
Spinocerebellar ataxia type 1 (SCA1) primarily

affects the brainstem, spinocerebellar tracts,

and cerebellum, especially Purkinje cells (Zoghbi

and Orr 1995) . Patients with SCA1 usually suffer

from a progressive gait, trunk and limb ataxia,

dysarthria, variable combinations of cerebellar

oculomotor abnormalities, and pyramidal signs,

such as spasticity, hyperreflexia and extensor

plantar responses. Later in the disease, slow sac-

cades and ophtalmoparesis may occur owing to

pontine involvement (Sasaki et al. 1996; Burk et

al. 1996; Dubourg et al. 1995). Executive dysfunc-

tion is common but rarely progresses to gross de-

mentia (Burk et al. 2003). Clinical signs barely

help to differentiate SCA1 from other SCA sub-

types. Motor-evoked potentials (MEPs) reveal

rather specific findings with clearly slowed pe-

ripheral or central motor conduction times (Schols

et al. 1997).

In SCA1, the CAG trinucleotide repeat, which

normally include up to 39 repeat units in the codon

region of the gene encoding ataxin-1 (ATXN1;

OMIM entry: 601556) on chromosome 6p23,

is expanded to approximately 41–83 CAG units.

There is a negative correlation between the num-

bers of CAG repeat units and the age at onset

of symptoms (Stevanin et al. 2000). Due to the in-

crease in size of the expansion from generation to

generation, the mean age at onset of SCAs de-

creases with successive generations. However,

the extent of the influence of the repeat length is

not clearly determined yet. One study concerning

SCA2 showed that the anticipation calculated

from the ages at onset in parent–child pairs was

much more extensive than the expected anticipa-

tion, read off from the CAG expansion size/age at

onset correlation curve (Cancel et al. 1997).
Two families with SCA1, thirteen with SCA2

and one with SCA7 have been identified in Czech
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Abstract. We report on a family with spinocerebellar ataxia type 1 (SCA1), in which the age at onset and the se-

verity of the disease do not correlate with the number of CAG repeat units. Although a marked anticipation was

observed in the proband, it was not a consequence of an expansion of the CAG tract. None of the expanded alleles

contained CAT interruptions. The pathologic expansion in this family was stable during the paternal but not ma-

ternal transmission, where it expanded by one trinucleotide and unexpectedly did not lead to anticipation. Our ob-

servations suggest that factors other than the length of the CAG repeat play a considerable role in determination

of the disease course.
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Republic (Bauer et al. 2004a). No SCA3/Ma-
chado-Jospeh disease has been found within our
population (Bauer et al. 2005, in press).

We present here a family with SCA1, in which

the expanded CAG repeat was stable during

the paternal but not maternal transmission. More-

over, the anticipation appeared to be independent

of CAG repeat length.

Blood samples were collected in EDTA from

eight members of the SCA1 family. Genomic

DNA was extracted from peripheral blood leuko-

cytes by using a simple salting out method (Miller

et al. 1988). Written informed consent was ob-

tained from each individual. DNA analysis at

the SCA1 locus was performed by radioactive

PCR using primers Rep1 and Rep2 (Orr et al.

1993). PCR products were separated by denatur-

ing polyacrylamide gel electrophoresis. Auto-

radiography was performed using the X-OMAT

film (Kodak) and fragment lengths were analysed

by a GS-700 Imaging Densitometer (BioRad).

The exact number of CAG repeat units and the pat-

tern of CAT interruptions in each expanded allele

was detected by DNA sequencing using

a BigDyeTM Terminator v3.1 Cycle Sequencing

Kit and a ABI3730 Genetic Analyzer (both Ap-

plied Biosystems).

Pathologic alleles with 48 and 49 CAG copies

were found in four family members: a female

proband, her father, brother, and son (Figure 1).

Patient I/1 experienced the first signs of the dis-

ease at the age of 45 years (Table 1). Titubation

when standing and progressive ataxic gait (re-

cently necessity to use a wheelchair) were the first

clinical signs. Neurological examination revealed

dysarthria, saccadic speech, hypotrophy of

the thenars and interosseal muscles, atrophy

and fasciculations on the calf’s muscles, positive

Babinski sign, and hyperesthesia in lower limbs.

In psychological examination, decreased

psychomotor reactivity and under-average intel-

lect with infantile features of behaviour were ob-

served. Electromyographic (EMG) examinations

detected demyelinating polyneuropathy.

The proband in this family was the daughter of

I/1 (II/2, Figure 1). The disease started when

she was 26 years old (Table 1), with progressive

weakness of lower and later upper limbs associ-

ated with gait disturbances. After about 15 years

of the disease course, she could not walk without

support. In addition to the ataxic gait and truncal

titubation, bilateral horizontal nystagmus,

saccadic speech, dysarthria, and muscular

hypotrophy on the upper limbs (forearm and hand)

as well as on lower limbs were observed. The sen-

sory loss was expressed by algesic and tactile

hypoesthesia distally from elbows and knees,

and by affected proprioception. L2/S2 deep ten-

don reflexes were markedly decreased, almost ab-

sent. EMG examination revealed also a heavy

demyelinating polyneuropathy.

In the son of I/1 (II/3, Figure 1), the disease

started at the age of 34 years (Table 1) as a moder-

ate polyneuropathy with slow progression.

The hypoesthesia worsened in recent years and

was accompanied by proprioceptive loss. How-

ever, only a mild cerebellar syndrome with no ad-

ditional signs was observed in this patient.

The son of II/2 (III/1, Figure 1) is subjectively

healthy. After the diagnosis of SCA1, the elec-

trophysiological examination revealed a begin-

ning involvement of peripheral neural system as

well as flocculonodular affection.

All clinically affected family members have

a mild-to-severe cerebellar and/or brainstem atro-

phy, which correlates with the duration of the dis-

ease.

Thus in the presented SCA1 family, four mem-

bers carry a CAG expansion at the SCA1 locus in

three generations. Both paternal and maternal
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Table 1. Clinical features of the affected family

members

I/1 II/2 II/3

Age at examination
(years)

71 46 44

Age at onset (years) 45 26 34

CLINICAL SIGNS

Cerebellar dysfunction

Ataxia of gait and stance
++ ++ +

Limb ataxia ++ ++ +

Dysarthria ++ + +

Ocular motor disorders

Nystagmus – + –

Pyramidal affection

Spasticity + + –

Babinski sign + – –

Peripheral neuropathy

Hyporeflexia + ++ +

Paresis + + –

Amyotrophy ++ + –

Sensory impairment + + +

Intellectual impairment
+ – –



transmission occurred. The SCA1 mutation is rel-

atively stable in this family. During the paternal

transmission from patient I/1 to daughter (II/2)

and son (II/3), the number of trinucleotides did not

change (48 CAG). Nevertheless, an evident antici-

pation was observed in the daughter. She experi-

enced the first signs of the disorder about 20 years

earlier than her father. The scale of the clinical fea-

tures was similar but the difficulties progressed

faster. This case shows and confirms that beside

the length of the CAG stretch within the responsi-

ble gene, also other factors participate in determin-

ing the extent of anticipation (Durr et al. 1993;

Cancel et al. 1997).

The son of I/1 has a considerably milder pheno-

type with fewer signs, while having the same num-

ber of CAG repeat units as I/1 and II/2.

The disease started when he was 34 years old, with

a moderate sensory decrease. This observation

is in agreement with the reported vast variability in

the clinical picture, not only between but also

within affected families (Cancel et al. 1995;

1997).

Although the repeat length was stable during

the paternal transmission, the maternal transmis-

sion from the proband to her son (III/1) was ac-

companied by an expansion of the CAG stretch

from 48 to 49 CAG. However, the premise of

the earlier age at onset and more severe phenotype

proved to be false, because III/1 (now 31 years

old) has not experienced any symptoms yet.

The affection of his nervous system has been veri-

fied only by electrophysiological examination.

It showed an early demyelinating polyneuropathy,

a frequent sign in SCA1, which was elicited in

the I/1 and II/2 (grandfather and mother) in an ad-

vanced stadium. From the prognostic point of

view, we can expect a progression of the neuropa-

thy and, in an unknown time horizon, some mani-

festation of the disease.

The age at onset and the severity of the disease

did not appear to be correlated to the number of

CAG repeat units in this family. It has been sug-

gested that the age at onset of SCA1 is determined

by the number of uninterrupted CAG repeats

rather than by the total length of the CAG tract

(Matsuyama et al. 1999). However, since none of

the expanded alleles in this family contained CAT

interruptions, this factor can be excluded.

In conclusion, the expected father-to-child re-

peat instability (Suzuki et al. 1995) was not seen in

this SCA1 family, but the CAG tract expanded

during the mother- to-child transmission. Antici-

pation without CAG expansion and the wide vari-

ation in disease severity suggests the involvement

of other factors in the determination of the course

of trinucleotide- related diseases (Bauer et al.

2004b). Identification of at least some of these fac-

tors might be helpful in the therapy of SCA1 and

other CAG/ polyglutamine-related diseases.
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