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Spinocerebellar ataxia 7 (SCA7) is a neurodegenera-
tive disorder characterized by degeneration of the
cerebellum, brainstem and retina. The gene respon-
sible for SCA7, located on chromosome 3p, recently
was cloned and shown to contain a CAG repeat in the
coding region of the gene, that is expanded in SCA7
patients of French origin. We examined the SCA7 re-
peat region in four Swedish SCA7 families as well as in
57 healthy controls. All Swedish SCA7 patients ex-
hibited expanded CAG repeats with a strong negative
correlation between repeat size and age of onset. The
repeat length in SCA7 patients ranged from 40 to >200
repeats. The largest expansion was observed in a ju-
venile case with an age of onset of 3 months, and repre-
sents the longest polyglutamine stretch ever reported.
In patients with 59 repeats or more, visual impairment
was the most common initial symptom observed, while
ataxia predominates in patients with <59 repeats. Two
of the Swedish SCA7 families analysed in this study
were shown to be related genealogically. The other two
SCA7 families could not be traced back to a common
ancestor. Allfour families shared the same allele onthe
disease chromosome at a locus closely linked to
SCA7, suggesting the possibility of a founder effect in
the Swedish population.

INTRODUCTION

region on chromosome 3p, regardless of ethnic background
(1-3). The gene for spinocerebellar ataxia (SCA) 7 recently was
cloned and shown to contain a (CA@)peat in the coding region

of the gene that is expanded in SCA7 patiefjtsTp date, eight
disorders caused by expanded CAG repeats have been identified
and include, besides SCA7, four other ADCAs: SCAL, 2, 3 and
6, as well as spinal and bulbar muscular atrophy (SBMA),
Huntington's disease (HD) and dentatorubral pallidoluysian
atrophy (DRPLA) $-15). The function of the genes responsible
for these disorders are in most cases unknown, and there are no
significant sequence homologies between the different genes
outside of the CAG repeat region. The subcellular localization of
the genes also differs and for SCA7 has been shown to be nuclear.
The mechanism underlying the polyglutamine disorders is not
known, but a common dominant gain of function, causing
neuron- and disease-specific cell death, has been proposed.

All the CAG disorders identified so far have been shown to be
associated with genetic anticipation, where an earlier age of onset
and a more severe progression of the disease is observed in
successive generations. The age of onset has, in all cases, beel
shown to be correlated negatively with the size of the (GAG)
expansion, and the anticipation seen is due to the tendency of the
repeats to expand during parent to child transmissighty. In
all these disorders except SCA6, the threshold for the patho-
logical allele is similar and of the order of 37—40 CAG repeats.

Here we describe the expansion of the SCA7 CAG repeat
region in patients from four Swedish ADCA type Il families and
the effect of the repeat length on the clinical manifestation.

RESULTS

SCA7 is a neurodegenerative disorder that belongs to thgalysis of the SCA7 CAG repeat region in Swedish

clinically and genetically heterogeneous group of autosomalpCA type Il patients and healthy controls

dominant cerebellar ataxias, ADCAs. The ADCAs have been

subdivided into three groups denoted ADCA types I-lll. SCATThe SCA7 CAG repeat region was amplified in 16 diagnosed
belongs to the ADCA type Il subtype where the ataxia ipatientsfrom four Swedish ADCA type Il families as well as from
associated with retinal degeneration. ADCA type Il seems to libree asymptomatic individuals known to carry the disease
genetically very homogeneous, and in all ADCA type Il familiehaplotype {) and compared with healthy relatives and 57
analysed the gene responsible has been localized to the sameelated healthy controls.

*To whom correspondence should be addressed. Tel: +46 90 785 1425; Fax: +46 90 128 163; E-mail: monica.holmberg@cligen.umu.se



172 Human Molecular Genetics, 1998, Vol. 7, No. 2

130 - B B B S Dm B I S B 2 P DM
J/ EP Mmoo orme o =] WD Ly
A DD e e )Py ] r e w T = ==
25 1 1200 bp : r
I D l o Y
@20+ 1000 bp o ; &
s ° .
I 900 bp ‘ »
| ‘ .
@ = =
E-]
£
210 4 |
54 bp
5 4

0 , , L “l_l,.l]L__l] | 1
(=] o o
< w ©

o
~

80
200

Number of CAG repeats
400 bp =

Figure 1. Distribution of SCA7 alleles of different sizes in 16 patients and :
healthy relatives from four Swedish SCA7 families and 57 unrelated healthy ‘
controls.

The control individuals showed allele sizes ranging from seve
to 15 repeats. Ten CAG repeats was the most common alle
observed, constituting 63% of the alleles in the normal populatic

(Fig.1), and 34 individuals (60%) were heterozygous at the SCA ,
repeat locus. ‘ * - ® e

In contrast, all the ADCA type Il patients analysed and the thre 30 bp - R . |
asymptomatic carriers with the disease haplotype carried e
panded CAG repeats with disease alleles ranging from 40 up
>200 repeats (Fi@). The largest repeat, due to limitations in gel
resolution, could not be determined more precisely, but is in the
range of 230-300 repeat units (Fig). The three at-risk Figure 2. Autoradiogram showing the SCA7 CAG repeat region amplified in 16
S edish SCA7 patients and three asymptomatic individuals. The gel was loaded,
individuals, all below the, age of 45 years, ;howgd repeat lengt m left to right, in decreasing order of the patients’ age at onset of disease. The
of 42, 40 and 44 respectively (F&). For two juvenile cases (g€ three carriers, all exhibing CAG expansions, are shown on the right (u =
of onset 1 and 5 years), where only DNA from paraffin-embeddednaffected). The size marker shown on the left is the 100 bp ladder (N.E. Biolabs).
tissue exists, the SCA7 CAG repeat region failed to amplify. Individual identifications are shown below the picture and their respective age at

No obvious sex bias could be seen in the change of the size gfset aove (m = months, y = years, see aiso Table 1 and Fig. 4). In order to

inthe 1 hild . b di visualize readily the very large expansion of >200 repeats in individual A 1V:16,
CAG repez_:\ts Int e 0 pqrent tochi transm|55|on§ observed in ttt}% same gel was re-exposed for a prolonged period of time.
four Swedish families (Figl, Tablel). The change in CAG size
during parent to child transmission ranged from -2 to >200. It |
of note that none of the maternal transmissions resulted ing
decrease in CAG size, while this was the case in two out of the fi
parternal transmissions analysed. The largest expansion obse
from 49 to >200, repeats was paternally transmitted 2fig.

mptom in all but one case with <59 repeats, while four out of
i%e cases with 59 repeats or more started with visual impairment

se A V:16 not included). Furthermore, patients’ with longer
EPeats had more severe disease and life was substantially
shortened, with childhood death in the two patients carrying the
largest repeats (72 and >200 repeat units).
Correlation between CAG repeat length and clinical The most extreme case, A V:16, a boy with >200 CAG repeats
manifestation in the SCA7 gene, was born without complications but showed

L ) ) . . _a poor weight gain. Patent ductus arteriosus was discovered and
Clinical information on the Swedish SCA7 patients included ifhe ductus was closed successfully. The boy had breathing
this study is summarized in Talle In contrast to the French gificulties, a metabolic acidosis and continued to gain weight

study @), no sphincter disturbances were observed. poorly. The patient died at 7 months of age.
In the 16 Swedish SCA7 patients studied, the age of onset was

correlated negatively to the number of CAG repeats &righe
correlation between the number of CAG repeats and the age
onset was plotted and calculated assuming a linear relationship order to determine if the SCA7 mutation in the different
for the two parameterf(= —0.94,P<0.001; Fig.3). Patient A Swedish SCA7 families analysed in this study is due to a common
IV:16 was excluded from this calculation due to difficulties infounder mutation, genealogical and haplotype analyses were
determination of the exact repeat size of the expanded allele. performed. Families A and B could by genealogical analysis be

Initial symptoms in patients with 44-46 repeats occurred dtaced back to a common ancestor 5-8 generations back)(Fig.
ages 38-46 years, in patients with 49-60 repeats at 17-41 ydaosn in the mid-17th century. Families C and D could not,
and in patients with 67 repeats or more at 0-12 years of agewever, be genealogically connected to any of the other SCA7
Ataxia preceded subjective visual impairment as the initiglamilies.

I-éz?plotype analysis and genealogical investigations
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Table 1. Clinical features in 20 patients, 11 males and nine females, from four Swedish families with SCA7

Symptom/sign Family and no. in pedigree
Family A Family B Family C Family D
Alll:2 :3 111:6 10 1m:20 V3 V12 V14 V4 V:5 V6 2 Bll21 V33 Cliiil Vi1 \%4 DI:2 113 :3 :4
AtaxiaP 38 42 40 45 25 29 40 35 1 8 38 4 41 7 19 46 30 12 13
Visual impairmerit 43 49 44 50 19 20 40 37 1 10 5 41 7 17 47 30 11 12
Dysarthrid® 67 50 48 50 48 30 41 36 18 10 43 5 46 9 27 ? 30 12 16
Hyperreflexia + + + - + + - + ? + + + - + ? - + -
Spasticity + + + ? + + - - - - — = + + ? + + =
Babinski's sign - + - - + - - - - - - + + - ? + + -
Supranuclear ophtalmoplegia + - + - - - - - + - - - - - - + - +
Nystagmus - - - - - - + - - - - - - - - - + -
Dysphagia - - - - + + - - + - + - + - - - + -
Muscle atrophy - + - - + - - + + + + + + -
Sensory impairment + + + + - - - - - - - - -
Cognitive dysfunction - - - - + - - - - - + - + - - + - -
Age wheelchair 60 62 62 50 39 - - - - - - - 11 28 - 37 15 -
Age at exam 72 68 67 60 49 35 43 38 2 11 m 48 7 50 9-15 28 52 43 19 14
Disease duratiéh 34 26 27 15 30 15 3 3 1 3 4am 10 3 9 8 11 6 13 8 2
Age at death - 71 - - - - - - 2 13 m - 7 - 15 - - 45 19 -
No. of CAG repeats 45 44 46 44 60 53 46 49 ne. 72 >200 45 ne. 52 ne. 59 45 59 ne. 67
2Clinical information in the text.
bAge (years) at onset of ataxia, visual impairment and dysarthria.
CAt time of examination.
m, months; ?, presence or absence of the sign/symptom not specified in available information; n.e., not examined.
Haplotype analysis was done using 10 microsatellite markers 50
covering a 12 cM region harbouring the SCA7 locus. This 45 | o
analysis confirmed the relationship between families A and B, 40 |
with a common disease haplotype between maibkesd 30@and a5 |
D3S1285 spanning the whole 12 cM region tested. However, 8.0l -
haplotype data from family A telomerically restricts the SCA7 s 25 |
locus to an 8 cM interval between the markeBS3566and : 20 -
D3S1285(Fig. 4). In contrast, families C and D had only two g i
markersP3S1287andD3S3635in common with families A and 197
B. For the markeD3S1287 allele 3 was observed on all the 07 -
disease chromosomes in all four families examined, while only s
one of the normal chromosomes harboured allele 3 at this locus N e —
(Fig. 4). Families C and D also shared a common haplotype 40 45 50 55 60 65 70 75 80
centromeric of the mark&@3S1287 number of CAG repeats
DISCUSSION Figure 3. Negative correlation between the number of CAG repeats and age at

onset of disease in 15 Swedish SCA7 patients. The fitted linear regression line
has a coefficient dR = —0.94,P<0.001.
In this study, we have analysed the SCA7 CAG repeat region in

four Swedish SCA7 families and in 57 neurologically unaffected

controls. The study reveals a highly polymorphic CAG expansioaxpansion (>200 repeats) exceeds the largest expansion reportec
on the disease chromosome of all SCA7 patients tested, dp far, including a juvenile case of HD with 180 repeb}. (
contrastto a relatively stable normal allele in all unaffected family Our data show a strong negative correlation between the
members and healthy controls. The 10 CAG allele represemsamber of CAG repeats and the age at onset and disease severity
60% of the alleles in the normal Swedish population and legscluding death. SCA7 has been reported to show a more
instability is observed in the SCA7 locus of the normal populatiopronounced anticipation when paternally transmiti@dThis is

than has been observed for most other polyglutamine disordéess obvious in the Swedish SCA7 families, where one paternal
(5,13-14,16-17). All Swedish SCAT patients and three asympto{ransmission resulted in an unchanged repeat size and in two
matic individuals with the disease haplotype were shown to carpaternal transmissions small contractions were observed (44-40
CAG expansions with great variability in repeat size on theiand 42 repeats respectively). These three individuals are still
disease chromosomes. The repeat size varied from 40 to >288/mptomatic but, assuming a linear correlation between CAG
repeats. The size difference between the normal and mutategheat size and age at onset of disease, the carriers have ar
repeat range is as much as 28 repeats in the Swedish populatépected age at onset of 42—-47 years and are likely to develop the
and no intermediate alleles were observed. The largest SCAi&ease in the near future. However, the most extreme anticipation
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mn:2 1t:1 n:3 It:4 : i:5 m:z :11 111:20 1:21 in:22
D3813006 6 6 1 71 5 6 3 10 6 6 1 4 5 6
D3S13126 9 7 9 1 9 11 9 1 7 6 9 9 1 10 11
D3836314 4 3 3 3 3 1 4 3 4 4 4 3 4 3 4
D383566 3 3 3 3 3 3 5 3 5 3 3 3 3 4 3 3
D3836987 4 5 4 3 4 5 4 5 5 5 4 4 4 3 7
D3S16001 6 3 6 16 16 2 3 2 6 7?7 1 3
D3S12876 3 4 3 6 3 1 3 1 6 4 3 3 6 5 6
D3836351 1 4 1 3 1 11 11 11 1 2 2 4
D3835717 12 6 12 6 12 14 12 13 7 2 12 12 6 21167
D3S12851 5 3 5 5 5 6 5 6 5 15 5 5 5 5
&0 m O M0 O o
V:2 v:3 V.4 v:5 V.7 Va1 V:12 V:13 V14 v:15 v:16 v:18 iv:19 v:20 v:33
D3S1300 1 6 16 57 17 1777 7 1 29 71 6 7 17 5 10 5 10 5 10 4 6
D381312 4 6 7 9 8 10 97 97911 79 57 7 9 M 7 9 11 11 7 9 7 1M1 7 ??
D3S3631 3 4 4 4 4 2 3 4 3 4 4 3 4 3 2 4 4 3 2 4 4 3 1 4 4 4 1 4 ? 7
D383566 3 3 9 3 2 3 33 3353 3 3 2 3 3 3 4 3 5 3 3 5 3 3 5 3 3 3
D383698 3 7 3 4 3 3 4 5 4 5 3 3 3 4 7 3 3 4 13 3 3 5 5 4 5 5 5 ? 7
D381600 7 1 2 6 21 6 3 6 31 1 1 6 3 5 1 6 1 2 1 1 13 6 3 1 3 7?7 ?
D3S1287 5 6 6 3 5 6 32 33466 4 3 56 4 3 5 6 4 6 16 3 6 16 ??
D383635 1 1 11 3 2 11 111 4 11 11 11 3 2 1 3 11 1 1 11 ??
D38357115 7 9 12 77 12 312 3 6 6 15 12 ?? 15 12 6 18 15 & 14 7 12 -7 14 7 ? 7
D3S1285 7 ? 4 5 6 2 51 5 25 5 4 5 7?7 4 5 4 4 4 5 6 5 5 5 ? 7 ? 2
ﬁ e i
Family B
V4 V:5 V14 V:15 V:16
D3S1300 7 6 7 9 7 9 17
D3S131210 9 9 7 9 7 g 7
D383631 2 4 4 4 4 4 3 4
D383566 3 3 3 3 3 3 3 3
D3S3688 3 4 3 3 3 3 4 3
D3S1600 1 6 15 15 6 2 O
D3S1287 6 3 4 6 4 6 3 6
D3S3635 2 1 11 11 1 2 D
D383571 7 12 15 2 15 2 12 18 ﬂ
D351285 2 5 45 45 5 4 111:1 2 111 12 13 114
n b D3S1300 2 3 3 3 1 1 1313 1 1
I*aIrlll}]IA‘ D3S131211 9 4 9 9 5 7 107 10 6 10
D3S3631 3 3 3 4 3 2 2 33 3 5 3
D383566 3 4 3 3 3 3 3313 4 3
D383698 7 5 7 3 5 7 4 5 3 5 3 3
D3S1600 1 1 3 1 1 3 4 2 2 2 11
D3S1287 3 6 4 5 5 6 6 36 3 5 5
D3S3635 1 2 3 5 21 21 31 3 1
D3S3571 4 4 4 3 67?7 4 4 6 4 6 B
D3S1285 2 2 5 4 5 4 2 25 2 2 2
; I 8) [}
VA wv:2 1 n:2 "3 -4
D3S13003 2 11 1 1 1 3
D3813124 11 7 5 7 10 6 10
D3836313 3 2 2 3 3 5 3
D383566 3 3 3 3 13 4 3
D3836987 7 4 7 3 3 3 5
D3816003 1 4 3 21 1 2
D3S12874 3 6 6 6 5 5 3
D3S36353 1 21 31 31
D3S35714 4 ?? 6 6 6 4
D3812855 2 2 4 5 2 2 2
Family C Family D

Figure 4. Pedigrees of four Swedish SCA7 families, A-D. Circles indicate females, squares indicate males, filled symbols reptedélnm:afthgls r?]r;(:kzr:fllled
symbols.unaffected individuals. Microsatellite markers are shown in order from the telomere to the centroniz83&18Bas the most telomeric .
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observed, from 51 to >200 repeats, is also paternally transmittdehmily A is a five generation kindred previously described,
The fact that the CAG repeat in this case has expanded to mdescending from a couple born in the late-19th century in the
than four times its original size from one generation to the nextrovince of Vasterbotten in the northern part of Swedeh (
suggests high repeat instability during spermatogenesis. Family B descends from the same geographical area as family A,
The cardinal symptoms of SCA7, cerebellar ataxia and visuathile families C and D both originate from different parts of the
impairment, were present in all but one case, Blll:21, who has mwovince of Dalarna in the middle part of Sweden. Diagnosis of
decrease in visual acuity 13 years after onset of the disedSEA7 as well as non-carrier state was ascertained by clinical
although the retina shows slight pigmentary mottling of the typexamination by a neurologist (L.F.) and an ophthalmologist
seen in SCA7. Visual impairment was the initial symptom in al{O.S.) in 12 of the patients and two of the at-risk carriers. The
patients but one (A V:5) witk59 repeats. Patient A V:5 started clinical diagnosis in the remaining eight cases (including five
with ataxia 2 years before visual impairment was noted; howeveateceased patients) was based on information from medical
at the same time as ataxia developed, a slight supranucleecords which included assessments by neurologists or neuro-
ophthalmoplegia for ascending vertical movements was observezhediatricians. All cases had a family history compatible with
Even if the onset of overt ataxia could be defined in all caseautosomal dominant inheritance, with at least two family
several patients reported a history of clumsiness or a feeling miembers in different generations with progressive cerebellar
clumsiness since childhood although they were able to participaataxia and pigmentary retinopathy which caused visual impair-
in ordinary physical school activities. Thus, ‘subclinical’ impair-ment in all but one case. The patients age at onset of ataxia, visual
ment of coordination due to the disease process may precedgairment and dysarthria are difficult to evaluate in many cases
clinical onset of SCA7. with SCA7 where the impairment has a gradual onset and
By genealogical studies, we have been able to show that twombgression. We defined the age at onset of a symptom as the age
the four families analysed in this study have a common ancesttr which the patient (from direct interview or from available
that dates back to the mid-17th century. This is 5-8 generatiomedical records) first had noticed the symptom, irrespective of
before the appearance of any individual with documentedhether medical contact was made or not at that time.
symptoms of SCA7 and suggests that a pre-mutation exists inThe normal range of CAG repeats was examined by analysis of
these families. It is possible that an increase over the observéd, neurologically healthy individuals from northern Sweden.
relatively stable, range of normal alleles (7—15 repeats) makes the
locus more unstable and the carriers at risk farther increase  Analysis of SCA7 (CAG), repeat region
in the repeat to a pathological size. Alternatively, they may carr ) _ i
a polymorphism or mutation outside of the CAG repeat regio|¥NA ‘was extracted from peripheral blood, histopathological
that predisposes this allele to further expansanhas been Material and cell lines by standard proceduf). (The repeat
proposed for Machado—Joseph disease in which an intragef@gion was amplified by PCR using primers 4U1024T(5TTA-
CGG/GGG polymorphism 3of the CAG repeat seems to effect CATTGTAGGAGCGGAA-3) and 4U716 (5CACGACTGTC-
the stability of the repeat ,20). The haplotypes carrying®@G  CCAGCATCACTT-3) (4). One primer was end-labelled using
on the expanded allele and &G on the normal allele were [V-3?PJdATP (Amersham, 3000 CiimM) and T4 polynucleotide
reported to show significantly larger repeat instability tharkinase. Amplifications were performed in B reactions using
individuals homozygous for either theGG or the GG 0.2mM end-labelled and uplabelled primer respectivedyyiffer
polymorphism, suggesting an inter-allelic interaction involved ifor Tag polymerase (Boehringer Mannheim), 0.1 mM dNTP, 10%
the repeat instability1©). dimethylsulfoxide and 0.1 U offaq polymerase (Boehringer
Previous reports have mapped the SCA7 locus to the 12 cignnheim). Cycling conditions were as follows=@5for 4 min,
region between marke®3S1300andD3S1285%by recombina- 57°C for 1 min, 72C for 1 min (1 cycle), 95C for 1 min, 57C
tions @1) and, more recently, to a 5 cM region between markef@r 1 min, 72C for 1 min (35 cycles) and finally 96 for 1 min,
D3S1600andD3S36350n yeast artificial chromosomes (YACs) 57°C for 1 min, 72C for 5 min (1 cycle). Fivgl of formamide dye
(4). Taken together with these data, our haplotype data sugget were added to the samples before denaturing &t & 4 min.
that all Swedish SCA7 patients may indeed have a commdi{vo Ml of the product was separated on a 6% polyacrylamide—urea
ancestor, as they all share the same allele for the n28&a287  9el. Fragments were detected by autoradiography.
(immediately flanked b}p31600andD3S363% on their disease
chromosomes. Since it might be difficult genealogically tdHaplotype analysis

establish kinship further back than that which has already be | hic mi tellit . lified by PCR USi
done in these families, a polymorphism within or immediatel olymorphic rfnlcrostﬁ N ée re?r;ons were amtp))tl 1€ d}:‘ tﬁs'ng
next to the SCA7 gene that enables linkage disequilibrium studiEFm?r pairs from the Genethon mapr) obtained from the
; : ordic Microsatellite Marker Bank, Uppsala, Sweden, or from
would be needed to test this hypothesis. X . .
Research Genetics. The primers were end-labelled with
[y32P]dATP (Amersham, 3000 Ci/mM) using polynucleotide
MATERIALS AND METHODS kinase, subjected to PCR amplification and analysed as previously
described 5).

Family and control material
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