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Abstract: Total CSF «-synuclein (t-«-syn), phosphorylated o-syn (pS129-x-syn) and x-syn oligomers
(o-a-syn) have been studied as candidate biomarkers for synucleinopathies, with suboptimal speci-
ficity and sensitivity in the differentiation from healthy controls. Studies of x-syn species in patients
with other underlying pathologies are lacking. The aim of this study was to investigate possible
alterations in CSF a-syn species in a cohort of patients with diverse underlying pathologies. A total
of 135 patients were included, comprising Parkinson’s disease (PD; n = 13), multiple system atro-
phy (MSA; n = 9), progressive supranuclear palsy (PSP; n = 13), corticobasal degeneration (CBD;
n =9), Alzheimer’s disease (AD; n = 51), frontotemporal degeneration (FTD; n = 26) and vascular
dementia patients (VD; nn = 14). PD patients exhibited higher pS129-a-syn/ «-syn ratios compared
to FTD (p = 0.045), after exclusion of samples with CSF blood contamination. When comparing
movement disorders (i.e., MSA vs. PD vs. PSP vs. CBD), MSA patients had lower a-syn levels
compared to CBD (p = 0.024). Patients with a synucleinopathy (PD and MSA) exhibited lower
t-a-syn levels (p = 0.002; cut-off value: <865 pg/mL; sensitivity: 95%, specificity: 69%) and higher
pS129-/t-a-syn ratios (p = 0.020; cut-off value: >0.122; sensitivity: 71%, specificity: 77%) compared
to patients with tauopathies (PSP and CBD). There are no significant x-syn species alterations in
non-synucleinopathies.

Keywords: o-synuclein; cerebrospinal fluid; biomarkers; tau proteins; beta amyloid; parkinsonism;
dementia: neurodegenerative disorders

1. Introduction

Diagnostic accuracy of cognitive and movement disorders based on established clinical
diagnostic criteria is suboptimal, even among experts [1-4]. This is due to the clinical
variability of most neurodegenerative diseases, which, not uncommonly, manifest with
atypical phenotypes.

Biomarkers that provide in vivo information of the underlying pathology in patients
with cognitive and movement disorders are needed in order to improve diagnostic accuracy.
Cerebrospinal fluid (CSF) biomarkers have been extensively studied to this end, due to
their relatively low cost (especially compared to PET imaging), safety of lumbar puncture
and the proximity of CSF to brain parenchyma.

CSF biomarkers have already been incorporated in the NIA /AA and IWG-2 diagnostic
criteria for Alzheimer’s disease (AD) [5,6]. These include amyloid beta with 42 amino acids
(AB42), a marker of amyloid pathology (plaque formation); total tau protein (tr), a non-
specific marker of neurodegeneration; phosphorylated tau protein at threonine 181 (tp.1g1),
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a marker of tau pathology (tangle formation). AD is characterized by a decrease in A4
and an increase in tr and Tp.131, which results in elevated biomarker indices such as
T1/ ARy and Tp.1g1 /T ratios.

Despite the success of CSF and imaging biomarkers in AD, clinically relevant biomark-
ers in synucleinopathies, such as Parkinson’s disease (PD), Parkinson’s disease dementia
(PDD), dementia with Lewy bodies (DLB) and multiple system atrophy (MSA) are still
lacking.

CSF total a-synuclein (t-a-syn) has been studied as a surrogate biomarker of synu-
cleinopathies [7-11]. Most studies agree that CSF t-a-syn is decreased by 10-20% in PD
compared to healthy subjects and other neurodegenerative disorders. However, there is
considerable overlap among neurodegenerative diseases, resulting in suboptimal diagnos-
tic accuracy. Results on other synucleinopathies such as DLB and MSA have produced
mixed results [7-9].

Substantial evidence supports the notion that oligomeric (o-) and phosphorylated
Ser129 (pS129-) a-syn species underlie and drive the neurodegenerative process in synucle-
inopathies [12-14] and various CSF a-synuclein species have been tested as biomarkers
of synucleinopathies, with mixed results. These studies point towards an increase in CSF
pS129-a-syn and/or 0-a-syn in PD and other synucleinopathies [8,10,15-18].

Most studies on CSF x-syn species have focused exclusively on synucleinopathies. Few
studies have compared «a-syn species among other proteinopathies, such as tauopathies [17,19].
Limited data from these studies suggest that AD and PSP patients may have higher CSF
t-a-syn or unchanged o-a-syn levels compared to patients with PD, PDD or DLB.

Intriguingly, it has been suggested that t-a-syn is elevated in AD compared to healthy
controls, and that t-a-syn may correlate with Tt in AD. Moreover, a significant increase
in t-a-syn has been reported in Jacob—Creutzfeldt disease, as is the case for 1. These
findings may imply that t-a-syn could represent a non-specific marker of neurodegen-
eration, as is the case for tr. CSF a-syn species have not been systematically studied in
neurodegenerative disorders of different underlying pathologies.

The primary aim of this study was to investigate the diagnostic accuracy of three
different species of  -syn (t-, o- and pS129-a-syn) in a cohort of patients with cognitive
and/or movement disorders of diverse underlying pathologies (synucleinopathies and
tauopathies), AD (a mixed tauopathy and amyloidosis) and vascular dementia. A sec-
ondary objective was to explore any possible correlations between a-syn species and
established CSF AD biomarkers (11, Tp1s1, AP42). We also investigated if any correlations
with clinical parameters and «-syn species are present.

2. Materials and Methods
2.1. Patients

The medical files of all patients, with available CSF AD biomarkers (tT, Tp-181, AB42),
examined at the Wards of Cognitive and Movement disorders of the First Department of
Neurology of the Medical School of the National and Kapodistrian University of Athens
at Eginition Hopsital, between 2011 and 2017, were retrospectively reviewed. Patients
fulfilling established clinical diagnostic criteria for clinically established PD [20], and
probable MSA [21], AD [5], Richardson’s syndrome of progressive supranuclear palsy
(PSP) [22], corticobasal degeneration (CBD) [23], frontotemporal dementia (FTD) [24]
and vascular dementia (VD) [25] were included. All patients underwent an extensive
standardized work-up, including brain MRI, to exclude other diagnoses.

Patients with a typical CSF AD profile (defined as elevated tr and tp.1g1 and decreased
Apyp) [26,27] and a different clinical diagnosis were excluded from analysis. For this
purpose, the cut-off points of the Unit of Neurochemistry and Biomarkers were used (i.e.,
1 < 376 pg/mL; tp.1g1 < 57 pg/mL; APy > 682 pg/mL). In the absence of patholog-
ical data, these patients were excluded from analysis, because they may represent AD
patients with atypical clinical presentation (e.g., behavioral-frontal syndrome, corticobasal
syndrome) or patients with dual pathologies.
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2.2. Cerebrospinal Fluid Markers

Different species of CSF a-syn were measured including t-, o- and pS129-a-syn
following previously published sandwich-based enzyme-linked immunosorbent assays
(ELISA) [28]. For all assays, samples were run in duplicate and measured in a blinded
fashion. Diagnostic groups were randomized over the plates. A series of internal controls
were also run to normalize for inter-run variation. Specified calibrators were used to
generate an 8-point standard curve to which a 4-parameter logistic (4PL) curve of all plates
was fitted and used to quantify unknown concentrations using GraphPad Prism software.

AD CSF biomarkers (tr, Tp-181, APB42) were measured in duplicate by double sand-
wich, ELISA by commercially available kits (“Innotest® hTau antigen”, “B-amyloid1-42"
and “phospho-taul81”, respectively, Fujirebio Europe, Gent, Belgium) according to manu-
facturer instructions. A protocol controlling for pre-analytical and analytical variability
was implemented, with regard to classical CSF biomarker analyses [29]. This protocol is
described in detail in previous studies [30,31].

2.3. Statistical Analysis

Shapiro-Wilk’s and Levene’s tests were used to test for normality of distribution
and homogeneity of variance, respectively. Demographic and clinical data among study
groups were compared by x* and analysis of variance (ANOVA) as appropriate. Neuropsy-
chological and movement disorder test scores were compared by analysis of covariance
(ANCOVA), with sex, age and disease duration as covariates or independent samples
Kruskal-Wallis test as appropriate.

CSF biomarkers did not have normal distributions. Log-transformation restored nor-
mality of distributions for 1, AP4y, Tp-181, PS129-a-syn and O-a-syn/a-syn ratios. These
variables were analyzed by ANCOVA, with sex, age and disease duration as covariates.
Post-hoc analysis with Bonferroni correction for multiple comparisons was applied. All
other CSF biomarkers were compared by Kruskal-Wallis, as appropriate.

In addition to tT, Tp-181, AP42, a-syn, pS129-a-syn and o-a-syn, the following ratios
were calculated: t1/AR42, Tp-181/7TT, pS129-0-syn/a-syn and o-a-syn/a-syn.

The following analyses were performed: (a) an initial analysis included all study
groups; (b) patients with movement disorders (i.e., PD vs. MSA vs. PSP vs. CBD); (c) patients
with dementia (i.e., AD vs. FID vs. VD); (d) patients based on presumed underlying
proteinopathy (i.e., synucleinopathy vs. tauopathy).

These analyses were repeated for a-syn species, after exclusion of patients with CSF
blood contamination. This was defined as RBC > 50 cells/mm?3, as this cut-off value was
determined to minimize the effect of CSF blood contamination in «-syn levels [32]. Non-
parametric tests were used for these analyses due to the small number of patients per study
group, as appropriate.

In cases of statistical significance, Receiver Operating Characteristics (ROC) Curve
analysis was performed to define the cut-off point that provided optimal combined sensi-
tivity and specificity.

Spearman’s rank correlation coefficient was applied to investigate possible correlations
between CSF biomarkers and clinical data, as well as among CSF biomarkers within
different study groups. To correct for multiple comparisons, significance level was set at
p < 0.001 for correlation analyses.

Analyses were performed by IBM SPSS Statistics® version 23.0.0.0 (SPSS Inc., Chicago,
IL, USA 2013). Graphs were designed using GraphPad Prism®, version 5.03 (GraphPad
Software Inc., La Jolla, CA, USA 2009).

3. Results

A total of 135 patients were included, comprising PD (n = 13), MSA (n = 9), PSP
(n =13),CBD (n=9), AD (n = 51), FTD (n = 26) and VD patients (n = 14). The study groups
differed in age (p = 0.001), disease duration (p = 0,010), MMSE score (p < 0.0001), Clox 2
test (p = 0.002) and 5-word delayed recall test (p = 0.003). Post-hoc analysis revealed that
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VD patients were older than PD (p = 0.011) and FTD patients (p = 0.014). AD patients
performed poorer in neuropsychological tests compared to other study groups (Table 1).

Table 1. Demographic and clinical characteristics of patients. All data are presented as mean (SD) or median (inter-

quartile range).

PD MSA PSP CBD AD FTD VD

n=13 n=9 n=13 n=9 n =51 n=26 n=14  P-Value
Sex (m/f) 8/5 6/3 9/4 4/5 18/33 15/11 9/5 0.132
57.5 61.4 60.8 68.9 59.6 71.1 .
Age (11.1) 9.3) (5.2) 8o 05010 g (109 0001
. . 7.0 3.0 3.0 2.0 3.0 3.0 3.0
Disease duration (y) (40-80)  (1530) (1530) (2025 (0-50) (2050 (030 V0%
245 15.4 20.5 26.0 .
UPDRS 163) a79) aLe) 37) NA NA NA 0.442
MMSE 28 29 24 24 19 24 22 <0.0001
(26-29)  (26-295) (22.5-285) (19.5-28)  (13-23)  (17-27)  (20-24) 1
13 13 95 8 10 12 8
Clox2 test (10-13)  (12-14.5)  (8.0-10.0) (2-10) (5-12) (8-14) (7-12) 00021
145 145 11 9.5 10 11 11
FAB (10-16)  (12.5-165)  (10-14)  (65-12.5)  (7-13) (3-12) 6-12) 00
5 5 5 4 15 45 5
5-word delayed recall test (5-5) (5-5) (4-5) (3-5) (1-3) (0-5) (4-5) 0.003 1

UPDRS: Unified Parkinson’s Disease Rating Scale; MMSE: Mini Mental State Examination; Clox 2 test: 15-point clock drawing test; FAB:
Frontal Assessment Battery; t: x? test; *: analysis of covariance, with sex, age and disease duration as covariates; t: independent samples

Kruskal-Wallis test.

The initial analysis included all study groups. CSF a-syn species did not differ
significantly among groups in this analysis (Table 2, Figure 1). However, after exclusion of
patients with CSF blood contamination, study groups differed in the pS129-a-syn/«-syn
ratio (p = 0.039). Post-hoc analysis revealed that PD patients had significantly higher ratios
compared to FTD (p = 0.045) (Table 2, Table S1).

There were statistically significant differences in tr, Tp.181, AP4o, Tr/AP4y ratio and
Tp.181/Tr ratio (p < 0.0001). Post-hoc analysis revealed that these differences were at-
tributable to AD patients, who had: (a) higher Tt levels compared to MSA (p = 0.003), PSP
(p <0.0001), PD (p < 0.0001), FTD (p = 0.001) and VD (p = 0.012); (b) higher Tp_13; compared
to MSA (p = 0.0020), PSP (p < 0.0001), PD (p = 0.036) and FTD (p < 0.0001); (c) lower AP 4
levels compared to CBD (p = 0.039), PSP (0.018), PD (p = 0.027) and FID (p < 0.0001); (d)
higher t1/ A4 ratio compared to PD and PSP (p < 0.0001) and FTD (p = 0.001); e) higher
Tp.181/ 7T compared to PD (p = 0.016) (Table 2).

The second analysis included movement disorders (i.e., PD vs. MSA vs. PSP vs. CBD).
There was no statistically significant difference regarding a-synuclein species, when all
patients were included (Table 2). After excluding CSF samples with blood contamination,
«-syn differed significantly among study groups (p = 0.016). This was attributed to lower
«-syn levels in MSA compared to CBD (p = 0.024) (Table S1, Table 2).

Statistically significant differences were found in tr and the t1/ A4, ratio. Post-hoc
analysis revealed that these differences were due to higher tr levels in CBD compared to
PSP (p = 0.017) and higher t1/A4; ratios in CBD compared to PD (p = 0.002) and PSP
(p = 0.046) (Table 2). The third analysis compared dementias (AD vs. FTD vs. VD). CSF
x-syn species did not differ among groups. AD patients had greater 1, Tp.181, Tr/AB42
ratio and Ttp.1g; /TT ratio and lower A{34; levels compared to VD and FTD (p < 0.0001 for all
measurements, p = 0.022 for tp.151 /T ratio) (Table 2).

The final analysis compared patients based on presumed underlying proteinopathy
(i.e., synucleinopathies vs. tauopathies). CSF t-a-syn was significantly lower in presumed
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synucleinopathies compared to presumed tauopathies (p = 0.034). ROC curve analysis
revealed that a value of t-a-syn < 865 pg/mL provided a sensitivity of 86% and a specificity
of 59% for a synucleinopathy diagnosis (Table 3, Table S1, Figure 2).

Table 2. Cerebrospinal fluid biomarkers data of study groups.

Diagnosis Analyses
1. Classical CSF AD Biomarkers
PD MSA PSP CBD AD FTD VD AllSub-  Movement .
n=13 n=9 n=13 n=9 n=>51 n=26 n=14 groups Disorders ~ Dementias
216 305 202 359 649 351 278
r (pg/mL) (183-259)  (211-360)  (167-291)  (309454)  (477-900)  (227-450)  (272-347) ~ <00001* 0017 <0.0001*
716 604 690 867 459 755 651 R R R
ABa (pg/mL)  (579.930)  (572-819)  (559-885)  (555-1004)  (405-506)  (640-896)  (570—727) ~ <0-0001 0.891 <0.0001
36 37 30 m 72 41 48 . .
Tpas1 (pg/mL) (28-49) (47-42) (25-50) (32-104) (57-98) (33-46) (35-5) ~ <00001* 0364 <0.0001
0.30 0.45 0.33 0.45 135 047 0.38
1/ ABa (027-034)  (032-055) (0.29-0.40) (0.41-0.55) (1.00-212) (0.29-071)  (0.30-0.61) ~ <00001% ~ 0001%f  <0.0001%
017 0.12 0.15 0.14 0.12 0.13 0.18
Tp-181/TT (015-019) (0.12-016)  (0.14-0.16)  (0.13-0.16)  (0.09-0.14)  (0.09-0.17)  (0.13-0.20) ~ <0:0001% ~ 0.053% 0.022 %
II. CSF «x-syn Species in all Patients
PD MSA PSP CBD AD FTD VD
n=13 n=9 n=13 n=9 n=>51 n=26 n=14
652 591 882 958 690 792 908
tosyn(pg/mL)  (5307841)  (438-686)  (618-1102)  (549-1158) (574-1240)  (539-1063) (600-1564)  0-346% 0.107 % 0.653 1
pS129--syn 85 54 67 60 59 49 55 . . .
(pg/mL) (55-110) (46-64) (56-78) (53-109) (47-79) (34-72) (46-93) 0.279 0.976 0.547
75 67 80 72 74 76 735
o-asyn (pg/mL) (g4 g5 (62-73) (70-111) (62-81) (61-87) (66-88) (71-91) 0.753 % 0.448 % 0.630
pS129--syn/t-oc- 0.13 0.14 0.06 0.11 0.09 0.06 0.08
syn (0.050.17)  (0.08-0.18)  (0.05-0.11)  (0.05-0.14) (0.04-0.14)  (0.06-0.08) (0.03-0.11)  0190% 0270 % 0.212%
0.11 0.14 0.09 0.06 0.09 0.10 0.09 . . .
o--syn/t-assyn  (008°014)  (0.11-0.15)  (0.06-0.13)  (0.06-0.10)  (0.06-0.13)  (0.08-0.13)  (0.05-0.13) 0243 0.378 0.172
IIL. CSF «-syn Species after Exclusion of Patients with Blood Contamination
PD MSA PSP CBD AD FTD VD
n=9 n=8 n=6 n="7 n=237 n=16 n=11
618 523 903 1022 670 816 960
ta-syn(pg/ml)  (5137837)  (436-739)  (618-1102)  (365-1243)  (567-1059)  (629-1271)  (648-1741) 0069 0.016 0.275
pS129--syn 105 58 65 60 62 49 58
(pg/mL) (81-112) (46-83) (62-71) (53-121) (44-89) (46-64) (46-105) 0.211 0.392 0.368
72 65 91 72 75 77 73
o-asyn (pg/mL) (g0 (59-84) (73-120) (62-94) (61-84) (70-98) (68-85) 0.499 0.379 0.400
pS129-oc 017 0.14 0.08 0.06 0.11 0.06 0.09
syn/tosyn  (013-023)  (0.07-0.18)  (0.06-0.12)  (0.05-0.14)  (0.06-0.15)  (0.04-0.08)  (0.03-011) 0% 0.130 0147
0.12 0.14 0.12 0.06 0.10 0.10 0.09 R
O-oSyn/taSyn(009°0.16)  (0.10-0.16)  (0.07-0.13)  (0.06-0.10)  (0.06-0.14)  (0.08-0.15)  (0.04-0.12) 0223 0.155 0.470

All data are presented as median (inter-quartile range). Three analyses were performed: (a) All subgroups: PD vs. MSA vs. PSP vs. CBD vs.
AD vs. FTD vs. VD; (b) Movement disorders: PD vs. MSA vs. PSP vs. CBD; (c) Dementias: AD vs. FTD vs. VD; 1t total tau protein; Af4:
amyloid beta with 42 amin acids; Tp.1g1: phosphorylated tau protein at Ser181; t-a-syn: total a-synuclein; pS129-a-syn: phosphorylated

a-syn at Ser 129; o-a-syn: a synuclein oligomers;

covariates; }: independent samples Kruskal-Wallis test.
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Figure 1. Scatter plots of CSF a-syn species and «-syn indices in study groups, with median and 25th-75th interquartile
range, after exclusion of patients with CSF blood contamination: (a) CSF t-a-syn; (b) CSF pS129-a-syn; (¢) CSF o-o-syn;
(d) CSF pS129-a-syn to t-a-syn ratio; (e) CSF o-a-syn to t-o-syn ratio.
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Table 3. Cerebrospinal fluid biomarkers data of cohort based on presumed underlying proteinopathy.

I. Classical CSF AD Biomarkers

Synucleinopathies Tauopathies
n=22 n=22 p-Value
246 278 .
Tr (pg/mL) (184-309) (192-359) <0.799
696 774 .
AB4 (pg/mL) (576-895) (557-895) <0916
37 43
Tp181 (pg/mL) (30-46) (28-55) <0.873 *
0.31 0.39
/Ay (0.29-0.38) (0.31-0.45) <0175%
0.15 0.14
181/ Tr (0.12-0.17) (0.14-0.16) <09181
632 883
t-ocsyn (pg/mL) (509-837) (605-1124) 00341
64 65
pS129-a-syn (pg/mL) (46-105) (53-95) 0.819 %
II. CSF a-syn Species in All Patients
Synucleinopathies Tauopathies
n=22 n=22
72.5 76
o-a-syn (pg/mL) (62-85) (62-98) 0.681
0.13 0.08
pS129-acsyn/t-a-syn (0.07-0.18) (0.05-0.12) 01191
0.12 0.08 .
O-acsyn/t-a-syn (0.08-0.15) (0.06-0.13) 0-116
ITI. CSF x-syn Species after Exclusion of Patients with Blood Contamination
Synucleinopathies Tauopathies
n=17 n=13
591 1022
t-ocsyn (pg/mL) (455-791) (776-1124) 0.002
81 63
pS129-oc syn (pg/mL) (52-110) (57-73) 0.711
67 75
o-a-syn (pg/mL) (60-77) (70-98) 0.229
0.15 0.07
pS129-a-syn/t-a-syn (0.09-0.18) (0.05-0.12) 0.020
0.14 0.07
o-ocsyn/t-a-syn (0.09-0.16) (0.06-0.13) 0.059

All data are presented as median (inter-quartile range). T: total tau protein; AB4: amyloid beta with 42 amin acids; Tp.181: phosphorylated
tau protein at Serl181; a-syn: total a-synuclein; pS129-a-syn: phosphorylated a-syn at Ser 129; 0-a-syn: a synuclein oligomers with syn-O,
as capture antibody; *: analysis of covariance, after log-transformation, with sex, age and disease duration as covariates; {: independent
samples Kruskal-Wallis test.
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Figure 2. Scatter plots of CSF a-syn species and «-syn indices, with median and 25th—75th interquartile range, based on
presumed underlying proteinopathy, after exclusion of patients with CSF blood contamination: (a) CSF t-a-syn; (b) CSF
PpS129-a-syn; (c) CSF o-a-syn; (d) CSF pS129-a-syn to t-a-syn ratio; (e) CSF o-x-syn to t-a-syn ratio.

The cohort of patients with no CSF blood contamination included 94 patients (PD:9;
MSA:8; PSP:6; CBD:7; AD:37; FTD:16; VD:11). In this cohort, synucleinopathies exhibited
significantly lower t-a-syn levels (p = 0.002) and higher pS129-/t-a-syn ratios (p = 0.020).
ROC curve analysis indicated that t-a-syn <865 pg/mL produced a 95% sensitivity and
69% specificity for a synucleinopathy diagnosis. A pS129-a-syn/a-syn ratio value >0.122
provided 71% sensitivity and 77% specificity for a synucleinopathy diagnosis (Table 3,
Figure S1).

In the AD group, Tt correlated significantly with tp_1g; (r = 0.855, p < 0.001. In the
PSP group there was significant correlation between tr and Tp.11 (r = 0.944, p < 0.001), 1
and A4 (r=0.867, p < 0.001) and Tp.131 and AfB4 (r = 0.951, p < 0.001). There were no
correlations between CSF biomarkers in any of the other study groups. CSF biomarkers
did not correlate with any of the clinical or demographic characteristics in any of the study
groups (Figure 52).

4. Discussion

The in vivo recognition of the underlying pathology in neurodegenerative disorders is
the initial step towards the development of disease-modifying, protein-targeted treatments.
To this end, CSF APy, T1 and Tp.1g; are established AD biomarkers, which can predict
an underlying Alzheimer’s disease pathology with high diagnostic accuracy. Biomarkers
of other proteinopathies (e.g., synucleinopathies, TDP-43 proteinopathies) are presently
lacking.

CSF a-syn species have been studied to this end, including t-a-syn, and, more im-
portantly, 0-a-syn and pS129-a-syn. Most studies in the field have focused on differences
of a-syn levels and species among synucleinopathies, or between synucleinopathies and
AD or PSP, reporting lower t-a-syn and higher pS129-a-syn and o-a-syn values in synucle-
inopathies [7,8,10,15,16,28,33]. & -Syn oligomers were increased in plasma of PD and brain
extracts of DLB patients [34,35]. A comprehensive evaluation of different a-syn species in a
variety of movement and cognitive disorders is presently lacking.

The present study examined CSF a-syn species (t-, 0- and pS129-a-syn) in a variety
of neurodegenerative disorders of presumed underlying proteinopathy. These included
synucleinopathies (PD, MSA), tauopathies (PSP, CBD) and mixed tauopathy with amy-
loidosis (AD). Moreover, we further included patients with FID (either 3R-tauopathy or
TDP-43-proteinopathy) and VD, as paradigms of diseases with neuronal death due to
neurodegeneration and ischemia, respectively.

In our cohort, CSF t-a-syn was numerically lower and the pS129-a-syn/a-syn ratio
higher in patients with PD and MSA compared to other study groups. These differences
reached statistical significance when patients were grouped based on their presumed un-
derlying proteinopathy (i.e., synucleinopathy vs. tauopathy), with suboptimal specificity.
Importantly, when patients with CSF blood contamination were excluded, these differences




Brain Sci. 2021, 11, 119

8 of 12

in a-syn and pS129-a-syn/a-syn ratio were more pronounced, providing improved sensi-
tivity and specificity for a synucleinopathy diagnosis. Still, it has to be noted that 0-x-syn
and pS129-a-syn were not different between synucleinopathies and tauopathies, and that
the main determining factor of differentiation between the two groups was t-a-syn. This
index may prove useful, in conjunction with other markers, in the differentiation of PD
and MSA on the one hand, and PSP and CBD on the other, a distinction that is not always
easy on clinical grounds.

Our findings are in agreement with the literature, with most relevant studies reporting
a decrease in a-syn and an increase in pS129-a-syn and o-a-syn in PD [7-9]. Despite these
statistically significant differences, there is considerable inter-subject overlap in a-syn
species values among synucleinopathies and other proteinopathies. Thus, at present, CSF
x-syn species cannot be utilized as clinically relevant biomarkers for the differentiation of
synucleinopathies from other disorders, due to their suboptimal diagnostic accuracy. This
is partly due to the great variability of x-syn species among patients with PD, as noted
elsewhere [15].

Importantly, there were no significant t-a-syn alterations in non-synucleinonopathic
disorders in our cohort (i.e., AD, FID, VD, PSP and CBD). This is in general agreement
with the literature [7,10,16]. An increase in t-a-syn levels in AD vs. control subjects has
been previously reported [19]. Moreover, there are neuropathological data that support the
colocalization of a-syn and tau oligomers [36], whereas pS129-a-syn correlated with Braak
stage and Ab levels in another study [37]. A correlation between tau species and a-syn has
also been reported in AD [19]. In the present study, there were no correlations between
«-syn species and classical CSF biomarkers in the AD cohort. However, in the absence of a
control group, CSF a-syn species alterations in non-synucleinopathies could not be further
studied in this cohort.

The significant improvement of diagnostic accuracy of a-syn and the pS129-a-syn/«-
syn ratio after excluding patients with CSF blood contamination (i.e., >50 RBC) in our co-
hort, re-emphasizes the need for standardization of pre-analytical factors in CSF biomarker
studies [29]. CSF blood contamination in particular is a major confounding factor in x-syn
level determination, as has been reported before [38]. The disparity among studies regard-
ing CSF a-syn species could in part be attributed to this diversity of peri-analytical factors.
These factors may include time of lumbar puncture, type of tubes used for CSF collection,
blood contamination of CSF, CSF samples storage and shipment protocol, sample thawing
procedure etc. [39]. More importantly, there are differences in analytical factors, such as the
type of capture and detection antibodies applied [40].

There have been reports regarding correlations of biomarkers with clinical features.
More specifically, it has been postulated that pS129-a-syn correlates with clinical severity in
PD, as measured by the UPDRS [8]. An increase in pS129-a-syn with PD disease progression
has also been supported [41]. Moreover, o0-a-syn correlated with PD motor severity in
another study [19]. Phosphorylated and oligomeric a-syn species may vary, depending on
disease stage, in PD (i.e., preclinical vs. clinical vs. PD with dementia), raising the question
of whether these x-syn species are in fact state or stage markers [18]. This correlation
with disease stage was also evident in asymptomatic LRRK2 mutation carriers, as well as
patients with idiopathic REM sleep behavior disorder (iRBD) [42—44]. In the present study,
CSF a-syn species did not correlate with any clinical feature (i.e., disease duration, UPDRS).
This is in agreement with a study by Foulds et al., where a-syn exhibited stability over PD
disease progression [15]. However, only longitudinal studies, with multiple a-syn species
determinations over different PD disease stages, could provide robust data regarding
possible correlations between a-syn species and PD severity.

The main focus of this study was the significance of «-syn species as possible biomark-
ers in neurodegenerative disorders. However, in the cohort of patients with movement
disorders, CBD patients had significantly higher T values compared to PSP and t1/AfB42
ratios compared to PD and PSP. A relative increase in Tt in CBD has been reported previ-
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ously. The relative increase in tr in CBD is difficult to interpret, particularly when consid-
ering that no significant CSF 7t alteration is evident in PSP, another 4R-tauopathy [30,45].

This study has certain limitations. Initially, the number of patients per study group is
suboptimal. This is expected in a single-center cohort, due to the rarity of some of these
disorders (e.g., CBD) and due to methodological issues (i.e., CSF blood contamination).
Studies of larger cohorts could provide more robust information. Secondly, the absence of
a control group precludes the direct comparison of study groups to healthy controls. The
inclusion of a control group could further assist in disentangling the complex interplay be-
tween CSF biomarkers, clinical phenotype and underlying pathology. Lastly, all diagnoses
were based on clinical criteria. To optimize the diagnostic accuracy, all patients fulfilled
probable diagnostic criteria and were followed up to exclude patients with atypical clinical
features. Moreover, all patients with a non-amnestic phenotype and typical CSF AD profile
were excluded, thus minimizing the possibility that the included subjects represented
atypical species of AD.

Despite these shortcomings, the present study provides data on CSF a-syn species in a
variety of neurodegenerative disorders of diverse underlying pathologies and investigates
any possible correlations of them with classical CSF AD biomarkers and clinical features.
Larger studies with neuropathological data are needed to establish the relationship of CSF
biomarkers, clinical phenotype and the underlying pathology.

5. Conclusions

Synucleinopathies exhibit lower t-o-syn and higher pS129-x-syn/t-x-syn ratios com-
pared to tauopathies. CSF blood contamination is a major cofounding factor in x-syn
species measurements. Non-synucleinopathic disorders do not present with significant
CSF a-syn species alterations.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/2076-342
5/11/1/119/s1, Table S1: ROC curve analysis of a-syn for the discrimination of synucleinopathies
from tauopathies, Figure S1: Receiver Operating Characteristic (ROC) curve analyses of the diagnostic
accuracy of various «-syn species for the differential diagnosis of synucleinopathies from tauopathies,
Figure S2: Scatterplots of Spearman correlations between CSF biomarkers.

Author Contributions: Conceptualization, V.C.C., N.KM., G.PP, O.M.E.-A. and E.K.; methodology,
V.C.C,NKM.,, GPP, OME.-A. and EK,; formal analysis, V.C.C., LA., B.S.-G. and N.K.M.; writing—
original draft preparation, V.C.C. and N.K.M.; writing—review and editing, V.C.C., N.K.M., G.PP,
LA, BS.-G,, LS, OM.E-A. and EK; supervision, G.PP, LS., O.M.E.-A., EK. All authors have read
and agreed to the published version of the manuscript.

Funding: This study was supported by Strat-up Funding to OE from Qatar Biomedical Research
Institute (SF 2007-007) and Qatar National Research Fund (NPRPNo.: 8-517-3-112).

Institutional Review Board Statement: The Ethical and Scientific Committees of Eginition Hospital
approved this study (Protocol Number: 559/15-11-2012). It was performed according to the 1964
Declaration of Helsinki. The study was also approved by the Regional Committee for Medical and
Health Research Ethics.

Informed Consent Statement: All patients provided written informed consent. In cases of cognitive
deficits, the next of kin caregiver gave written informed consent.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy restrictions.

Acknowledgments: We would like to thank the patients and their caregivers for their participation.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.


https://www.mdpi.com/2076-3425/11/1/119/s1
https://www.mdpi.com/2076-3425/11/1/119/s1

Brain Sci. 2021, 11, 119 10 of 12

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Rajput, A.H.; Rozdilsky, B.; Rajput, A. Accuracy of clinical diagnosis in parkinsonism—A prospective study. Can. |. Neurol. Sci.
1991, 18, 275-278. [CrossRef] [PubMed]

Respondek, G.; Roeber, S.; Kretzschmar, H.; Troakes, C.; Al-Sarraj, S.; Gelpi, E.; Gaig, C.; Chiu, W.Z.; van Swieten, ].C.; Oertel, W.H.;
et al. Accuracy of the National Institute for Neurological Disorders and Stroke/Society for Progressive Supranuclear Palsy and
neuroprotection and natural history in Parkinson plus syndromes criteria for the diagnosis of progressive supranuclear palsy.
Mov. Disord. 2013, 28, 504-509. [CrossRef] [PubMed]

Mendez, M.F; Shapira, |.S.; McMurtray, A.; Licht, E.; Miller, B.L. Accuracy of the clinical evaluation for frontotemporal dementia.
Arch Neurol. 2007, 64, 830-835. [CrossRef] [PubMed]

Hughes, AJ.; Daniel, S.E.; Ben-Shlomo, Y.; Lees, A.J. The accuracy of diagnosis of parkinsonian syndromes in a specialist
movement disorder service. Brain 2002, 125, 861-870. [CrossRef] [PubMed]

McKhann, G.M.; Knopman, D.S.; Chertkow, H.; Hyman, B.T; Jack, C.R.; Kawas, C.H., Jr.; Klunk, W.E.; Koroshetz, W.J.; Manly, ].].;
Mayeux, R.; et al. The diagnosis of dementia due to Alzheimer’s disease: Recommendations from the National Institute on
Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 2011, 7,
263-269. [CrossRef] [PubMed]

Dubois, B.; Feldman, H.H.; Jacova, C.; Hampel, H.; Molinuevo, J.L.; Blennow, K.; DeKosky, S.T.; Gauthier, S.; Selkoe, D.;
Bateman, R.; et al. Advancing research diagnostic criteria for Alzheimer’s disease: The IWG-2 criteria. Lancet Neurol. 2014, 13,
614-629. [CrossRef]

Mollenhauer, B.; Locascio, ]J.J.; Schulz-Schaeffer, W.; Sixel-Doring, F.; Trenkwalder, C.; Schlossmacher, M.G. alpha-Synuclein
and tau concentrations in cerebrospinal fluid of patients presenting with parkinsonism: A cohort study. Lancet Neurol. 2011, 10,
230-240. [CrossRef]

Wang, Y.; Shi, M.; Chung, K.A.; Zabetian, C.P; Leverenz, ].B.; Berg, D.; Srulijes, K.; Trojanowski, ].Q.; Lee, V.M.; Siderowf, A.D.;
et al. Phosphorylated alpha-synuclein in Parkinson’s disease. Sci. Transl. Med. 2012, 4, 121ra20. [CrossRef]

Shi, M.; Bradner, ].; Hancock, A.M.; Chung, K.A.; Quinn, J.F.; Peskind, E.R.; Galasko, D.; Jankovic, ].; Zabetian, C.P.; Kim, H.M.;
et al. Cerebrospinal fluid biomarkers for Parkinson disease diagnosis and progression. Ann. Neurol. 2011, 69, 570-580. [CrossRef]
Tokuda, T.; Qureshi, M.M.; Ardah, M.T.; Varghese, S.; Shehab, S.A.; Kasai, T.; Ishigami, N.; Tamaoka, A.; Nakagawa, M.;
El-Agnaf, O.M. Detection of elevated levels of alpha-synuclein oligomers in CSF from patients with Parkinson disease. Neurology
2010, 75, 1766-1772. [CrossRef]

Parnetti, L.; Chiasserini, D.; Bellomo, G.; Giannandrea, D.; De Carlo, C.; Qureshi, M.M.; Ardah, M.T.; Varghese, S.; Bonanni, L.;
Borroni, B.; et al. Cerebrospinal fluid Tau/alpha-synuclein ratio in Parkinson’s disease and degenerative dementias. Mov. Disord.
2011, 26, 1428-1435. [CrossRef] [PubMed]

Fujiwara, H.; Hasegawa, M.; Dohmae, N.; Kawashima, A.; Masliah, E.; Goldberg, M.S.; Shen, J.; Takio, K.; Iwatsubo, T.
alpha-Synuclein is phosphorylated in synucleinopathy lesions. Nat. Cell Biol. 2002, 4, 160-164. [CrossRef] [PubMed]

Nishie, M.; Mori, F,; Fujiwara, H.; Hasegawa, M.; Yoshimoto, M.; Iwatsubo, T.; Takahashi, H.; Wakabayashi, K. Accumulation of
phosphorylated alpha-synuclein in the brain and peripheral ganglia of patients with multiple system atrophy. Acta Neuropathol.
2004, 107, 292-298. [CrossRef] [PubMed]

Kazantsev, A.G.; Kolchinsky, A.M. Central role of alpha-synuclein oligomers in neurodegeneration in Parkinson disease. Arch
Neurol. 2008, 65, 1577-1581. [CrossRef] [PubMed]

Foulds, P.G.; Mitchell, J.D.; Parker, A.; Turner, R.; Green, G.; Diggle, P.; Hasegawa, M.; Taylor, M.; Mann, D.; Allsop, D.
Phosphorylated alpha-synuclein can be detected in blood plasma and is potentially a useful biomarker for Parkinson’s disease.
FASEB . 2011, 25, 4127-4137. [CrossRef] [PubMed]

Hansson, O.; Hall, S.; Ohrfelt, A.; Zetterberg, H.; Blennow, K.; Minthon, L.; Nagga, K.; Londos, E.; Varghese, S.; Majbour, N.K;
et al. Levels of cerebrospinal fluid alpha-synuclein oligomers are increased in Parkinson’s disease with dementia and dementia
with Lewy bodies compared to Alzheimer’s disease. Alzheimers Res. Ther. 2014, 6, 25. [CrossRef]

Van Steenoven, I.; Majbour, N.K.; Vaikath, N.N.; Berendse, HW.; van der Flier, WM.; van de Berg, W.D.J.; Teunissen, C.E.;
Lemstra, A.W.; El-Agnaf, O.M.A. alpha-Synuclein species as potential cerebrospinal fluid biomarkers for dementia with lewy
bodies. Mov. Disord. 2018, 33, 1724-1733. [CrossRef]

Majbour, N.K.; Vaikath, N.N.; Eusebi, P.; Chiasserini, D.; Ardah, M.; Varghese, S.; Haque, M.E.; Tokuda, T.; Auinger, P;
Calabresi, P; et al. Longitudinal changes in CSF alpha-synuclein species reflect Parkinson’s disease progression. Mov. Disord.
2016, 31, 1535-1542. [CrossRef]

Majbour, N.K.; Chiasserini, D.; Vaikath, N.N.; Eusebi, P.; Tokuda, T.; van de Berg, W.; Parnetti, L.; Calabresi, P; El-Agnaf, O.M.A.
Increased levels of CSF total but not oligomeric or phosphorylated forms of alpha-synuclein in patients diagnosed with probable
Alzheimer’s disease. Sci. Rep. 2017, 7, 40263. [CrossRef]

Postuma, R.B.; Berg, D.; Stern, M.; Poewe, W.; Olanow, C.W.; Oertel, W.; Obeso, ].; Marek, K,; Litvan, I.; Lang, A.E.; et al. MDS
clinical diagnostic criteria for Parkinson’s disease. Mov. Disord. 2015, 30, 1591-1601. [CrossRef]

Gilman, S.; Wenning, G.K.; Low, P.A.; Brooks, D.J.; Mathias, C.J.; Trojanowski, J.Q.; Wood, N.W.; Colosimo, C.; Durr, A;
Fowler, CJ.; et al. Second consensus statement on the diagnosis of multiple system atrophy. Neurology 2008, 71, 670-676.
[CrossRef] [PubMed]


http://doi.org/10.1017/S0317167100031814
http://www.ncbi.nlm.nih.gov/pubmed/1913360
http://doi.org/10.1002/mds.25327
http://www.ncbi.nlm.nih.gov/pubmed/23436751
http://doi.org/10.1001/archneur.64.6.830
http://www.ncbi.nlm.nih.gov/pubmed/17562930
http://doi.org/10.1093/brain/awf080
http://www.ncbi.nlm.nih.gov/pubmed/11912118
http://doi.org/10.1016/j.jalz.2011.03.005
http://www.ncbi.nlm.nih.gov/pubmed/21514250
http://doi.org/10.1016/S1474-4422(14)70090-0
http://doi.org/10.1016/S1474-4422(11)70014-X
http://doi.org/10.1126/scitranslmed.3002566
http://doi.org/10.1002/ana.22311
http://doi.org/10.1212/WNL.0b013e3181fd613b
http://doi.org/10.1002/mds.23670
http://www.ncbi.nlm.nih.gov/pubmed/21469206
http://doi.org/10.1038/ncb748
http://www.ncbi.nlm.nih.gov/pubmed/11813001
http://doi.org/10.1007/s00401-003-0811-1
http://www.ncbi.nlm.nih.gov/pubmed/14722716
http://doi.org/10.1001/archneur.65.12.1577
http://www.ncbi.nlm.nih.gov/pubmed/19064744
http://doi.org/10.1096/fj.10-179192
http://www.ncbi.nlm.nih.gov/pubmed/21865317
http://doi.org/10.1186/alzrt255
http://doi.org/10.1002/mds.111
http://doi.org/10.1002/mds.26754
http://doi.org/10.1038/srep40263
http://doi.org/10.1002/mds.26424
http://doi.org/10.1212/01.wnl.0000324625.00404.15
http://www.ncbi.nlm.nih.gov/pubmed/18725592

Brain Sci. 2021, 11, 119 11 of 12

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Hoglinger, G.U.; Respondek, G.; Stamelou, M.; Kurz, C.; Josephs, K.A.; Lang, A.E.; Mollenhauer, B.; Muller, U.; Nilsson, C;
Whitwell, ].L.; et al. Clinical diagnosis of progressive supranuclear palsy: The movement disorder society criteria. Mov. Disord.
2017, 32, 853-864. [CrossRef] [PubMed]

Armstrong, M.].; Litvan, I.; Lang, A.E.; Bak, T.H.; Bhatia, K.P; Borroni, B.; Boxer, A.L.; Dickson, D.W.; Grossman, M.; Hallett, M.;
et al. Criteria for the diagnosis of corticobasal degeneration. Neurology 2013, 80, 496-503. [CrossRef] [PubMed]

Piguet, O.; Hornberger, M.; Mioshi, E.; Hodges, ].R. Behavioural-variant frontotemporal dementia: Diagnosis, clinical staging,
and management. Lancet Neurol. 2011, 10, 162-172. [CrossRef]

Sachdev, P; Kalaria, R.; O'Brien, J.; Skoog, L.; Alladi, S.; Black, S.E.; Blacker, D.; Blazer, D.G.; Chen, C.; Chui, H.; et al. Diagnostic
criteria for vascular cognitive disorders: A VASCOG statement. Alzheimer Dis. Assoc. Disord. 2014, 28, 206-218. [CrossRef]
Simonsen, A.H.; Herukka, S.K.; Andreasen, N.; Baldeiras, I.; Bjerke, M.; Blennow, K.; Engelborghs, S.; Frisoni, G.B.;
Gabryelewicz, T.; Galluzzi, S.; et al. Recommendations for CSF AD biomarkers in the diagnostic evaluation of dementia.
Alzheimers Dement. 2017, 13, 274-284. [CrossRef]

Molinuevo, J.L.; Blennow, K.; Dubois, B.; Engelborghs, S.; Lewczuk, P.; Perret-Liaudet, A.; Teunissen, C.E.; Parnetti, L. The
clinical use of cerebrospinal fluid biomarker testing for Alzheimer’s disease diagnosis: A consensus paper from the Alzheimer’s
Biomarkers Standardization Initiative. Alzheimers Dement. 2014, 10, 808-817. [CrossRef]

Majbour, N.K.; Vaikath, N.N.; van Dijk, K.D.; Ardah, M.T.; Varghese, S.; Vesterager, L.B.; Montezinho, L.P,; Poole, S.; Safieh-
Garabedian, B.; Tokuda, T.; et al. Oligomeric and phosphorylated alpha-synuclein as potential CSF biomarkers for Parkinson’s
disease. Mol. Neurodegener. 2016, 11, 7. [CrossRef]

Del Campo, M.; Mollenhauert, B.; Bertolotto, A.; Engelborghs, S.; Hampel, H.; Simonsen, A.H.; Kapaki, E.; Kruse, N.; Le Bastard, N.;
Lehmann, S.; et al. Recommendations to standardize preanalytical confounding factors in Alzheimer’s and Parkinson’s disease
cerebrospinal fluid biomarkers: An update. Biomark. Med. 2012, 6, 419-430. [CrossRef]

Constantinides, V.C.; Paraskevas, G.P.; Emmanouilidou, E.; Petropoulou, O.; Bougea, A.; Vekrellis, K.; Evdokimidis, I.; Stam-
boulis, E.; Kapaki, E. CSF biomarkers beta-amyloid, tau proteins and a-synuclein in the differential diagnosis of Parkinson-plus
syndromes. J. Neurol. Sci. 2017, 382, 91-95. [CrossRef]

Bourbouli, M.; Rentzos, M.; Bougea, A.; Zouvelou, V.; Constantinides, V.C.; Zaganas, I.; Evdokimidis, I.; Kapaki, E.; Paraskevas,
G.P. Cerebrospinal Fluid TAR DNA-Binding Protein 43 Combined with Tau Proteins as a Candidate Biomarker for Amyotrophic
Lateral Sclerosis and Frontotemporal Dementia Spectrum Disorders. Dement. Geriatr. Cogn. Disord. 2017, 44, 144-152. [CrossRef]
[PubMed]

Kapaki, E.; Paraskevas, G.P.; Emmanouilidou, E.; Vekrellis, K. The diagnostic value of CSF alpha-synuclein in the differential
diagnosis of dementia with Lewy bodies vs. normal subjects and patients with Alzheimer’s disease. PLoS ONE 2013, 8, e81654.
[CrossRef] [PubMed]

Park, M.].; Cheon, S.M.; Bae, H.R.; Kim, S.H.; Kim, ].W. Elevated levels of alpha-synuclein oligomer in the cerebrospinal fluid of
drug-naive patients with Parkinson’s disease. . Clin. Neurol. 2011, 7, 215-222. [CrossRef] [PubMed]

Paleologou, K.E.; Kragh, C.L.; Mann, D.M.; Salem, S.A.; Al-Shami, R.; Allsop, D.; Hassan, A.H.; Jensen, P.H.; El-Agnaf, O.M.A.
Detection of elevated levels of soluble alpha-synuclein oligomers in post-mortem brain extracts from patients with dementia with
Lewy bodies. Brain 2009, 132, 1093-1101. [CrossRef] [PubMed]

El-Agnaf, O.M.; Salem, S.A.; Paleologou, K.E.; Curran, M.D.; Gibson, M.].; Court, J.A.; Schlossmacher, M.G.; Allsop, D. Detection
of oligomeric forms of alpha-synuclein protein in human plasma as a potential biomarker for Parkinson’s disease. FASEB . 2006,
20, 419-425. [CrossRef]

Sengupta, U.; Guerrero-Munoz, M.].; Castillo-Carranza, D.L.; Lasagna-Reeves, C.A.; Gerson, ].E.; Paulucci-Holthauzen, A.A.;
Krishnamurthy, S.; Farhed, M.; Jackson, G.R.; Kayed, R ; et al. Pathological interface between oligomeric alpha-synuclein and tau
in synucleinopathies. Biol. Psychiatry 2015, 78, 672—-683. [CrossRef]

Swirski, M.; Miners, J.S.; de Silva, R.; Lashley, T.; Ling, H.; Holton, J.; Revesz, T.; Love, S. Evaluating the relationship between
amyloid-beta and alpha-synuclein phosphorylated at Ser129 in dementia with Lewy bodies and Parkinson’s disease. Alzheimers
Res. Ther. 2014, 6, 77. [CrossRef]

Barbour, R.; Kling, K.; Anderson, J.P.; Banducci, K.; Cole, T.; Diep, L.; Fox, M.; Goldstein, ].M.; Soriano, F; Seubert, P; et al. Red
blood cells are the major source of alpha-synuclein in blood. Neurodegener. Dis. 2008, 5, 55-59. [CrossRef]

Mollenhauer, B.; Batrla, R.; El-Agnaf, O.; Galasko, D.R.; Lashuel, H.A.; Merchant, K.M.; Shaw, L.M.; Selkoe, D.].; Umek, R.;
Vanderstichele, H.; et al. A user’s guide for alpha-synuclein biomarker studies in biological fluids: Perianalytical considerations.
Mov. Disord. 2017, 32, 1117-1130. [CrossRef]

Vaikath, N.N.; Hmila, I.; Gupta, V.; Erskine, D.; Ingelsson, M.; El-Agnaf, O.M.A. Antibodies against alpha-synuclein: Tools and
therapies. J. Neurochem. 2019, 150, 612-625. [CrossRef]

Stewart, T.; Sossi, V.; Aasly, ].O.; Wszolek, Z.K,; Uitti, R.J.; Hasegawa, K.; Yokoyama, T.; Zabetian, C.P.; Leverenz, ].B.; Stoessl, A.].;
et al. Phosphorylated alpha-synuclein in Parkinson’s disease: Correlation depends on disease severity. Acta Neuropathol Commun.
2015, 3, 7. [CrossRef] [PubMed]

Aasly, ].O.; Johansen, K.K.; Bronstad, G.; Waro, B.].; Majbour, N.K.; Varghese, S.; Alzahmi, F; Paleologou, K.E.; Amer, D.A;
Al-Hayani, A.; et al. Elevated levels of cerebrospinal fluid alpha-synuclein oligomers in healthy asymptomatic LRRK2 mutation
carriers. Front. Aging Neurosci. 2014, 6, 248. [CrossRef] [PubMed]


http://doi.org/10.1002/mds.26987
http://www.ncbi.nlm.nih.gov/pubmed/28467028
http://doi.org/10.1212/WNL.0b013e31827f0fd1
http://www.ncbi.nlm.nih.gov/pubmed/23359374
http://doi.org/10.1016/S1474-4422(10)70299-4
http://doi.org/10.1097/WAD.0000000000000034
http://doi.org/10.1016/j.jalz.2016.09.008
http://doi.org/10.1016/j.jalz.2014.03.003
http://doi.org/10.1186/s13024-016-0072-9
http://doi.org/10.2217/bmm.12.46
http://doi.org/10.1016/j.jns.2017.09.039
http://doi.org/10.1159/000478979
http://www.ncbi.nlm.nih.gov/pubmed/28848086
http://doi.org/10.1371/journal.pone.0081654
http://www.ncbi.nlm.nih.gov/pubmed/24282614
http://doi.org/10.3988/jcn.2011.7.4.215
http://www.ncbi.nlm.nih.gov/pubmed/22259618
http://doi.org/10.1093/brain/awn349
http://www.ncbi.nlm.nih.gov/pubmed/19155272
http://doi.org/10.1096/fj.03-1449com
http://doi.org/10.1016/j.biopsych.2014.12.019
http://doi.org/10.1186/s13195-014-0077-y
http://doi.org/10.1159/000112832
http://doi.org/10.1002/mds.27090
http://doi.org/10.1111/jnc.14713
http://doi.org/10.1186/s40478-015-0185-3
http://www.ncbi.nlm.nih.gov/pubmed/25637461
http://doi.org/10.3389/fnagi.2014.00248
http://www.ncbi.nlm.nih.gov/pubmed/25309429

Brain Sci. 2021, 11, 119 12 of 12

43.

44.

45.

Majbour, N.K.; Aasly, J.O.; Hustad, E.; Thomas, M.A.; Vaikath, N.N.; Elkum, N.; van de Berg, W.D.J.; Tokuda, T.; Mollenhauer, B.;
Berendse, H.W.; et al. CSF total and oligomeric alpha-Synuclein along with TNF-alpha as risk biomarkers for Parkinson’s disease:
A study in LRRK2 mutation carriers. Transl. Neurodegener. 2020, 9, 15. [CrossRef] [PubMed]

Compta, Y.; Valente, T.; Saura, J.; Segura, B.; Iranzo, A.; Serradell, M.; Junque, C.; Tolosa, E.; Valldeoriola, F.; Munoz, E.; et al.
Correlates of cerebrospinal fluid levels of oligomeric- and total-alpha-synuclein in premotor, motor and dementia stages of
Parkinson’s disease. J. Neurol. 2015, 262, 294-306. [CrossRef] [PubMed]

Urakami, K.; Mori, M.; Wada, K.; Kowa, H.; Takeshima, T.; Arai, H.; Sasaki, H.; Kanai, M.; Shoji, M.; Ikemoto, K,; et al.
A comparison of tau protein in cerebrospinal fluid between corticobasal degeneration and progressive supranuclear palsy.
Neurosci. Lett. 1999, 259, 127-129. [CrossRef]


http://doi.org/10.1186/s40035-020-00192-4
http://www.ncbi.nlm.nih.gov/pubmed/32375873
http://doi.org/10.1007/s00415-014-7560-z
http://www.ncbi.nlm.nih.gov/pubmed/25380583
http://doi.org/10.1016/S0304-3940(98)00923-9

	Introduction 
	Materials and Methods 
	Patients 
	Cerebrospinal Fluid Markers 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

