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ABSTRACT: Background: Seed amplification
assay (SAA) testing has been developed as a bio-
marker for the diagnosis of a-synuclein-related neuro-
degenerative disorders.

Objective: The objective of this study was to assess
the rate of a-synuclein SAA positivity in progressive
supranuclear palsy (PSP) and corticobasal syndrome
(CBS) and to analyze clinical and pathological features
of SAA-positive and -negative cases.

Methods: A total of 96 cerebrospinal fluid samples
from clinically diagnosed PSP (n=59) and CBS
(n = 37) cases were analyzed using a-synuclein SAA.
Results: Six of 59 (10.2%) PSP cases were
a-synuclein SAA positive, including one case who
was MSA-type positive. An exploratory analysis
showed that PSP cases who were Parkinson’s
disease-type positive were older and had a shorter
disease duration compared with SAA-negative cases.
In contrast, 11 of 37 (29.7%) CBS cases were
a-synuclein SAA positive, including two cases who
were MSA-type positive.

Conclusions: Our results suggest that o-synuclein
seeds can be detected in PSP and CBS using a cere-
brospinal fluid a-synuclein SAA, and in PSP this may
impact on clinical course. © 2024 The Author(s).
Movement Disorders published by Wiley Periodicals
LLC on behalf of International Parkinson and Move-
ment Disorder Society.

Key Words: synucleinopathies; tauopathies; bio-

marker; diagnosis; neuropathology
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The neuropathology of progressive supranuclear
palsy (PSP) involves accumulation of neuronal and glial
hyperphosphorylated 4-repeat tau (4RT) pathology
with associated neurodegeneration,' and a clinical diag-
nosis of PSP is strongly predictive of underlying PSP
pathology at postmortem.” In contrast, the underlying
neuropathology of corticobasal syndrome (CBS) is
diverse, including corticobasal degeneration (CBD;
also a 4-repeat tauopathy), PSP, and Alzheimer’s dis-
ease (AD).>*

Despite recent updates to clinical diagnostic criteria
for PSP and CBS, which acknowledge the clinical

heterogeneity of these conditions,™® the diagnosis of PSP
and CBS in the early stages of symptomatic disease is
challenging in the absence of objective disease-specific
diagnostic biomarkers. This is due to clinical overlap
with other parkinsonian disorders, including Parkinson’s
disease (PD) and multiple system atrophy (MSA), which
are characterized by the accumulation of «-synuclein
neuropathology.

There is increasing evidence that a-synuclein seed
amplification assays (SAAs) can reliably differentiate
people with PD from healthy control subjects with high
sensitivity and specificity, and may even be able to dif-
ferentiate PD from other synucleinopathies, including
MSA.” In addition, the assay results show good inter-
laboratory concordance,® can be applied to a range of
biofluids (including cerebrospinal fluid [CSF], blood,
skin, and saliva) with variable sensitivities and specific-
ities, and show a high rate of positivity in the prodro-
mal phase of synucleinopathies.” Consequently, there is
a drive to move away from a clinical diagnosis of PD
toward a biological definition of a-synuclein disease
based on SAA positivity to enable clinical trials at early
disease stages.””'’ Furthermore, there are ongoing
efforts to develop effective 4RT SAAs."!

In this study, we evaluate the a-synuclein SAA in a
cohort of PSP and CBS CSF samples with matched clin-
ical and postmortem data.

Subjects and Methods

Participant Recruitment and Diagnosis

Weritten informed consent was obtained from people
with PSP and CBS who were recruited to the
PROSPECT-UK study between September 1, 2015, and
November 1, 2023 (Supporting Information).

Clinical, Biomarker, and Neuropathological
Data Collection

We obtained clinical data and completed core clinical
assessments at baseline, and where possible these were
repeated after 6, 12, 24, and 36 months of follow-up
(Supporting Information).

Lumbar puncture was an optional study assessment
to obtain baseline CSF for biomarker analyses. CBS
cases were stratified into CBS-Alzheimer’s (CBS-AD)
and CBS-non-Alzheimer’s (CBS-non-AD) groups based
on the presence of CSF or positron emission tomogra-
phy imaging biomarkers of AD pathology (Supporting
Information). In those undergoing postmortem, the pri-
mary neuropathological diagnosis was noted along
with the presence or absence of Lewy body copathology
and associated Braak stage.

Baseline CSF samples from participants were applied
to the Amprion a-synuclein SAA (Supporting Informa-
tion). After a total incubation time of 20 hours, the
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maximum fluorescence for each well is determined and
an algorithm applied to the triplicate determinations for
each sample for result classification (positive, negative,
or indeterminate). Kinetic parameters of the aggrega-
tion curve were used by Amprion to assign positive
results as “PD-type” or “MSA-type” as described
previously.'?

Statistical Analysis

Group (PSP vs. CBS) and subgroup (SAA™ vs. SAA™)
comparisons were performed with Fisher’s exact test
for categorical variables and binary logistic regression,
adjusting for sex, age, and disease duration at assess-
ment, for comparisons of continuous variables. Statisti-
cal significance was set at P < 0.05. All statistical
analyses were performed in GraphPad Prism 9.1.1 (San

Diego, CA, USA).

Results

A total of 96 participants from the PROSPECT-UK
study who had undergone a baseline lumbar puncture
and clinical assessment were included in this study con-
sisting of 59 clinically diagnosed PSP participants and
37 clinically diagnosed CBS participants (CBS-AD,
n = 13; CBS-non-AD, n = 18; CBS-unknown, n = 6).
The baseline clinical characteristics of the PSP and CBS
groups were largely comparable and are summarized in
Table 1. In those undergoing postmortem analysis
(n =12), an antemortem clinical diagnosis of PSP was
always predictive of underlying 4RT neuropathology
(five PSP, one CBD), in contrast with CBS (two PSP,
two CBD, one MSA, one AD).

Six of 59 (10.2%) PSP participants were a-synuclein
SAA positive, including one MSA-type positive partici-
pant who had probable PSP-Richardson’s syndrome
and an absence of hyposmia, tremor, postural light-
headedness or visual hallucinations. One participant
with probable PSP-Richardson’s syndrome had an inde-
terminate result and was excluded from subsequent
analyses. In contrast, 11 of 37 (29.7%) CBS partici-
pants were a-synuclein SAA positive, including two
participants with probable CBS who were MSA-type
positive. One of these participants had an absence of
synucleinopathy clinical features, whereas the other
participant reported tremor and postural light-
headedness and went on to have postmortem confirma-
tion of MSA as the primary pathological diagnosis.

Of the total cohort of postmortem cases, only one
case (AD pathological diagnosis) was PD-type SAA pos-
itive, and this case had Braak stage 1 Lewy body
copathology. In the remaining postmortem cases, one
pathologically diagnosed PSP case had Braak stage 1

N
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TABLE 1 Clinical and biomarker characteristics of PSP and CBS
groups

PSP
(n = 59)

CBS

Characteristics n=37)

Sex, % male 58% 30%*

CSF a-synuclein SAA status, n
Negative 52 26
PD-type 5 9
MSA-type 1 2
Indeterminate 1

CSF AD biomarker status, n
CBS-AD 13
CBS-non-AD 18
CBS-unknown 6

Clinical subtype at baseline
assessment, n

PSP-RS 33
PSP-P 11
PSP-PGF
PSP/CBS
PSP-SL

[SSIE NSRS ) B

PSP-F

Primary pathological diagnosis in
participants undergoing
postmortem, n

PSP 5 2
CBD 1 2
MSA 1
AD 1
65.0 (6.9)  63.5 (7.5)

Mean age at symptom onset,
y (SD)*

Mean age at baseline assessment,
y (SD)*

69.0 (6.8)  68.2 (7.5)

Mean disease duration at baseline 4.0 (2.0) 4.7 (2.1)

assessment, y (SD)*

Mean PSPRS score at baseline
assessment (SD)b

337 (15.0)  31.0 (12.0)

Mean MDS-UPDRS III score at
baseline assessment (SD)b

36.3
(14.5)

22.2 (4.8)

43.9
(14.0)x*

Mean MoCA score at baseline 19.6 (5.8)

assessment (SD)b

Median SEADL score at baseline
assessment (rzmge)b

60 (10-90) 50 (20-90)

(Continues)
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TABLE 1 Continued
PSP CBS
Characteristics (n =59) (n =37)
Participants undergoing 34 17
assessment at two or more
time points (n)
Mean latency between 1.6 (0.9) 1.7 (0.7)
baseline and final
assessments, y (SD)
Participants deceased at 28 19
censoring (n)
Mean disease duration from 7.0 (3.0) 8.2 (3.2)

symptom onset to death,
y (SD)*

*P < 0.05 vs. PSP group using Fisher’s exact test.

**P < (.05 vs. PSP group using binary logistic regression that adjusted for sex,
age, and disease duration at assessment. All other PSP vs. CBS group comparisons
of continuous variables did not reach statistical significance (P > 0.05) using binary
logistic regression that was both unadjusted® and adjusted” for covariates.
Abbreviations: PSP, progressive supranuclear palsy; CBS, corticobasal syndrome;
CSF, cerebrospinal fluid; SAA, seed amplification assay; PD, Parkinson’s disease;
MSA, multiple system atrophy; AD, Alzheimer’s disease; CBS-AD, corticobasal
syndrome-Alzheimer’s; CBS-non-AD, corticobasal syndrome-non-Alzheimer’s;
PSP-RS, PSP-Richardson’s syndrome; PSP-P, PSP-parkinsonism; PSP-PGF,
PSP-progressive gait freezing; PSP/CBS, PSP/CBS overlap; PSP-SL, PSP-speech
and language disorder; PSP-F, PSP-frontal; CBD, corticobasal degeneration; SD,
standard deviation; PSPRS, PSP rating scale; MDS-UPDRS III, Movement Dis-
order Society—Unified Parkinson’s Disease Rating Scale Part III; MoCA, Mon-
treal Cognitive Assessment; SEADL, Schwab and England activities of daily living
scale.

Lewy body copathology but was PD-type SAA nega-
tive. Therefore, in our pathologically confirmed cases,
the sensitivity of the assay to detect primary a-synuclein
pathology or Lewy body copathology was 67% (2/3
positive cases), whereas the specificity was 100% (9/9
negative cases).

We then divided the PSP and CBS groups into PD-
type SAA-positive and -negative groups. Although
underpowered to detect statistical significance, this
exploratory analysis showed a trend toward SAA posi-
tive PSP participants being older, more impaired in
motor, cognitive, and functional scales, and having a
more aggressive rate of progression compared with
SAA-negative PSP participants, as evidenced by a
shorter average disease duration in deceased cases (5.8
vs. 7.2 years) (Table 2). In those undergoing serial clini-
cal assessment, change in diagnosis in the PSP group
was rare (2/33, 6.1%), and the rates of synucleinopathy
clinical features were similar in SAA-positive and
-negative groups with the exception of hyposmia, which
was more common in the SAA-positive group. In con-
trast, SAA-positive versus -negative clinical differences
in the CBS group were less marked, although this was
in the context of a higher overall rate of change in diag-
nosis (2/16, 12.5%) and long disease duration in SAA-
positive cases who were still alive at the point of censor-
ing. Notably, a higher proportion of CBS SAA-positive

TABLE 2 PD-type SAA status in PSP and CBS groups

PSP SAA
PSP SAA Negative
PD-Type SAA Status Positive (n = 5) (n =52)
PSP subtype (n)
PSP-RS 2 29
PSP-SL 2
PSP-P 1 10
PSP-PGF 6
PSP/CBS 5
PSP-F 2
Diagnostic criteria certainty
Probable criteria 3/5 cases 44/52 cases
Possible criteria 2/5 cases 8/52 cases

Change in clinical
diagnosis

Age at symptom onset
(range)

Average age at baseline visit
(range)

Disease severity
PSPRS, average (SD)

MDS-UPDRS III,
average (SD)

SEADL*
MoCA, average (SD)

Disease duration in
deceased cases, average
(range)

Disease duration in alive
cases, average (range)

Primary pathological
diagnosis

LB copathology, Braak
stage

Postural light-headedness

Visual hallucinations

1/4 cases — IDT 1/29 cases — PD

717 (67-77)y 644 (48-77)y

75.1 (70-80) y  68.4 (48-80) y

38.6 (14.8) 33.7 (15.1)

42.0 (16.8) 36.1 (14.3)

40/100 (20-90)  60/100 (10-90)
17.8 (4.1) 22,6 (4.7)

58(3.0-87)y 72(3.3-168)y

6.3 (42-10.0)y 5.6 2.4-12.4)y

N/A PSP (n = 5); CBD
n=1)
N/A 0/6 cases

22/43 cases
(51.2%)

3/4 cases (75%)

0/5 cases (0%) 5/49 cases (10.2%)

Tremor 2/4 cases (50%) 11/43 cases
(25.6%)
Hyposmia 3/3 cases (100%) 4/12 cases (33.3%)
CBS SAA CBS SAA
Positive Negative
n=9) (n =26)
Diagnostic criteria certainty
Probable criteria 6/9 cases 18/26 cases
Possible criteria 3/9 cases 8/26 cases

(Continues)
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TABLE 2 Continued

CBS SAA CBS SAA
Positive Negative
(n=29) (n = 26)

Change in clinical 1/4 cases — PD  1/12 cases — FND

diagnosis

Age at symptom onset, 63.6 (50-77) y 63.2 (45-75) y

average (range)

Age at baseline visit, 68.8 (53-80) y 68.0 (48-79) y
average (range)
Disease severity

PSPRS, average (SD) 26.4 (11.4)

44.0 (19.8)

32.3 (12.5)

MDS-UPDRS III,
average (SD)

43.8 (13.7)

SEADL* 40/100 (30-90) 50/100 (20-90)

MoCA, average (SD) 16.3 (6.7) 20.2 (5.3)

Disease duration in deceased 8.4 (3.0-15.2) y 8.7 (49-13.3) y

cases, average (range)

Disease duration in alive 9.7 9.0-10.4) y 7.3 (2.1-13.2) y

cases, average (range)

AD biomarker status

CBS-AD 6 7
CBS-non-AD 3 13
CBS-unknown 6

Primary pathological PSP (n = 2); CBD

diagnosis (n=2)

LB copathology, Braak 1/1 case, Braak 1/4 cases, Braak

stage stage 1 stage 1
Postural light-headedness 3/5 cases (60%) 8/18 cases
(44.4%)

Visual hallucinations 0/5 cases (0%) 1/24 cases (4.2%)

Tremor 3/5 cases (60%) 10/18 cases
(55.6%)
Hyposmia 1/2 cases (50%) 4/8 cases (50%)

*SEADL values are presented as median (range). All SAA-positive vs. SAA-
negative subgroup comparisons of continuous variables within the PSP and CBS
groups did not reach statistical significance (P > 0.05) using binary logistic regres-
sion that adjusted for sex, age, and disease duration at assessment.

Abbreviations: PD, Parkinson’s disease; SAA, seed amplification assay; PSP, pro-
gressive supranuclear palsy; CBS, corticobasal syndrome; PD, Parkinson’s disease;
PSP-RS, PSP-Richardson’s syndrome; PSP-SL, PSP-speech and language disor-
der; PSP-P, PSP-parkinsonism; PSP-PGF, PSP-progressive gait freezing;
PSP/CBS, PSP/CBS overlap; PSP-F, PSP-frontal; IDT, indeterminate; PSPRS,
PSP rating scale; SD, standard deviation; MDS-UPDRS III, Movement Disorder
Society—Unified Parkinson’s Disease Rating Scale Part III; SEADL, Schwab and
England activities of daily living scale; MoCA, Montreal Cognitive Assessment;
CBD, corticobasal degeneration; LB, Lewy body; FND, functional neurological
disorder; AD, Alzheimer’s disease; CBS-AD, corticobasal syndrome-Alzheimer’s;
CBS-non-AD, corticobasal syndrome-non-Alzheimer’s.

cases were classified as being AD biomarker positive
(6/9 cases) compared with CBS SAA-negative cases
(7/26 cases); however, the CBS SAA-negative group
also included six cases with unknown AD biomarker
status.

N
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Discussion

In this study, we show a-synuclein SAA positivity in
people with a clinical diagnosis of PSP and CBS, and
consider the clinicopathological implications of this.

In PSP, as seen in previous studies,” we confirm diag-
nostic consistency over time and high rates of primary
4RT pathology at postmortem, such that PD-type SAA
positivity is highly unlikely to represent cases with pri-
mary PD pathology. Our PSP group rate of 5 of
59 (8.5%) PD-type SAA positivity is comparable with
the rates of Lewy body copathology seen in postmor-
tem studies of PSP'>'* and the MD-GAP postmortem
study, which found Lewy body copathology in 43 of
740 (5.8%) PSP cases (unpublished data). Conversely,
a recent study found PD-type SAA positivity in 4 of
16 (25%) PSP CSF samples,' similar to the Lewy body
copathology rate (22%) seen in a smaller postmortem
PSP cohort.'®

Our data also suggest that PD copathology may be
more common in older PSP patients, suggesting that
age-related impairment in proteostasis leads to the accu-
mulation of multiple copathologies.'® In addition, in con-
trast with previous clinicopathological studies,'*'* our
data provide preliminary evidence that PD copathology
may increase disease severity and the rate of disease
progression.

PD-type SAA positivity was relatively high in our CBS
group (9/37, 24.3%). Cortical Lewy body disease rarely
presents with CBS, so it is unlikely that a quarter of our
CBS cases had primary Lewy body pathology.'”'® Our
SAA positivity rate was higher than the rate of Lewy
body copathology observed in CBD in previous neuro-
pathology studies (10%),'® and in the MD-GAP data-
base it was 13 of 142 (9.2%) (unpublished data). It is
possible that our high rate of SAA positivity may partly
be explained by poor specificity of the assay in CBS-
CBD because of CBD-type tau cross-reacting with the
a-synuclein SAA to give false positive results, although
further work is required to explore this hypothesis. This
also raises the possibility that PD-type SAA positivity in
our clinically diagnosed PSP group may be because of
individuals with underlying CBD pathology. Conversely,
our Lewy body copathology rates may be under-
estimated because the sensitivity of a-synuclein SAAs are
limited in low Braak stages of Lewy body pathology,"”
or it may be possible that the detection of a-synuclein
pathology via SAA is inhibited by the presence of tau
pathology, noting that one of our pathologically diag-
nosed PSP participants with Braak stage 1 Lewy body
copathology was PD-type SAA negative.

Despite important conclusions, our study has several
limitations. Power was low to detect small group and
subgroup differences, such that the findings from our
exploratory SAA-positive versus SAA-negative analyses
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are considered preliminary. There is also the potential
for interrater variability impacting on our clinical mea-
sures, although significant differences across sites in this
multicenter study have not been detected when ana-
lyzed previously.?°

Although our study did not include healthy control
subjects, we note that the Amprion a-synuclein assay is
a Clinical Laboratory Improvement Amendments—certi-
fied/College of American Pathologists—accredited labo-
ratory validated assay for which performance
characteristics for healthy control specimens have been
established. Using an older version of the a-synuclein
SAA, which had a 150-hour reaction time, assay posi-
tivity was detected in 478 of 545 (88%) clinically diag-
nosed PD cases and only 6 of 163 (4%) age-matched
healthy control subjects.” Similarly, in two recent stud-
ies using the same version of the assay that we used in
our study, the positivity rate in cognitively unimpaired
control subjects was 5% and 16%, respectively.*'-**

We are encouraged by the fact that one of the three
MSA-type SAA-positive cases had postmortem confir-
mation of primary MSA pathology; however, the
method used by Amprion to differentiate between PD-
and MSA-type positivity is not validated.

Replication of our findings in larger cohorts with
matched postmortem data will be important, together
with combination testing of a-synuclein and 4RT SAAs
across parkinsonian disorders to assess positive and
negative predictive values of both assays in clinical
and research settings. ®
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SACSIN PROTEIN LEVELS IN PBMCS

might help to diagnostically confirm patients pre-
senting SACS variants of unknown significance (VUS)
or atypical phenotypes.

Objectives: To detect sacsin in peripheral blood mono-
nuclear cells (PBMCs) and to validate its diagnostic bio-
marker quality to discriminate biallelic SACS patients
(including patients with VUS and/or atypical phenotypes)
against healthy controls, non-ARSACS spastic ataxia
patients, and heterozygous SACS carriers.

Methods: Sacsin protein levels in PBMCs were
assessed in patients versus controls and validated in
skin-derived fibroblasts.

Results: Patients with biallelic SACS variants -
including patients with VUS and/or atypical phenotypes —
showed loss of sacsin in PBMCs, with discriminative
performance against healthy, heterozygous, and non-
ARSACS controls. This included all investigated SACS
missense variants. Also, C-terminal variants escaping
nonsense-mediated decay, while not differing from con-
trols in expression level, showed lower molecular weight
in this assay.

Conclusions: Assessing sacsin levels using PBMCs
offers an easy, peripherally accessible diagnostic bio-
marker for ARSACS, with PBMCs being much less inva-
sive and easier to handle than fibroblasts. Additionally, this
might be a potential target-engagement blood biomarker
for sacsin-increasing therapies. © 2024 International
Parkinson and Movement Disorder Society.

Key Words: ARSACS; PBMC; fibroblasts; diagnostic

assay
- /

Introduction

Autosomal recessive spastic ataxia of Charlevoix-
Saguenay (ARSACS), initially identified as an early-onset
ataxia largely restricted to the region of Quebec/Canada,
is now recognized as one of the most common recessive
ataxias worldwide."> ARSACS classically presents with
the characteristic triad of cerebellar ataxia, lower limb
spasticity, and sensorimotor peripheral neuropathy.
However, an increasing number of ARSACS patients
with atypical phenotypes has been identified who do not
check all three boxes."** Identification and diagnosis of
ARSACS is additionally complicated by the mutation-
prone nature of the very large SACS gene (4579 amino
acids), with >200 distinct pathogenic variants described
to date.” This number — and in particular the number of
variants of unknown significance (VUS), partly resulting
from the increasing identification of patients with
non-matching/atypical phenotypes — is expected to
rise as SACS is now routinely screened in various
populations.*®” Taken together, this leads to diagnostic
uncertainty, and under-/misdiagnosis of ARSACS patients
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