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Comparison of Neuropathological Characteristics between Multiple
System Atrophy Cerebellar Type and Parkinsonian Type
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Background: Multiple system atrophy (MSA) is a sporadic neurodegenerative disease characterized by various combinations
of parkinsonism, cerebellar ataxia, autonomic dysfunction and pyramidal signs. Two clinical subtypes are recognized: MSA
with predominant cerebellar ataxia (MSA-C) and MSA with predominant parkinsonism (MSA-P). The aim of this study was
to compare pathological features between MSA-C and MSA-P.

Methods: Two autopsy confirmed cases with MSA were included from the Pusan National University Hospital Brain Bank.
Case 1 had been clinically diagnosed as MSA-C and case 2 as MSA-P. The severity of neuronal loss and gliosis as well as the
glial and neuronal cytoplasmic inclusions were semiquantitatively assessed in both striatonigral and olivopontocerebellar
regions. Based on the grading system, pathological phenotypes of MSA were classified as striatonigral degeneration (SND)
predominant (SND type), olivopontocerebellar degeneration (OPC) predominant (OPC type), or equivalent SND and OPC
pathology (SND=OPC type).

Results: Both cases showed widespread and abundant a-synuclein positive glial cytoplasmic inclusions in association with
neurodegenerative changes in striatonigral or olivopontocerebellar structures, leading to the primary pathological diagnosis
of MSA. Primary age-related tauopathy was incidentally found but Lewy bodies were not in both cases. The pathological
phenotypes of MSA were MSA-OPC type in case 1 and MSA-SND=OPC type in case 2.
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Conclusions: Our data suggest that clinical phenotypes of MSA reflect the pathological characteristics.
] Korean Neurol Assoc 38(3):194-203, 2020
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Figure 1. (A) Serial brain MRIs of case 1 (MSA-C) showed progressive cerebellar and brainstem atrophy with bilateral dorsolateral putaminal
hypointensities on SWIs (arrows in the fourth column). MRI sequences were as follows; T2 weighted sagittal and axial, and gradient echo axial
images in the first row and T1 weighted sagittal, T2 weighted axial and SWIs in the second row. (B) Serial brain MRIs of case 2 (MSA-P) showed
progressive cerebellar and brainstem atrophy with bilateral dorsolateral putaminal hypointensities on SWIs (arrows in the fourth column). MRI
sequences were as follows; T1 weighted sagittal, and axial FLAIR and SWIs in the first row and T1 weighted sagittal and axial FLAIR images in
the second row. 18F-N-(3-[18F] fluoropropyl)-2p-carbomethoxy-3p-(4-iodophenyl) nortropane ([ 18F] FP-CIT) revealed no dopamine transporter
uptake in bilateral basal ganglia (the last one on the second row). MRI; magnetic resonance imaging, MSA-C; multiple system atrophy-cerebellar
type, SWI; susceptibility-weighted image, MSA-P; multiple system atrophy-parkinsonian type, FLAIR; fluid-attenuated inversion recovery.
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Table 1. Neuropathological grading of case 1 (MSA-C) and case 2 (MSA-P)

Neuronal loss Gliosis GClIs NClIs
Case 1 Case 2 Case 1 Case 2 Case 1 Case 2 Case 1 Case 2

Striatonigral regions

Putamen 3 3 3 3 3 3 3 3

Globus pallidus 0 2 1 2 3 3 3 3

Caudate 0 0 1 1 2 2 2 2

Substantia nigra 2 3 3 3 3 3 3 2
Olivopontocerebellar regions

Inferior olivary nucleus 3 3 3 3 2 2

Basis pontis 3 3 3 3 3 3 2 3

Cerebellum 3 3 3 3 3 3 1 1

Neurodegeneration (neuronal loss and gliosis) were scored in each section stained with hematoxylin-eosin using a four-point grading: none, 0; mild, 1;
moderate, 2; and severe, 3. GCIs and NCIs were counted in the x20 microscopic field using the following grading: none, 0; 1-5 inclusions per section,

1; 6-19 inclusions per section, 2; and >20 inclusions per section, 3.

MSA-C; multiple system atrophy, cerebellar type, MSA-P; multiple cerebellar atrophy, parkinsonian type, GCIs; glial cytoplasmic inclusions, NCIs;

neuronal cytoplasmic inclusions.
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Table 2. Pathological grading scales and phenotypes of MSA

Grade SND OPC Phenotypes

1 1 or 2 neuronal loss in substantia 0 or 1 neuronal loss in inferior olivary nucleus, pontine MSA-SND type SND2-OPCl,
nigra, and O or 1 neuronal loss  nucleus, or cerebellum, or 2 neuronal loss in one SND3-OPCl1,
in globus pallidus, caudate, or  structure/less than 1 neuronal loss in others. Torpedoes or SND3-OPC2
putamen empty baskets in Purkinje or granular cell layer

2 2 or 3 neuronal loss in substantia 2 neuronal loss in inferior olivary nucleus, pontine nucleus, MSA-OPC type SND1-OPC2,
nigra and putamen, and 1 or 2 or cerebellum, or 3 neuronal loss in one structure/less than SND1-OPC3,
neuronal loss in globus pallidus 2 neuronal loss in others. Many torpedoes or empty SND2-OPC3
and caudate baskets in Purkinje or granular cell layer

3 3 neuronal loss in substantia 3 neuronal loss in more than two structures among inferior MSA-SND=OPC type SND2-OPC2,
nigra and putamen olivary nucleus, pontine nucleus, or cerebellum. Very few SND3-OPC3

surviving Purkinje cells in cerebellum

MSA; multiple system atrophy, SND; striatonigral degeneration, OPC; olivopontocerebellar degeneration.
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Figure 2. (A-E) Case 1 (MSA-C) showed relatively preserved cerebral cortex (A, B), significant atrophy of cerebellum (C), depigmentation of

substantia nigra of midbrain (D), and locus coeruleus of pons (E). (F-J) Case 2 (MSA-P), by contrast, demonstrated slight atrophy of the frontal lobe

(F) and dorsolateral putamen (G, arrows). Severe atrophy of cerebellum (H), and significant pigment loss in the substantia nigra (I) and locus

coeruleus (J) were also detected. MSA-C; multiple system atrophy-cerebellar type, MSA-P; multiple system atrophy-parkinsonian type.
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Figure 3. (A, B) Microscopic changes of case 1 (MSA-C). The a-synuclein immunoreactive glial cytoplasmic inclusions were mainly seen in the

white matter (A: middle frontal gyrus, scale bar=250 pm; B: precentral gyrus, scale bar=25 pum). (C, D) Microscopic changes of case 2 (MSA-P).

The o~synuclein immunoreactive glial cytoplasmic inclusions were mainly seen in the white matter (C: middle frontal gyrus, scale bar=250 um; D:

precentral gyrus, scale bar=25 pum). WM; white matter, GM; gray matter, MSA-C; multiple system atrophy-cerebellar type, MSA-P; multiple

system atrophy-parkinsonian type.
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Figure 4. (A-E) Striatonigral and oligopontocerebellar degenerations of case 1 were shown in H&E stain. (F-J) Numerous a-synuclein
immunoreactive glial cytoplasmic inclusions of case 1 were also seen in the same areas degenerated in H&E stain. (K-O) Striatonigral and
oligopontocerebellar degenerations of case 2 were shown in H&E stain. (P-T) Numerous a-synuclein immunoreactive glial cytoplasmic inclusions
of case 2 were also seen in the same areas degenerated in H&E stain (scale bar=250 pm). A, F, K, P: putamen and globus pallidus; B, G, L, Q:
substantia nigra; C, H, M, R: cerebellum; D, I, N, S: basis pontis; E, J, O, T: olivary nucleus. GPe; globus pallidus externa, GPi; globus pallidus
interna, RN; red nucleus, SN; substantia nigra, CP; cerebral peduncle, ON; inferior olivary nucleus, H&E; hematoxylin-eosin.
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