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The Inherited Ataxias

Introduction

The inherited ataxias are a complex group of neurode-
generative disorders. The clinical phenotype is charac-
terised by a progressive cerebellar ataxia variably associ-
ated with neuropathy, ocular abnormalities, pyramidal
and extrapyramidal signs, cognitive dysfunction and
seizures. In some recessive inherited ataxias there is
more widespread multisystem involvement. Over the last
two decades a tremendous collaborative effort has
resulted in the identification of many causative genes for
these rare disorders. These genes have led to the implica-
tion of a large variety of processes such as polyglutamine
neurotoxicity, mitochondrial DNA impairment, RNA
processing dysfunction, DNA repair and cellular metab-
olism failure. Hereditary ataxias can be divided into
autosomal dominant, recessive, X-linked and mitochon-
drial on the basis of the respective inheritance.

Autosomal dominant cerebellar ataxias

The autosomal dominant cerebellar ataxias (ADCA) or
spinocerebellar ataxias (SCA) are a group of conditions
for which twenty eight loci have been identified to date
(Table 1). Disease onset is usually between 30 and 50
years of age, although early onset in childhood and
onset after 60 years have been reported. The prognosis is
variable depending on the underlying cause of the spin-
ocerebellar ataxia subtype. The most common among
these conditions SCAI, 2, 3 and 6, together with 7,17
and DRPLA are caused by the expansion of a CAG
repeat sequence within the coding region of specific
genes. The CAG sequence encodes an abnormal polyg-
lutamine (polyQ) tract in the encoded proteins named
ataxins 1, 2, and 3 (SCAL,2,3), alpha 1A-voltage-
dependent calcium channel (SCA6), ataxin 7 (SCA7),
TATA box binding protein (SCA17), and atrophin 1
(DRPLA) respectively. These SCAs have several com-
mon clinical-pathological features. The second group of
SCAs, including SCAs 8, 10, and 12, are caused by a
repeat expansion located outside of the coding region of
the disease genes leading to dysregulation of gene
expression. While the molecular mechanisms underly-
ing SCAs 8 and 10 are unclear, SCA12 appears to be
caused by dysregulation of the activity of the crucial
enzyme protein phosphatase 2 (PP2) in cerebellar
Purkinje cells. Cerebellar ataxia and neurodegeneration
in SCAs 5, 13, 14, and 27, are caused by alterations in
amino acid composition in beta-III spectrin (SPTBN2),
potassium channel KCNC3, protein kinase C (PRKCG)
and fibroblast growth factor 14 (FGF14) respectively.
The genes and, therefore, the mutations that cause the
remaining SCAs have yet to be identified and charac-
terised.

In the pre-genomic era, ADCAs have been particular-
ly controversial in terms of nomenclature and classifica-
tion. Harding first proposed a classification based on the
clinical symptoms. She grouped them in three main cat-
egories (Table 2)."' So far Harding’s classification has not

been overridden by the genetic classification and is still
valuable as a guideline in clinical practice and to priori-
tise genetic tests for diagnosis. ADCA type I is charac-
terised by ataxia of the gait variably associated with oph-
thalmoplegia, pyramidal and extra pyramidal signs, cog-
nitive impairment, optic atrophy, or peripheral neuropa-
thy. The clinical features in this group of ataxias are
caused by a combination of degeneration of the cerebel-
lum, basal ganglia, cerebral cortex, optic nerve, ponto-
medullary systems, spinal tracts, or peripheral nerves.
ADCA type II is distinct from ADCA type I by the pres-
ence of pigmentary retinopathy. A third group, ADCA
type III includes relatively pure cerebellar ataxias where
the degenerative process is limited to the cerebellum.
ADCAs I and III are clearly genetically heterogeneous,
whereas at least two different genes are associated with
ADCA 1II. The vast majority of ADCA II families seem to
be caused by SCA7 (Table 2).?

Spinocerebellar ~ ataxias are rare disorders.
Epidemiological studies have found prevalence rates
between 0.9-3.0:100.00.> In some geographically isolat-
ed regions, the frequency is much higher due to a
‘founder effect” for example in Cuba, the Azorean
island Flores and in the south of Italy for SCA 2, 3 and
1 respectively (* Giunti unpublished data). The most
common types worldwide among the SCAs are SCAL, 2,
3 and 6. These four conditions account for at least 57%
of all SCA families.®” The following section focuses on
the clinical and genetic features of the SCAs due to CAG
expansion.

SCAs due to expanded CAG repeats

SCA1, SCA2, SCA3, SCA6, SCA7 and DRPLA have com-
mon clinical and genetic features. Longer expansions
are associated with an earlier onset and more severe
progression of disease. CAG repeats are unstable and
tend to expand further mainly through paternal trans-
mission. This leads to a more severe phenotype and an
earlier age at onset in successive generations (a phe-
nomenon called anticipation). Anticipation is rarely
observed in SCA6 where the CAG tends to be smaller
and more stable.

Another common feature among these disorders is
the progressive neurodegeneration of specific neuronal
subsets with the formation of polyQ-containing protein
aggregates leading to characteristic nuclear or cytoplas-
mic inclusions.®

In SCA1 the cerebellar ataxia is associated with pyram-
idal sign, ophthalmoplegia, and, in later stages, with sen-
sorimotor peripheral neuropathy and extrapyramidal
features. In SCA2, slow saccades and the absence of ten-
don reflexes characterise the clinical picture. There are
reported families with parkinsonism and other
extrapyramidal disorders such a dystonia. SCA3 has the
most variable presentation. The most common phenotype
is characterised by cerebellar ataxia and pyramidal signs
although it may present with parkinsonism associated
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