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Abstract

Background: Variations of a-synuclein levels have been reported in serum and
plasma in Parkinson’s Disease (PD) Patients.

Methods: Serum and plasma were obtained from PD patients without known
mutations (GU-PD, n=124)), carriers of the A53T/G209A point mutation in the o-
synuclein gene (SNCA) (n=29), and respective age-/sex-matched controls. Levels of
total a-synuclein were assessed using an in-house ELISA assay.

Results: A statistically significant increase of a-synuclein levels was found in serum,
but not plasma, from GU-PD patients compared to healthy controls. A statistically
significant decrease of a-synuclein levels was found in serum and plasma from
symptomatic AS53T mutation carriers compared to healthy controls. Plasma a-
synuclein levels were modestly negatively correlated with UPDRS part III score and
disease duration in A53T-PD patients.

Conclusion: Increased o-synuclein levels in serum of GU-PD patients suggest a
systemic deregulation of a-synuclein homeostasis in PD. The opposite results in
AS53T-PD highlight the complexity of a-synuclein homeostatic regulation in PD, and

suggest the possibility of reduced expression of the mutant allele.



Introduction

Parkinson’s disease (PD) represents the second most common neurodegenerative
disease, characterized by the relatively selective degeneration of the dopaminergic
neurons in the Substantia nigra pars compacta, although other brain regions also
participate in the degenerative process. The surviving neurons contain intracellular
proteinacious inclusions, Lewy bodies (LBs) and Lewy neurites (LNs), rich in
filamentous protein structures positive for a-synuclein [1]. The diagnosis of PD is
clinical, and no reliable biomarker, with the possible exception of expensive
dopamine transporter imaging, has emerged for the diagnosis of PD (especially in its
premotor phase), for disease progression, or for differential diagnosis [2]. There is a
need therefore for the development of such biomarkers, through a better
understanding of disease pathogenesis.

Alpha-synuclein is a highly conserved neuronal presynaptic protein of 140 amino
acids, whose levels, along with its accumulation in B-sheet rich oligomers and more
mature aggregates in the form of LBs and LNs, are thought to be critical to PD
pathogenesis [3]. This notion is further supported by the fact that point mutations as
well as duplications and triplications of the SNCA locus encoding for a-synuclein lead
to the rare cases of familial PD, while Genome-Wide Association Studies (GWANS)
have implicated the SNCA locus in sporadic PD [4]. Apart from its predominant
localization within neuronal cells in the peripheral (PNS) and central nervous system
(CNS), a-synuclein can be detected as an extracellular protein in the cerebrospinal
fluid (CSF), as well as the brain interstitial fluid, following secretion from neuronal
cells [5]. Furthermore, a-synuclein can be detected in peripheral fluids and cells, such
as plasma, serum, erythrocytes and platelets [6—8]. The direct genetic and biochemical
link of a-synuclein to PD pathogenesis and the ability to quantify its levels in a
plethora of biological fluids render a-synuclein a promising potential biomarker for
PD and related disorders.

Most studies have focused on the measurement of a-synuclein levels in CSF, and a
consistent finding has been that such levels are decreased in the context of PD, likely
due to the deposition of a-synuclein in aggregates, limiting the soluble, secreted
species of the protein [9]. However, differences from controls are relatively small, and

assays for total a-synuclein in CSF are on their own not able to reliably differentiate



PD patients from controls [9]. More recent CSF studies using amplification methods
such as RT-QulC and PMCA report a high sensitivity and specificity for the
differentiation of PD patients from controls [10]. However, such studies require
specialized equipment and reagents, and involve the invasive procedure of lumbar
puncture.

Analysis of peripheral a-synuclein includes the detection of the monomeric and
oligomeric forms of a-synuclein in blood plasma [7], serum [7], PBMCs [11],
erythrocytes [12] or saliva [13]. The studies conducted so far have not produced
conclusive results. Available studies are contradictory, reporting an increase [14,15]
or a decrease [16,17] in plasma total a-synuclein levels in PD patients compared to
controls. Likewise, plasma oligomeric a-synuclein levels have been reported to be
increased in PD [14], or to be no different from controls [7].

The majority of studies provide measurement of peripheral a-synuclein in different
cohorts of sporadic PD patients. In the current study, we have determined the levels of
monomeric total o-synuclein in the plasma and serum of a defined cohort of
idiopathic PD patients and control subjects but also in a cohort of PD patients
harboring the p.G209A/AS53T mutation. The p.G209A/AS53T (rs104893877) point
mutation in SNCA was the first mutation described in familial cases of PD [18]. The
use of this rare cohort of A53T a-synuclein carriers, a mutation of high penetrance,
allowed us to compare the results obtained from idiopathic PD patients with patients
possessing a defined genetic background that leads to the development of PD
pathology.

Even though our group has previously reported that a-synuclein levels in erythrocyte
membranes remain unaffected in A53T mutation carriers compared to healthy
subjects [19], the direct measurement of plasma/serum o-synuclein levels in these
patients has not been addressed. The assessment of both blood plasma and serum was
selected in order to account for possible interactions of the targeted protein with
coagulation factors and reveal potential correlations in the two biological fluids that

are mostly used for the measurement of peripheral a-synuclein.

Materials and Methods

Subjects



Patients with PD and age-matched healthy subjects were enrolled from Attikon
University Hospital, Athens, Greece (Table 1). Subjects harboring the G209A/A53T
mutation in the SNCA gene and their respective age-matched healthy controls (Table
2), were separately recruited in the MEFOPA study (MEndelian FOrms Of
Parkinsonism) [20]. The subjects were divided accordingly into two categories: on the
one hand, patients without the AS3T mutation in the SNCA gene, nor mutations in the
GBA gene (Genetically-Undetermined PD patients, GU-PD) [20], and, on the other,
AS53T mutation carriers (A53T-PD). The SNCA A53T mutation and GBA mutations
are the most common causes of genetic PD in Greece, other causes of monogenic PD,
including LRRK2 mutations, being extremely rare in this population [20]. Therefore,
for the GU-PD group, we only assessed and excluded carriers of these two types of
mutations. Of note, all carriers of the A53T SNCA mutation tested negative for GBA
mutations. Enrolled healthy controls had no known family history of PD. They were
not screened for any of the aforementioned mutations.

All study procedures were approved by the scientific council and ethical committee of

Attikon Hospital and all participants provided written informed consent.

Clinical Assessment

Patients” motor condition was evaluated with the use of the Unified Parkinson’s
Disease Rating Scale (UPDRS) Part III (in the on phase in the case of motor
fluctuations) and their cognitive function was measured with the Mini-Mental State
Examination (MMSE) or, in the case of the p.A53T cohort, with the MOCA (Tables 1
and 2). Clinical assessments were conducted the same day that blood samples were

collected.

Collection of serum and plasma

Blood was collected in EDTA- and clot activator-coated tubes (BD Vacutainer, Ref
#366643 and #367986 respectively. Each sample was centrifuged at 2200 g for 10
minutes and the supernatant was collected, containing plasma or serum depending on
the vial used. Plasma and serum were aliquoted in 2ml polypropylene tubes and stored

at -80°C.

Detection of the p.A53T/c.G209A mutation



DNA was extracted from peripheral blood and was analyzed for the presence of the

SNCA-G2094 mutation as described previously by Bozi and colleagues [20].

Quantification of a-synuclein levels in serum and plasma

The levels of a-synuclein in serum and plasma were quantified using our in house
ELISA as previously described [5,21]. Samples were diluted 60x in TBST buffer (10
mM Tris-ClL, pH 7.6, 100 mM NaCl, 0.1% Tween-20) and assessed in quadruplicate
using the standard addition method. Each sample was measured alone and spiked with
two different additions of recombinant a-synuclein at final concentrations of 0.1, 0.3
ng/ml and 0.9, 2.7 ng/ml, in plasma and serum, respectively. The final concentration
for each sample was estimated as the mean value of the concentration estimated
following spiking of the two concentrations of the standard. The group of samples
from AS53T patients and their controls were measured in the Biomedical Research
Foundation of the Academy of Athens during 2012 — 2013. The group of GU-PD and
the respective control group were measured during 2013 — 2015 in the Laboratory of
Analytical Chemistry, University of Athens using a different chemiluminescence
reader, which explains the differences we observe in the absolute concentration values
between the two cohorts. It is for this reason that we established a separate control

group for each cohort of PD patients.

Statistical analysis

Statistical analysis was performed using R version 3.5.3 with RStudio. We have used
the W test statistic, to assess differences between groups. All data underwent a
normality test (Shapiro—Wilk), and were found to be non-normally distributed.
Results were reported mentioning the W statistic of the non-parametric Mann-
Whitney test and the respective p-value as computed by R. Spearman’s method was
used to correlate a-synuclein levels with participants’ demographic and clinical
characteristics. The threshold for significance was set to p-values less than 0.05. The

cutoff for the ROC analysis was determined using the Youden Index.

Results



We initially analyzed the idiopathic PD group (N=124) in comparison with the
control group (N=68) consisting of individuals not suffering from any neurological
condition. The demographic and clinical profiles of these groups are described in
Table 1. Measurement of o-synuclein levels in the serum samples revealed a
statistically significant increase in a-synuclein levels in PD patients vs. healthy
controls (W=2709, P=0.003) (Fig. 1A). Similar assessment of plasma a-synuclein
levels showed no significant differences (Fig. 1B). We found a positive correlation
between a-synuclein levels in plasma and serum in the idiopathic PD and control
groups (rho=0.272, p=0.003) (Fig. 1C). Disease duration, UPDRS part III, MMSE
scores or Levodopa Equivalent doses were not correlated with a-synuclein plasma or
serum levels. Given the difference in sex distribution between the control and PD
groups (Table 1), we also performed analyses with sex as a confounder, which did not
alter our results (data not shown).

ROC analysis was performed between healthy controls and PD patients, which were
age- and sex-matched, for assessing the diagnostic utility of serum a-synuclein levels.
The area under the curve is 0.632 (95% confidence intervals 0.546 — 0.718). A cutoff
value for the serum a-synuclein of 45.6 ng/ml was selected, yielding a sensitivity of
58.3% (CI: 48.7% — 67.3%) and a specificity of 62.5% (CI: 49.5% — 74.3%). The
positive predictive value for the presence of PD was 73.6% (CI: 62.1% — 80.5%) (Fig.
1D).

Next, we analyzed the group of AS3T a-synuclein mutation carriers (N=29, of which
6 asymptomatic and 23 symptomatic) compared to a separate group of age-matched
healthy controls (N=29). We found a statistically significant decrease in both serum
and plasma o-synuclein levels in AS53T carriers compared to the controls (serum:
W=216, p=0.002; plasma: W=211, p=0.008) (Fig. 2A, B). Even considering
symptomatic and asymptomatic carriers as separate categories, the statistically
significant decrease against healthy controls is still manifested in serum for both
categories (asymptomatic p=0.046; symptomatic p=0.005) and in plasma in A53T-PD
patients (p<<0.001).

Interestingly, within the A53T group, asymptomatic carriers exhibited significantly
higher levels of plasma a-synuclein (Fig. 2C). Further analysis revealed a moderate
negative correlation in the A53T group between UPDRS part III and a-synuclein
levels in plasma, that however barely missed statistical significance (rho= —0.382,

p=0.054) (Fig. 2D). A moderate negative correlation between plasma a-synuclein



levels and the duration of PD (rho= —0.396, p=0.045) in the symptomatic A53T-
carriers subgroup was also established (Fig. 2E). No other significant correlations
were identified.

In our experiments, we have consistently observed that, within control groups, serum
levels of a-synuclein were about two times higher than the commensurate plasma
levels. We found that this difference was statistically significant in the controls of the
GU-PD cohort (59.96 + 7.43 vs 28.30 £ 4.23 ng/ml in the serum and plasma,
respectively, p<0.0001, Mann-Whitney non parametric t-test) and in the controls of
the AS3T cohort (25.43 + 2.58 vs 16.02 + 4.21 ng/ml in the serum and plasma,
respectively, p=0.0004, Mann-Whitney non parametric t-test). We have investigated
whether the differences in the levels of plasma and serum a-synuclein within a group
could be attributed to the presence of EDTA as an anticoagulant. The presence of
EDTA did not affect the performance of the ELISA assay as observed by the
measurement of recombinant a-synuclein (Fig. 3A). To further verify that EDTA does
not interfere with our measurement, a serum sample was aliquoted and analyzed in the
absence and in the presence of EDTA. Three aliquots of each condition (+/- EDTA)
were measured using the ELISA. No differences were observed in the levels of a-

synuclein with or without EDTA (Fig. 3B).

Discussion

A major result from our study is that serum, but not plasma, levels of total a-synuclein
are higher in patients with idiopathic PD compared to controls. Previous work has
given contradictory results in this regard. The studies that have assessed levels of a-
synuclein in serum in PD patients have found either that they are unaffected in PD
patients [22] or are decreased compared to controls in a larger study [23]. In
comparison, total plasma a-syn levels in PD patients increased in two studies using
ELISA [14,15], but decreased in another using western blot [16]. Two recent studies,
that measured plasma a-syn via ELISA [24-26] and mass spectrometry [26] found
similar levels in PD patients compared to controls. In larger cohorts, when total
plasma a-syn levels were assessed using Luminex assays, no difference was found
between PD patients and controls [27,28]. Conversely, a recent study suggests that

plasma total a-syn levels assessed using ELISA are decreased in patients with



sporadic PD compared to controls, with a similar trend seen with familial PD [29]. No
studies, to our knowledge, have assessed a-synuclein levels concomitantly in plasma
and serum, as in the present work.

In our study, we have found significantly higher a-synuclein levels in the serum
samples of GU-PD patients vs the control subjects. Interestingly, this difference could
not be reproduced in the respective plasma samples of this cohort which also
exhibited significantly lower levels of a-synuclein compared with the serum samples
by approximately two-fold. Serum and plasma have been widely used as biological
matrices to assess the presence of proteins or metabolites that could assist clinical
diagnosis. However, it has been reported that the selection of the blood fraction could
have important implications regarding the concentration of the analyte measured and,
consequently, the interpretation of the produced results [30,31]. To obtain serum, the
products of the coagulation cascade along with blood cells are removed from the
sample by centrifugation. During this procedure, proinflammatory cytokines and
specific metabolites are released by platelets into the sample [32,33]. To obtain
plasma, coagulation is prevented by the addition of EDTA (as used here) or heparin.
In some cases, the variability in the measurements between serum and plasma is due
to the EDTA-induced chelation of metal ions that ensure sufficient epitope detection
in ELISA assays. In the current study, we have ruled out the possibility that the
EDTA present in the plasma collection material could act as inhibitor in the
performed ELISA assay. However, we cannot rule out the possibility that the lower a-
synuclein concentration in our plasma samples results from modifications in the
folding properties of a-synuclein due to its inefficient binding to metal ions. This was
also true for other proteins measured in serum and plasma samples such as the RACE-
binding protein, BDNF and metalloproteinases 1, 7 and 10 [30]. In sum, our data
indicate that the choice of the blood fraction is critical for the assessment of a-
synuclein concentration.

These results are consistent with the notion, reinforced by GWAS and other studies
linking SNCA haplotypes with peripheral levels of a-synuclein [34,28], that, in PD
patients, various factors converge onto leading to slightly higher systemic levels of a-
synuclein and thus increase the risk of developing PD. It should be stressed that such
differences in a-synuclein levels are of small magnitude, and are not useful as
biomarker indices; indeed, the sensitivity and specificity of high serum a-synuclein

levels we have obtained in the current study are relatively low, and unlikely to be used



in clinical practice, at least without additional factors. The lack of a difference in a-
synuclein levels in peripheral body fluids in many other studies may be due to type II
error, given the fact that in many cases smaller numbers of subjects were ascertained,
and only plasma was assessed. It should be stressed here that total a-synuclein may
not accurately reflect the concentration of pathogenic forms of this protein. Studies
assessing aberrant conformations of o-synuclein, such as oligomeric or
phosphorylated forms, may be more revealing in this regard.

Few biomarker studies have been performed in genetic synucleinopathy cohorts,
given the rarity of the condition. We have previously reported that levels of a-
synuclein in erythrocyte membranes, as assessed by western immunoblotting, were
not different in p.AS3T PD patients compared to controls [19]. However, in the
current study, using a more sensitive ELISA technique, we have found that actually,
in both serum and plasma, levels of a-synuclein are lower in this group of patients
compared to controls. This appeared to depend on disease status, as asymptomatic
carriers had higher levels that approximated those of controls, while there was also a
significant, albeit moderate, negative correlation between plasma values and disease
duration and a trend in the same direction between plasma values and UPDRS III that
barely failed to reach statistical significance. These data suggest that the existence,
duration and severity of the disease may be a factor that leads to the lowering of a-
synuclein levels in this group of subjects. In fact, the present study raises the
interesting possibility that in future longitudinal studies in asymptomatic AS53T
mutation carriers declining peripheral levels of a-synuclein may serve as a marker of
transition from the asymptomatic to the symptomatic phase.

Indeed, it has been previously reported, based on lymphoblastoid cell lines, that
mRNA and protein levels of a-synuclein derived from the mutant allele are reduced in
carriers of the p.A53T and p.A30P mutations, in a manner dependent on the duration
and severity of the disease [35,36]. The mechanism for this effect is unclear, but may
involve epigenetic histone modifications that lead to reduction in the expression of the
mutant allele [37]. It is likely that such reduced expression of the mutant allele may
also occur systemically in such patients, leading to lower levels of total a-synuclein in
the present study. In fact, lower levels of a-synuclein derived from the mutant allele
might explain the lack of an increase in dimeric species of a-synuclein in erythrocyte
membranes of such patients [19], which was unexpected given the increased

propensity of the mutant p.A53T form to oligomerize and aggregate [38]. It will be



very interesting to assess mRNA and protein levels of a-synuclein, and in particular
of the mutant allele, in the brains of patients with the p.A53T mutation, given the
demonstrated aggregation of the protein in such post-mortem material [39].
Alternative explanations for the lower a-synuclein levels in this group of patients
include decreased secretion or increased turnover of the mutant allele. However,
there is no indication that the A53T mutant is secreted less than the WT, at least in
cellular systems (unpublished data from our laboratories), and, if anything, the half-
life of the AS3T mutant is longer than that of the WT form [40,41].

Limitations of our study include the relatively small sample size, especially for the
AS53T arm of the study, and the fact that a complete PD-related mutation status was
not assessed in all subjects, including controls. However, given the rarity of PD-
related mutations in the general population, especially regarding the p. A53T SNCA
mutation, we do not believe that this issue could have influenced our results. It would
have been optimal to also assess peripheral a-synuclein levels in PD patients with
GBA mutations, however we could not collect sufficient samples from such patients
for the present study. It would be important in future studies to assess peripheral a-
synuclein markers in this group of subjects, as it is largely considered to represent
another type of synucleinopathy; on the other hand, other SNCA point mutation, as
well as multiplication, carriers, need to also be systematically assessed in this regard.
In conclusion, we show here that serum, but not plasma, levels of a-synuclein are
increased in the blood of patients with PD compared to controls, in results that are
broadly in agreement with the a-synuclein burden hypothesis. It should be stressed
that such differences are small and unlikely to be useful in clinical practice. The
opposite effect, a decrease in total a-synuclein levels in plasma and serum, is
observed in subjects with the p.A53T mutation in the SNCA gene, in a manner
partially dependent on the presence, duration and severity of the disease, suggesting
that this effect may be associated with the previously reported decreased expression of
the mutant allele. These disparate effects underline the complexity of the involvement
of a-synuclein in PD, and raise the possibility that different pathogenetic mechanisms

may drive the neurodegenerative process in genetic and sporadic PD.
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Figure Captions

Figure 1. Alpha-synuclein levels in GU-PD patients.

Levels of (A) serum and (B) plasma a-synuclein of GU-PD patients vs. healthy

controls. (C) Correlation between a-synuclein in serum and plasma. (D) ROC curve

of a-synuclein levels in serum

Data presented as mean + 95% confidence interval; **p<0.01



Figure 2. Alpha-synuclein levels in AS3T-PD.

Levels of (A) serum and (B) plasma a-synuclein of A53T mutation carriers vs. wild-
type controls. Correlation between a-synuclein in plasma and (C) UPDRS score or
(D) disease duration.

Data presented as mean + 95% confidence interval; *p<0.05, **p<0.01

Figure 3. Absence of EDTA interference

(A) ELISA assay standard curve with and without EDTA by the measurement of
recombinant a-synuclein. (B) Measurement of a serum sample in absence and in
presence of EDTA.

Data presented as mean + 95% confidence interval



