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Background: Ten neurodegenerative disorders char-
acterized by spinocerebellar ataxia (SCA) are known to
be caused by trinucleotide repeat (TNR) expansions. How-
ever, in some instances the molecular diagnosis is con-
sidered indeterminate because of the overlap between nor-
mal and affected allele ranges. In addition, the mechanism
that generates expanded alleles is not completely under-
stood.

Objective: To examine the clinical and molecular char-
acteristics of a large group of Portuguese and Brazilian
families with ataxia to improve knowledge of the mo-
lecular diagnosis of SCA.

Patients and Methods: We have (1) assessed repeat sizes
at all known TNR loci implicated in SCA; (2) determined
frequency distributions of normal alleles and expansions;
and (3) looked at genotype-phenotype correlations in 202
unrelated Portuguese and Brazilian patients with SCA. Mo-
lecular analysis of TNR expansions was performed using
polymerase chain reaction amplification.

Results: Patients from 110 unrelated families with SCA
showed TNR expansions at 1 of the loci studied. Domi-

nantly transmitted cases had (CAG), expansions at the
Machado-Joseph disease gene (MJD1) (63%), at SCA2 (3%),
the gene for dentatorubropallidoluysian atrophy (DRPLA)
(2%), SCA6 (1%), or SCA7 (1%) loci, or (CTG), expan-
sions at the SCA8 (2%) gene, whereas (GAA), expan-
sions in the Freidreich ataxia gene (FRDA) were found in
64% of families with recessive ataxia. Isolated patients also
had TNR expansions at the MJD1 (6%), SCA8 (6%), or
FRDA (8%) genes; in addition, an expanded allele at the
TATA-binding protein gene (TBP), with 43 CAGs, was pres-
ent in a patient with ataxia and mental deterioration. As-
sociations between frequencies of SCA2 and SCA6 and a
frequency of large normal alleles were found in Portu-
guese and Brazilian individuals, respectively. Interest-
ingly, no association between the frequencies of DRPLA
and large normal alleles was found in the Portuguese group.

Conclusions: Our results show that (1) a significant num-
ber of isolated cases of ataxia are due to TNR expansions;
(2) expanded DRPLA alleles in Portuguese families may have
evolved from an ancestral haplotype; and (3) small (CAG),
expansions at the TBP gene may cause SCA17.
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HE SPINOCEREBELLAR atax-

ias (SCAs) are neurodegen-

erative disorders that are

clinically and genetically

heterogeneous. Ten geneti-
cally different SCAs are known to be caused
by trinucleotide repeat (TNR) expansions.
In the dominant SCAs, the mutant pro-
teins show an expanded polyglutamine tract
in SCA1, SCA2, Machado-Joseph disease
(MJD), SCA6, SCA7, and dentatorubropal-
lidoluysian atrophy (DRPLA)," whereas
SCAS8 and SCA12 are caused by untrans-
lated (CTG), and (CAG), expansions, re-
spectively.!®!! In Friedreich ataxia (FRDA),
the mutant protein is deficient in homozy-
gotes for a (GAA), expansion in intron 1 of
the FRDA gene.'? Recently, an expanded
CAG repeat tract has been found at the
TATA-binding protein gene (TBP) in an iso-

lated patient with symptoms of ataxia and
intellectual deterioration.” TBP repeat ex-
pansions have since been described in 4
Japanese families affected by a new type of
ataxia with dementia named SCA17."* Mat-
suura et al”® found a large expansion of pen-
tanucleotide (ATTCT),, in intron 9 of the
SCA10 gene in patients with spinocerebel-
lar ataxia type 10, thus being the first to
show the existence of a new class of dy-
namic mutations.

Function of the genes involved is
known only for SCA6, SCA12, and SCA17.
SCAG is due to a small CAG expansion
(21-33 CAGs) in the coding region of a volt-
age-gated calcium channel a-subunit gene
(CACNAIA).° SCA12 is caused by a CAG
expansion in the 5’-untranslated region of
a brain-specific regulatory subunit of the
protein phosphatase PP2A gene.'' The re-
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SUBJECTS, MATERIALS,
AND METHODS

SUBJECTS

Individuals with SCAs who were referred to UnlGENe, In-
stituto de Biologia Molecular e Celular (Porto, Portugal)
between 1997 and 2000 were included on a consecutive
basis. These individuals were referred to this laboratory for
the molecular diagnosis of SCAs. Dominant inheritance was
assumed based on the presence of at least 1 affected family
member in 2 or more successive generations. Recessive trans-
mission was presumed when the patient had a history of
consanguinity or siblings affected without (aged) affected
parents. An isolated occurrence was assumed in the ab-
sence of a family history. We studied 202 unrelated fami-
lies: 145 lived in Portugal, and 57 in Brazil. Dominant in-
heritance was apparent in 106 families, whereas recessive
transmission was suspected in 33 Portuguese families; 63
individuals had isolated cases of SCA.

METHODS

Peripheral blood was collected from patients and their rela-
tives after written informed consent was obtained. Ge-
nomic DNA was isolated from peripheral blood leuko-
cytes using standard techniques.'’

Molecular analysis of the CAG and CTG repeat loci
were performed by polymerase chain reaction (PCR) am-
plification using the published primer sequences;"*¢511.18
the PCR was carried out with 1pM of each primer, 200pM
of deoxynucleotides, 1.0mM of magnesium chloride, 10mM
of Tris (pH 9.0), 50mM of potassium chloride, 1 U of Taq
polymerase, and 2% formamide, in a final volume of 25 uL.
Samples were processed as previously described.®?!%%°
Polymerase chain reaction products were analyzed on 6%

polyacrylamide gels. Allele sizes were determined by com-
paring migration relative to an M13 sequencing ladder.
DNA sequencing was performed to accurately assess repeat
size and the presence of interruptions. Sequencing reac-
tions were performed using a ThermoSequenase DNA se-
quencing kit (USB, Cleveland, Ohio) with 5 pL of amplified
DNA. Both the CTA and CTG repeats on the SCA8 gene are
polymorphic, and PCR assay determines the combined size
of the 2 repeats.

The analysis of the intronic (GAA), on the FRDA gene
was performed by PCR using primers 2500F'* and
104FGAA?! for expanded alleles, and primers GAA-R and
GAA-F for normal alleles, following the conditions de-
scribed.”? Expanded allele sizes were analyzed by compar-
ing migration relative to molecular weight standards. Nor-
mal sizes were assessed by analysis of fluorescent-labeled
PCR products in an automated DNA sequencer (model 4200;
Li-COR, Lincoln, Neb) using 5.5% Long Ranger gels (FMC
Bioproducts, Rockland, Me).

STATISTICAL ANALYSES

Possible differences between Portuguese and Brazilian
groups in normal repeat frequency distributions were as-
sessed using 2 nonparametric tests: the Kolmogorov-
Smirnov 2-sample test and the Mann-Whitney U test. Al-
lele frequencies at each locus were estimated by the gene
count method, and heterozygosity (H) was calculated as

n
H=1- > X7,
i=1

where X; is the estimated frequency of the ith allele at the lo-
cus. Statistical analyses of differences in estimates of hetero-
zygosity between Portuguese and Brazilian individuals, as
well as differences in the frequency of large normal alleles
for each locus, were performed with the Fisher exact test.

cently described SCA17 is caused by a (CAG), expansion
in the coding region of the transcription factor TBP gene."

Associations between prevalence of dominantly in-
herited SCAs and frequency of large normal (CAG), al-
leles have been found in Japanese and European popu-
lations, indicating that these may contribute to the
generation of expanded alleles in the SCAs."

In an attempt to improve our understanding of TNR
expansions leading to SCA, we have (1) assessed repeat
size at the SCA1, SCA2, MJD1, SCA6, SCA7, SCA8, SCA12,
SCA17/IBP, DRPLA, and FRDA loci in a large group of
Portuguese and Brazilian patients with ataxia; (2) exam-
ined TNR distributions of normal alleles at these loci; (3)
determined the frequency of TNR expansions; (4) com-
pared frequencies of large normal alleles with relative fre-
quencies of SCA at each loci; and (5) looked for genotype-
phenotype correlations.

— T

TNR DISTRIBUTIONS IN NORMAL ALLELES

The frequency distributions of normal alleles in the domi-
nant SCAs caused by translated TNR expansions in the Bra-

zilian group were not significantly different from those in
the Portuguese group (P>.05 using the Mann-Whitney U
test and Kolmogorov-Smirnov 2-sample test) (Figure 1).
In the case of the SCA2 locus, the normal (CAG), alleles
ranged in size from 17 to 31 repeats in the Portuguese group
and from 19 to 24 repeats in the Brazilian group; the al-
lele with 22 repeats was the most frequent in both groups.
No significant differences were found between the 2 groups
at the most recently identified SCA8, SCA12, and SCA17/
TBP ataxia loci (Figure 1). Interestingly, no SCAS8 alleles
smaller than 18 repeats and larger than 35 repeats in the
Portuguese patients, or larger than 30 repeats in the Bra-
zilian patients, were observed. A third class of extremely
large normal alleles at the SCA8 locus, varying in size from
40 to 91 CTG repeats,” was not found in either group;
this might be due to the small sample size. At the SCA12
locus, small normal alleles were closely distributed around
an allele with 10 CAGs, which represented more than 65%
of all normal alleles in each group; the other class of nor-
mal alleles comprised CAG repeat sizes of 12 to 18 units.
A large normal SCA12 allele containing 28 CAG repeats
was also observed in the Portuguese group. The recently
described SCA17/TBP ataxia locus presented a distribu-
tion of normal allele sizes varying from 29 to 40 CAGs in
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Figure 1. Distribution of triplet repeats in normal alleles at SCA1, SCA2, MJD1, SCA6, SCA7, DRPLA, SCA8, SCA12, and SCA17/TBP loci in studied individuals
of Portuguese (black bars) and Brazilian (hatched bars) origin. Vertical axes represent allele frequency, and horizontal axes represent number of repeat units.
SCA indicates spinocerebellar ataxia; MJD, Machado-Joseph disease; DRPLA, dentatorubropallidoluysian atrophy; and TBP, TATA-binding protein.

SCA6 and SCA12 refer to the loci for the respective diseases, not to the genes themselves.

both groups, with distributions peaking at the allele with
38 CAG units. At the FRDA gene, normal alleles can be
subdivided into 2 classes depending on their GAA repeat
length: short normal alleles, with 5 to 10 GAA triplets,
and long normal alleles, with 12 to 60 GAA triplets.** At
this locus, long normal alleles represented 18% and 22%
of Portuguese and Brazilian individuals, respectively
(Figure 2A). Although the Brazilian group had a slightly
larger proportion of long normal alleles, this difference
was not significant.

The most polymorphic loci were DRPLA, MJD1,
SCA1, SCA8, SCA17/TBP, and SCA6, whereas SCA2, SCA7,
and SCA12 were the least polymorphic ones (Table 1).

FREQUENCY OF TNR EXPANSIONS

Analysis of loci involved in the SCAs showed that 110
unrelated patients (55%) had ataxia due to a TNR ex-
pansion. Analysis of loci with translated (CAG), tracts
showed that 78 unrelated patients with ataxia had 1 al-
lele in the expanded range. Expansions at the MJD1 lo-
cus were found in 114 individuals, 102 affected and 12
asymptomatic, from 67 families that had ataxia with domi-
nant inheritance (63%), as well as in 4 isolated cases (6%).
Six individuals (5 affected) from 3 families with domi-
nant ataxia (3%) had an expanded allele at the SCA2 gene.
An expanded allele at the DRPLA locus was found in 5
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Figure 2. A, Distribution of GAA repeats in normal allele classes at the Friedreich ataxia (FRDA) locus by geographic origin of studied individuals. B, Distribution of
GAA repeats in expanded alleles at the FRDA locus in 58 chromosomes from Portuguese patients.

by Geographic Origin*

Table 1. Heterozygosity Values for Dominant Ataxia Loci

Portuguese Group

Brazilian Group

1
Heterozygosity

I 1
n Heterozygosity

Locus n

SCA1 82 0.77 £+ 0.05 23 0.78 + 0.09
SCA2 91 0.31 £0.05 54 0.15+0.05
MJD1 105 0.78 £+ 0.04 26 0.73+0.09
SCA6 95 0.60 + 0.05 60 0.68 + 0.06
SCA7 95 0.30 £ 0.05 19 0.37 £0.11
DRPLA 96 0.81£0.04 65 0.82 + 0.05
SCA8 92 0.76 £ 0.05 22 0.77 + 0.09
SCA12 95 0.48 + 0.05 19 0.53 £ 0.11
TBP 95 0.72 + 0.05 22 0.64 +0.10

*Data are presented as mean + SD. SCA indicates spinocerebellar ataxia;
MJD, Machado-Joseph disease; DRPLA, dentatorubropallidoluysian atrophy;
and TBP, TATA-binding protein. SCA6 and SCA12 refer to the loci for the
respective diseases, not to the genes themselves.

patients and 1 possibly affected individual, from 2 kin-
dreds with dominant ataxia (2%). One patient from a
family that had ataxia with dominant inheritance (1%)
had an expanded allele at the SCA6 locus. Three pa-
tients from 1 kindred with dominant ataxia (1%) had 1
expanded allele at the SCA7 gene. Analysis of the un-
translated (CTG), at the SCA8 gene showed that 4 pa-
tients from 2 unrelated families with dominant ataxia
(2%), as well as 4 isolated cases (6%), exhibited 1 ex-
panded allele. Expansions of the intronic (GAA), at the
FRDA gene (Figure 2B) were found in both alleles in 31
patients from 21 families with recessively inherited
ataxia (64%) and in 5 isolated cases (8%). Table 2
shows the frequency of TNR expansions for each SCA
by geographic origin.

FREQUENCY OF LARGE NORMAL ALLELES

Evidence from several populations has suggested that the
disease prevalence of many of these SCAs may be asso-
ciated with the presence of large normal alleles at the re-
spective loci.'® To study the frequency of TNR expan-

Table 2. Frequency of SCA TNR Expansions by Mode
of Inheritance and Geographic Origin*
AD AR Isolated Cases
Portuguese/  Portuguese/ in Portuguese/
TNR Brazilian Brazilian Brazilian
Expansions Families, % Families, % Individuals, %
Translated (CAG)n
SCA2 5/0 L. .
MJD/SCA3 49/85 . 4113
SCA6 0/2
SCA7 0/2
DRPLA 3/0 L. .
Total 57/89 . 4113
Untranslated (CTG)n
SCA8 3/0 . 6/6
Intronic (GAA)n
FRDA e 64/0 9/6

*SCA indicates spinocerebellar ataxia; TNR, trinucleotide repeat;
AD, autosomal dominant; AR, autosomal recessive; MJD, Machado-Joseph
disease; DRPLA, dentatorubropallidoluysian atrophy; FRDA, Friedreich ataxia;
and ellipses, not available. No expansions were found at either the SCA1 or
SCA12 locus in either population.

sions in our 2 groups relative to the frequency of normal
alleles of larger size at the various loci, we used the cri-
teria of Takano et al'® (Table 3). Large normal alleles
at the SCA1 (>34 repeats) and SCA6 (>13 repeats) loci
were significantly more frequent in Brazilian individu-
als than in the Portuguese individuals. Normal alleles in
the upper tail of the SCA2 distribution (>22 repeats) ap-
peared to be overrepresented in the Portuguese group,
but the P value obtained was of borderline statistical
significance.

GENETIC AND CLINICAL FEATURES
OF PATIENTS

The clinical phenotypes were very heterogeneous. All of
our affected individuals showed clinical symptoms of cer-
ebellar ataxia, with or without other associated features.
Epilepsy was present in patients with DRPLA from 1 fam-
ily, only cognitive impairment was observed in some pa-
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Table 3. Frequencies of Large Normal Alleles
at the Dominantly Inherited Ataxia Loci
in Portuguese and Brazilian Groups*
Locus Repeat Size Portuguese Group Brazilian Group
SCA1 >33 0.11 0.15
>34 0.02 0.15t
SCA2 >22 0.13 0.06%
>23 0.04 0.01
MJD1 >27 0.07 0.07
>28 0.02 0.03
SCA6 >13 0.02 0.10t
SCA7 >14 0.02 0.02
DRPLA >16 0.07 0.05
>17 0.06 0.04
SCA8 >27 0.11 0.07
>28 0.07 0.02
SCA12 >15 0.03 0.05
TBP >38 0.05 0.07
>39 0.01 0.02

*SCA indicates spinocerebellar ataxia; MJD, Machado-Joseph disease;
SCAG and SCA12 refer to the loci for the respective diseases, not to the
genes themselves. DRPLA, dentatorubropallidoluysian atrophy; and TBP,
TATA-binding protein. SCA6 and SCA12 refer to the loci for the respective
diseases, not to the genes themselves.

tP=.003.

tP=.05.

tients with DRPLA and SCAS, and visual impairment was
seen in affected individuals with SCA7. Two of the 3 fami-
lies with SCA2 had been thought to have MJD. The fami-
lies with SCA6, SCA7, and SCAS8 and 1 of the 2 kindreds
with DRPLA did not have a previous clinical diagnosis
of these disorders. Altogether, 13 patients with no fam-
ily history tested positive for a TNR expansion: 4 iso-
lated patients had a mutation for MJD (2 of them having
a clinical diagnosis of possible MJD), 3 of the 5 isolated
patients with FRDA expansions had a clinical diagnosis
of the disease, and the (CTG), expansion at the SCA8 gene
was present in 4 isolated cases. Table 4 shows the mean
age at onset and expanded allele size ranges for patients
with TNR expansions.

SCA2 ALLELE WITH 32 CAG REPEATS

The analysis of the SCA2 gene in our patients disclosed
an allele with 32 CAGs in a 48-year-old isolated patient
who had been clinically diagnosed as having atypical
FRDA. Her age at onset of gait ataxia was 2 years; dur-
ing the following years, she developed a spinocerebellar
syndrome. The disease progressed rapidly as time passed,
with evidence of neuropathy and a mild cognitive im-
pairment; by age 30 years, she was nonambulatory. We
first tested the FRDA gene and identified 2 normal alle-
les; thus, we have proceeded with the analysis of other
known SCA mutations and detected an allele with 32 re-
peats at the SCA2 gene. Sequence analysis of this allele
showed an interrupted CAA repeat configuration: there-
fore, this is probably not a pathogenic allele. Moreover,
a recently performed muscle biopsy showed ragged-red
and cytochrome oxidase-negative fibers as well as re-
duced activity of the mitochondrial respiratory chain on
polarography.

Table 4. Repeat Size and Age at Onset of Patients
With Expanded TNRs*

TNR Size in

Expanded Expanded
Expanded No. of Age at Onset, Allele Alleles,
TNR Patients Mean (SD),y Size Range  Mean (SD)
SCA2 6 34 (7) 39-46 41 (3)
MJD1 101 34 (13) 65-85 75 (3)
SCA6 1 34 25 25
SCA7 3 32 (14) 43-55 47 (7)
DRPLA 5 37 (11) 58-61 60 (1)
SCA8 7 21 (10) 100-152 119 (20)
TBP 1 52 43 43
FRDA 3il 11 (4) 390-1100 858 (167)

*TNR indicates trinucleotide repeat; SCA, spinocerebellar ataxia;
MJD, Machado-Joseph disease; DRPLA, dentatorubropallidoluysian atrophy;
TBP, TATA-binding protein; and FRDA, Freidreich ataxia. SCA6 refers to the
locus for the disease, not to the gene.

SMALL EXPANDED ALLELE
AT THE SCA17/TBP LOCUS

Besides the mutations described previously, the analy-
sis of the CAG repeat at the TBP gene showed an ex-
panded allele with 43 units in a 64-year-old patient with
ataxia. Sequence analysis of this allele showed an inter-
rupted repeat configuration of (CAG);(CAA);(CAG),
CAACAGCAA(CAG),;;CAACAG, encoding 43 gluta-
mines. This patient began experiencing symptoms of gait
ataxia at age 52 years. During the last 5 years, he exhib-
ited progressive mental deterioration and dementia. The
family history indicated that his deceased mother pre-
sumably had the same disease. There are no other pa-
tients in this family. The normal allele range previously
described for TBP was 25 to 42 CAG repeats.!>*>%

B COMMENT

DOMINANT ATAXIA AND FRDA

The analysis of TNR sizes at the loci implicated in SCA
in a large group of Portuguese and Brazilian patients al-
lowed the identification of an expansion in more than
half of them, including a significant number without a
family history. This study showed that DRPLA disease,
frequent in Asian populations® but rare in European in-
dividuals,'® was present in the Portuguese families. On
the other hand, no expanded alleles were seen at the
SCA12 locus, confirming previous impressions that they
are very rare."! (GAA), expansions at the FRDA gene were
also frequent among our recessive Portuguese families
with ataxia (64%). The genetic basis of approximately 40%
of families with ataxia remains unknown.

In most cases of SCAs, phenotypic features are
helpful indicators of the underlying genotype. Demen-
tia and seizures associated with symptoms of cerebellar
ataxia are characteristic features of DRPLA?’; however,
in 1 of our families with the DRPLA mutation, the only
patient available had symptoms of cerebellar ataxia
alone.
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ISOLATED CASES OF TNR EXPANSIONS

We identified the molecular basis in 13 patients with ataxia
who had no family history. Eight (13%) did not have a
clinical diagnosis of a specific SCA type. A recent study
has also shown that 19% of cases of apparently idio-
pathic ataxia were due to TNR expansions.’® We pro-
pose that all isolated individuals with ataxia of un-
known cause should be investigated for TNR expansions
at known SCA loci.

SMALL CAG EXPANSION AT
THE SCA17/TBP GENE

The normal CAG size range described for the TBP gene
(in 2525 chromosomes belonging to individuals of Eu-
ropean, Asian, African American, and Hispanic origin)
was 25 to 42 repeat units.”**?” Previous findings have
implicated a de novo expansion of 63 CAG repeats at the
TBP gene in a 14-year-old Japanese patient, confined to
awheelchair at age 13 years with symptoms of ataxia and
intellectual deterioration."> Expansions in the SCA17/
TBP gene have also been found in 4 Japanese families with
ataxia and dementia in which expanded alleles were 47
to 55 CAG units."* We found a TBP allele with 43 CAG
units in a 64-year-old affected individual with mild ataxia
and dementia; the late onset of disease as well as the mild
clinical symptoms seem to correlate with the small size
of the expanded allele (compared with the early onset
observed in the patient with 63 glutamines).

LARGE INDETERMINATE ALLELES
AT THE SCA2 GENE

Genetic diagnosis and counseling may sometimes be dif-
ficult with these diseases caused by TNR expansions. In
SCAL, for instance, there is no gap between normal and
pathological alleles, whereas SCA2 alleles with 32 and 33
CAGs have been considered of indeterminate signifi-
cance. Normal SCAI and SCA2 CAG repeats are inter-
rupted by CAT or CAA triplets, respectively, whereas patho-
genic expansions are pure, uninterrupted CAG repeats.**
Uninterrupted alleles with 32 CAGs® and 33 repeat units*
have been found in young, at-risk subjects in families with
SCA2, both resulting from the contraction of alleles with
40 repeats. Recently, another SCA2 allele with 33 unin-
terrupted CAG units was found in a patient with a mild
balance problem; this patient had an onset at age 60 years.*®
We found an SCA2 allele with 32 CAGs interrupted by a
CAA triplet in a patient with a childhood onset of severe
ataxia. The severe phenotype, the altered function of the
mitochondrial respiratory chain, and the presence of a CAA
interruption suggest that this SCA2 allele is not the cause
of the disease in this case. As in SCA1, in SCA2 there is
no gap between normal and pathological alleles.

ASSOCIATIONS BETWEEN PREVALENCE
OF SCAs AND LARGE NORMAL ALLELES

Our present findings indicate that for both SCA2 and SCA6
TNRs, large normal alleles may contribute to the gen-
eration of expanded alleles and thus to the relative fre-

quency of these SCAs in the 2 groups. For the remain-
ing loci, the frequency of normal alleles was similar in
the 2 groups. Of interest is the fact that no association
between the frequency of DRPLA and that of large nor-
mal alleles was found in the Portuguese group. This may
be owing to the effect of a specific haplotype associated
with large normal alleles, shared with patients who have
DRPLA, that is prone to further expansion into the dis-
ease range. In a group of Japanese individuals, all ex-
panded and intermediate DRPLA alleles shared a unique
haplotype that is frequent in Asian populations and is usu-
ally associated with large normal alleles.”® The same hap-
lotype has also been found in European patients, al-
though it rarely occurs in normal chromosomes in this
population. This suggests that DRPLA expanded alleles
in Japanese® and Portuguese patients may have evolved
from a common founder chromosome. Haplotype analy-
ses in our families with DRPLA are now being carried out
to test this hypothesis.

Accepted for publication December 19, 2001.

From UnIGENe, Instituto de Biologia Molecular e Ce-
lular (Drs Silveira, Pinto-Basto, and Sequeiros, Messrs
Miranda, Mendonca, and Coelho, and Mss Guimardes,
Moreira, Alonso, Ferro, and Ferreirinha) and Laboratoério
de Genética Médica, Instituto de Ciencias Biomédicas Abel
Salazar, Universidade do Porto (Dr Sequeiros, Mr Mi-
randa, and Mss Guimardes, Moreira, Alonso, Ferro, and Fer-
reirinha), Servico de Neuropediatria, Hospital Maria Pia
(Dr Barbot), and Servico de Neurologia, Hospital Geral de
Santo Anténio (Drs Tuna and Barros), Porto, Servico de Neu-
rologia, Hospital Fernando Fonseca, Amadora (Dr Par-
reira), Servico de Neurologia, Hospital Egas Moniz, Lis-
bon (Dr Vale), Servico de Neurologia, Hospital Universidade
Coimbra, Coimbra (Dr Janudrio), and Servico de Neuro-
logia, Hospital Sao Sebastidao, Feira (Dr Coutinho), Portu-
gal; Centre Hospitalier de 'Université de Montréal, Hopi-
tal Notre-Dame, Montréal, Quebec (Dr Pandolfo, Mr
Miranda, and Ms Poirier); Servico de Genética Médica, Hos-
pital Clinicas, Porto Alegre, Brazil (Dr Jardim); Depart-
ment of Neurology, Brain Research Institute, Niigata Uni-
versity, Niigata, Japan (Drs Tsuji and Koide); and Johns
Hopkins University School of Medicine, Baltimore, Md (Drs
Holmes and Margolis).

Author contributions: Study concept and design (Drs
Silveira, Januario, Margolis, Koide, Tsuji, and Holmes and
Ms Guimaraes); acquisition of data (Drs Pinto-Basto, Vale,
Parreira, Janudrio, Barbot, Tuna, Barros, Holmes, Mar-
golis, Jardim, Pandolfo, Coutinho, and Sequeiros, Messrs
Miranda, Moreira, Mendonca, and Coelho, and Mss
Alonso, Ferro, Ferreirinha, and Poirier); analysis and in-
terpretation of data (Drs Barbot, Koide, Pandolfo, Tsuji,
and Sequeiros, Mr Miranda, and Ms Poirier); drafting of
the manuscript (Drs Silveira, Januario, Margolis, Koide,
Tsuji, and Holmes and Ms Guimaraes); critical revision
of the manuscript for important intellectual content (Drs
Pinto-Basto, Parreira, Vale, Januario, Barbot, Tuna, Bar-
ros, Jardim, Coutinho, and Sequeiros, Messrs Men-
donca and Coelho, and Mss Moreira, Alonso, Ferro, Fer-
reirinha, and Poirier); statistical expertise (Ms Guimaraes);
obtained funding (Drs Barbot, Pandolfo, and Sequeiros);
administrative, technical, and material support (Drs Pinto-

(REPRINTED) ARCH NEUROL/VOL 59, APR 2002

WWW.ARCHNEUROL.COM

628
Downloaded from www.archneurol.com at CENTRO HOSP DE COIMBRA, on February 20, 2009
©2002 American Medical Association. All rights reserved.


http://www.archneurol.com

Basto, Vale, Janudrio, Tuna, Barros, Koide, Tsuji, Hol-
mes, Margolis, Pandolfo, and Sequieros, Messrs Miranda,
Moreira, Mendonca, and Coelho, and Mss Alonso, Ferro,
Ferreirinha, and Poirier); study supervision (Drs Sil-
veira, Pandolfo, Coutinho, and Sequeiros).

This work was supported by research grant
PRAXIS/SAU/13226/1998 and the Financiamento Pluri-
anual de Unidades de Investigacdo from Fundacdo para a
Ciencia e Tecnologia (FCT), Lisbon, Portugal. Messrs
Miranda and Mendonca and Mss Moreira, Alonso, Ferro,
and Ferreirinha are the recipients of scholarships from the
PRAXIS Programme, FCT.

We thank C. A. Ross, PhD, for collaboration, C. Costa,
MD, for referring patients, and the family members for co-
operation.

Corresponding author and reprints: Isabel Silveira,
UnlGENe, IBMC, Rua do Campo Alegre 823, 4150-180,
Porto, Portugal (e-mail: isilveir@ibmc.up.pt).

DI  REFERENCES By

1. Orr HT, Chung M, Banfi S, et al. Expansion of an unstable trinucleotide CAG re-
peat in spinocerebellar ataxia type 1. Nat Genet. 1993;4:221-226.

2. Koide R, lkeuchi T, Onodera O, et al. Unstable expansion of CAG repeat in he-
reditary dentatorubral-pallidoluysian atrophy (DRPLA). Nat Genet. 1994;6:9-13.

3. Nagafuchi S, Yanagisawa H, Sato K, et al. Dentatorubral and pallidoluysian at-
rophy expansion of an unstable CAG trinucleotide on chromosome 12p. Nat Genet.
1994;6:14-18.

4. KawaguchiY, Okamoto T, Taniwaki M, et al. CAG expansions in a novel gene for
Machado-Joseph disease at chromosome 14q32.1. Nat Genet. 1994;8:221-
228.

5. Sanpei K, Takano H, Igarashi S, et al. Identification of the spinocerebellar ataxia
type 2 gene using a direct identification of repeat expansion and cloning tech-
nique, DIRECT. Nat Genet. 1996;14:277-283.

6. Pulst S-M, Nechiporuk A, Nechiporuk T, et al. Moderate expansion of normally
biallelic trinucleotide repeat in spinocerebellar ataxia type 2. Nat Genet. 1996;
14:269-275.

7. Imbert G, Saudau F, Yvert G, et al. Cloning of the gene for spinocerebellar ataxia
2 reveals a locus with high sensitivity to expanded CAG/glutamine repeats. Nat
Genet. 1996;14:285-291.

8. David G, Abbas N, Stevanin G, et al. Cloning of the SCA7 gene reveals a highly
unstable CAG repeat expansion. Nat Genet. 1997;17:65-70.

9. Zhuchenko 0, Bailey J, Bonnen P, et al. Autosomal dominant cerebellar ataxia
(SCA®) associated with small polyglutamine expansions in the asa-voltage-
dependent calcium channel. Nat Genet. 1997;15:62-69.

10. Koob MD, Moseley ML, Schut LJ, et al. An untranslated CTG expansion causes
a novel form of spinocerebellar ataxia (SCA8). Nat Genet. 1999;21:379-384.

11. Holmes SE, 0’Hearn EE, Mclnnis MG, et al. Expansion of a novel CAG trinucleo-
tide repeat in the 5’ region of PPP2R2B is associated with SCA12. Nat Genet.
1999;23:391-392.

12. Campuzano V, Montermini L, Moltd MD, et al. Friedreich’s ataxia: autosomal re-
cessive disease caused by an intronic GAA triplet repeat expansion. Science. 1996;
271:1423-1427.

13. Koide R, Kobayashi S, Shimohata T, et al. A neurological disease caused by an

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

expanded CAG trinucleotide repeat in the TATA-binding protein gene: a new poly-
glutamine disease. Hum Mol Genet. 1999;8:2047-2053.

. Nakamura K, Jeong S-Y, Uchihara T, et al. SCA17, a novel autosomal dominant

cerebellar ataxia caused by the expanded polyglutamine in TATA-binding pro-
tein. Hum Mol Genet. 2001;10:1441-1448.

. Matsuura T, Yamagata T, Burgesss DL, et al. Large expansion of the ATTCT pen-

tanucleotide repeat in spinocerebellar ataxia type 10. Nat Genet. 2000;26:191-
194.

. Takano H, Cancel G, Ikeuchi T, et al. Close associations between prevalences of

dominantly inherited spinocerebellar ataxias with CAG-repeat expansions and fre-
quencies of large normal CAG alleles in Japanese and Caucasian populations.
Am J Hum Genet. 1998;63:1060-1066.

. Sambrook J, Fritsch EF, Maniatis T. Molecular Cloning: A Laboratory Manual.

Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press; 1989.

. Li SH, McInnis MG, Margolis RL, Antonarakis SE, Ross CA. Novel triplet repeat

containing genes in human brain: cloning, expression, and length polymor-
phisms. Genomics. 1993;16:572-579.

. Silveira |, Lopes-Cendes I, Kish S, et al. Frequency of spinocerebellar ataxia type

1, dentatorubropallidoluysian atrophy, and Machado-Joseph disease mutations
in a large group of spinocerebellar ataxia patients. Neurology. 1996;46:214-
218.

Silveira |, Coutinho P, Maciel P, et al. Analysis of SCA1, DRPLA, MJD, SCA2,
and SCA6 CAG repeats in 48 Portuguese ataxia families. Am J Med Genet. 1998;
81:134-138.

FillaA, Michele G, Cavalcanti F, et al. The relationship between trinucleotide (GAA)
repeat length and clinical features in Friedreich ataxia. Am J Hum Genet. 1996;
59:554-560.

Montermini L, Andermann E, Labuda M, et al. The Friedreich ataxia GAA triplet
repeat: premutation and normal alleles. Hum Mol Genet. 1997;6:1261-1266.
Silveira |, Alonso |, Guimardes L, et al. High germinal instability of the (CTG), at
the SCA8 locus of both expanded and normal alleles. Am J Hum Genet. 2000;
66:830-840.

Labuda M, Labuda D, Miranda C, et al. Unique origin and specific ethnic distri-
bution of the Friedreich ataxia GAA expansion. Neurology. 2000;54:2322-2324.
Gostout B, Liu Q, Sommer S. “Cryptic” repeating triplets of purines and pyrimi-
dines (cRRY(i)) are frequent and polymorphic: analysis of coding cRRY(i) in the
proopiomelanocortin (POMC) and TATA-binding protein (TBP) genes. Am J Hum
Genet. 1993;52:1182-1190.

Imbert G, Trottier Y, Beckmann J, Mandel JL. The gene for the TATA binding
protein (TBP) that contains a highly polymorphic protein coding CAG repeat maps
to 6g27. Genomics. 1994;21:667-668.

Rubinsztein DC, Leggo J, Crow TJ, et al. Analysis of polyglutamine-coding re-
peats in the TATA-binding protein in different human populations and in pa-
tients with schizophrenia and bipolar affective disorder. Am J Med Genet. 1996;
67:495-498.

Yanagisawa H, Fujii K, Nagafuchi S, et al. A unique origin and multistep process
for the generation of expanded DRPLA triplet repeats. Hum Mol Genet. 1996;5:
373-379.

Subramony SH, Filla A. Autosomal dominant spinocerebellar ataxias ad infini-
tum? Neurology. 2001;56:287-289.

Schools L, Szymanski S, Peters S, et al. Genetic background of apparently idio-
pathic sporadic cerebellar ataxia. Hum Genet. 2000;107:132-137.

Cancel G, Durr A, Didierjean 0, et al. Molecular and clinical correlations in spi-
nocerebellar ataxia 2: a study of 32 families. Hum Mol Genet. 1997;6:709-715.
Saleem Q, Choudhry S, Mukeriji M, et al. Molecular analysis of autosomal domi-
nant hereditary ataxias in the Indian population: high frequency of SCA2and evi-
dence for a common founder mutation. Hum Genet. 2000;106:179-187.
Fernandez M, McClain ME, Martinez RA, et al. Late-onset SCA2: 33 CAG repeats
are sufficient to cause disease. Neurology. 2000;55:569-572.

(REPRINTED) ARCH NEUROL/VOL 59, APR 2002

WWW.ARCHNEUROL.COM

629
Downloaded from www.archneurol.com at CENTRO HOSP DE COIMBRA, on February 20, 2009
©2002 American Medical Association. All rights reserved.


http://www.archneurol.com

