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cases defined by problems in DNA repair (113). The
electrophysiologic diagnosis of HSAN has been facili-
tated by the four generations of computer-assisted sen-
sory examination because it enables careful evaluation of
automated sensory and autonomic parameters (114).

APPLICATION OF MOLECULAR GENETICS

Each year a new CMT-related chromosome deletion is
discovered or redefined, and every month a new gene
deletion or DNA protein mutation is reported. In 1991,
Vance et al. (115) identified the gene locus of the most
common form of hypertrophic demyelinating CMT along
the short arm of chromosome 17 at p11.2 and designated
IA. Later studies showed a tandem duplication of 1.5
million base pairs or 6 ¢cM in distance and subject to
crossovers during meiosis (26,116,117). Changes in the
proximal and distal breaking points during meiosis were
related to misaligned chromosomes (118). A relation of
the number of duplications to the severity of disease pre-
sentation was later apparent (24,26,119). An extra copy
of the gene, termed trisomic overexpression, was related
to increased severity of CMTI1A (27), and the discovery
of the gene for PMP22 in an area of duplication was later
shown (120,121). In the mutant Trembler-] mouse, the
gene for PMP22 had mutations causing a leucine-to-pro-
line substitution at various positions along the first trans-
membrane protein domain of the gene (122,123). An
identical mutation was associated with a neuropathy
resembling CMTIA. The mouse was also an excellent
model for hypomyelinating neuropathy (124,125).
Whereas genetic duplication caused CMTIA and PMP
overexpression, HNPP was due to deletions, and point
mutations in the transmembrane protein domain of the
PMP22 protein causes HNPP (69,126,127). The gene
encoding PO associated with CMT1B, CMT3, and con-
genital hypomyelinating syndrome was discovered on the
long arm of chromosome 1 adjacent to the Duffy blood
group locus (128-132). Like PMP22, it is subject to
changes by mutation and point deletions in its extracellu-
lar domain. One unusual family with tomaculous neu-
ropathy also mapped to this area (133). CMTI1C is phe-
notypically similar to CMTI1A and B, but the associated
gene or chromosomal defect has not been identified.

CMT2A and 2B have phenotypes similar to 1A and B
and respectively map to the short arm of chromosome |
at p36 (134) and to the long arm of chromosome 3 at ql-
22 (135). Clinically they differ in the presence of hypore-
flexia and not areflexia, less severe weakness and tremor,
nonpalpable nerves, and axonopathic pathologic changes
in the nerve biopsy. Positional cloning has elucidated
candidate genes (136). CMT2C has not shown chromo-
somal linkage; however, a fourth subtype, CMT2D, prob-
ably resides on chromosome 7 (137).

CMT3, once believed by Dejerine and Sottas as a dis-
tinct entity, is now considered a mixture of several differ-

ent genetic demyelinating neuropathies (31). CMT3A has
point mutations in the PMP22 gene (132), but duplications
also lead to gene dosage effects and more severely affected
phenotypes (17). For example, one set of parents each with
three copies of chromosome 17p11.2-12 led to a total of
four copies of the PMP22 gene in an affected child (26).
Clinical and genetic heterogeneity can even be found in a
given encoded family, as for example in the occurrence of
several sporadic dominant and recessive forms of CMT3
and others later deemed to be related to genetic mosaicism.
CMT3B is related to a deletion in PO or MPZ, a 28-kDa
glycoprotein comprising about one half of the myelin pro-
tein (138,139). Some deletions in this area have severe
phenotypes, such as those that encode the congenital
hypomyelination syndrome (140). Patients with CMT3C
cannot be ascribed to either the PMP22 or PO locus.
CMTX is sex linked and either recessive or dominantly
inherited. The dominant form is the most common and
linked to the X chromosome at q13 (141-144). This gene
is responsible for the connexin gap junction protein that
transports ions and small molecules through laminar
myelin to the innermost layers and is located at the nodes
of Ranvier and at the Schmidt Lanterman clefts; over 32
different deletions have been reported. In some dominant
families with only female transmission the women have a
milder involvement than the men. Patients with families
of both CMTI1 and -2 lineage should be screened for
CMTX mutations and CMT PO and PMP22 deletions
because they have a more severe phenotype than CMTIA
(28). There are four projected transmembrane positions
similar to PMP22 in the connexin 32 molecule. However,
all reported disease-producing mutations suggest that
involvement of all regions of the protein are important in
function. Mutations in both the coding and noncoding
regions of the gene have also been described (145,146)
Patients with families of CMT1 phenotype who prove
negative for the CMT 1a duplication should then be tested
for CMTX, the next most common demyelinating type.

Clinical Genetic Cutting Edge

Further investigations (14) have yielded a region
known as the CMTI1A-REP, or repeat, a sequence of
24,000 nucleotides of ancestral primate origin (148) that
has important implications for the mapping of break-
points in HNPP (147). It is a transposon-associated
recombination hot spot along which crossover points tend
to be clustered in a rather narrow 700 base pair region. In
essence, it allows the chromosome to mispair during
meiosis (147). Another ancestral gene appears to be
important in the cytochrome ¢ oxidase system of mito-
chondrial metabolism (149). It is possible that pairing of
the defective COX gene with a point mutation on another
chromosome could explain the occurrence of both
Mendelian and non-Mendelian mechanisms of inheri-
tance in some cases of HNPP. The gene for CMTX reces-
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sive is not known; however, two suggested loci, one at
Xp26 and the other at Xq22, encode CMT-like syndromes
with slowing of NCV, spastic paraparesis, and mental
retardation (150). An X-linked recessive axonal form
encoded at Xq24-26 as well combines deafness and men-
tal retardation (151). A recent study reported CNS dys-
function ascertained by trimodal evoked responses in
similarly affected CMT cases (152).

Relapsing neuropathy was not confirmed in abnormal-
ities of HLA testing, and is classified in the CIDP group
of disorders. Some of these cases together with chronic
CIDP patients referred for molecular genetics may even-
tually be ascertained as HNPP; forecast in the final paper
of the late Anita Harding (153): Similar patients with typ-
ical CMT1 (demyelinating type) with higher than normal
cerebrospinal fluid protein and evidence of inflammation
on biopsy, respond to immune modulation and suppres-
sive therapy in the same way as CIDP (154). Some of
these patients with a satisfactory response reach their
baseline level of neuropathy on immune modulation treat-
ments (22,23), and are now being tested for HNPP. CMT
syndromes may be associated with multiple endocrine
neoplastic disorders, with inherent connective tissure
defects as noticed in Marfau syndrome and with a number
of disorders with defective DNA repair that have specific
metabolic defects (1). Examples of the last are neuropathy
in ataxia telangiectasia and xeroderma pigmentosa as well
as Chediak-Higashi disease, an extremely rare and auto-
somal recessive early childhood disorder with mental
retardation (155,156). Neuropathy can also occur in
chorea-acanthocytosis of adult onset (157).

Kremer described genetic susceptibility to the produc-
tion of neuropathy with toxins such as thalidamide, izo-
niazide, and pyridoxine by mechanisms which are poorly
understood (158).

TREATMENT

Genetically engineered therapies are still the domain of
experimental models; accordingly, the mainstay of man-
agement is a multidisciplinary care program. Dietary
therapy, for example, is indicated in patients with Ref-
sum’s disease due to the overabundance of phytanic acid.
Barbiturates should be avoided in acute intermittent por-
phyria because they can precipitate an attack. The neuro-
toxicity of isoniazid is preventable with pyridoxine. Vita-
min E therapy can prevent or reverse visual and
peripheral nerve involvement in abetalipoproteinemia
(46,159). Immunosuppression is potentially important in
the occasional patients with demonstrable inflammation
on a nerve biopsy specimen (22,23,154). Known neuro-
toxins should be avoided in all patients with CMT (160).

Most neuromuscular clinics and local chapters of the
Muscular Dystrophy Association and Charcot-Marie-
Tooth Association have access to multidisciplinary care
comprised by a pediatric or adult neurologist, geneticist,
social worker, physiatrist, podiatrist, orthopedist, physi-

cal and occupational therapists, psychotherapists or psy-
chiatrists, and other necessary consultants. The clinical
aspects of rehabilitation are important because it requires
proper timing of podiatric and orthopedic measures,
orthotics, and assistive devices. With the exception of
foot deformities that impede walking and cannot be over-
come with passive manipulation, a useful approach is to
defer surgeries of the joints and tendon problems of
childhood until later in adolescence. Reactive psycholog-
ical problems should be discussed with an appropriately
trained therapist. Because a patient with CMT may dete-
riorate during pregnancy, it is useful for the obstetrician
to keep close touch with the treating neurologist. One
potentially promising therapy is the use of neurotrophic
factors that may improve myelination and axonal flow in
damaged nerves; however, they are still only available in
selected controlled therapeutic trials (160).
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