are descendants of a common ancestor, and the population may be
the largest homogeneous group of patients with ataxia yet described.
The age of onset ranges from 2–65 years, and there is considerable
clinical variability within families. Although neuropathologic and
clinical findings are compatible with a diagnosis of SCA1, including
slow saccadic eye movements, ataxia, dysarthria, parkinsonian rigidity,
optic disc pallor, mild spasticity, and retinal degeneration, SCA2 is a
unique form of cerebellar degenerative disease.
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GENETIC CONSIDERATIONS
The gene in SCA2 families also contains CAG repeat expansions
coding for a polyglutamine-containing protein, ataxin-2. Normal
alleles contain 15–32 repeats; mutant alleles have 35–77 repeats.
MACHADO-JOSEPH DISEASE/SCA3
MJD was first described among the Portuguese and their descendants
in New England and California. Subsequently, MJD has been found
in families from Portugal, Australia, Brazil, Canada, China, England,
France, India, Israel, Italy, Japan, Spain, Taiwan, and the United States.
In most populations, it is the most common autosomal dominant
ataxia.

Figure 450-1 Sagittal magnetic resonance imaging (MRI) of
the brain of a 60-year-old man with gait ataxia and dysarthria due
to spinocerebellar ataxia type 1 (SCA1), illustrating cerebellar atrophy
(arrows). (Reproduced with permission from RN Rosenberg, P Khemani, in
RN Rosenberg, JM Pascual [eds]: Rosenberg’s Molecular and Genetic Basis
of Neurological and Psychiatric Disease, 5th ed. London, Elsevier, 2015.)
 culomotor and facial palsies may also occur. Extrapyramidal sympo
toms include rigidity, an immobile face, and parkinsonian tremor. The
reflexes are usually normal, but knee and ankle jerks may be lost, and
extensor plantar responses may occur. Dementia may be noted but
is usually mild. Impairment of sphincter function is common, with
urinary and sometimes fecal incontinence. Cerebellar and brainstem
atrophy are evident on MRI (Fig. 450-1).
Marked shrinkage of the ventral half of the pons, disappearance
of the olivary eminence on the ventral surface of the medulla, and
atrophy of the cerebellum are evident on gross postmortem inspection of the brain. Variable loss of Purkinje cells, reduced numbers
of cells in the molecular and granular layer, demyelination of the
middle cerebellar peduncle and the cerebellar hemispheres, and
severe loss of cells in the pontine nuclei and olives are found on histologic examination. Degenerative changes in the striatum, especially
the putamen, and loss of the pigmented cells of the substantia nigra
may be found in cases with extrapyramidal features. More widespread degeneration in the central nervous system (CNS), including
involvement of the posterior columns and the spinocerebellar fibers,
is often present.
GENETIC CONSIDERATIONS
SCA1 encodes a gene product, called ataxin-1, which is a novel
protein of unknown function. The mutant allele has 40 CAG
repeats located within the coding region, whereas alleles from
unaffected individuals have ≤36 repeats. A few patients with 38–40 CAG
repeats have been described. There is a direct correlation between a
larger number of repeats and a younger age of onset for SCA1. Juvenile
patients have higher numbers of repeats, and anticipation is present in
subsequent generations. Transgenic mice carrying SCA1 developed
ataxia and Purkinje cell pathology. Nuclear localization, but not aggregation, of ataxin-1 appears to be required for cell death initiated by the
mutant protein.
SCA2
Symptoms and Signs Another clinical phenotype, SCA2, has been
described in patients from Cuba and India. Cuban patients probably
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Symptoms and Signs MJD has been classified into three clinical types.
In type I MJD (amyotrophic lateral sclerosis-parkinsonism-dystonia
type), neurologic deficits appear in the first two decades and involve
weakness and spasticity of extremities, especially the legs, often with
dystonia of the face, neck, trunk, and extremities. Patellar and ankle
clonus are common, as are extensor plantar responses. The gait is slow
and stiff, with a slightly broadened base and lurching from side to side;
this gait results from spasticity, not true ataxia. There is no truncal
titubation. Pharyngeal weakness and spasticity cause difficulty with
speech and swallowing. Of note is the prominence of horizontal and
vertical nystagmus, loss of fast saccadic eye movements, hypermetric
and hypometric saccades, and impairment of upward vertical gaze.
Facial fasciculations, facial myokymia, lingual fasciculations without
atrophy, ophthalmoparesis, and ocular prominence are common early
manifestations.
In type II MJD (ataxic type), true cerebellar deficits of dysarthria
and gait and extremity ataxia begin in the second to fourth decades
along with corticospinal and extrapyramidal deficits of spasticity,
rigidity, and dystonia. Type II is the most common form of MJD.
Ophthalmoparesis, upward vertical gaze deficits, and facial and lingual
fasciculations are also present. Type II MJD can be distinguished from
the clinically similar disorders SCA1 and SCA2.
Type III MJD (ataxic-amyotrophic type) presents in the fifth to the
seventh decades with a pancerebellar disorder that includes dysarthria
and gait and extremity ataxia. Distal sensory loss involving pain, touch,
vibration, and position senses and distal atrophy are prominent, indicating the presence of peripheral neuropathy. The deep tendon reflexes
are depressed to absent, and there are no corticospinal or extrapyramidal findings.
The mean age of onset of symptoms in MJD is 25 years. Neurologic
deficits invariably progress and lead to death from debilitation within
15 years of onset, especially in patients with types I and II disease.
Usually, patients retain full intellectual function.
The major pathologic findings are variable loss of neurons and glial
replacement in the corpus striatum and severe loss of neurons in the
pars compacta of the substantia nigra. A moderate loss of neurons
occurs in the dentate nucleus of the cerebellum and in the red nucleus.
Purkinje cell loss and granule cell loss occur in the cerebellar cortex.
Cell loss also occurs in the dentate nucleus and in the cranial nerve
motor nuclei. Sparing of the inferior olives distinguishes MJD from
other dominantly inherited ataxias.
GENETIC CONSIDERATIONS
The gene for MJD maps to 14q24.3-q32. Unstable CAG
repeat expansions are present in the MJD gene coding for
a polyglutamine-
containing protein named ataxin-3, or
MJD-ataxin. An earlier age of onset is associated with longer repeats.
Alleles from normal individuals have between 12 and 37 CAG repeats,
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