human CMT1A. The C22 
mice have 7 and the C3-PMP mice have 3 to 4 copies of the human PMP22 gene. The 
C3-PMP mice was asymptomatic at 3 weeks and developed mild neuromuscular 
impairment whereas the C22 mice already showed neuromuscular impairment at 3 
weeks which progressed to severe impairment. Adult C3-PMP mice had low nerve 
conduction velocities which were stable over time as in adult patients with CMT1A; 
the velocities were much lower in C22 mice. In both models myelination was delayed 
and a normal myelin status was never reached. The degree of dysmyelination in C3-
PMP mice was considerably less than in C22 mice; myelin was stable in adult mice 
of both models. Myelinated fibres were already low in number at 3 weeks of age in 
both models, suggesting that a normal number of myelinated fibres is never reached 
during development in both models. During adulthood, there was no detectable loss 
of myelinated fibres in C3-PMP mice and wild-type mice, whereas there was clear loss 
of myelinated fibres in C22 mice. Signs of de- and remyelination were limited, at least 
less than reported in human CMT1A. Similar to human CMT1A, the results in C3-PMP 
mice indicate that a balance is reached between dysmyelination and a lower number 
of axons early in life, while in C22 mice with more severe dysmyelination the number 
of axons is even lower with major axonal loss in adult mice. Thus, we conclude that 
C3-PMP mice may be an appropriate model for the majority of CMT1A patients and 
that C22 mice may be a useful model for the more severely affected patients in the 
CMT1 spectrum.

High dose oral ascorbic acid substantially improved myelin status and locomotor 
function in a CMT1A mouse model. Chapter 7 describes a phase II study which 
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investigated whether high dose ascorbic acid also has such a substantial effect on 
myelin status in CMT1A patients and whether this treatment is safe. Patients between 
12 and 25 years of ages were randomly assigned to receive placebo or ascorbic 
acid (one gram twice daily) in a double-blind fashion during one year. The primary 
outcome measure was the change over time in motor nerve conduction velocity of 
the median nerve. We predefined a positive effect on myelination as a difference of 
the change in MNCV of the median nerve of 10 m/s between the ascorbic acid- and 
placebo-treated patients. Secondary outcome measures included changes in minimal 
F response latencies, compound muscle action potential amplitude, muscle strength, 
sensory function, Charcot-Marie-Tooth neuropathy score, and disability. There were 
no significant differences between the six placebo-treated (median age 16 years, 
range 13 to 24) and the five ascorbic acid-treated (19, 14 to 24) patients in change 
in motor nerve conduction velocity of the median nerve (mean difference ascorbic 
acid as opposed to placebo treatment of 1.3 m/s, 95% confidence interval -0.3 to 3.0 
m/s, P = 0.11) or in change of any of the secondary outcome measures over time. One 
patient in the ascorbic acid group developed a skin rash, which led to discontinuation 
of the study medication. We concluded that oral high dose ascorbic acid for one year 
did not substantially change myelin status of the median nerve in relatively young 
CMT1A patients. 

In chapter 8, the results of our studies are discussed in relation to the current 
knowledge on CMT1A and suggestions for future studies are given.

 




