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Spinocerebellar ataxias (SCA) are a heterogeneous group of
autosomal dominant neurodegenerative disease characterized by
progressive cerebellar ataxia, but can be associated with various
combination of neurological symptoms. It is well known that
parkinsonism (PD) is occasionally associated with ataxia in
several types of SCA.1 Furthermore, mutations in SCA gene
have been reported in the patients of parkinsonism without
ataxia.2-13

Holmes and his colleagues first reported expansion of
unstable CAG repeat in the 5’ region of the PPP2R2B gene in a
single large pedigree of German descent as a SCA type 12.14

Subsequently, there have been several reports in large Indian
pedigrees.15,16 Reported SCA12 patients showed a similar
phenotype which begins with action tremor and is followed by
variable neurological signs and symptoms, including cerebellar
ataxia, hyperreflexia, dementia, and parkinsonism.17

We have shown previously that SCA2 is not rare in Korean
parkinsonian patients.13 This observation prompted us to
investigate SCA12 in our patients. As a part of screening of gene
mutation in Korean parkinsonian patients, CAG expansions in
the 5’ region of the PPP2R2B gene in 877 PD and 199 multiple
system atrophy (MSA) patients was performed.

PATIENTS AND METHODS
All of the patients were native Koreans. All patients were

personally observed and have been followed up regularly by the
senior neurologist at Seoul National University Hospital since
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1993. Blood samples were collected after obtaining written
informed consent from each participant. The genetic study was
approved by the IRB of Seoul National University Hospital.
Parkinson’s Disease was diagnosed using the United Kingdom
Parkinson’s Disease Society Brain Bank criteria, with the
exception of a positive family history.18 All MSA subjects were
diagnosed with probable MSA according to the Consensus
Criteria.19

The DNA from 100 healthy subjects was received from the
gene database at the Department of Laboratory Medicine, Seoul
National University Hospital. They were all healthy individuals
who visited our hospital for annual routine health check-ups.
The mean age of the patients was 49.3 ± 9.3, and the ratio of
males to females was 47:53.

A total of 1076 parkinsonian patients (PD=877, MSA=199)
were included in the study. In the PD patients, the mean age at
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onset was 55.7 ±11.2 (age range =12-81). The onset age was
under 50 years in 265 of the patients with PD. The PD patients
were 389 men (mean age at onset = 55.2±12.2) and 488 women
(mean age at onset = 56.0±10.4). In the MSA patients, the mean
age at onset was 60.6 ± 8.1 (age range = 36-83). Ninety-four of
the MSA patients were men (mean onset age= 62.1±8.0) and 105
were women (mean age at onset= 59.4±8.0). Twenty-seven of the
877 PD and one of the 199 MSA patients had at least one first-
degree relative (parent or sibling) with parkinsonism. The MSA
patient with a positive family history came in at age 59 with
progressive gait disturbance and urinary urgency and
incontinence, which had begun ten months prior. On
examination, he had a slightly masked face, mild dysarthria, mild
impairment of limb dexterity and rigidity, which was worse on
the left side, and an unsteady but narrow-based gait. He was
given Sinemet® 250/25 1.5 tablets tid but his condition did not
improve. He continued to deteriorate, mostly in gait and balance,
and died at age 63. Of his five siblings, his eldest brother, who is
currently 70 years old, has had L-dopa responsive-parkinsonism
since age 54. He is on Madopar® 200/50 1.5 tablet qid, selegiline
5 mg bid, amitriptyline 10 mg qd with motor fluctuation and
dyskinesia.

Total DNA was extracted from white blood cells using a DNA
isolation kit (Gentra PureGene, Gentra System, Inc.,
Minneapolis, MN) according to the manufacturer’s protocol.
Polymerase chain reaction (PCR) amplifications of the
trinucleotide repeats in the PPP2R2B gene were performed with
the forward primer 5'-Hex- ACTGCTGCTGGGAAAGAGTC-
3', and reverse primer 5'- ACTCACCCTCACACCCACAC-3'
designed by Primer3 (http://frodo.wi.mit.edu/cgi-bin/primer3/
primer3_www.cgi). All PCR procedures were performed in a 10
uL total reaction volume using TaKaRa LA Taq™ with a GC
Buffer system (Takara Bio Inc., Japan), containing 1X GC
buffer, 0.4 mM dNTPs, 2 pmoles of each primer, 50 ng of DNA,
and 0.5 U of LA Taq polymerase. All cycling profiles
incorporated an initial denaturation step at 94℃ for 5 minutes,
35 amplification cycles (30 seconds at 94℃, 1 minute at 58℃
and 1.5 minutes at 72℃), and a final cycle of 5 minutes at 72℃
and 45 minutes at 60℃. The fluorescent PCR products were run
on an ABI3100 Genetic Analyzer (Applied Biosystems, Foster
City, CA) and the data were analyzed using the GeneMapper
version 3.7 software. Each repeat number was confirmed by
sequencing in several samples.

RESULTS
The range of CAG repeat size of SCA12 alleles was 4 to 19

in normal controls. The most frequent allele size was 10 repeat.
There was no difference in allelic distribution between patients
and control group. The range of CAG expansion was 4 to 26 and
4 to 21 in PD and MSA patients, respectively. Distribution of
SCA12 alleles is shown in the Figure.

DISCUSSION
Even though cerebellar ataxia is the hallmark in SCAs,

parkinsonism has been occasionally seen. There are several
reports of a mutation in various SCA genes as a cause of typical
PD phenotype with good response to L-dopa.2-13 The incidence
of SCA mutation was more frequent in familial PD than sporadic
PD,5-7 but there are several reports of sporadic PD with SCA
mutations.9,11,13

Most previous studies of SCA mutation in PD were
performed in SCA type 2,3,8 and 17.2-13,20 It appeared reasonable
to see the SCA12 mutation in PD because SCA12 has been
described to have parkinsonism in the disease course.17 As far as
we know, this is the first large cohort of PD and MSA for
mutations in SCA12. In our results, a few patients showed larger
CAG triplets (20 to 26 repeats) than those of our normal control
(4 to 19 repeats). However, 28 triplets was accepted to be normal
in other studies.17 Therefore, no patients with PD and MSA in
our population showed abnormally extended CAG repeat.

It suggests that testing for SCA12 mutation may not be
necessary in the patients with parkinsonism.
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