RESEARCH ARTICLE

Brain Pathology ISSN 1015-6305

Clinicopathologic and genetic features of multiple system
atrophy with Lewy body disease

Shunsuke Koga'

; Fuyao Li'; Na Zhao'; Shanu FE Roemer’; Tanis J. Ferman?; Anna |. Wernick'3;

Ronald L. Walton'; Ayman H. Faroqi'#; Neill R. Graff-Radford®; William P. Cheshire®, Owen A. Ross’;

Dennis W. Dickson'”

T Department of Neuroscience, Mayo Clinic, Jacksonville, FL.

2 Department of Psychiatry and Psychology, Mayo Clinic, Jacksonville, FL.

8 Faculty of Biology, Medicine and Health, University of Manchester, Manchester, UK.
4 Mayo Graduate School of Biomedical Sciences, Mayo Clinic, Jacksonville, FL.

5 Department of Neurology, Mayo Clinic, Jacksonville, FL.

Keywords

APOE, dementia with Lewy bodies, GBA,
minimal change MSA, multiple system
atrophy.

Corresponding author

Dennis W. Dickson, MD, Department of
Neuroscience, Mayo Clinic, 4500 San Pablo
Road, Jacksonville, FL 32224 (E-mail:
dickson.dennis@mayo.edu)

Received 23 January 2020
Accepted 19 March 2020
Published Online Article
Accepted 30 March 2020

doi:10.1111/bpa. 12839

INTRODUCTION

Abstract

Background: Abnormal aggregates of a-synuclein are pathologic hallmarks of multiple
system atrophy (MSA) and Lewy body disease (LBD). LBD sometimes coexists with
MSA, but the impact of co-pathology, particularly diffuse LBD, on presentation of
MSA has not been studied. We aimed to determine the frequency and clinicopatho-
logic features of MSA with LBD (MSA+LBD). Methods: Using hematoxylin &
eosin and a-synuclein-immunostained slides, we assessed the distribution and severity
of LBD in 230 autopsy-confirmed MSA patients collected from 1998 to 2018.
Alzheimer-type pathology was assessed to assign the likelihood of clinical presenta-
tions of dementia with Lewy body (DLB) using the consensus criteria for DLB.
We reviewed medical records to characterize clinicopathologic features of MSA+LBD.
Genetic risk factors for LBD, including APOE €4 allele and mutations in GBA,
SNCA, LRRK2, and VPS35, were analyzed. Results: LBD was observed in 11 MSA
patients (5%); seven were brainstem type, three were transitional type, and one was
diffuse type. The latter four had an intermediate or high likelihood of DLB. Three
of the four had an antemortem diagnosis of Parkinson’s disease with dementia
(PDD) or clinically probable DLB. Two patients had neuronal loss in the substantia
nigra, but not in striatal or olivocerebellar systems with widespread glial cytoplasmic
inclusions, consistent with minimal change MSA. In these cases, LBD was considered
the primary pathology, and MSA was considered coincidental. APOE €4 allele fre-
quency was not different between MSA+LBD and MSA without LBD. Two of nine
MSA+LBD patients had a risk variant of GBA (p.T408M and p.E365K). Conclu-
sions: Although rare, MSA with transitional or diffuse LBD can develop clinical
features of PDD or DLB. Minimal change MSA can be interpreted as a coincidental,
but distinct, a-synucleinopathy in a subset of patients with diffuse LBD.

a-synuclein forms aggregates mainly in neurons as Lewy
bodies and Lewy neurites, but to a lesser extent in oligo-

Multiple system atrophy (MSA) and Lewy body disease
(LBD) are neurodegenerative diseases pathologically charac-
terized by neuronal and glial aggregates of a-synuclein. Thus,
they are collectively termed a-synucleinopathies (33). In MSA,
a-synuclein forms aggregates in oligodendrocytes as glial
cytoplasmic inclusions, but it also aggregates in a select subset
of vulnerable neurons, especially those in the corpus striatum,
pontine base, and inferior olivary nucleus (5,36). Clinically,
MSA is an atypical parkinsonian disorder characterized by
a variable combination of autonomic failure, parkinsonism,
cerebellar ataxia, and pyramidal signs (13,43); REM sleep
behavior disorder (RBD) is a frequent feature. In LBD,
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dendrocytes (40). LBD can be divided into three major
subtypes based on the distribution of Lewy bodies: brainstem
(BLBD), transitional (TLBD), and diffuse type (DLBD) (26).
LBD can present with either Parkinson’s disease (PD), PD
with dementia (PDD), or dementia with Lewy bodies (DLB)
(6). PD is the most common neurodegenerative movement
disorder characterized by bradykinesia, cogwheel rigidity,
resting tremor, and postural instability (31). Autonomic dys-
function, such as constipation, is common in PD, and the
majority of PD patients develop dementia in the later disease
course, so-called PDD (1,31). DLB is the second most
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common neurodegenerative dementia and is characterized
by two or more core features of fluctuating cognition, visual
hallucinations, parkinsonism, or RBD. (25).

Although MSA and LBD are clinicopathologically dis-
tinct entities, clinical presentations of each disorder some-
time overlap; thus, a subset of patients with LBD can
be misdiagnosed as MSA (16,27). Patients with MSA and
DLB are both likely to have autonomic dysfunction (25)
and RBD. Furthermore, 8%-23% of patients with MSA
can have concomitant LBD (MSA+LBD) (14,27,30,41).
The majority of cases of LBD in MSA were considered
to be BLBD or TLBD; the combination of DLBD and
MSA has rarely been reported. The impact of concurrent
LBD on clinical presentations in MSA has not been
studied.

In this study, we aimed to determine the frequency of
LBD in MSA, as well as its clinicopathologic and genetic
features. To this end, we screened for LBD pathology in
230 autopsy-confirmed MSA patients. They were also ana-
lyzed for genetic risk factors for LBD, including APOE,
GBA, SNCA, LRRK2, and VPS35. We compared clinical
and genetic features of MSA+LBD to MSA without LBD
and to 652 LBD patients. We provide detailed clinicopatho-
logic characteristics of MSA+LBD patients.

METHODS

Subjects

All brains were from the Mayo Clinic brain bank and
acquired between 1998 and 2018. This study included 230
consecutive cases of MSA (mean age: 66.8 + 8.7 years)
and 652 cases of LBD (mean age: 78.6 £ 8.1 years). We
tabulated demographic, pathologic, and genetic features
for the three groups: MSA, MSA+LBD, and LBD. The
652 LBD cases included in this study were previously
reported (8). All brain autopsies were performed with the
consent of the next-of-kin or an individual with legal
authority to grant permission. De-identified studies using
these autopsy samples are considered exempt from human
subject research by the Mayo Clinic Institutional Review
Board.

Neuropathological diagnosis of MSA

Immunohistochemistry for a-synuclein (NACP, 1:3000 rab-
bit polyclonal, Mayo Clinic antibody, FL) (9) was per-
formed on paraffin-embedded 5-pm thick sections of the
basal forebrain, striatum, midbrain, pons, medulla, and
cerebellum to establish a neuropathologic diagnosis of
MSA (36). Following deparaffinization in xylene and rea-
gent alcohol, antigen retrieval was performed by pretreat-
ment with 95% formic acid for 30 minutes and then steam
in distilled water for 30 minutes. All immunohistochemistry
was conducted using a DAKO Autostainer and DAKO
EnVision™ + reagents with 3,3’-diaminobenzidine as the
chromogen (Dako, Carpinteria, CA). Immunostained slides
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were counterstained with hematoxylin and coverslipped.
MSA cases were pathologically divided into four types:
predominant striatonigral involvement (SND), predominant
olivopontocerebellar involvement (OPCA), equally severe
involvement of striatonigral and olivopontocerebellar sys-
tems (SND+OPCA) (30), as well as minimal change MSA,
which showed no or minimal neuronal loss in striatonigral
or olivopontocerebellar systems despite widespread glial
cytoplasmic inclusions (18,20,23,42). To assess microglial
activation, select cases were immunostained with an anti-
body to CD68 (1:1000, mouse monoclonal, DAKO,
Carpinteria, CA). For the sections of substantia nigra,
Mach-2 Mouse-AP Polymer Detection kit with Warp Red
Chromogen was used.

Neuropathological assessment of Lewy-related
pathology

Lewy-related pathology was assessed in the neocortices
(frontal, temporal, parietal, visual, and motor), cingulate
gyrus, transentorhinal cortex, amygdala, basal forebrain,
midbrain, pons, and medulla using hematoxylin & eosin
(H&E) and o-synuclein-immunohistochemistry. In MSA+
LBD cases, the severity of Lewy-related pathology was
graded semi-quantitatively on a five-point scale by two
observers (S.K. and D.W.D.) based on the criteria of the
third report of the DLB consortium (26) with some modi-
fications as follows: score 0—absent; 1—sparse Lewy bodies
or Lewy neurites; 2—>2 Lewy body per high-power (400%)
field and sparse Lewy neurites; 3—>4 Lewy bodies and
scattered Lewy neurites in high-power field; 4—numerous
Lewy bodies and Lewy neurites. Figure 1A shows repre-
sentative images of each score. Based on the distribution
and severity of Lewy-related pathology, they were classified
as BLBD, TLBD, or DLBD. To distinguish Lewy bodies
from neuronal cytoplasmic inclusions, H&E-stained slides
were also assessed; both brainstem and cortical type Lewy
bodies were visible on H&E (Figure 1B), but neuronal cyto-
plasmic inclusions were not. Neuronal loss in vulnerable
regions to LBD (ie, the dorsal motor nucleus of vagus
nerve, locus coeruleus, and nucleus basalis of Meynert) was
assessed semi-quantitatively by two observers (S.K. and
D.W.D.) on H&E-stained slides: score O—absent; 1—mild;
2—moderate; 3—severe neuronal loss (7).

Neuropathological assessment of
Alzheimer-type pathology

All cases underwent a standardized neuropathological assess-
ment for Alzheimer-type pathology as previously described
(22). Paraffin-embedded 5-pm thick sections from the neo-
cortices (frontal, temporal, parietal, visual, and motor), hip-
pocampus (CA1 and subiculum), entorhinal cortex, amygdala,
basal ganglia, and cerebellum mounted on glass slides were
assessed with thioflavin S fluorescent microscopy. Braak neu-
rofibrillary tangle stages and Thal amyloid phases were assigned
to each case based upon density and distribution of neu-
rofibrillary tangles and senile plaques, respectively (3,8,35).
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Figure 1. (A) Scoring of Lewy body disease pathology. Representative

images of immunohistochemistry for a-synuclein are taken from the
nucleus basalis of Meynert. Bar = 100 um. (B) Representative images of

Immunoblotting

For biochemical analysis of MSA+LBD cases, immunoblot-
ting was performed using frozen brain samples from four
patients with MSA+LBD (Cases 8—11), as well as four MSA,
four DLBD, and two Alzheimer’s disease cases (Table S1).
Frozen brain tissues from superior temporal gyrus and cer-
ebellum were homogenized (w/v) in 1X TBS (50 mM Tris,
150 mM NaCl, 1 mM PMSF, pH 7.6), supplemented with
protease inhibitor (complete, Roche) and phosphatase inhibi-
tor (PhosSTOP, Roche). The samples were centrifuged at
45 000 rpm for 60 minutes at 4°C in a Beckman TLA-55
rotor (Beckman Coulter, Brea CA USA). The resulting
supernatant was collected as TBS-soluble fractions. The pel-
lets were resuspended in TBS-X (TBS with 1% Triton X-100),
supplemented with protease inhibitor and phosphatase inhibi-
tor, and centrifuged at 45 000 rpm for 60 minutes at 4°C
in a TLA-55 rotor. The resulting supernatant was collected
as TBS-X-soluble fractions. The pellets were resuspended
in 2% sodium dodecyl sulfate (SDS) buffer and centrifuged
at 45 000 rpm for 60 minutes at 4°C in a TLA-55 rotor.
The resulting supernatant was collected as SDS fractions.

An equal amount of protein from each fraction of the
homogenized tissue lysates was resolved in sample buffer
containing 2% SDS and 10% B-mercaptoethanol. For immu-
noblotting, the samples were separated on 4%-20% Criterion
Stain-free gradient gels (Bio-Rad, CA) (32). Gels were acti-
vated by UV exposure for 45 s using a Bio-Rad Chemidoc
MP imager to obtain images of total protein loading (32).
After transferring to polyvinylidene difluoride membranes,
the membranes were blocked with 5% skim milk in TBS-T
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brainstem type and cortical type Lewy bodies (arrows) on hematoxylin
& eosin stained slides. Bar = 30 um.

for 1 h and then incubated with anti-a-synuclein (phospho
S129) antibody (EP1536Y, 1:2000, Abcam, Cambridge, MA)
at 4°C overnight. Membranes were washed with TBS-T three
times for 5 minutes, incubated with goat anti-rabbit horse-
radish peroxidase antibody (1:5000, Sigma, MO) at room
temperature for 1 h, washed with TBS-T three times for
10 minutes, and incubated with ECL chemiluminescence
substrate (Bio-Rad). Images were captured on the Chemidoc
MP.

Clinical Assessment

Clinical information was abstracted from available medical
records or brain bank questionnaires that were filled out
by a close family member (16). This included age of onset,
age of death, sex, clinical diagnoses, family history of PD
in first degree relatives, clinical symptoms, medications, neu-
rological signs, results from autonomic reflex screening tests,
imaging studies, cognitive screening measures, and neuropsy-
chological assessments. When available, the Mini-Mental
State Examination (MMSE), Mattis Dementia Rating Scale
(DRS), Montreal Cognitive Assessment (MoCA), or Kokmen
Short Test of Mental Status (STMS) (19) scores were recorded.
The following symptoms and neurological signs were
abstracted from medical records: orthostatic hypotension,
syncope, dizziness, urinary symptoms (eg, urinary urgency,
urinary incontinence, and urinary retention), constipation,
erectile dysfunction, hyposmia/anosmia, asymmetry of par-
kinsonism, resting tremor, bradykinesia, axial/limb rigidity,
dystonia, postural instability, falls, gait ataxia, limb ataxia,
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Case 8

Casel1 !

Figure 3. Hematoxylin & eosin staining shows severe neuronal loss and
gliosis in the putamen and substantia nigra, as well as mild neuronal
loss with gliosis in the cerebellum in Case 8. Severe neuronal loss and
gliosis are observed in the putamen, substantia nigra, pontine nucleus,
and cerebellum in Case 9. In Cases 10 and 11, neuronal and gliosis is
restricted to the substantia nigra, consistent with “minimal change”
MSA. Immunohistochemistry for CD68 shows amoeboid microglia

brainstem, basal forebrain, and limbic structures, consistent
with BLBD. Despite the presence of Lewy bodies, Case 1
did not have neuronal loss in the dorsal motor nucleus of
the vagus nerve, locus coeruleus, and nucleus basalis of Meynert,
consistent with incidental LBD (15). Three cases (Cases 8-10)
had abundant Lewy bodies in the nucleus basalis of Meynert
and amygdala, moderate in the transentorhinal cortex, and
sparse Lewy bodies in the substantia nigra, frontal lobe, and
temporal lobe, consistent with TLBD (Figure 2). One case
(Case 11) had extensive Lewy bodies in the brainstem, basal
forebrain and limbic regions, as well as neocortical regions,
consistent with DLBD (Figure 2). Cases 10 and 11 had severe
neuronal loss in the nucleus basalis of Meynert. Based on
the LBD subtype and Alzheimer-type pathology, the likeli-
hood that the pathologic findings would be associated with
DLB clinical syndrome was low in seven patients (Cases 1-7),
intermediate in two patients (Cases 8 and 10), and high in
two patients (Cases 9 and 11) as shown in Table 1 (25).
Regarding the subtype of MSA, four cases had SND-
predominant, one case had OPCA-predominant, and four
cases had SND+OPCA type pathology (Table 1). The
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(arrows) in the putamen in Case 8, but almost no amoeboid microglia in
other three cases. In the substantia nigra, all cases have amoeboid
microglia as shown in red chromogen (arrows). Arrowheads show
neuromelanin pigments. Bars = 50 pm on Hematoxylin & eosin stained
slides and 10 pm on CD68-immunostained slides.

remaining two cases (Cases 10 and 11) had sparse, but
widespread glial cytoplasmic inclusions throughout the brain,
a few neuronal cytoplasmic inclusions, and dystrophic neurites
in the pontine nuclei and inferior olivary nucleus (Figure
2). Neuronal loss and gliosis in these cases were restricted
to the substantia nigra; they lacked significant neuronal loss
and gliosis in cardinal brain regions, such as the putamen,
pontine base, and cerebellum (Figure 3). This pathology is
consistent with so-called “minimal change MSA” (42).
Macroscopically, loss of the pigment in the substantia nigra
was noted, but atrophy of the cerebellum, brainstem, and
putamen was not observed (Figure 4). Immunohistochemistry
for CD68 also supported the diagnosis of minimal change
MSA:; activated microglia were present in the substantia
nigra, particularly the ventrolateral part, but only a few
ramified microglia were observed in the putamen (Figure 3).

Table 2 compares demographic and pathological features
of MSA+LBD and MSA without LBD, as well as LBD
patients. The age at death was oldest in LBD, followed by
MSA+LBD and MSA. The age at death in MSA+LBD
was significantly older than MSA without LBD (73 vs.
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Case 10

Koga et al

Figure 4. Macroscopic findings in Cases 10 and 11. The striatonigral and olivopontocerebellar structures are well preserved, except for the loss of

pigment in the substantia nigra (arrows). Bars = 1 cm in all images.

Table 2. Demographic, pathologic, and genetic features of 230 MSA and 652 LBD patients.

MSAN =219 MSA+LBD N = 11 LBD N = 652 P value

%Male (N) 53% (116) 82% (9) 58% (381) 0.098
Age at death, years 65 (60, 71) 73 (68, 74) 79 (74, 84) <0.001
Age at onset, years 58 (53, 64) 62 (60, 67) 66 (71, 77) <0.001
Disease duration, years 7(5,9) 7 (6, 8) 8 (5, 11) <0.001
Brain weight, grams 1220 (1120, 1320) 1280 (1210, 1340) 1140 (1040, 1260) <0.001
Pathologic subtype

SND predominant 44% (97) 36% (4) - 0.014

OPCA predominant 18% (39) 9% (1) -

SND+OPCA 37% (82) 36% (4) -

Minimal change 1% (1) 18% (2) -
LBD subtype

Brainstem LBD - 64% (7) 12% (75) <0.001

Transitional LBD - 27% (3) 34% (219)

Diffuse LBD - 9% (1) 55% (358)
Alzheimer-type pathology

Braak neurofibrillary tangle stage I (1, 1) 1111, 111) IV (I, V) <0.001

Thal Ap phase 010, 2) 3(0,3) 4 (3, 5) <0.001
APOE alleles N =199 N=9 N = 652

€2 allele frequency 9% (36/398) 6% (1/18) 4% (58/1304) <0.001

€3 allele frequency 77% (308/398) 78% (14/18) 64% (831/1304)

e4 allele frequency 14% (54/398) 17% (3/18) 32% (415/1304)

Data are % (n) or median (25th, 75th %-tile).

Abbreviations: LBD = Lewy body disease; MSA = multiple system

degeneration.

65 years, P = 0.012). The age at disease onset in MSA+LBD
was nominally older than MSA without LBD (62 vs. 58
years, P = 0.07). The disease duration was not significantly

772

atrophy; OPCA = olivopontocerebellar atrophy; SND = striatonigral

different between the two groups (7 vs. 7 years, P = 0.81).
The male/female ratio tended to be higher in MSA+LBD,
but it did not reach statistical significance. The frequency
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Figure 5. Immunoblotting of phosphorylated-a-synuclein (upper panels)
in MSA (n = 4), MSA+LBD (n = 4, Case 8-11), DLBD (n = 4), and
Alzheimer's disease (n = 2) using SDS fractions from the cerebellum

of pathologic subtypes of MSA was different between the
two groups. Minimal change MSA was more frequently
observed in MSA+LBD than in MSA without LBD. As
expected, Alzheimer-type pathology was more severe, and
APOE €4 allele frequency was higher in LBD than the
other two groups (8,28). Comparison of MSA+LBD and
MSA without LBD, using Steel-Dwass post hoc test, dem-
onstrated that the median scores of both Braak neurofibril-
lary tangle stage (II vs. I, P = 0.039) and Thal amyloid
phase (3 vs. 0, P = 0.017) were higher in MSA+LBD than
in MSA without LBD. A multivariate logistic regression
model adjusting for age, Braak NFT stage, and Thal amyloid
phase revealed that only Thal amyloid phase was associated
with the presence of LBD pathology in MSA (OR: 1.78,
95% CI: 1.19-2.67, P = 0.005).

Biochemical analysis

To determine the predominant molecular phenotype of
a-synuclein in MSA+LBD, we performed immunoblot analy-
sis using SDS fractions from the superior temporal gyrus
and cerebellum of Case 8-11. Case 11 had prominent
phosphorylated-a-synuclein immunoreactive bands at approx-
imately 17 kDa, which was similar to that observed in the
superior temporal cortex in DLBD. In contrast, Case 11
did not have phosphorylated-a-synuclein immunoreactive
bands in the cerebellum, as observed in MSA (Figure 5).
This finding indicates that DLBD is the primary pathology,
and MSA is coincidental in Case 11. Phosphorylated-a-
synuclein immunoreactive bands were not detected in samples
of TBS-fractions and TBS-X fractions (Figure S1).

Clinical features of MISA+LBD
Table 3 summarizes clinical features of 11 MSA+LBD cases.

Seven patients had a clinical diagnosis of MSA, two patients
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(left) and superior temporal gyrus (right). Total protein is shown as loading
control (lower panels). Demographic information of MSA, DLBD, and
Alzheimer's disease patients are shown in Table S1.

were diagnosed with DLB, one was PDD, and one was
PSP. We provide a brief clinical vignette of each patient
except for Case 2 whose medical records were unavailable
for review.

Case 1

This 73-year-old Caucasian man had at least a 6-year his-
tory of PD with wearing-off phenomena and RBD. He
subsequently developed frequent backward falls, blurry vision,
diplopia, neck rigidity, urinary incontinence, stridor, dys-
phagia, and dysarthria at age 71. His vertical saccades were
slow, and he had limited upgaze. He did not have cognitive
impairment or visual hallucinations. His final clinical diag-
nosis was PSP.

Case 3

This 73-year-old Caucasian man presented with an unsteady
gait, slurred speech, and difficulty handwriting at age 67.
He also developed constipation, urinary incontinence, and
erectile dysfunction. At age 68, neurologic examination
revealed right-predominant parkinsonism and ataxic dysar-
thria. An autonomic reflex study confirmed orthostatic
hypotension and sudomotor dysfunction. A sleep study
confirmed RBD. Based on these findings, he was clinically
diagnosed with MSA.

Case 4

This 68-year-old Caucasian man presented with bradykin-
esia, unsteady gait, and difficulty with handwriting at age
60. His initial diagnosis was PD. He subsequently developed
erectile dysfunction, urinary urgency and incontinence, and
constipation at age 61. He also had RBD but did not
have cognitive impairment or visual hallucinations. Diagnosis
of MSA was made at age 64 due to levodopa-unresponsive
parkinsonism and early-onset autonomic dysfunction.
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Case b

This 69-year-old Caucasian man had a 7-year history of
parkinsonism, including bradykinesia, dysarthria, difficulty
with handwriting, and hypomimia. His initial diagnosis was
PD. He did not have a good response to carbidopa/levodopa
over the years. At age 68, he developed urinary retention,
orthostatic hypotension, and stridor while sleeping. His cog-
nition was intact. He had episodes of visual hallucinations
after taking atropine for sialorrhea. Based on his levodopa-
unresponsiveness parkinsonism and autonomic dysfunction,
he was diagnosed with MSA.

Case 6

This 76-year-old Caucasian man, with a family history of
PD in his mother, developed shuffling gait at age 71.
Neurological examination at age 73 revealed hypomimia,
bradykinesia, bilateral rigidity, mildly kyphotic posture, and
slow gait with reduced arm swing. Neither tremor nor dys-
kinesia was noted. He showed processing speed and memory
difficulties with a MoCA score of 25/30. He also had urinary
retention, orthostatic hypotension, erectile dysfunction, and
stridor. He did not respond Carbidopa/levodopa. He was
diagnosed with MSA due to levodopa-unresponsive parkin-
sonism and autonomic dysfunction.

Case 7

This 73-year-old Caucasian man presented with a progres-
sive decline in his balance with falls at age 67. He developed
slurring speech and difficulty swallowing, as well as ortho-
static hypotension at age 68. Neurological examination at
age 70 revealed dysmetric saccades with intermittent gaze-
evoked nystagmus, limb ataxia with finger-to-nose and heel-
to-shin, mild left-sided rigidity, bradykinesia and rest tremor
in the left upper extremity, as well as ataxic gait and ret-
ropulsion. He had mild cognitive deficits in memory, atten-
tion, and visuospatial function (STMS = 31/38). Because
of the prominent cerebellar features with parkinsonism and
autonomic dysfunction, he was diagnosed with MSA-
cerebellar type (MSA-C).

Case 8

This 68-year-old Caucasian woman developed urinary incon-
tinence at age 63, levodopa-responsive parkinsonism, and
polysomnographic-confirmed RBD at age 64, as well as
fully formed visual hallucinations and fluctuating cognition
at age 65. At age 66, neurologic examination revealed square
wave jerks, slow vertical saccades, rigidity (axial > limb),
enhanced jaw jerk, mild stooped posture, anterocollis, a
wide-based and short-stride gait with decreased arm swing,
postural instability, and mixed dysarthria with spastic and
hypokinetic components. She also had orthostatic hypoten-
sion and the “cold hands” sign. Based on symmetric par-
kinsonism without resting tremor, autonomic dysfunction,
and RBD, she was diagnosed with probable MSA.
Neuropsychological testing conducted at age 67 revealed
mild-to-moderate dementia (DRS = 104/144), with a
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cognitive pattern of moderately slowed processing speed,
heightened distractibility on tasks of divided attention, and
impaired visuospatial skills, as well as low average memory
and naming performance. MRI of the brain obtained at
age 67 was unremarkable. She had no family history of
known neurodegenerative disease. Based on these findings,
her final clinical diagnosis was DLB.

Case 9

This 70-year-old Caucasian man developed imbalance with
falls at age 58, and problems with urinary urgency and
incontinence at age 59. At age 63, he was evaluated by a
movement disorder specialist and found to have gait ataxia
(Scale for the Assessment and Rating of Ataxia = 12),
mild limb ataxia, and slight ataxic dysarthria, but no brad-
ykinesia, rigidity or pyramidal signs. He retrospectively
reported that he had problems with urinary control four
years before. MRI of the brain, neck, cervical spine, and
lumbar spine were unremarkable. Genetic testing for SCAI,
SCA2, SCA3, SCA6, SCA7, SCAS, SCA10, SCAl4, and
SCA17, as well as dentato-rubro-pallido-Luysial atrophy and
Friedreich’s ataxia, were all negative. Other acquired causes
of ataxia were also excluded, including hypovitaminosis E,
and autoantibodies to GAD and gliadin. Cognition was
reportedly normal, but no formal neuropsychologic testing
was carried out. Examination at age 68 revealed mild brad-
ykinesia and rigidity in the extremities, limb ataxia, ataxic
gait, and ataxic dysarthria. Based on the presence of pro-
gressive cerebellar ataxia and features of autonomic dysfunc-
tion, he was diagnosed with MSA-C

Case 10

This 75-year-old Caucasian man had a long history of
anosmia since his 20s and clinically probable RBD that
started at age 50. At age 68, he developed cognitive dif-
ficulties with fluctuations that responded well to donepezil.
At age 68, he developed stooped posture, hypomimia, sial-
orrhea, micrographia, and gait difficulty. Neurological exami-
nation revealed saccadic intrusions in smooth pursuits,
significantly restricted upward gaze without nystagmus, and
rigidity in upper extremities. At age 70, neuropsychological
evaluation was consistent with non-amnestic mild cognitive
impairment and characterized by attention and visuospatial
deficits (MMSE = 26/30, DRS = 132/144). MRI of the
brain showed minimal small vessel disease, but was otherwise
normal. At age 70, neurological examination revealed rigid-
ity, a shuffling gait with decreased arm swing, and postural
instability. Carbidopa-levodopa was initiated at age 72 with
good response. He developed orthostatic hypotension, urinary
incontinence, and heat intolerance confirmed with an auto-
nomic reflex study at age 72. Visual misperceptions were
apparent at age 70, and fully formed visual hallucinations
began at age 73. A repeat neurocognitive evaluation at age
74 continued to show non-amnestic mild cognitive impair-
ment, with disproportionate attention and visual perceptual
deficits. Based on these findings, her final clinical diagnosis
was DLB.
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Case 11

This 67-year-old Caucasian man developed bilateral resting
tremor at age 58. At age 64, neurologic examination
revealed mild bilateral bradykinesia, mild resting tremor
(worse on the right), and gait instability. He responded
to carbidopa-levodopa. MRI of the brain was unremark-
able. At age 66, he developed probable RBD, fully formed
visual hallucinations, and cognitive difficulties (MoCA =
23/30). At that time, he also exhibited dyskinesia, restless
leg syndrome, urinary frequency, and constipation. He was
clinically diagnosed with PDD and had a positive response
to donepezil.

Genetic analysis

To clarify whether MSA+LBD patients had genetic risk
factors for LBD (21,29), we screened mutations in SNCA
(p-A30P and p.A53T), LRRK2 (p.G2019S), and VPS35
(p.D620N), as well as copy number of SNCA; however, all
patients had a wild type and had normal copy number of
SNCA. We also screened risk variants of GBA and found
that two patients with MSA+LBD had the variants: p.T408M
in Case 4 and p.E365K in Case 10.

DISCUSSION

Of 230 MSA cases, we found that 11 (5%) had concurrent
LBD. This frequency is lower than those reported by oth-
ers, but similar to a recent and extensive study by Miki
et al (8%; 12/160) (14,27,30,41). Concomitant LBD, without
significant neuronal loss, has been observed in cognitively
and neurologically normal elderly individuals, referred to
as incidental LBD (7%-24%) (4,12,24). Concomitant LBD
is reported in similar frequency in neurodegenerative diseases,
such as PSP (11%) (38). In the present study, the main
LBD subtype was BLBD. In Case 1 LBD was considered
incidental LBD because of the lack of neuronal loss in
the brain regions vulnerable to LBD. Clinical presentations
of these patients (Case 1-7) seemed to be consistent with
MSA, and six of them were clinically diagnosed with MSA.
Although it is rare, MSA with coexisting TLBD or DLBD
can present with dementia and visual hallucinations.
Interestingly, two of these patients lacked significant neu-
rodegeneration in striatonigral and olivopontocerebellar
systems, consistent with minimal change MSA. In such cases,
LBD is considered the primary pathologic process, and MSA
is considered a coincidental pathology. Immunoblotting also
confirmed that phosphorylated-a-synuclein immunoreactive
bands of Case 11 resembled those observed in DLBD rather
than MSA.

Given that clinical features of MSA and LBD overlap,
it is challenging to assess the clinical impact of LBD pathol-
ogy in MSA. Although there is a controversy regarding
cognitive impairment in MSA (17,34), dementia is a pre-
requisite feature for PDD and DLB (13). Indeed, three of
four patients with an intermediate- or high-likelihood of
DLB presented with dementia and visual hallucinations,
which is characteristic of PDD and DLB. Furthermore,
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clinical features addressed in research on prodromal LBD
(2) were present in MSA+LBD, namely, depression (5/11)
and hypersomnia (3/11). Nevertheless, we consider MSA
the primary pathology and TLBD secondary in Cases 8
and 9. Case 8 was initially diagnosed with probable MSA
at age 62, and symptoms suggestive of LBD did not emerge
until age 67. Case 9 was clinically diagnosed with MSA-C
at age 63 due to the presence of cerebellar ataxia, urinary
problems, and mild parkinsonism in the absence of dementia
or visual hallucinations.

In contrast, the primary diagnosis of Cases 10 and 11
is considered to be LBD because neurodegeneration in the
striatonigral and olivopontocerebellar structures was minimal.
In addition, both cases had severe neuronal loss in the
nucleus basalis of Meynert, where is usually does not have
significant neuronal loss in MSA. Neither patient had cer-
ebellar ataxia or other red flags for MSA (13); therefore,
all their symptoms (ie, parkinsonism, autonomic dysfunction,
dementia, visual hallucinations, and RBD) could be explained
by LBD. Although it is challenging to determine the role
MSA pathology might have had, most of the clinical fea-
tures can be readily explained by Lewy-related pathology.
In these cases, minimal MSA pathology can be considered
incidental. Incidental MSA was rare in the 652 LBD cases
studied—a frequency of 0.3% (2/654). Interestingly, this
frequency is similar to that of incidental MSA in PSP (0.3%;
1/290) (39) and in neurologically normal individuals (0.8%;
1/125) (10).

The unusual combination of MSA and DLBD encour-
aged us to analyze genetic risk factors. Although we did
not identify any Mendelian forms of disease, five of nine
MSA+LBD patients had either APOE €4 allele or GBA
risk variant. Given the fact that MSA+LBD patients had
more severe Alzheimer-type pathology than MSA without
LBD, LBD pathology in MSA had the same genetic risk
factors seen in LBD. In addition, the multivariate logistic
regression model indicated that Thal amyloid phase was
associated with LBD pathology in MSA. This indicates that
LBD pathology occurs and progresses independently from
MSA pathology in MSA+LBD patients.

A limitation of the study was that clinical information
was from retrospective chart review and not from a sys-
tematic standardized clinical study. Symptoms suggestive of
LBD, such as dementia, psychiatric symptoms, and RBD
may have been missed in some patients. The strengths of
our study are the number of MSA cases screened and the
stringent methods used to distinguish Lewy bodies from
MSA neuronal cytoplasmic inclusions. This might be a rea-
son for the relatively lower frequency of concomitant LBD
in MSA in our study compared to others, since other studies
may have considered neuronal cytoplasmic inclusions as
Lewy bodies (14,27,30,41).

In conclusion, 5% of MSA patients had concomitant
LBD. MSA patients with coexisting TLBD and DLBD can
develop dementia and visual hallucinations, and in those
cases, a clinical diagnosis of PDD or DLB may be more
likely. Although parkinsonism, autonomic dysfunction, and
RBD can be seen in both MSA and LBD, the presence
of dementia and visual hallucinations, or dementia with
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RBD or parkinsonism should be considered as red flags
for coexisting Lewy-related pathology.
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SUPPORTING INFORMATION

Additional supporting information may be found in the online
version of this article at the publisher’s web site:

Figure S1. Immunoblotting of phosphorylated-a-synuclein
(upper panels) in MSA (n = 4), MSA+LBD (n = 4), DLBD

(n=

4), and Alzheimer's disease (n = 2) using TBS and TBS-X

fractions from the cerebellum (left) and superior temporal
gyrus (right). Total protein is shown as loading control (lower
panels). Phosphorylated-a-synuclein bands are not detected in
all samples in TBS and TBS-X fractions.

Table S1. Characteristics of cases for immunoblotting.

Brain Pathology 30 (2020) 766-778

© 2020 The Authors. Brain Pathology published by John Wiley & Sons Ltd on behalf of International Society of Neuropathology.



