spinal cord and of dorsal root ganglion cells associated with posterior
column spinal cord demyelination. A poorly developed or absent
thymus gland is the most consistent defect of the lymphoid system.

PART 17

GENETIC CONSIDERATIONS
The gene for AT (the ATM gene) encodes a protein that is similar to several yeast and mammalian phosphatidylinositol-3´kinases involved in mitogenic signal transduction, meiotic
recombination, and cell cycle control. Defective DNA repair in AT
fibroblasts exposed to ultraviolet light has been demonstrated. The
discovery of ATM permits early diagnosis and identification of heterozygotes who are at risk for cancer (e.g., breast cancer).
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2630 predominantly in the spinocerebellar tracts, lateral corticospinal tracts,

and posterior columns. Degeneration of the glossopharyngeal, vagus,
hypoglossal, and deep cerebellar nuclei is described. The cerebral cortex
is histologically normal except for loss of Betz cells in the precentral gyri.
The peripheral nerves are extensively involved, with a loss of large
myelinated fibers. Cardiac pathology consists of myocytic hypertrophy
and fibrosis, focal vascular fibromuscular dysplasia with subintimal
or medial deposition of periodic acid-Schiff (PAS)-positive material,
myocytopathy with unusual pleomorphic nuclei, and focal degeneration of nerves and cardiac ganglia.
GENETIC CONSIDERATIONS
The classic form of Friedreich’s ataxia has been mapped to 9q13q21.1, and the mutant gene, frataxin, contains expanded GAA
triplet repeats in the first intron. There is homozygosity for
expanded GAA repeats in >95% of patients. Normal persons have 7–22
GAA repeats, and patients have 200–900 GAA repeats. A more varied
clinical syndrome has been described in compound heterozygotes who
have one copy of the GAA expansion and the other copy a point mutation in the frataxin gene. When the point mutation is located in the
region of the gene that encodes the amino-terminal half of frataxin, the
phenotype is milder, often consisting of a spastic gait, retained or exaggerated reflexes, no dysarthria, and mild or absent ataxia.
Patients with Friedreich’s ataxia have undetectable or extremely
low levels of frataxin mRNA, as compared with carriers and unrelated individuals; thus, disease appears to be caused by a loss of
expression of the frataxin protein. Frataxin is a mitochondrial
protein involved in iron homeostasis. Mitochondrial iron accumulation due to loss of the iron transporter coded by the mutant frataxin
gene results in oxidized intramitochondrial iron. Excess oxidized iron
results in turn in the oxidation of cellular components and irreversible
cell injury.
Two forms of hereditary ataxia associated with abnormalities in the
interactions of vitamin E (α-tocopherol) with very-low-density lipoprotein (VLDL) have been delineated. These are abetalipoproteinemia
(Bassen-Kornzweig syndrome) and ataxia with vitamin E deficiency
(AVED). Abetalipoproteinemia is caused by mutations in the gene
coding for the larger subunit of the microsomal triglyceride transfer
protein (MTP). Defects in MTP result in impairment of formation
and secretion of VLDL in liver. This defect results in a deficiency of
delivery of vitamin E to tissues, including the central and peripheral
nervous system, as VLDL is the transport molecule for vitamin E
and other fat-soluble substitutes. AVED is due to mutations in the
gene for α-tocopherol transfer protein (α-TTP). These patients have
an impaired ability to bind vitamin E into the VLDL produced and
secreted by the liver, resulting in a deficiency of vitamin E in peripheral tissues. Hence, either absence of VLDL (abetalipoproteinemia) or
impaired binding of vitamin E to VLDL (AVED) causes an ataxic syndrome. Once again, a genotype classification has proved to be essential
in sorting out the various forms of the Friedreich’s disease syndrome,
which may be clinically indistinguishable.
Ataxia Telangiectasia • Symptoms and Signs Patients with ataxia telangiectasia (AT) present in the first decade of life with progressive telangiectatic lesions associated with deficits in cerebellar function and nystagmus. The neurologic manifestations correspond to those in Friedreich’s
disease, which should be included in the differential diagnosis. Truncal
and limb ataxia, dysarthria, extensor plantar responses, myoclonic
jerks, areflexia, and distal sensory deficits may develop. There is a high
incidence of recurrent pulmonary infections and neoplasms of the
lymphatic and reticuloendothelial system in patients with AT. Thymic
hypoplasia with cellular and humoral (IgA and IgG2) immunodeficiencies, premature aging, and endocrine disorders such as type 1 diabetes
mellitus are described. There is an increased incidence of lymphomas,
Hodgkin’s disease, acute T cell leukemias, and breast cancer.
The most striking neuropathologic changes include loss of Purkinje,
granule, and basket cells in the cerebellar cortex as well as of neurons
in the deep cerebellar nuclei. The inferior olives of the medulla may
also have neuronal loss. There is a loss of anterior horn neurons in the
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MITOCHONDRIAL ATAXIAS
Spinocerebellar syndromes have been identified with mutations in
mitochondrial DNA (mtDNA). Thirty pathogenic mtDNA point
mutations and 60 different types of mtDNA deletions are known, several of which cause or are associated with ataxia (Chap. 462e).
TREATMENT	

Ataxic Disorders

The most important goal in management of patients with ataxia is
to identify treatable disease entities. Mass lesions must be recognized promptly and treated appropriately. Paraneoplastic disorders
can often be identified by the clinical patterns of disease that they
produce, measurement of specific autoantibodies, and uncovering
the primary cancer; these disorders are often refractory to therapy,
but some patients improve following removal of the tumor or
immunotherapy (Chap. 122). Ataxia with antigliadin antibodies
and gluten-sensitive enteropathy may improve with a gluten-free
diet. Malabsorption syndromes leading to vitamin E deficiency may
lead to ataxia. The vitamin E deficiency form of Friedreich’s ataxia
must be considered, and serum vitamin E levels measured. Vitamin E
therapy is indicated for these rare patients. Vitamin B1 and B12 levels
in serum should be measured, and the vitamins administered to
patients having deficient levels. Hypothyroidism is easily treated.
The cerebrospinal fluid should be tested for a syphilitic infection in
patients with progressive ataxia and other features of tabes dorsalis.
Similarly, antibody titers for Lyme disease and Legionella should be
measured and appropriate antibiotic therapy should be instituted in
antibody-positive patients. Aminoacidopathies, leukodystrophies,
urea-cycle abnormalities, and mitochondrial encephalomyopathies
may produce ataxia, and some dietary or metabolic therapies are
available for these disorders. The deleterious effects of phenytoin
and alcohol on the cerebellum are well known, and these exposures
should be avoided in patients with ataxia of any cause.
There is no proven therapy for any of the autosomal dominant
ataxias (SCA1 to SCA36). There is preliminary evidence that idebenone, a free-radical scavenger, can improve myocardial hypertrophy in patients with classic Friedreich’s ataxia; there is no current
evidence, however, that it improves neurologic function. A small
preliminary study in a mixed population of patients with different
inherited ataxias raised the possibility that the glutamate antagonist
riluzole may offer modest benefit. Iron chelators and antioxidant
drugs are potentially harmful in Friedreich’s patients because they
may increase heart muscle injury. Acetazolamide can reduce the
duration of symptoms of episodic ataxia. At present, identification
of an at-risk person’s genotype, together with appropriate family
and genetic counseling, can reduce the incidence of these cerebellar syndromes in future generations (Chap. 84).
GENETIC DIAGNOSTIC LABORATORIES
1.
		
2.
		
3.
		

Baylor College of Medicine; Houston, Texas, 1-713-798-6522
http://www.bcm.edu/genetics/index.cfm?pmid=21387
GeneDx
http://www.genedx.com
Transgenomic, 1-877-274-9432
http://www.transgenomic.com/labs/neurology

2/9/15 5:10 PM

