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Charcot-Marie-Tooth Disease Type 1A: A Clinical,
Electrophysiological, Pathological, and Genetic Study

Shiang-Yao Hsieh, MD; Hung-Chou Kuo, MD; Chun-Che Chu, MD; 
Kon-Ping Lin1, MD; Chin-Chang Huang, MD

Various clinical manifestations, electrophysiological findings, and sural nerve biopsies
are reported in a Taiwanese family with type 1A Charcot-Marie-Tooth disease (CMT-1A).
In addition, molecular genetic studies for duplication of the peripheral myelin protein 22
(PMP22) gene were also performed. There were 3 patients (2 men and 1 woman) with ages
at onset ranging from 37 to 44 years. The onset of symptoms was insidious, and the neuro-
logical manifestations included distal muscle weakness and wasting, mild sensory loss, and
hyporeflexia or areflexia. The severity of clinical manifestations varied from mild to severe,
although with very prominent demyelinating polyneuropathy in electrophysiological studies.
The sural nerve biopsy study revealed demyelination and an onion-bulb appearance. The
molecular genetic studies confirmed duplication of the PMP22 gene in chromosome
17p11.2-12. We conclude that the clinical presentations, electrophysiological studies, and
pathological studies as well as the molecular genetic analysis remain important in the clini-
cal diagnosis of CMT-1A. (Chang Gung Med J 2004;27:300-6)
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Charcot-Marie-Tooth (CMT) disease, also called
hereditary motor and sensory neuropathy

(HMSN), is a common genetic disorder of peripheral
neuropathy with an incidence of about 1 in 2500
persons.(1) The clinical phenotypes of all forms of
CMT are generally similar and manifest as distal
muscle weakness with a reversed champagne bottle,
pes cavus, peroneal muscle wasting, claw hands with
intrinsic hand muscle wasting, a decrease or absence
of tendon reflexes, and sensory impairments.(2) In
addition, there is a wide range of variation among
the various types of CMT or even in the same type.
Although a clinical diagnosis of CMT is seldom dif-
ficult, the different types of CMT cannot be differen-
tiated by clinical features.

Discrimination of CMT1 (HMSN I) and CMT2

(HMSN II) is based on electrophysiological and neu-
ropathological findings.(3,4) CMT1 is characterized
by marked slowing of the nerve conduction velocity
(NCV) and hypertrophic nerves due to repeated seg-
mental demyelination and remyelination with onion-
bulb formations,(3,5) while CMT2 is characterized by
only a mild decrease in the motor NCV (MNCV)
with axonal degeneration and regeneration in neu-
ropathological studies.(4) Further subdivision is
mainly based on genetic findings.

Recently, molecular genetic studies have
demonstrated a duplication of the chromosome
17p11.2-12 region containing a dosage-sensitive
gene, peripheral myelin protein 22 (PMP 22), in
60%-90% of all CMT-1A patients.(6-8) Affected
patients carry 3 copies of PMP 22, and a gene-
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dosage effect leads to overexpression of the protein.
Few patients (1% of CMT 1 patients) harbor point
mutations of the PMP 22 gene.  Type 1B CMT
(CMT-1B) is linked to chromosome 1q22-q23 and is
associated with different micromutations of the Po
gene.(9,10) Mutations in connexin 32 (CX 32) are
associated with X-linked CMT disease on chromo-
some Xq13-q22.(11,12) Interestingly, different muta-
tions in the same gene may present different neu-
ropathies, whereas the same phenotype may be asso-
ciated with different gene mutations.(11) Therefore,
molecular genetic studies, as well as clinical features
and electrophysiological and pathological studies are
very important.  Recently we encountered several
patients with different severities of neuropathy in a
family with CMT-1A.  In this report, clinical mani-
festations, and electrophysiological, neuropathologi-
cal, and genetic analyses were studied.

CASE REPORTS

Clinical features
The demographic data and clinical features of 3

patients (2 men and 1 woman) in a family with CMT-
1A are summarized in Table 1.

Patient 1, a 46-year-old man, visited our hospital
because of multiple somatic discomforts such as gen-
eral weakness, headaches, bilateral flank pain, knee
pain, a poor appetite, and frequent diarrhea.  In addi-
tion, he also complained of distal weakness and
numbness, and muscle twitching in the right arm.
The onset of symptoms was so insidious that he did

not recognize an exact time of onset until he was 37
years old.  Frequent muscle cramps were noted in the
most recent 2 years.  Neurological examinations dis-
closed mild muscle weakness in both lower limbs
and general hyporeflexia.  Mild sensory impairments
were noted in the pin-prick, temperature, touch,
vibration, and position senses.  In addition, intrinsic
hand muscle wasting, pes cavus, postural hypoten-
sion, and sphincter disturbance were also observed.
Laboratory examinations, including complete blood
counts, blood sugar, thyroid function, liver function,
renal function, C3, C4, antinuclear DNA, α-fetopro-
tein, carcinoembryonic antigen, and antibody to
human T cell leukemia virus, were all normal except
for the presence of cryoglobulin, particularly
immunoglobulin (Ig)G and IgM.  The results of
serum lead and urine porphyrin were also within nor-
mal limits.  Somatosensory evoked potentials
(SSEPs) revealed an absence of N9 and N13 wave-
forms and a prolonged latency of N20 (R, 22.8 ms
and L, 23.4 ms; ref.: 19.6 1.2 ms) upon median
nerve stimulation.  In addition, the absence or pro-
longed latencies of N22, and P40 (R, 54.6 ms and L,
51.9 ms; ref.: 38.3 2.2 ms) were also found by tib-
ial nerve stimulation.  The data indicated polyneu-
ropathy.

Patient 4, a 48-year-old man, began to suffer
from an insidious onset of progressive numbness in
both feet 5 years ago.  One year later, numbness in
the tip of the bilateral ring and little fingers and gen-
eral weakness of the fingers were also found.
Neurological examinations showed claw hands and

Table 1. Demographic Data and Clinical Features of 3 Patients with CMT Type 1A
Patient Age (yr)/ Age (yr) Clinical manifestations Other associated abnormalities

Gender at onset Neurological symptoms Neurological signs
1 46/M 37 Numbness of the distal limbs, Decreased muscle strength, Hypertension, cryoglobulin

distal muscle weakness, muscle distal sensory impairments,
cramping, diarrhea, headache, intrinsic hand muscle wasting,
sphincter disturbance pes cavus, hyporeflexia, 

postural hypotension
4 48/M 44 Numbness of the distal limbs, Decreased muscle strength, Diabetes, microaneurysm in the 

distal muscle weakness, body muscle wasting, claw hands, eye fundus
weight loss, frequent diarrhea areflexia, pes cavus, hammer

toes, palpable hypertrophic nerves
7 49/F 41 Distal toe numbness (left) Distal hand sensory impairment, 

hyporeflexia
Abbreviations: M: male; F: female; CMT1A: Charcot-Marie-Tooth disease type 1A.
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hammer toes with muscle wasting in both hands and
feet, distal sensory impairments, and an absence of
tendon reflexes.  He also had a poor digestive func-
tion with body weight loss and frequent diarrhea.
There were palpable hypertrophic sural nerves and
pes cavus.  Respiratory difficulty, speech distur-
bance, and other autonomic dysfunctions, however,
were not observed.

Laboratory studies including complete blood
counts, electrolytes, serum lipids, muscle enzymes,
and thyroid functions were all within normal limits.
However, hyperglycemia was noted with a blood
sugar of 137 mg% (ref.: < 105 mg%) and glycohe-
moglobin of 8.7% (ref.: < 6.2%).  The SSEP study
showed an absence of N9 and N22, and prolonged
latencies of N13 (R, 19.8 ms and L, 18.6 ms; ref.:
13.9 0.9 ms), N20 (R, 25.8 ms and L, 24.3 ms; ref.:
19.6 1.2 ms), and P40 (R, 52.5 ms and L, 53.1 ms;
ref.: 38.3 2.2 ms).  The data indicated polyneuropa-
thy and normal central conduction. The diabetes was
well controlled with 1000 mg metformin daily and a
diabetic diet.

Patient 7, a 49-year-old woman, had only numb-
ness in the left toes for 2 months.  There was neither
muscle weakness nor wasting.  Neurological exami-
nations showed mild distal sensory impairments to
pin pricks and temperature, as well as general
hyporeflexia.  Her muscle strength was essentially
normal. She denied any other symptoms.  No sphinc-
ter abnormalities, postural hypotension, or heart
problems were evident.

After diagnosis, the 3 patients were regularly
followed-up in our hospital for 5-10 years.  The clin-
ical courses of the 3 patients slowly progressed.
Patient 1, unfortunately, died 5 years later due to an
accident. Progressive distal limb atrophy, pes cavus,
claw hands, and hammer toes were noted during the
10-year follow-up period of patient 4. Patient 7 had
similar abnormalities with only minimal progression
during the 8 years of follow-up.  There were no clini-
cal symptoms or abnormal signs in other family sub-
jects (patients 2, 3, 5, and 6).

Nerve conduction studies
MNCV studies in all 3 patients showed marked-

ly prolonged distal latencies and a slowing of con-
duction velocities in all nerves tested.  Amplitudes of
compound muscle action potentials (CMAPs) were
also decreased in the bilateral median, ulnar, per-

oneal, and tibial nerves of the 3 patients, except the
right median nerve of patient 1 and left median and
right ulnar nerves of patient 7.  In addition, no pick-
up of the motor evoked response was noted in the
bilateral peroneal and tibial nerves of patient 4. The
waveforms of CMAPs were uniform by proximal
and distal stimulations of all nerves tested.  There
was no conduction block or temporal dispersion in
any of the CMAPs.

In the SNCV study, sensory nerve action poten-
tials (SNAPs) were not detected in the 3 nerves of
patient 4, or the right sural nerve of patient 1.  In
addition, prolonged distal latencies, decreased ampli-
tudes of SNAP, and slowing of NCV were also found
in patients 1 and 7.  The above data indicated mixed
motor and sensory demyelinating polyneuropathy.

The electromyogram (EMG) showed a neuro-
genic pattern with long duration and large amplitudes
of polyphasic waves in patient 1, and fibrillations
and positive sharp waves in the distal limbs of
patient 4.  The EMG results suggested active dener-
vation in patient 4 and chronic reinnervation in
patient 1.

Sural nerve pathology
The biopsied sural nerve specimen from patient

4 consisted of 7 fasciculi.  There were many onion-
bulb formations and much endoneurial and subper-
ineurial edema.  A reduction in the number of myeli-
nated fibers was observed in both large and small
myelinated fibers (Fig. 1A).  Morphometric analysis
confirmed a decrease in myelinated fiber density
(1350-2640/mm2; ref.: 6000-10,000/mm2).  During
the ultrastructural examination, several myelinated
axons were seen to be surrounded by concentric lay-
ers of Schwann cell processes (Fig. 1B).  Three
processes appeared plump, thin, and elongated.  The
axons were denuded, thinly myelinated, or hyper-
myelinated.

Genetic analysis
Blood samples obtained from the 2 patients

(patients 4 and 7) with CMT-1A and 6 asymptomatic
family members were analyzed.  The template DNA
was extracted from blood leukocytes using a
Puregene DNA isolation kit (Genetra Systems,
Minneapolis, MN).(13) The following allele-specific
primers of Hot-DF (5'-TTGGATTCACAGA-
GACATTAGTGTTAC-3') and Hot-PR (5'-TAGTA-
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GAGCTCACTCTACAG-3') were designed.(13)

Amplification was carried out in 30 ul with 1.5 mM
MgCl2, 50 pmole of each primer, 250 µmole of each
dNTP, 50 ng template DNA, and 2.5 unit Taq DNA
polymerase (Takara, Japan).  The PCR buffer (10X)
was composed of 100 mM Tris-HCl (pH 8.3), 500
mM KCl, and 15 mM MgCl2.  Amplification was
performed by initial denaturation at 94 ˚C for 5 min,
followed by 25 cycles of 30 s at 94˚C, 1 min at 56˚C,
and 3 min at 72˚C, including a 1-s autoextension
function on the extension time, with a final extension
of 5 min at 72˚C using a PTC-200 Peltier thermal
cycler (MJ Research, Watertown, MA, USA).
Amplified products were digested with Eco RI and
Nsi I (New England Biolabs, USA), following the
manufacturer's instructions, and were elec-
trophoresed in 1% agarose gels.  Gels were stained in
ethidium bromide (0.1 µg/ml) and visualized under
UV light.

Restriction analysis of polymerase chain reac-
tion (PCR) products with primers Hot-PR and Hot-
DF showed a product of 3.6 kb in patients 4 and 7,
but was unable to detect the 3.6-kb products in other
6 family members (2, 3, 5, 6, 8, and 9).  As to diges-

tion products with Nsi I and Eco RI enzymes, 2 frag-
ments of 1.5 and 1.7 kb were found in 2 patients
(patients 4 and 7) (Fig. 2).  The molecular genetic
study revealed a duplication of PMP 22 in chromo-
some 17p11.2-12 in 2 patients (patient 4 and 7), but it
was normal in the 6 asymptomatic family members.

DISCUSSION

The present study shows variable severity of
clinical features with a typical demyelinating nature
in electrophysiology, onion-bulb formations in neu-
ropathology, and a duplication of chromosome 17
p11.2-12 in a family with CMT-1A.  CMT-1A is one
of the most common hereditary motor and sensory
polyneuropathies.  A diagnosis of CMT-1A depends
on autosomal dominant inheritance, clinical manifes-
tations, NCV studies, nerve pathology, and even
genetic studies.  The clinical manifestations include
an insidious onset and a slowly progressive course of
distal muscle weakness and atrophy, impaired sensa-
tions to pin-pricks, temperature, touch, position, and
vibration in a glove-and-stocking-like distribution,
an absence of tendon reflexes, pes cavus, and an

Fig. 2 Restriction analysis of polymerase chain reaction
(PCR) products for diagnosis of CMAT 1A with agarose gel
electrophoresis and ethidium bromide staining. (A) With
primers Hot-PR and Hot-DF, only patients 4 and 7 showed the
3.6-kb products, while the other 6 asymptomatic family mem-
bers 2, 3, 5, 6, 8, and 9 did not. (B) With the digestion prod-
ucts of Nsi I and Eco RI enzymes, 2 fragments of 1.5 and 1.7
kb were found in patients 4 and 7. M, marker; bp, base pairs.

Fig. 1 (A) Transverse semi-thin section of the sural nerve
biopsy showing numerous onion-bulb formations with a
reduced density of myelinated fibers. (toluidine blue stain,

100 before reduction) (B) Electron microscopic study
showing a myelinated axon surrounded by concentric layers
of Schwann cell processes with increased collagen fibers.
( 4000 before reduction)
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type may be also associated with different gene
mutations.  Therefore, we conclude that clinical man-
ifestations, electrophysiological findings, and neu-
ropathological studies, as well as molecular genetic
studies remain crucial for a clinical diagnosis.
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