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Abstract.

Background: The identification of reliable biomarkers in Parkinson’s disease (PD) would provide much needed diagnostic
accuracy, a means of monitoring progression, objectively measuring treatment response, and potentially allowing patient
stratification within clinical trials. Whilst the assessment of total alpha-synuclein in biofluids has been identified as a promising
biomarker, conflicting trends in these levels across patient plasma samples relative to controls has limited its use. Different
commercially available assay platforms that have been used to measure alpha-synuclein may contribute to different study
outcomes.

Objective: To compare different platform immunoassays for the measurement of total alpha-synuclein using the same plasma
samples from 49 PD patients and 47 controls.

Methods: Total plasma alpha-synuclein concentrations were assessed using the BioLegend, MesoScale Discovery, and
Quanterix platform in plasma samples from PD patients and matched controls.

Results: A significant increase in total plasma alpha-synuclein was observed in PD patients using the Biolegend (10%),
Mesoscale Discovery (13%) and Quanterix (39%) assays. The Mesoscale Discovery and Quanterix assays showed the
strongest correlations (r=0.78, p <0.0001) with each other, whilst the Quanterix platform demonstrated the lowest variation
and highest effect size. Inclusion of age, sex and hemoglobin levels as covariates in the analysis of total alpha-synuclein
improved the ability of all three immunoassays to detect a significant difference between patients and controls.
Conclusion: All three immunoassays were sensitive enough to detect group level differences between PD patients and
controls, with the largest effect size observed with the Quanterix assay. These results may help inform assay choices in
ongoing clinical trials.
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INTRODUCTION

Mutations in the alpha-synuclein protein are a

cause of inherited Parkinson’s disease (PD) [1], and
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in the measurement of alpha-synuclein as a PD
biomarker. However, measurement of alpha-synu-
clein is complicated as it can exist as a monomer,
in higher order complexes (e.g., tetramer), in post
translationally modified forms (e.g., phosphorylated,
nitrosylated), and in aggregated pathogenic forms
(oligomers of different sizes and fibrils) [3-6]. While
there is merit in detecting different forms of alpha-
synuclein, assays to detect the post translationally
modified and aggregated forms of alpha-synuclein in
human biofluids remain largely in development (e.g.,
[7-20]), and/or have not yet been cross-validated by
multiple research groups.

In contrast, assays to detect total alpha-synuclein
are established and cross-validated [21]. Many stu-
dies have measured the concentration of total alpha-
synuclein in cerebrospinal fluid (CSF), with the
general finding that alpha-synuclein levels are red-
uced in PD patient CSF [22-28], leading to the infer-
ence that this results from increased accumulation
of alpha-synuclein in PD brain tissue. However, the
invasive nature of CSF collection, as well as limited
accessibility in clinical settings, particularly in the
context of a longitudinal study, has led to a desire
for blood-based biomarkers [29]. Indeed, alpha-
synuclein is present in plasma [30] and has been
reported as higher in PD patient plasma using the
newer technology ultrasensitive single molecule ar-
ray (SIMOA) platform [31]. Longitudinal assess-
ment of total alpha-synuclein also suggests its levels
increase over time and it may be useful as a biomarker
of disease progression [32]. Furthermore, changes in
serum alpha-synuclein have been used to demonstrate
efficacy in early clinical trials of alpha-synuclein
antibody therapies indicating clinical utility in moni-
toring disease progression [33]. However, conflicting
trends in total alpha-synuclein levels in PD patients
relative to controls have been reported [19, 29-34].
Atleast one possibility for the discrepancies observed
across different studies may be the sensitivity and
accuracy of the assay platforms that are used to mea-
sure alpha-synuclein.

In addition to assay sensitivity, pre-analytical fac-
tors, limited age and sex matching and considera-
tion of hemoglobin levels, have been identified as
cofounders to the measurement of total alpha-syn-
uclein [29, 38], complicating method comparisons
between different cohort studies. Red blood cells, in
particular, are a major source of endogenous al-
pha-synuclein, accounting for more than 99% of
alpha-synuclein in whole blood [44]. Any red blood
cell lysis during blood collection and/or processing

can therefore lead to artificially elevated plasma
alpha-synuclein levels. Controlling for potential red
blood cell lysis, as assessed by hemoglobin levels,
has therefore been suggested, yet not mentioned
in most studies [29]. Therefore, the present study
aimed to compare the ability of three independent
assays of increasing sensitivity, namely the BioLe-
gend sandwich ELISA, the Mesoscale Discovery
(MSD) electrochemiluminescence ELISA, and Qua-
nterix single molecule counting (SIMOA) assay
respectively, to determine plasma levels of total al-
pha-synuclein in a common sample set. We hypothe-
sised that increasing assay sensitivity would increase
group level differences in total alpha-synuclein
between PD and control samples.

MATERIALS AND METHODS

Plasma samples

Plasma aliquots from a prior study conducted by
our group to investigate glucocerebrosidase activ-
ity in PD patients were used [39]. Participants were
recruited with ethical approval from the Univer-
sity of Sydney Human Research Ethics Committee
(#2016/363) and with informed consent. Venous
blood was collected into 8 ml CPT vacutainers (BD
Biosciences) in a non-fasted state, and centrifuged
at 1800 x g for 20 min at room temperature as pre-
viously described [39]. Plasma was then collected,
snap-frozen into aliquots and stored at —80°C.

Participant details

PD cases were classified according to clinically
established criteria [40], whereas controls were age
and sex matched participants with no neurological,
psychiatric or immunological conditions, and with
no first-degree relatives diagnosed with PD. Demo-
graphic and clinical data are shown in Table 1.

Assessment of hemoglobin

Plasma hemoglobin (Hgb) levels were determined
using a Human Hemoglobin ELISA Kit (Abcam; cat#
ab157707) as per manufacturer instructions using a
1:1000 dilution of plasma.

Assessment of total alpha-synuclein using the
BioLegend assay

We previously measured total alpha-synuclein lev-
els using the LEGEND MAX™ Human a-Synuclein
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Table 1
Demographic and clinical details. Demographic and clinical details of the participants who donated the plasma samples used in this study.
Data are mean = standard error, with the range shown in parentheses. Disease severity was recorded using the Hoehn and Yahr (H&Y) scale.
LEDD, L-Dopa equivalent daily dose; Hgb, hemoglobin; NA, not applicable

Control (n=47) PD (n=49) p
Age (y) 64+ 1.1 (52-82) 67 £1.2 (45-87) 0.074
Sex (% M) 53% 65% 0.231
Years since diagnosis N/A 440.3 (0-8)
Age at diagnosis (y) N/A 64 £ 1.3 (44-87)
H&Y stage N/A 2+0.1(1-3)
LEDD N/A 600 £ 43 (38-1445)
Hgb (pg/ml) 53.6£8.3 (11.7-266.1) 46 +5(5.3-214.4) 0.680

Table 2
Characteristics of the assays used to measure plasma alpha-synuclein levels. Available details are provided to allow comparison of the
different assays used to measure alpha-synuclein

BioLegend MesoScale Quanterix
Cat. No. 844101 KISIWKP-2 102233
Analyte Total alpha-synuclein Total alpha-synuclein Total alpha-synuclein

Assay format
Detection type

Instrument

Automated

Capture Antibody
(epitope)

Detection Antibody
(epitope)

Calibrator

Calibrator dynamic range

LLOD Median (range)

LLOQ

ULOQ

Specificity/ Cross
reactivity

Sandwich immunoassay
Luminescence

CLARIOstar

Monoclonal (118-122)

Monoclonal (103-108)

Recombinant
6.1-1500 pg/ml

Specific recognition of
total alpha-synuclein.

No cross-reactivity with

beta or gamma
synuclein

Sandwich immunoassay

Electro-
chemiluminescence

MesoQuick Plex

Rabbit Monoclonal (110
to 125)

Mouse Monoclonal
(epitope has not been
mapped; it binds
between 15 and 125)

Recombinant

0-10 500 pg/mL

0.900 pg/mL (0.464—1.68)

8.00 pg/mL

6 800 pg/mL

Specific recognition of
total alpha-synuclein.
R <0.05% cross
reactivity with beta or
gamma synuclein

2-step digital
immunoassay
Fluorescence

Quanterix HD-1

+

monoclonal mouse IgG
Clone ADx301*
(110-120)

Monoclonal mouse IgG,
Clone: ADx302
coupled with
biotin*(90-100)

Recombinant

0-10 000 pg/mL

0.955 pg/ml (0.202—-1.76)

4.12 pg/ml,

10 000 pg/mL

Specific recognition of
total alpha-synuclein.
No information about
cross reactivity with
beta/gamma synuclein

ELISA Kit (BioLegend; Cat. No. 844101) [39]. The
assay was performed according to the manufacturer
instructions. In brief, diluted plasma samples (1:40)
were added into antibody coated wells and incu-
bated overnight at 4°C. Plates were then washed
and incubated with a biotinylated primary antibody
for 2h at room temperature. After an additional
wash, plates were incubated with streptavidin-HRP
for 1h at room temperature. Following a final wash,
chemiluminescent substrate was added, and lumi-
nescence was measured using a CLARIOstar plate
reader (BMG Labtech). A 7-point calibration curve
was also added to each plate. The dynamic range was
6.1-1500 pg/ml, and a 4-parameter curve fit was used
to determine total alpha-synuclein concentrations in

the plasma samples. All calibration points and sam-
ples were performed in duplicate with the average
of the duplicates used in the final analysis. Further
details are provided in Table 2.

Assessment of total alpha-synuclein using the
MSD assay

Total plasma alpha-synuclein was additionally ass-
essed using the U-PLEX Plus Human alpha-synu-
clein kit (Mesoscale Discovery; Cat. No. K151
WKP-2), according to the manufacturer instructions.
In brief, MSD GOLD™ Small Spot Streptavidin
plates were coated with a biotinylated capture anti-
body and incubated for 1 h at room temperature (with
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shaking at 700 rpm). Plates were then washed three
times with provided wash buffer, and a detection
antibody conjugated with electrochemiluminescence
(ECL) label (MSD GOLD SULFO-TAG"™) was
added. Immediately after, diluted samples (1:8) were
added, and the mixture was incubated for 2 h at room
temperature with shaking at 700 rpm. Plates were
then washed three times, diluted Read Buffer was
added, and the plate was read using a MesoQuick Plex
SQO 120 (Mesoscale Discovery). An 8-point calibra-
tion curve and 3 quality controls, provided in the kit
were added to each plate. The calibrator ranged from
0-10,500 pg/mL; concentrations of alpha-synuclein
in samples and controls were interpolated from the
calibration curve using a 4-parameter logistic curve fit
(17Y? weighted). All calibration points, samples and
quality controls were performed in duplicate. Further
details are provided in Table 2.

Assessment of total alpha-synuclein using the
Quanterix assay

Total plasma alpha-synuclein was further assessed
using the ultrasensitive single molecule array
(SIMOA) Human Alpha-Synuclein DISCOVERY
KIT (Quanterix; Cat. No. 102233) and Quanterix
HD-1 Analyzer (Quanterix). Plasma aliquots were
sent to GeneWorks (Adelaide, SA) on dry ice with
the Quanterix assay performed on a fee for ser-
vice basis following the manufacturer instructions.
Briefly, anti-alpha-synuclein monoclonal antibody
coated paramagnetic beads were incubated with
thawed plasma samples (1:10 dilution) and biotin
labelled detection antibody to allow the simultane-
ous binding of plasma alpha-synuclein molecules
with antibody coated beads and detection antibody.
Following a wash with Discovery Bead Reagent
added to Bead Stock, streptavidin beta-galactosidase
(SBG) was added and mixed, to allow binding of the
detection antibody to the immunocomplex on beads.
After a second wash, beads were resuspended in a
resorufin beta-D-galactopyranoside (RGP) substrate
solution, loaded onto the array, and sealed with oil. In
the presence of beta-galactosidase, RGP substrate is
hydrolysed into a fluorescent product that provides
the signal for measurement. A 7-point calibration
curve and two quality control samples were included.
The calibration curve ranged from 0-10,000 pg/mL;
concentrations of alpha-synuclein in samples and
controls were determined from the calibration curve
using a cubic curve fit (1/Y? weighted). All calibrator

points, samples and controls were performed in dupli-
cate. Further details are provided in Table 2.

Statistical analysis

Where applicable, concentration values for Hgb
and alpha-synuclein were log transformed to achieve
a normal distribution as assessed by Shapiro-Wilk
test (p>0.05). Analysis of variance (ANOVA) was
used to determine group level differences of age, sex
and Hgb levels. Univariate analyses covarying for
age, sex and Hgb concentration were used to deter-
mine differences between controls and PD patients.
Correlational analyses were performed using Pearson
or Spearman correlations as indicated. In all cases,
significance was determined as p <0.05. All statis-
tical analysis was performed using the IBM SPSS
Statistics 26 software. All plots were generated using
GraphPad Prism v 8.4.3.

RESULTS

Measurement of total alpha-synuclein levels in
plasma samples from PD patients and controls
using three independent assays

Analysis of the demographic data showed that the
PD and control participants were matched for age and
sex. There was also no significant difference in the
Hgb levels between the groups (Table 1). An indepen-
dent samples 7-test was first performed to determine
if alpha-synuclein differed between PD patients and
controls. Alpha-synuclein was significantly increased
in PD samples compared to controls with the BioLe-
gend assay (8% increase, p<0.05, Fig. 1a), MSD
assay (13% increase, p <0.01, Fig. 1b) and the Quan-
terix assay (39% increase, p<0.001, Fig. 1c). To
determine if a significant difference could still be
observed when factoring in potential confounders,
univariate analysis covarying for age, sex and Hgb
levels was performed, as these covariates in partic-
ular can affect alpha-synuclein concentrations on an
individual level [41]. Following univariate analysis,
alpha-synuclein was still significantly increased in
PD patient samples compared to controls with the
Biolegend assay (10% increase, p <0.05, Fig. 1d),
MSD assay (13% increase, p <0.001, Fig. 1e) and the
Quanterix assay (39% increase, p<0.001, Fig. 1d).
Neither age nor sex had a significant effect on alpha-
synuclein levels in any analysis (all p > 0.05), whereas
hemoglobin levels had a significant effect in both
the Biolegend and MSD assay (both p <0.001), but
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Fig. 1. Total alpha-synuclein concentrations in plasma samples of PD patients and healthy controls, using three independent assays. Where
applicable, data were transformed to a log scale to achieve normality. An independent sample r-test revealed a significant increase in total
alpha-synuclein in PD plasma samples relative to the control group, as determined using the Biolegend (a), MesoScale (b) and Quanterix
(c) assays. Individual value graphs display mean + SEM. Univariate analysis was then used to compare control and PD alpha-synuclein
concentrations after covarying for age, sex and Hgb levels. Post-analysis graphs display the estimated marginal mean = SEM. Significant
differences between the control and PD groups were measured for the BioLegend (d), MesoScale (e) and Quanterix (f) assays. *p <0.05,

*p<0.01, **p<0.001.

not the Quanterix assay (p>0.05). The inclusion of
the covariates however, improved the p-value for dis-
criminating between the two groups for all three assay
platforms.

Comparison of total alpha-synuclein levels in
plasma samples as determined using BioLegend,
MSD and Quanterix assay

Scatter plots of alpha-synuclein concentration
using the average of the duplicates were used to
compare the assays against each other (Fig. 2a-c).
Transformed data were used where applicable, with
Pearson’s correlation used to determine associations
between alpha-synuclein concentrations across all
three assays. A significant positive correlation was
found between the BioLegend assay and the MSD
assay (r=0.6718, p<0.000, Fig. 2a), the BioLegend
and the Quanterix (r=0.6255, p<0.0001, Fig. 2b),
and the MSD and Quanterix (r=0.7822, p <0.0001,
Fig. 2c). These results suggest a high level of

correlation between the different assay platforms,
giving confidence in the measurements.

Relationship between total alpha-synuclein
concentrations and age, Hgb, disease severity,
disease duration and L-Dopa equivalent daily
dose across three independent assays

Pearson’s correlation was also used to determine
any significant associations between alpha-synuclein
concentrations and the age and Hgb covariates used
across all three assays. No significant correlation
with age was observed across all three assays (all
p>0.05) (Fig. 3 a-c), whereas alpha-synuclein levels
showed a significant positive correlation with Hgb
with the BioLegend assay (r=0.4426, p<0.0001,
Fig. 3d), MSD assay (r=0.4669, p <0.0001, Fig. 3e)
and the Quanterix assay (r=0.2291, p <0.05, Fig. 3f).
Spearman’s correlation was used to assess the rela-
tionship between alpha-synuclein levels and the
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Fig. 2. Comparison of total alpha-synuclein levels in plasma samples as determine using BioLegend, MSD and Quanterix assay. Scatter
plots showing correlations between total alpha-synuclein (pg/mL) measured in the same patient plasma samples. Where required, data were
transformed to achieve normality. Pearson analysis was used to assess significance at the 0.05 level. A significant correlation was observed

between the BioLegend and MesoScale assay (a), BioLegend and Quanterix assay (b) and MesoScale and Quanterix assay (c).
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Fig. 3. Relationship between total alpha-synuclein concentrations and covariates age and Hgb across all three independent assays. Scatter
plots showing correlations between total alpha-synuclein (pg/mL) and covariates age and Hgb (ug/mL). Pearson analysis was used to
assess significance at the 0.05 level. No significant correlations were observed between age and total alpha-synuclein measured using the
BioLegend (a), MesoScale (b) or Quanterix (c) assay. A significant correlation was observed between plasma levels of hemoglobin and total
alpha-synuclein measured using the Biolegend (e), MesoScale (e) and Quanterix (f) assays

clinical measures across all three assays. No signif-
icant correlation with age at diagnosis, years since
diagnosis, H&Y score or L-Dopa equivalent daily
dose was observed across all three assays (all p > 0.05.
Fig. 4a-i).

DISCUSSION

Alpha-synuclein is a key protein implicated in the
pathogenesis of PD and has been described as a

promising biomarker candidate. Since its identifica-
tion in peripheral body fluids, there has been much
interest in the measurement of total alpha-synuclein
in plasma samples as a favourable alternative to the
collection of CSF in clinical settings. In the present
study, we aimed to compare the performance of three
independent assays of increasing reported sensitiv-
ity for the measurement of total alpha-synuclein in
plasma samples: the BioLegend, MSD and Quanterix
assays respectively. A common sample set was used
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Fig. 4. Relationship between total alpha-synuclein concentrations and clinical measures, disease duration and H&Y scores. Scatter plots
show correlations between total alpha-synuclein (pg/mL), disease duration (years) and H&Y scores. Spearman analysis was used to assess
significance at the 0.05 level. No significant correlations were found between disease duration and total alpha-synuclein measured using
BioLegend (a), MesoScale (b) and Quanterix (c) assays. No significant correlations were also found between H&Y scale and total alpha-
synuclein measured using BioLegend (d), MesoScale (e) and Quanterix (f) assays. No significant correlations were further found between
LEDD and total alpha-synuclein measured using BioLegend (g), MesoScale (h) and Quanterix (i) assays.

to ensure that potential pre-analytical cofounders,
including sample collection and processing and stor-
age conditions [38], did not interfere with the study
objective. All assays were commercially available
and designed with specificity for alpha-synuclein,
although the exact extent to which different forms
of alpha-synuclein can be detected by the differ-
ent assay platforms is unknown. Post-translational
modification of alpha-synuclein may also affect
detection in the different assay platforms. However,
none of antibody epitope regions overlapped at least
with the serine 129 phosphorylation site, the most
common disease-associated post-translational mod-
ification site in alpha-synuclein. Included quality

controls further indicated that all immunoassays per-
formed as expected with a high degree of positive
correlation seen across all the assays for the mea-
sured levels of alpha-synuclein. These results suggest
that despite using different assay chemistries and
antibodies, all of the utilised assays were reliably
detecting total alpha-synuclein. Interestingly, the p-
value for discriminating PD patients from control
was markedly stronger for the Quanterix assay com-
pared to the others. However, this improved result
with the Quanterix assay was likely attributable to
the reduced variance found with this assay rather
than an increased sensitivity per se. A greater effect
size for increased alpha-synuclein in the PD patients
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was also observed with the Quanterix assay. Why this
occurred remains unknown but may be related to the
above in that the increased sensitivity of this plat-
form may facilitate the detection of different/lower
abundant forms of alpha-synuclein.

Interestingly, we also noted improved p-values for
discriminating PD patients from controls across all
three immunoassays when age, sex and Hgb levels
were included as covariates in the analysis. The use
of covariates as a statistical control for potential
confounders is not always employed in the analysis
of plasma alpha-synuclein levels [31, 32, 37, 42],
and this in part, may contribute to inconsistencies
reported in the literature [29, 41, 43]. In particu-
lar, Hgb levels were found to be significantly cor-
related with total alpha-synuclein levels across all
three immunoassays in the current study. It is known
that Hgb in plasma comes predominantly from the
lysis of red blood cells during plasma collection,
and given that red blood cells are a major source
of alpha-synuclein in blood [44], any red blood cell
lysis during blood collection and/or processing could
consequently lead to artificially elevated plasma
alpha-synuclein levels. Therefore, it is important
to include the measurement of Hgb when inter-
preting plasma alpha-synuclein data. Total-alpha
synuclein has also been assessed directly in red
blood cells and reported as significantly higher in
PD patients relative to healthy controls, which may
circumvent the impact of hemolysis on plasma mea-
sures [45, 46]. Although increases in total alpha-
synuclein in red blood cells may be associated with
the membrane fraction, and it has been suggested that
fractionation should be considered when interpreting
results [47]. Additionally, side-by-side comparison
of plasma and erythrocyte alpha-synuclein levels sug-
gest that plasma alpha-synuclein may better correlate
with clinical measures of PD [46].

Our finding of elevated alpha-synuclein in PD
plasma samples is in agreement with the study of Ng
et al. [31], who found a 16% increase in PD plasma
using the SIMOA platform and controlling for age
and sex as covariates. Additional studies using earlier
platforms, including colormetric ELISA assays, have
also demonstrated increases in total alpha-synuclein
in plasma samples of PD patients relative to controls
[37, 48], although conflicting studies using similar
platforms also exist [42]. In light of our findings,
this suggests that consideration of pre-analytical fac-
tors, including Hgb levels and cohort demographics
may become even more important when platforms
of lower sensitivity are being used. It is, however,

noteworthy that even with the inclusion of covariates,
the effect size of increased alpha-synuclein in PD
plasma is relatively small, suggesting that total pla-
sma alpha-synuclein levels may not make a definitive
diagnostic biomarker on their own. Indeed, several
lines of evidence have suggested that pathological
forms of alpha-synuclein, including oligomeric and
phosphorylated species may be better diagnostic aids,
and demonstrate heightened sensitivity when nor-
malised to total alpha-synuclein [49-52], although
these have not yet been cross-validated by multiple
groups. The diagnostic potential of total alpha-
synuclein in plasma may therefore lie in its ability to
normalise the measurement of toxic alpha-synuclein
species, or as part of a biomarker panel, rather than as
a stand-alone measure. Additionally, the assessment
of alpha-synuclein to promote fibrillar aggregation
using real-time quaking induced conversion (RT-
Quic) and/or protein misfolding cyclic amplification
(PMCA) is currently showing diagnostic promise for
PD [12, 14-16, 53], albeit currently limited to CSF.
Finally, the molecular basis of why plasma alpha-
synuclein is increased in PD patients remains unclear.
In this regard, plasma alpha-synuclein has been sug-
gested to result from efflux from CSF [54]. However,
there is also support that plasma alpha-synuclein may
originate from peripheral tissues such as the enteric
plexus which is also pathologically affected in PD
[55, 56].

When assessed against clinical measures, no sig-
nificant findings were identified with either disease
duration or H&Y score across all three immunoas-
says. These findings could be attributed to the very
small range of patients within these measures in our
study as H&Y score has previously been correlated
with plasma alpha-synuclein levels using the SIMOA
platform [12]. In particular, an increase in alpha-
synuclein levels were observed in milder stages of
disease (H&Y 1-2), with a decrease in detectable
total alpha-synuclein observed across later disease
stages (H&Y 3-4). The authors proposed that this
observation might be due to increased c-terminal
truncation and aggregation in the later stages, which
would escape detection in the current assays target-
ing the c-terminal of alpha-synuclein [31]. These
findings support the longitudinal study by Foulds et
al., who reported total alpha-synuclein as a poten-
tial marker of disease progression in milder stages
of PD (H&Y 1-2) [32]. Increased levels of alpha-
synuclein have also been measured in exosomes
derived from the plasma of PD patients, and found
to correlate with motor progression [57]. In contrast
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to the limited longitudinal studies using plasma
samples, several groups have reported longitudinal
assessment of total alpha-synuclein in CSF sam-
ples using different PD patient cohorts. From this
work, most studies report no significant change in
total alpha-synuclein in CSF overtime, suggesting
this is not a marker of disease progression [58-61],
although conflicting studies again exist suggesting
an increase in CSF alpha-synuclein with PD [18,
62], or even a significant decrease [63]. Importantly
however, total alpha-synuclein levels in CSF do not
appear to correlate with total alpha-synuclein levels in
corresponding plasma samples [64], suggesting that
conclusions drawn from longitudinal studies using
CSF may not directly apply to the ability of plasma
alpha-synuclein to serve as a disease progression
biomarker for PD. Thus, further longitudinal assess-
ment of plasma alpha-synuclein is of merit, and
an obvious limitation in our current cross-sectional
work.

To the best of our knowledge, this is the first study
to directly compare total plasma alpha-synuclein
levels using the BioLegend, MSD and Quanterix
assays. While the Quanterix assay was superior in
detecting the highest group level difference of total
alpha-synuclein PD and control plasma samples, the
MSD assay performed similarly and may represent
a suitable alternative in discriminating total alpha-
synuclein plasma levels in PD patients from controls
in settings where the SIMOA platform may not be
feasible and/or accessible. Limitations to the cur-
rent study include that we did not assess inter or
intra assay variation to compare assay performance
between batches or over time. The study also did not
address the specificity of increased alpha-synuclein
for PD, and this could be done by comparing to other
neurodegenerative diseases such as Alzheimer’s dis-
ease. Whilst our study suggests that all three assays
were sensitive enough to discriminate PD patients
from controls, a larger PD cohort with a wider clini-
cal range and data with a greater range of scores (such
as MDS UPDRS motor scores and cognitive assess-
ments) would have expanded the study by enabling
the assessment of each immunoassay according to its
progressive biomarker potential.
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