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  BACKGROUND 
 Abnormal CAG trinucleotide repeat expansion within the 
spinocerebellar ataxia type 2 (SCA2) gene was recognised 
as a cause of parkinsonism in some families, especially 
those of Chinese origin. 1  –  3  The SCA2 related parkinson-
ism phenotypes include levodopa-responsive Parkinson’s 
disease (PD) without obvious cerebellar signs, although 
mild ataxic features or slow eye movements could become 
manifest in the later stage. 1   3  As compared with the cer-
ebellar phenotype predominant SCA2 patients, patients 
with parkinsonism variant often have a shorter CAG 
repeat number and have CAA triplet interruptions within 
an expanded CAG repeat, suggesting this mixed CAG/
CAA repeat may stabilise the mutant ataxin-2 protein 
in the neurons. 3  The mechanism why CAG/CAA repeat 
related ataxin-2 protein resulting in less neuronal death 
remains unclear. 

 In addition to motor impairments, patients with SCA 
and extracerebellar pathology were sometime character-
ised by poor frontal executive function, especially SCA 
1, 2, 3, 6 and 17. 4  Burk  et al  documented dementia in up 
to 25% in patients with SCA2 and impairments in verbal 
memory and phonemic word fl uency in a non-demented 
SCA2 series. 5  Affective symptoms, especially depression, 
were also frequently associated with this devastating dis-
ease process. One recent study demonstrated up to 7.6% of 
patients with SCA2 fi tted the criteria of major depression, 
which ataxia severity and female sex independently pre-
dicted depressive status in patients with SCA. 6  Although 
cognitive dysfunction and affective symptoms have been 
frequently described in patients with SCA2, psychosis fea-
ture was rarely reported. 

 We herein report a Taiwanese SCA2 family whose 
family members presented with multiple system atro-
phy (MSA), cognitive impairment, major depression and 
severe psychosis features. We also reviewed previous lit-
erature reporting patients with SCA2 and parkinsonism-
predominant phenotypes and compared with our reported 
patients.  

  CASE PRESENTATION 
 The index patient, case II:2 ( fi gure 1 ), is a 70-year-old 
female who was well before, except idiopathic bilateral 
vocal cord palsy found accidentally at the age of 65. She 
had progressive slow movement and several episodes of 
falling down since age 63 years. Parkinsonism was diag-
nosed and she received low dose of levodopa (150 mg per 
day) without amantadine or anticholinergics. Depression 
and anxiety were also diagnosed at the same time by a 
psychiatrist. She was diagnosed as major depression 
according to DSM-IV criteria and the geriatric depression 
scale was 12, indicating severe depression. She received 
sertraline (50 mg per day) for her depressive symptoms. 
Two years later, she developed visual and auditory hallu-
cinations that she saw persons not existed beside her and 
heard voices outside the head told her to attack her chil-
dren. She also had persecutory delusion that she believed 
that her son would harm and sexually harassed her. She 
was then admitted to neurology ward. On mental status 
examination, she had a depressed affect with ideas of 
worthlessness, referential and persecutory delusions and 
second-person auditory hallucinations of derogatory con-
tent. No evidence of dementia on minimal mental status 
examination. Neurological examination revealed appar-
ently normal fi ndings in cranial nerves except marked mask 
face and slow saccadic eye pursuit. Her muscle power was 
full and symmetric. Deep tendon refl ex and sensory sys-
tems were normal. Symmetric rigidity and bradykinesia 
were noted over bilateral limbs. Her righting refl ex was 
poor. The patient also presented bilateral dysmetria in 
fi nger-nose-fi nger test and poor tandem gait performance. 
In addition, orthostatic hypotension was also noted dur-
ing hospitalisation. Her diastolic blood pressure dropped 
more than 15 mm Hg and systolic blood pressure dropped 
more than 10 mm Hg while changing position from lying 
to sitting but she did not feel dizziness or any subjective 
discomfort. In the lab fi ndings, brain MRI showed marked 
atrophy in bilateral cerebellum and brainstem without ‘hot 
cross bun’ sign. Brain perfusion single-photon emission 
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CT (SPECT) showed decreased tracer perfusion in bilateral 
frontal and parietal regions, suggesting frontal-parietal cor-
tex degeneration. Electrophysiological study showed no 
evidence of polyneuropathy. In the autonomic functional 
assay, the sympathetic skin response was present in palms 
and soles, but the RR interval variability was below normal 
limits both at rest and during deep breathing, indicating 
mild autonomic dysfunction. She was therefore clinically 
diagnosed as possible cerebellar type of MSA-C according 
to the consensus diagnostic criteria of MSA, 7  which ful-
fi lling the criteria of prominent cerebellar dysfunction plus 
parkinsonism feature and autonomic dysfunction.  

 Review her family history, father of thse proband, Case 
I:1 ( fi gure 1 ) had gait disturbance and dementia since 60 
years old and passed away due to respiratory distress at 
age 75 years. No any psychotic or parkinsonsim features 
were noted by the family. Case II:3, the younger brother 
of the proband ( fi gure 1 ), is a patient of relatively young-
onset PD with initial presentation of akinetic rigidity at 
age 50 years. His eye movements showed slow saccade 
and persuit. His gait was shuffl ing with mild ataxic fea-
ture. His akinetic rigidity had good response to levodopa 
treatment under the dose of 600 mg per day. The Unifi ed 
Parkinson’s Disease Rating Scale motor score improved 
from 23 to 5 after levodopa treatment. Meanwhile, he also 
had major depression according to the DSM-IV criteria at 
the age of PD diagnosed. He was seriously depressed even 
under antidepressant treatment and committed suicide 
at age 68 years. Another sibling of the proband, case II:1, 
was a 73-year-old lady. She had prominent psychosis with 
vivid auditory, visual hallucinations and persecutory delu-
sion since early twenties and was clinically diagnosed as 
schizophrenia. Dementia developed at age 50 years and 
there were no obvious parkinsonism symptoms. She is 
now dependent in her daily activities and is a resident in a 
home for people with mental health problems.  

  INVESTIGATIONS 
 Given that the autosomal dominant trait of hereditary 
ataxia with parkinsonism symptoms, the proband received 
genetic testing for SCA 1, 2, 3 and 17 and the results showed 
expanded CAG repeats in the ATXN2 gene. The CAG 
repeats in the ATXN2 locus of our index patient revealed an 
intermediate expanded allele with 32 repeats and a normal 
allele with 19 repeats (range in normal population, 15-26). 8  
The size of repeats was lower than the CAG repeats in the 
cerebellum ataxic variant SCA2 patients (range 38–51) in 
our population. DNA analyses also demonstrated abnor-
mal CAG repeats of ATXN2 gene in the other family mem-
bers ( fi gure 1 , CAG repeats 32/20 for case I:1, 35/21 for II:1 
and 34/20 for II:3) but normal in the asymptomatic sibling 
and offspring (case II:5 and III:4).  

  DIFFERENTIAL DIAGNOSIS 
 A SCA2 family clinically presented with MSA and promi-
nent psychotic features confi rmed by genetic analysis.  

  OUTCOME AND FOLLOW-UP 
 The index patient (case II:2) received low dose of risperi-
done (1 mg per day) and the psychotic features resolved 
gradually. The patient was now treated with 450 mg/day 
of levodopa with partially resolution of both rigidity and 
bradykinesia 2 years after MSA was diagnosed. The cur-
rent Hoehn–Yahr stage of parkinsonism was stage III.  

  DISCUSSION 
 Our study highlights the intrafamily phenotypic variability 
in a genetic confi rmed SCA2 family, including MSA with 
autonomic dysfunction, cognitive impairment and promi-
nent psycho-affective symptoms. SCA2 is a cerebellar 
degeneration disease with abnormal CAG repeats expan-
sion within ATXN2 gene. CAG repeats which expanded 

 Figure 1    Pedigree of index family with ATXN2 mutation. Black symbols denote family members affected with parkinsonism, unsteady 
gait, major depression and psychosis. Patients studied are numbered and the proband was marked with an arrow head. ‘m’ denoted as 
subjects with ATXN2 mutations and ‘wt’ denoted as normal CAG repeat number within ATXN2 gene.    
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to more than 37 repeats phenotypically presented with 
progressive cerebellar ataxia, slow saccadic eye move-
ment and generalised hyporefl exia in the fourth decade. 
However, alleles with intermediate repeats to 32 and 33 
CAG copies are often associated with parkinsonism pres-
entation with onset age in the fi fth decade (see literature 
review in  table 1 ). 9  As summarised in the  table 1 , most of 
the reported SCA2 related parkinsonism patients have an 
intermediate to low repeat CAG number which is mostly 
below 40 repeats. Clinically, most of the SCA2 related par-
kinsonism patients have an onset age less than 60 years 
and some may also have cognitive impairment. In accord-
ance with previous reports, the CAG repeat number in 
our index patient with parkinsonism-predominant phe-
notype was 32, which is an intermediate repeat number. 
Additionally, the combined presence of parkinsonism 
and cerebellar ataxia can clinically be mistaken for MSA, 
particularly when autonomic dysfunction and vocal cord 
palsy were also present at the same time. Similar condi-
tions have been reported in SCA3, 8 and 17. 10  –  12  Recent 
reports have shown that the parkinsonism features in 
SCA2 are related to degeneration outside the cerebellum, 
including substantia nigra and striatum. 13   14  These pathol-
ogy and neuroimaging evidence of degeneration of either 
presynpatic or postsynaptic dopaminergic system provide 
bedrocks to explain benefi cial treatment effects of levo-
dopa in SCA2 parkinsonism. In addition, since the SCA2 
related parkinsonism features were initially reported in 
Chinese patients, it seemed that patients of Asian origin, 
especially Chinese, were more vulnerable to parkinson-
ism phenotypes than Caucasians. However, many cases of 
Caucasian origin were reported in recent years, that 7 out 
of 17 related studies are from western countries ( table 1 ). 
Further large-scale studies are warranted to clarify the eth-
nic difference in the parkinsonism or parkinsonism-plus 
syndrome phenotypes of SCA2.  

 In our reported family, the CAG repeat number of 
the index patient (patient II:2) is 32/19. The CAG repeat 
number of other family members are 32/20 for case I:1 
(father of the index patient), 35/21 for case II:1 (elder sister 
of the index patient) and 34/20 for II:3 (younger brother of 
the index patient). The normal allele with 20 CAG repeats 
of case II:3 is apparently inherited from the normal allele 
of the affected father and the normal alleles with 19 and 21 
CAG repeats of other family members are obviously from 
the unaffected mother, who did not receive the genetic 
examination. Notably, we found the pathogenic CAG 
repeat number of case I:1 and the index patient (case II:2) 
was the same (32 repeats) but the onset age was 12 years 
earlier in the index patient. This observation seems not fi t 
the inverse correlation between the size of the CAG repeat 
and the age at disease onset in CAG repeat disease, such 
as SCA2. Compatible with our reported family, recent 
studies have observed a wide range of age at disease onset 
under similar CAG repeat number, suggesting CAG repeat 
number alone cannot fully explain this clinical variability. 
A recently identifi ed novel epigenetic regulatory mecha-
nism controlled by DNA methylation level of ataxin2 gene 
could infl uence the ATXN2 protein expression level in the 
cells that may aggravate disease severity and infl uencing 
the onset age even under the same CAG repeat number. 15  

 Psychiatric presentation, especially positive symptoms 
of psychosis, which has traditionally been associated  Ta
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with dementia or late stage of parkinsonsim was rarely 
reported in patients with cerebellar disease, especially in 
patients with SCA2. 14  Similar to our reported case ( fi gure 
1  case II:1), Rottnek  et al  had presented a case of 22-year-
old man who had been diagnosed as having schizophrenia 
and became cerebellar ataxia when he was 32 years old 
( table 1 ). 16  The reported patient had prominent somatic 
and paranoid delusions, auditory hallucination and idea 
of reference, which were only partially responsive to 
antipsyhotic treatments. These psychotic symptoms, 
especially auditory hallucination and somatic delusion, 
were rarely reported in typical PD or MSA. In addition to 
case II:1, our index patient also had prominent psychotic 
features 2 years after parkinsonism was diagnosed under 
low dose of levodopa (150mg per day). In contrast to the 
reported case by Rottnek  et al  and case II:1 in our fam-
ily, the psychotic symptoms of our proband were easily 
controlled by low dose of risperidone. These observa-
tions confi rmed the clinical heterogenisity in the SCA2 
related phenotypes. Although visual hallucinations and 
jealous delusions are a common feature of Lewy body 
parkinsonism, occurring in up to 40% of patients with 
PD, it is rare to observe auditory hallucinations and per-
secutory delusions with complex content in patients with 
parkinsonism. Given that there was no high dose of levo-
dopa or other possible trigger medication for psychosis, 
we believe the psychotic features reported in our index 
patient are part of her clinical phenotypes of ATXN2 
mutation. The previously reported psychosis features in 
cerebellar diseases are mainly paranoid and visual hallu-
cinatory symptoms. 17  This concept is supported by the 
increasingly recognised role of cerebellum in the patho-
physiology of schizophrenia, suggesting ‘cognitive dys-
metria’ with a general dyscoordination of sensorimotor 
and mental processes. 17  These observations reinforced 
the role of extracerebellar structures in the clinical pres-
entations of SCA2. There are growing evidence showed 
that degeneration of extracerebellar structures play a role 
in the pathogenesis of SCA2. A TRODAT-1 SPECT image 
study showed decreased dopamine transporter uptake in 
parkinsonism variant SCA2 patients and brain MRI also 
revealed generalised cortex atrophy except infratentorial 
structures. Besides, brain perfusion SPECT also showed 
decreased tracer signals in bilateral fronto-parietal 
regions, as demonstrated in our index patient, reinforc-
ing the degeneration of supratentorial structures in SCA2. 
We hypothesised that the hypofunciton of dopaminergic 
system and decreased striatum γ-aminobutyric acid inner-
vation from the cerebellar Purkinje fi bres would dysregu-
late the functional circuits of basal ganglia, implicating its 
role in motor control as well the executive function. In 
addition, the atrophy of midbrain, which involves central 
cholinergic pathway, such as pedunculopontine nucleus, 
is another possible mechanism to support the visual hal-
lucination in patients with spinocerebellar atrophy. These 
studies provided the evidence of cerebellum and brain-
stem in the development of psychosis. Further studies 
are warranted to clarify the pathogenetic mechanism. 
However, the possibility of co-morbid schizophrenia in 
our SCA2 family should also be considered. Given that 
the obvious family history of ataxic gait in our index fam-
ily and presence of psychotic-affective symptoms in fam-
ily members in the fi fth decade (case II:2 and II:3), which 

onset age is uncommon for schizophrenia, we considered 
the psycho-affective symptoms are the uncommon clini-
cal phenotypes of our SCA2 family. 

 The fi nding of our SCA2 pedigree showing parkinson-
ism, affective and psychotic features highlight the cer-
ebellar-affective-psychotic syndrome of SCA2. Further 
functional study and more clinical information are needed 
to clarify the role of cerebellum in the pathogenesis of 
these psychotic symptoms in SCA2 patients. SCA2 should 
be considered in the differential diagnosis of cases resem-
bling MSA, especially those with atypical features and 
positive family history. 

  Learning points 

 ▶    SCA2 may present symptomatically as prominent 
psychosis features and can clinically be misdiagnosed 
as MSA and schizophrenia.  
  SCA2 should be considered in the differential diagnosis  ▶

of cases resembling parkinsonism, especially those 
with atypical features and positive family history.  
  Patient with familial MSA or atypical parkinsonism  ▶

feature should receive genetic analysis of ATAX2 gene 
mutations.      
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