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SCA17 caused by homozygous repeat expansion in
TBP due to partial isodisomy 6
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An expanded polyglutamine domain in the TATA-binding protein (TBP) has been described in patients
with spinocerebellar ataxia type 17 (SCA17) characterized by cerebellar ataxia associated with dementia.
TBP is a general transcription initiation factor that regulates the expression of most eukaryotic genes
transcribed by RNA polymerase II. SCA17, as an autosomal dominantly inherited progressive
neurodegenerative disorder, is caused by heterozygous expansion of a CAG repeat coding for glutamine.
Alleles with 27 to a maximum of 44 glutamine residues were found as the normal range, whereas
expansions above 45 repeat units were considered pathological. Here, we present a patient with a very
severe phenotype with a late onset but rapidly progressing ataxia associated with dementia and
homozygous 47 glutamine residues caused by an apparent partial isodisomy 6. This extraordinary case has
important implications for the insights of TBP and SCA17. The expanded polyglutamine domain in both
TBP copies is not correlated with embryonic death indicating that the normal function of the protein is not
disrupted by this kind of mutation but may account for the dementia seen in this patient.
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Introduction
Unstable expansions of trinucleotide repeats have been

shown to cause at least 14 neurological diseases1 including

six spinocerebellar ataxias (SCAs). SCAs are autosomal

dominantly inherited neurodegenerative disorders with a

predominantly adult age of onset, clinical and genetic

heterogeneity, and expanded polyglutamine domains.

Recently, this kind of mutation was detected within the

TATA-binding protein (TBP) gene (MIM 600075), too,

producing a SCA-like phenotype. The gene for the TBP, a

general transcription initiation factor that regulates the

expression of most eukaryotic genes transcribed by RNA

polymerase II2–4 is located at chromosome 6q275 and

includes a highly polymorphic imperfect repeat.6 This

polyglutamine-encoding DNA sequence can be divided

into five regions including two polymorphic (CAG)n
stretches: (CAG)3 (CAA)3 � (CAG)n �CAA CAG CAA � (CAG)n �
CAA CAG. Gostout et al7 found 20 different alleles with

29–40 glutamine residues in the aminoterminal region of

the wild-type protein.

Assuming a further association between repeat expan-

sions and neurological diseases, the TBP gene has been

investigated intensively as a candidate locus. Among

patients with various forms of neurological diseases, one

individual showed a de novo expansion of the repeat in the

TBP gene because of a partial duplication8 resulting in an

expanded polyglutamine domain with 63 amino-acid

residues. Clinically, this patient presented with ataxia,

short stature, atypical absences, pyramidal signs, and mental

deterioration. The symptoms started during childhood.
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Recently, we presented the first familial cases with

expanded polyglutamine stretches in the TBP gene.9 While

normal alleles in the German population contain up to

a maximum of 44, pathological alleles associated with

clinical symptoms range between 50 and 55 glutamine

residues. In addition, we found an allele coding for 48

glutamine residues that was stable inherited but did not

cosegregate with the disease phenotype in six siblings.10

On the other hand, instability of expanded alleles during

transmission could also be demonstrated in hereditary

cases.9 Neurological symptoms in these patients were

predominant cerebellar ataxia with variable involvement

of pyramidal tracts and basal ganglia.

In contrast, an expanded allele with 46 repeat units has

been shown to be stable during transmission in a Belgian

family.11 The main clinical features were cerebellar ataxia,

dementia, and behavioural disturbances with onset in

the fourth to sixth decade. Alleles ranging from 47 to 55

repeats in Japanese patients with cerebellar ataxia and

additional extracerebellar symptoms including dementia,

pyramidal and basal ganglia symptoms were also found to

be stable during transmission.12 Transmission occurred

autosomal dominantly in three of the Japanese cases. The

authors also detected neuronal intranuclear inclusions in

the brain of an individual carrying 48 repeats. These

intranuclear inclusions are characteristic findings in other

types of SCA. Their presence therefore gives support to the

hypothesis that expansions in the TPB protein gene should

be causative for a new type of spinocerebellar ataxia,

named SCA17. All patients described to date show repeat

expansions only in one allele in addition to an allele

within the normal range.

Looking for genetic factors for neurodegenerative diseases,

we investigated a 40-year-old female patient with rapidly

progressive cerebellar ataxia and dementia. Surprisingly, we

found an apparent homozygosity for a glutamine repeat of 47

residues in the TBP, but no allele in the normal range.

Materials and methods
Clinical data of the patient

A 40-year-old female patient with rapidly progressive

cerebellar ataxia and dementia was investigated. Neurolo-

gical problems had not been apparent during youth. She

finished school without delay and started a university

career, however did not finish with a degree. In the

following years, she suffered from fluctuating depressions

and progressive problems in the activities of daily living.

She was increasingly handicapped by progressive ataxia for

the last 3 years. On admission, she was disorientated,

completely neglected, and unable to care for herself.

Neurological examination showed saccadic eye move-

ments, cerebellar dysarthria, brisk deep tendon reflexes

with flexor plantar response, an ataxic gait and intention

tremor, although no pareses or deficits in sensitivity. MRI

showed cerebellar atrophy without any other pathology.

Electromyography, electroneurography, and analysis of

cerebrospinal fluids gave normal results.

Neurological information concerning her parents who

are deceased is not available. Consanguinity or further

siblings are not known.

Genotyping and mutation analysis

For molecular analyses, total genomic DNA was extracted

from peripheral blood leucocytes by standard protocols..

Routine molecular diagnostic for FRDA, SCA1, 2, 3, 6, 7, 10,

and 12 loci revealed heterozygosity for two normal-sized

alleles. For SCA17, PCR was performed using primers

described by Koide et al.8 Products were separated and

visualized on 6% denaturing polyacrylamide gels and silver

staining.

To determine the nucleotide sequence of SCA17 alleles,

PCR products were cloned into the vector pCR 2.1-TOPO

(Invitrogen) and sequenced using the dideoxy chain

termination method. In all, 10 single colonies have been

analysed.

To look for deletions, 16 highly polymorphic markers

drawn from Genome Database and covering the entire

chromosome 6 have been analysed (Table 1). Microsatellite

marker alleles were amplified by PCR and resolved on a 6%

denaturing polyacrylamide gel.

Cytogenetic analysis of the patient

For high-resolution chromosomal analysis, peripheral

blood lymphocyte cultures were stimulated by phythae-

magglutinin (PHA) and synchronized by methotrexate

using standard protocols. Metaphase chromosomes were

routinely analysed by standard Trypsin–Giemsa banding.

Table 1 Typing with polymorphic markers derived from
NCBI chromosome 6 map

Marker Alleles kbp position Chrom. position

D6-F13A1 1–5 12,710 p24
SCA1 30–33 16,357 p23
D6S2439 1–2 Unknown p21
D6S1017 2–3 48,097 p21
D6S1053 4–6 75,386 q13
D6S1056 4–6 1,05,934 q16
D6S474 1–3 1,24,891 q22
D6S1009 4–5 1,49,433 q23
D6S-B 1–10 1,60,098 q24
D6S305 14 1,74,246 q25
D6S1277 4 1,76,349 q26
D6S1719 4 1,78,121 q27
D6S264 1 1,78,760 q27
D6S281 2 1,81,809 q27
D6S446 2 1,82,365 q27
D6S1590 4 1,82,573 q27
TBP 47 1,82,684 q27
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In addition, to investigate deletions hybridization with

the subtelomeric probe 6qter; D6S522 was performed in 50

mitoses as well as fluorescence in situ hybridization with

YAC probes specific for chromosome 6q24–27 (Y802b09:

6q24;D6S1648, Y804d08: 6q25;D6S290/D6S440, Y911c10:

6q27;D6S1697/D6S297, Y933f07: 6q27;D6S281/6WI-8780)

kindly provided by the Max-Planck Institute for Molecular

Genetics, Berlin.

Results and discussion
Investigating a 40-year-old female patient with rapidly

progressive cerebellar ataxia and dementia, we found

heterozygosity for two normal-sized alleles for FRDA,

SCA1, 2, 3, 6, 7, 10, and 12 loci, but an apparent

homozygosity for an expanded allele in the TBP and no

allele in the normal range. The following sequence

analyses revealed just one SCA17 allele with the triplet

composition (CAG)3 (CAA)3 (CAG)9 CAA CAG CAA

(CAG)27 CAA CAG coding for 47 glutamine residues.

Genotyping with microsatellites including the SCA1

repeat revealed heterozygosity for nine loci between 6p

and 6q24, but only one allele for eight markers including

the SCA17 repeat between 6q25 and 6q27 (Table 1). This

result may be explained by a partial deletion, consangui-

nity of the parents, or a partial uniparental isodisomy at

chromosome 6q. Unfortunately, no relatives of the patient

are available for molecular testing. To examine the deletion

hypothesis, cytogenetic analyses have been performed.

Conventional karyotyping showed normal chromosomes

in the patient (46,XX) without structural aberrations

(resolution 500 bands following ISCN). Induced by the

location of the TBP gene near the telomeric region on

chromosome 6q, hybridization with the subtelomeric

probe 6qter; D6S522 was performed but detected no

deletion in 50 mitoses. Furthermore, fluorescence in situ

hybridization with YAC probes specific for chromosome

6q24–27 revealed two signals in all metaphases. Therefore,

a deletion in the long arm of chromosome 6 is very

unlikely and the missing heterozygosity of polymorphic

markers at 6q is the result of partial isodisomy 6 caused by

consanguinity of the parents or from uniparental origin.

No DNA of the patient’s parents is available to differentiate

these two hypotheses. However, in any case the patient

would be homozygous for the repeat expansion. But, is the

pure severe neurological phenotype compatible with a

partial isodisomy?

In contrast to UPD 7 (Silver-Russell syndrome) or UPD 15

(Prader-Willi and Angelman syndrome), UPD 6 is in

general not correlated with a significant severe phenotype,

but has been described in patients with (transient)

neonatal diabetes mellitus or intrauterine growth retarda-

tion.13 Remarkably, the partial isodisomy observed in our

patient and explained by mitotic recombination events13

causes a very progressive neurological disease.

Severe phenotypes in neurodegenerative disorders may

be linked with homozygous repeat expansions, for exam-

ple, an earlier age of onset and a more severe clinical

manifestation were shown for a patient homozygous for

the SCA6 repeat expansion,14 although variability in

disease progression is documented as well in those cases.15

Furthermore, intermediate SCA6 alleles in homozygous

condition may produce pathogenic effects.16 Unfortu-

nately, we could not investigate if the (Glu)47 allele

detected in the patient presented here is associated with

reduced penetrance as shown for a (Glu)48 allele in one of

our families.10

More severe disease phenotypes in patients homozygous

for expanded alleles were found also in SCA317,18 in

contrast to Huntington’s disease (HD). Homozygotes for

the HD mutation do not differ in clinical expression from

typical heterozygotes.19 In general, the neurodegeneration

occurring in CAG repeat diseases is considered to share a

common mechanism resulting in a gain of toxic functions

related to the expanded polyglutamine tracts without

disruption of the wild-type function. This model would

be confirmed for the TBP by the patient presented here

since the total loss of normal TBP function is not

compatible with life.20 This case shows that the level of

specificity and activity of a TBP with 47 glutamine residues

is sufficient for the development of a human organism.

But, it is not excluded that partial loss of TBP function may

occur and account for dementia in patients as described

here. However, the phenotypic expression in individuals

homozygous for translated CAG repeat 9 expansions is

sometimes controversial and points to dose-dependent

additional pathogenic effects.
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9 Zühlke C, Hellenbroich Y, Dalski A et al: Different types of repeat
expansion in the TATA-binding protein gene are associated with a
new form of inherited ataxia. Eur J Hum Genet 2001; 9: 160–164.
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