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Findings that shed new light on the possible pathogenesis of a disease or

an adverse effect

Spinocerebellar ataxia type 2 is associated with Parkinsonism
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Summary

Clinical phenotype of individuals with spinocerebellar ataxia 2 (SCA2) is characterised by cerebellar ataxia and cognitive impairment.
Although L-dopa-responsive Parkinsonism is considered as a rare clinical presentation in SCA2, it has been brought to the attention of
many neurologists in several studies. The authors report an autopsy case of SCA2 with Parkinsonism from a Japanese family using archival
materials of our Brain Bank to describe unique neuropathologic findings. The individual clinically showed Parkinsonism as a predominant
phenotype instead of cerebellar ataxia. Besides the classic SCA2 neuropathologic alterations, Lewy bodies and Lewy neurites were present
in the brainstem nuclei. Genetic analysis revealed shorter abnormal expansion of CAG repeats (less than 39). In contrast, the authors
could not find a-synuclein pathology in two SCAZ2 cases without Parkinsonism. The present case will provide a neuropathologic evidence
of correlation between a-synucleinopathy and Parkinsonism of SCA2 as well as shed light on understanding the pathomechanism of

Parkinsonism in SCA2.

BACKGROUND

Spinocerebellar ataxia 2 (SCA2) (OMIM #183090) is an
autosomal dominant cerebellar degeneration associated
with expanded CAG trinucleotide repeat in ATXN2 gene
(MIM ID *601517).! Neuropathologic phenotype of SCA2
is characterised by degeneration of the olivopontocerebel-
lar system as well as substantia nigra (SN), striatum and
globus pallidus.? In addition, an abnormal aggregation of
poly-glutamine is observed as 1C2 (antibody specific for
poly-glutamine) immunoreactive intranuclear inclusions.
Although common clinical presentations of SCA2 are cer-
ebellar ataxia, nystagmus, slow eye movement, hypore-
flexia and cognitive dysfunction,® recent studies have
pointed out that L-dopa-responsive Parkinsonism is core
clinical symptom in a subset of individuals with SCA2.#8
According to epidemiological and genetic studies of patients
with autosomal dominant parkinsonism, an up to 10% of
them showed abnormal CAG expansion of ATXN2 gene.’
79 However, the neuropathologic substrate of SCA2 with
parkinsonism remains unresolved. Because the neuronal
loss of the SN is commonly observed in SCAZ2, this kind of
classic pathologic change does not sufficiently explain the
cause of L-dopa responsive parkinsonism of SCA2. In this
paper, we provide new insight and evidence of pathologic
basis of L-dopa responsive parkinsonism of SCA2.
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CASE PRESENTATION

The individual, that of a 40-year-old man, developed unsta-
ble gait and difficulty on driving a car at age 40. However,
he was not seen by neurologist for approximately 20 years.
Neurological examination at age 63 showed dysarthria,
dysphasia, directional nystagmus as well as dysdiadocho-
kinesis, dysmetria and truncal ataxia. Tendon reflexes were
brisk in the all extremities with Babinski signs. As the most
remarkable symptoms, he had severe rigidity and bradyki-
nesia as well as stooped posture and freezing on gait. No
tremor, either resting or postural, was observed. At age 66,
there was severe rigidity in the neck as well as upper and
lower extremities. He was able to stand and walk with full
assistance. However, his gait was affected by severe brady-
kinesia and frozen gait. No involuntary movement was
observed during his clinical course. He died of aspiration
pneumonia at age 67. Anti-Parkinsonian medication was
not prescribed. Because there were no neuroimages of the
patient, brain MRI (figure 1) was carried out immediately
after the patient’s death. It showed atrophy of the cerebel-
lum and pons with hot-cross bun sign.!” The genetic study
was permitted by the family only for the genes associated
with SCA genes. Using frozen brain tissue, genetic analy-
sis showed that he had an expanded allele with 22/37 in
ATXN?2 gene.
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Figure 1 Brain MRI (T2 weighted image) shows severe atrophy of the cerebellum and pons with hot-cross bun sign.

His mother, brother and cousin had similar clinical pres-
entation. His second daughter developed gait disturbance
at age 18, followed by cognitive impairment, ataxia and
choreic movement.

Neuropathology

Gross pathology

The weight of the fresh brain was 1220 g. The atrophy was
severe in the basis pontis and middle cerebellar peduncle
as well as moderate in the cerebellum. The SN and locus
coeruleus appeared to have lost its pigment (figure 2A).

Lewy body pathology

On microscopic examination, the SN and locus coeru-
leus showed severe loss of pigment and neuronal loss
(figure 2A). The most striking pathologic finding was pres-
ence of a-synuclein immunoreactive Lewy bodies and
neuritis in the several anatomical regions (figure 2C-E).
Lewy bodies and neuritis were present in the basal nucleus
of Meynert, hypothalamus, amygdala, SN, locus coeruleus
and dorsal nucleus of vagus. However, neither Lewy bod-
ies nor Lewy neurites were observed in the transentorhi-
nal, cingulate, frontal, temporal and parietal cortex. The
distribution of a-synuclein immunoreactive Lewy body
pathology was consistent with stage 3 (case 2) according
to Braak’s staging methodology.!!

SCA2 pathology
In the cerebellum, there was moderate neuronal loss of
the Purkinje cells. Mild neuronal loss and gliosis were
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present in the molecular and granular cell layers. Dentate
nucleus was relatively well preserved. The interlobular
white matter showed severe loss of myelinated fibres. In
the brainstem, there was moderate to severe neuronal loss
in the basis pontis (figure 2B) and inferior olivary nucleus.
The 1C2 antibody depicted intranuclear immunopositive
deposits in the pontine nucleus.

In order to confirm our results, we analysed two geneti-
cally confirmed SCA2 cases without Parkinsonism using
o-synuclein immunohistochemistry. Both cases showed
age at onset 20 and 29 years old and died at age 50 and 59,
respectively. The former had an expanded allele with 22/43
and the latter had 22/42 in ATXN2 gene. Although there
is neuronal loss in the SN in both cases, no a-synuclein
immunopositive deposits were observed.

DISCUSSION
Our results give a new perspective on pathogenesis of
SCA2 with Parkinsonism. Clinical phenotype of individu-
als with SCA2 is usually cerebellar ataxia, dysarthria, slow
saccadic eye movement, hyporeflexia and cognitive impair-
ment.!? 13 Although parkinsonism is considered as a vari-
ant clinical presentation in SCA2,'# 1% it has been brought
to the attention of neurologist in several studies. In addi-
tion, L-dopa may be effective medication to improve their
Parkinsonism.* 16 7

Because neuropathologic studies always show severe
neuronal loss of the SN regardless of symptoms? 13
the degeneration of SN might not be a simple cause
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Figure 2 Neuropathologic results. Sections of the substantia nigra (A, C, D), basis pontis (B) and locus coeruleus (E). (A) Severe

neuronal loss is evident in the substantia nigra. Note: The inset shows severe depigmentation at the level of the substantia nigra. (B) A
photomicrograph shows severe loss of neurons and transverse fibres at the level of basis pontis. (C, D) Lewy bodies are seen in a remaining
neuron. Lewy body is immunopositive using antibody raised against a-synuclein. (E) A-synuclein immunopositive Lewy neurites are seen.
H&E stain (A, C), Kliiver-Barrera stain (B), immunohistochemistry using monoclonal antibody specific for a-synuclein phosphorylated at

Ser129 (D, E). Scale bars: A=200 um, B=500 um, C, D, E=25 um.

of Parkinsonism in SCAZ2. In the present case, it is still
problematic whether or not the distribution of LBs/LNs
is enough to cause Parkinsonism. In addition, we have
to leave open the possibility that the a-synucleinopathy
(Lewy body pathology) of the present cases is associated
with ageing instead of SCA2.1® However, we reported
another case with SCA2 in association with Parkinsonism
and Lewy pathology from an unrelated family in Japanese
neurology journal.!? Briefly, the individual was diagnosed
as having Parkinson’s disease in the sixth decade of life. He
was started on L-dopa therapy and showed mild improve-
ment of his neurological conditions. Thereafter, genetic
analysis revealed that he had an expanded allele with 22/38
in ATXN2 gene. Neuropathologic examination showed the
presence of LBs/LNs in the brainstem nuclei as well as the
olivopontocerebellar degeneration.

From the genetic study point of view, the frequency
of CAG expansion of ATXN2 ranges from 0% to 10% in
families of autosomal dominant Parkinsonism.® 7 ? In par-
ticular, Parkinsonism of SCA2 is strongly associated with
a shorter abnormal expansion of CAG repeats (less than
39)°. At present, a direct interaction between a-synuclein
accumulation and a shorter expansion of CAG repeats on
ATXN2 is undetermined. It might be interesting that both
the present case and reported one had shorter CAG repeats
expansion. In addition, we could not find LBs/LNs in genet-
ically confirmed two SCA2 cases without Parkinsonism
(longer expanded allele with 22/42 and 22/43 in ATXN2).

Based on our results, we suggest that the neuropatho-
logic substrate of SCA2 with Parkinsonism is associated
with Lewy related a-synuclein pathology in the brainstem.
Further analysis may warrant genetic and pathologic cor-
relation of SCA2 with Parkinsonism.
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Learning points

v

L-dopa-responsive Parkinsonism is considered as a

rare but important clinical presentation in SCA2.

» We presented an individual of SCA2 with clinically
prominent Parkinsonism instead of cerebellar ataxia.

» Neuropathologic findings revealed the presence of
Lewy bodies and neurites in the various anatomical
regions.

» The present case provides a neuropathologic evidence

of correlation between -synucleinopathy (Lewy body

pathology) and Parkinsonism of SCA2 as well as

shed light on understanding the pathomechanism of

Parkinsonism in SCA2.
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