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Abstract
Objectives-To investigate relations
between clinical and neuropathological
features and age of onset, presence of
anticipation, and genetic linkage in auto-
somal dominant cerebellar ataxia type II
(ADCA II).
Methods-The natural history ofADCA II
was studied on the basis of clinical and
neuropathological findings in two pedi-
grees and genetic linkage studies were
carried out with polymorphic DNA mark-
ers in the largest, four generation, pedi-
gree.
Results-Ataxia was constant in all age
groups. Retinal degeneration with early
extinction of the electroretinogram con-
stituted an important component in juve-
nile and early adult (< 25 years) onset but
was variable in late adult presentation.
Neuromuscular involvement due to spinal
anterior horn disease was an important
contributing factor to illness in juvenile
cases. Postmortem findings in four
patients confirm the general neurodegen-
erative nature of the disease, which
includes prominent spinal anterior horn
involvement and widespread involvement
of grey and white matter. Genetic linkage
was found with markers to chromosome
3pl2-p21.1 (maximum pairwise lod score
4.42 at D3S1285).
Conclusions-The sequence of clinical
involvement seems related to age at onset.
Retinal degeneration is variable in late
onset patients and neuromuscular fea-
tures are important in patients with early
onset. Strong anticipation was found in
subsequent generations. Linkage of
ADCA II to chromosome 3p12-p21.1 is
confirmed.

( Neurol Neurosurg Psychiatry 1997;62:367-37 1)
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The classification of autosomal dominant
cerebellar ataxias (ADCAs) proposed by
Harding distinguishes cerebellar ataxia with
pigmentary retinal degeneration as a distinct
category-that is, ADCA type II. 2 Associated
features that are variably present include oph-
thalmoplegia, pyramidal or extrapyramidal

signs, and sensory loss. Anticipation is com-
monly found.
The genetic loci implicated in ADCAs have

been labelled and numbered as spinocerebellar
ataxia (SCA) loci. For ADCA I, which differs
from ADCA II mainly by the lack of pigmen-
tary retinal degeneration, four loci have been
identified (SCA1-4) with evidence for an
additional, as yet unidentified (SCA6) locus.3 4
SCA5 is the genetic locus found in a large
ADCA III pedigree.5 The molecular defect of
SCAl and SCA3 consists of an expanded tri-
nucleotide repeat; the mutations of the other
SCA loci have yet to be characterised.
Reflecting the distinguishing feature of pig-
mentary macular degeneration, ADCA II does
not link to any of the ADCA I loci.6 7 Recently,
ADCA II has been mapped to chromosome 3p
in nine kindred without evidence for genetic
heterogeneity, this locus has been named
SCA7.8-10
We studied 16 patients from two pedigrees

fulfilling the ADCA II criteria2: autosomal
dominant inheritance of a progressive CNS
disorder with predominantly cerebellar ataxia
in combination with progressive visual failure
due to pigmentary retinopathy. After exclud-
ing the SCAI-5 loci, a genome wide linkage
analysis was undertaken in one pedigree.
During this investigation, the SCA7 locus was
reported8-'0 and we confirm linkage to this
locus. Neuromuscular involvement leading to
clinically evident spinal muscular atrophy is
prominent in some members of both families.
This feature seems to be accentuated in early
onset cases. Neuropathological findings, simi-
lar in all cases, were likewise more prominent
in cases with juvenile onset.

Materials and methods
Over the past 15 years members of the two
families were examined by several neurologists
and ophthalmologists. Figure 1 shows the
families. Family 1 is part of a larger pedigree,
of which ophthalmological findings have been
previously reported." Family 2 has not been
reported before. Patients were seen by at least
one of the authors, with the exception of
patient 2-1,1 who was included on the basis of
available medical records. Pathological
anatomical data were available from two
patients in each pedigree (1-II,5, I-IV,2, 2-
II,3, 2-III,2). Muscle biopsies were performed
in two patients. Muscle was studied at

367
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.62.4.367 on 1 A
pril 1997. D

ow
nloaded from

 

http://jnnp.bmj.com/


jrobsis, Weber, Barth, Keizers, Baas, van Schooneveld, et al

....

Ja

a

0

ii __.

.. 1 '
S 'I

,? .1
_.

r; j!

/1

J;

_r
i1 "- 1___

'! < r-i t'S
.'i / t.)

> r! 2

.. ; ., L; : 1 ) -)
4- /

> *_1 r

0

Figure I Pedigree structure of two ADCA IIfamilies. Filled symbols represent ADCA II patients and hatched symbols people affected according to
family history. Above the pedigree symbol the generation number is given and beneath the haplotype for eight chromosome 3p12-p21. 1 markers, from top
to bottom (from telomeric to centromeric, with genetic intervals in cM); D3S1234 -2- D3S1300 -2- D3S1312 -3- D3S1600 -3- D3S1287 -1- D3S1233
-2- D3S1285 -3- D3S1217. Haplotypes between parentheses were reconstructed assuming a minimum number of recombinations. Encircled haplotype
cosegregates with theADCA II trait, dotted line refers to an equivocal event in 1-II,3 (see discussion).

necropsy in two other patients and peripheral
nerve was studied in one.
Genomic DNA, extracted from leucocytes,

was genotyped for 21 subjects from family 1
using microsatellites derived from published
sources (Genome Data Base) according to
standard polymerase chain reaction amplifica-
tion and detection techniques. 12 Genotypes
were analysed using maximum likelihood
methods to perform pairwise linkage analysis
with the MLINK program of the FASTLINK
package,'3 14 assuming a frequency of the dis-
ease gene of 0 001 and a disease penetrance of
90%. Allele frequencies were taken to be
equally distributed.

Results
CLINICAL FINDINGS
Sixteen patients were identified in the two
pedigrees, 10 (four male, six female) in family 1
and six (two male, four female) in family 2.
Table 1 summarises the clinical features. The
presenting symptom seemed to be related to
age at onset. In patients with late adult onset
the disease started with cerebellar symptoms:
gait ataxia followed by dysarthria and dysme-
tria. In these patients visual failure due to reti-
nal degeneration was a late symptom and in
some it could not be found for periods varying
between 17 and 27 years after onset of ataxia
(patients 1-II,9, 2-1,1, 2-II,1). In an interme-
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Table 1 Clinical features

External PNS Age when
Age at Cerebellar Visual Retinal ophthal- Pyramidal clinically wheelchair

Patient Sex onset (y) Age (y) symptoms failure degeneration moplegia Ptosis tract signs involved bound

1-II,3 M 45 84 + + + + - 70
1-II,5 F 45 76* + + + + - + - 55
1-II,9 F 50 75 + - - - - + - -
1-II,l1 F 71 + + - - - + - -
1-III,2 M 34 48 + + + + - + - -
1-III,7 F 31 40 + + - + - + - -
1-III,13 M 30 45* + + + +
1-IV,l M 1-5 23 + + t + + - + _ _
1-IV,2 F 7 19* + ++ + + + + 15
1-IV,3 F 0-25 1* + + +
2-1,1 F 40 67* + - - - - +
2-II,1 M 40 57 + - - - - + - 50
2-11,3 F 31 51* + + + + + + + 43
2-III,1 F 20 33 + + t + + - + - 32
2-III,2 M 7 14* + + t + + + + + 14
2-III,3 F 19 25 + + t + + - + _ -

*Age at death; otherwise recorded age is at 1 January 1995.
tPresenting symptom; if a space is left blank, no reliable information was available.
+ = sign present; - = sign absent.

diate group with adult onset disease, manifest
retinopathy was preceded by ataxia (patients
1-II,5; -I41,11; 1-III,2; 1-III,7; 1-III,13). In
the youngest generation visual failure pre-
ceded ataxia (patients 1-IV,1; 1-IV,2; 2-III,1;
2-III,2; 2-III,3). Funduscopy showed a finely
granular pigmentation in the macular area and
slight pallor of the optic disc. In later stages
the retina showed brownish pigment mottling
and pale optic discs. In one patient with juve-
nile onset disease and rapidly progressive
course, multiple atrophic round spots were
seen both in the centre and in the periphery of
the eyegrounds (fig 2). An extinguished elec-
troretinogram (ERG) was found in four out of
five cases, the single exception being a patient
with late adult onset without clinical symp-
toms of eye involvement (patient 1-II,9). In
patient 2-III,3 only mild optic nerve pallor
with myopic fundi was seen, whereas the ERG
showed severely reduced responses. Pyramidal
tract signs, the third complex of symptoms,
consisted of hyperreflexia with extensor plan-
tar responses, and variable hypertonicity of
limb musculature.

External ophthalmoplegia, possibly due to
neuromuscular involvement, was present in 11

Figure 2 Fundoscopic
findings in the youngest
patient examined (2-
III,2). Left eyeground
shows atrophic lesion in
macular area and atrophy
of the optic nerve head.
Note the peripheral
extension of circumscrnpt
atrophic lesions.

patients, accompanied by ptosis in a minority.
More general involvement of the neuromuscu-
lar system was seen in some younger patients.
This included facial palsy with prominent
Bell's sign, swallowing difficulty, and lingual
atrophy, together with weakness and wasting
of extremity musculature in patients 1-IV,2
and 2-III,2. Patient 2-III,2, the youngest,
investigated at the age of 14 years, also had
generalised myoclonus as part of terminal dis-
ease. In the absence of extrapyramidal symp-
toms or EEG signs of epilepsy it was
suggestive of spinal myoclonus. No overt signs
of dementia were seen in any patient. Even
patients who were terminally ill remained alert
and responsive to their environment.

Imaging studies (cerebral CT or MRI) dis-
closed cerebellar and brainstem atrophy to
varying degrees but also signs of cerebral
hemispheral atrophy (fig 3). Clinical neuro-
physiological investigation showed non-spe-
cific EEG alterations in advanced disease.
Brainstem acoustic evoked potentials showed
prolonged I-V latencies. In later stages only
peak I could be elicited. ERG potentials were
of low voltage and absent in advanced disease
stages. There were normal motor and sensory
conduction velocities, EMG sometimes
showed polyphasic action potentials.

Figure 3 MRIfindings in patient I-IV,2, with onset of
symptoms at age 7years. MRI at age 1 7years. Sagittal T
1 weighted image shows vermal cerebellar atrophy,
attenuation of the ventral pons, and some cerebral
(sub) cortical atrophy.
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Table 2 Neuropathologicalfeatures

Patient

1-I,5 1-IV,2 2-II,3 2-III,2

Sex F F F M
Age at death (y) 76 19 51 14
Brain weight (g) 1240 (N) 1010 (.) 960 (1) 975 CD
Macroscopic (sub)cortical atrophy + + + +
Ventricular widening + + + +
Pancerebellar atrophy + + +
Atrophy ventral pons + + + +
Purkinje cells + + + + + + + + + + + +
Internal granular cells + + vermis only + +
Cerebellar white matter + + + vermis only + + +
Spinal motor neurons + + + + + + + +
Spinal long tract involvement: posterior columns,
pyramidal and spinocerebellar tracts + + + +
Inferior olivary neurons + ± ± ± ++ ± ± + + +
Olivocerebellar tract + + + + + + + + + + + +
Central tegmental tract + + + + + +
Cerebral white matter + + + + + +
Cerebral cortex, loss of neurons in all layers - + + + + + +
Skeletal muscle (m quadriceps femoris) (necropsy) (biopsy) (necropsy) (biopsy)

Normal except Extensive type Extensive type Extensive type
type 2 atrophy grouping and grouping grouping and

angulate fibres angulate fibres

-= Not affected, + = mildly affected, + + = moderately affected, + ± + = subtotal loss of structure, + + + + = total loss of structure.

NEUROPATHOLOGICAL EXAMINATIONS
Full routine necropsies including brain and
spinal cord were available from four patients,
two from each family. Table 2 summarises the
findings. Visible atrophy of the cerebral hemi-
spheres, including sulcal and ventricular
widening, and ventral pontine atrophy were
present in all four patients, and pancerebellar
atrophy in three. Microscopical findings con-
sisted of Purkinje cell loss, loss of spinal ante-
rior horn cells predominantly in the medial
group-and loss of myelinated fibres, espe-
cially in the posterior columns but also involv-
ing the spinocerebellar and pyramidal tracts.
There was loss of olivary neurons with reactive
gliosis. The macroscopically visible atrophy of
the cerebral cortex was associated with vari-
able loss of neurons, ghost cells, gliosis, and
microglial proliferation in all layers. White
matter loss in the cerebral white matter was
patchy, and present both in the central white
matter and in the gyral cores. Although find-
ings were similar in all cases, there were striking
differences in expression; patient I-II,5 with
late adult onset being the least affected, and 2-
H1,2 with juvenile onset the most severely
affected. Three of four muscle samples
showed clear signs of chronic and acute dener-
vation, indicative of an ongoing process of
degeneration.

GENETIC ANALYSIS
After excluding the SCA1-5 loci for family 1,
a genome wide search was undertaken using

Table 3 Pairwise lod scores forADCA II and chromosome 3pl2-p21. 1 markers for
family 1

Recombination fractions

Marker 0 00 0 01 0 05 0 10 0-20

D3S1234 3-61 3-57 3 39 3-10 2-41
D3S1300 4-38 4 30 3 99 3 59 2-72
D3S1312 2-03 1-99 1-85 1-65 1-33
D3S1600 3-27 3-23 3-02 2-74 2-09
D3S1287 -x 1-15 1-64 1-67 1-37
D3S1233 1-13 1-10 1-01 0-88 0-60
D3S1285 4-42 4-35 4 04 3-64 2-78
D3S1217 2-56 2-52 2-36 2-13 1-60

microsatellite markers without detecting link-
age (data not shown). After reports of linkage
to chromosome 3p1 2-p2l. 18-10 we investigated
the markers shown in table 3. Significant two
point lod scores were obtained. With the cur-
rent set of markers the centromeric and telom-
eric boundaries could not be defined (see
below).

Discussion
In both pedigrees the mode of inheritance is
autosomal dominant. The clinical features
consist of cerebellar symptoms, loss of vision,
and both upper and lower motor neuron signs.
As commonly found in ADCA I and ADCA
II,2 15 anticipation is present. In the oldest gen-
eration the disease has a late onset (after 40
years). There is an intermediate age of onset
(between 20 and 40 years) and an early onset
(younger than 10 years). Young onset is corre-
lated with disease severity and progression.
The findings of neuropathological investiga-
tion confirm this relation; most extensive
changes and degeneration are encountered in
patients with juvenile onset. A detailed
description of the neuropathological features
will be part of a separate article. The families
contain too little information to draw firm
conclusions on the effect of parental sex on
anticipation. Previous findings suggest that
anticipation in ADCA II occurs nearly exclu-
sively in the offspring of affected fathers.2
However, in one case of early onset (2-III,2;
seven years of age) the transmitting parent was
the mother.
The pairwise lod scores obtained with chro-

mosome 3p1 2-p21 .1 markers in family 1
exceed 3 0, thus confirming SCA7 as the
genetic locus for ADCA II. Family 2, investi-
gated with the identical set of markers, con-
tained too limited information to disclose
genetic linkage (results not shown). However,
all genetic data are compatible with linkage to
SCA7. The two families do not share a com-
mon haplotype of these markers.
The three papers reporting linkage to SCA7
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each delineate the candidate region to a
30-33 cM interval. The telomeric and cen-
tromeric boundary defining recombinations
occur respectively with D3S 1300 and
D3S1276,9 D3S1289 and D3S1217,8 and
D3S 1547 and D3S 1274. "0 Combination of the
various maps yields a confined candidate
region between D3S1300 and D3S1217,
which amounts to 13-4 cM. For family 1, no
recombinations occur within this region. Both
the telomeric and centromeric boundaries of
family 1 are not properly defined with the cur-
rently investigated markers. A telomeric
recombination (D3S1234) was found just out-
side the candidate region in an apparently
unaffected member (1-III,16 aged 38 years).
At the opposite end of the candidate region,
inability to reconstruct the haplotype of the
members from the first generation for
D3S 1217 hinders confinement of the genetic
interval. Obligate recombinations with mark-
ers outside this interval will establish the true
borders for this kindred. However, as it will
not contribute to further confinement of the
candidate region of ADCA II, we refrained
from investigating such markers. The apparent
recombination with D3S 1287 in patient 1-II,3
must have either arisen from a double recom-
bination event or repeat instability. The first, a
recombination between D3S 1287 and the
informative markers on either side (3 cM and
8 cM away from D3S1287), has an a priori
change of 0-0024 if both recombinations are
taken to be independent events. Alternatively,
an allele of patient 1-II,3 at D3S1287 may
have been subject to microsatellite instability,
which has been reported to occur in 1 out of
1000 meioses.'6
The absence of genetic heterogeneity con-

trasts with the many loci identified for ADCA I
and suggests that a single gene is involved in
ADCA with the associated feature of pigmen-
tary retinal degeneration. The resemblance of
clinical characteristics and additional features
such as anticipation, especially in the offspring
of affected fathers, argue that the mutation of
ADCA II, as in ADCA I, consists of an
expanded CAG repeat. In this respect, the age
of onset related presentation in the families
currently studied is interesting, as a similar
phenomenon has been described in another
trinucleotide repeat expansion disorder,
Machado-Joseph disease. 17 18 The pathophysi-
ological mechanisms of CAG repeat expansion
have not yet been elucidated; current hypothe-
ses pivot on detrimental effects of poly-
glutamine stretches. 19 The characteristic

pigmentary macular degeneration ofADCA II
might be due to particular expression in the
retina. Identification of the ADCA II gene will
be facilitated if these considerations are taken
into account-for example, by screening P1 or
YAC contigs of the candidate region for retina
expressed sequences containing CAG repeats.

This study was supported in part by grants from the
Schuhmacher-Kramer Foundation and the Prinses Beatrix
Fonds. Gil and JWW have contributed equally to this study.
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