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The discovery of α-synuclein (α-syn) as a major component of Lewy bodies, 
neuropathological hallmark of Parkinson’s disease (PD), dementia with Lewy bodies 
and of glial inclusions in multiple system atrophy initiated the investigation of α-syn 
as a biomarker in cerebrospinal fluid (CSF). Due to the involvement of the periphery 
in PD the quantification of α-syn in peripheral fluids such as serum, plasma and saliva 
has been investigated as well. We review how the development of multiple assays 
for the quantification of α-syn has yielded novel insights into the variety of α-syn 
species present in the different fluids; the optimal preanalytical conditions required 
for robust quantification and the potential clinical value of α-syn as biomarker. We 
also suggest future approaches to use of CSF α-syn in neurodegenerative diseases.
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In parallel to the measurement of proteins in 
cerebrospinal fluid (CSF) related to Alzheim-
er’s disease (AD), namely, total and phos-
phorylated tau protein and β-amyloid 1–42, 
the quantification of α-syn in biological flu-
ids as a biomarker of α-syn-related neurode-
generative disorders has gained much atten-
tion in the last years. The discovery of α-syn 
as a major component of Lewy bodies (LBs), 
the neuropathological hallmark of Parkin-
son’s disease (PD) and dementia with Lewy 
bodies (DLB) as well as of glial inclusions in 
multiple system atrophy (MSA) initiated the 
investigation of α-syn as a biomarker. Due 
to the proximity of CSF to the CNS, this 
biofluid has been investigated primarily, but 
recent studies have also shown the presence 
of α-syn in peripheral fluids, likely due to the 
involvement of peripheral organs in PD [1].

A diagnostic biomarker to improve the 
early and more accurate diagnosis of PD 
would be of tremendous importance for early 
diagnosis and clinical trials. Currently, the 
diagnosis of PD according to the UK Brain 
Bank Criteria is made when 70% of dopa-
minergic neurons are already degenerated. 
The clinical diagnosis based on motor symp-

toms is too inaccurate with 15–25% misdi-
agnoses [2].

Furthermore, a progression marker would 
be of utmost importance to objectively moni-
tor disease progression for upcoming clinical 
trials with putative neuroprotective agents, 
where clinical (mainly motor) rating scales 
have failed.

Finally a prognostic marker for differ-
ent clinical phenotypes (e.g., early cognitive 
decline) would improve patient care.

Therefore the first studies on the presence 
of α-syn in CSF [3] were welcomed by the 
scientific community but were hampered by 
insensitivity of the first assays, discrepant 
findings depending on assay formats, tre-
mendous overlap of single values in patients 
and controls and the emerging knowledge 
on the important pre-analytical handling 
of fluids for robust and reliable quantifica-
tion [4].

We will summarize the current knowledge 
and developments as well as the interpreta-
tion and limitations for the clinical value 
of α-syn in CSF and give a future directive 
on where the field should move with respect 
to the current limitations in the analysis 
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Figure 1. Literature search flowchart.
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of α-syn as a biofluid marker for neurodegenerative 
 diseases.

Methods for systematic review
Search strategy & selection process
A PubMed search (until December 2014) was per-
formed using the following search terms: (cerebro-
spinal fluid OR CSF) AND diagnosis* AND (alpha 
synuclein OR synuclein).

Only publications in English that investigated 
human subjects were evaluated.

Additionally, the reference lists of the retrieved 
publications were searched for relevant publications. 
Reviews were excluded.

A total of 113 publications were found and screened. 
After deleting reviews, opinion papers and irrelevant 
publications, 56 publications remained in which quan-
tification of α-syn levels in patients with neurodegen-
erative diseases were reported.

Irrelevant publications were ones in which α-syn 
levels were only measured in brain tissue as well as 
genetic studies or studies on patients with other dis-
eases. Since postmortem sampled ventricular CSF will 
not be comparable to studies on lumbar CSF α-syn [4], 
an additional three papers were excluded. Therefore, 
53 papers were evaluated in this review (Figure 1).

Analytical aspects
Description of antibodies for full length α-syn 
& its splice variants
Different ELISA-based immunoassays have been 
employed to quantify α-syn in biological fluids, espe-
cially CSF, with varying results. In general, the assays 
detecting monomeric isoforms of α-syn differ from 
each other for the used antibody combinations and 
the splice variants of α-syn that are detected. α-Syn 
may appear in four isoforms, in other words, α-syn98, 
α-syn112, α-syn126 and α-syn140, based on alterna-
tive splicing of exon 3 and 5, of which the largest iso-
form, α-syn140, is the most abundant isoform in the 
brain [5,6].

Figure 2 provides an overview of the epitopes within 
α-syn that are recognized by the various antibodies 
and illustrates the four isoforms of α-syn. Most anti-
bodies recognize a C-terminal epitope in exon 5 in 
α-syn. Consequently, the predominant species that are 
recognized by assays in which this antibody is used are 
α-syn140 and α-syn126 isoforms. Furthermore, assays 
have been described that specifically recognize the 
oligomeric and aggregated forms of α-syn (see section 
“Detection of oligomeric & other modified, potential 
disease-associated α-syn species”).

Assays for the detection of total α-syn
Several immunoassays capable of detecting the α-syn 
protein independent of its conformation or aggregation 
state have been described. These assays will be referred 
to as ‘total’ α-syn assays, although they do neither 
detect the full-length protein nor all α-syn splice vari-
ants [7]. The most widely applied ELISA design/anti-
body combination for the quantification of total α-syn 
levels is an assay in which α-syn is captured by the 
mouse monoclonal antibody (mAb) 211, and detected 
by the rabbit polyclonal antibody (pAb) FL-140 [8], 
which is directed against full length α-syn140. Inher-
ent to the use of mAb 211, this assay is expected to 
detect the splice variants α-syn140 and α-syn126 (see 
Figure 2). After its first description [8] several assay 
modifications have been applied to obtain the best 
laboratory-specific assay characteristics. Optimization 
of assay conditions enabled the quantification of α-syn 
in undiluted CSF without prior concentration [9]. Fur-
ther improvement of assay sensitivity was obtained by 
incorporation of chemiluminescence instead of colori-
metric read-out, thereby lowering the detection limit 
of the assay to 1 pg/ml [10]. It should be noted that 
only part of the studies applying the 211/FL-140 assay 
demonstrated statistically significant reduced α-syn 
levels in PD CSF as compared with CSF from healthy 
or neurological controls [8,10–12]. However, other stud-
ies did not observe such differences in the CSF [13–16], 
probably also due to different sample processing, see 
chapter ‘Preanalytical considerations’ section below. 
Mean CSF α-syn levels in studies using this 211/
FL-140 assay varied from 18 to 69 ng/ml for control 
subjects [8–14,16,17].

In addition to the 211/FL-140 assay, a commer-
cially available ELISA kit has been applied in several 
studies [18–24]. The α-syn isoforms detected by this kit 
are, however, not specified by the vendor. Mean CSF 
α-syn levels in the several studies using this ELISA 
kit varied from 0.14 to 1.15 ng/ml for control subjects. 
Other assays that have been developed, but applied 
less frequently, can be divided into three types, assays 
that are comparable with the 211/FL-140 type, prob-
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Figure 2. Antibody binding sites of α-syn. Schematic representation of α-syn isoforms and the binding sites 
of monoclonal antibodies (mAbs) that have been applied in immunoassays for the quantification of α-syn in 
biological fluids. The start and end of encoding exons are indicated with amino acid numbers. Coding exons that 
are excised in the splice variants are indicated with a dashed triangle line. The binding sites of three polyclonal 
antibodies (pAb N19, C20 and ASY-1) are, in addition to mAbs, indicated. 
†mAb 5G4 preferentially binds aggregated α-syn. 
α-syn126, 112 and 98: α-syn splice variants with their respective length in amino acids; FL: full length α-syn 
(α-syn140); pS129: phosphorylated Serine-129.
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ably recognizing α-syn140 as well as α-syn126. These 
include the following antibody combinations: SynBa2/
SynBa3 [25], Syn-1/C20-HRP [26], 62/274, and Syn-
1/62 [27], 10D2/FL-140 [28] and FL-140/Syn1b [29]. 
For the Syn-1/C20-HRP assay detection of other vari-
ants cannot be fully excluded. Assays that probably 
recognize all α-syn splice variants, which include the 
antibody combinations mSA-1/Syn-1, the related com-
bination hSA5/Syn-1 [7,30,31] and the antibody combi-
nations 2A7/FL-140 [17], Syn-1/FL-140 [32] and ASY-1/
goat anti-α-syn (bead-based Luminex assay) [33]. Mean 
α-syn concentrations in CSF of control subjects quan-
tified by the mSA-1/Syn-1 assay were 1.5–6.0 ng/ml 
(assayed in the same lab) [7,34,35], for the 2A7/FL-140 
assay 111 ng/ml [17] and for the ASY-1/goat anti-α-syn 
bead-based assay 0.42–0.47 ng/ml (assayed in the same 
lab) [33,36,37]. One bead-based assay has been described 
that likely specifically detects α-syn140 (antibody com-
bination 9B6/4D8) [38]. Interestingly, using this assay 
much lower mean α-syn concentrations of 70 and 111 
pg/ml were reported for control subjects [38,39]. Finally, 
besides the above-described alternative immunoassays, 
the use of a commercially available assay kit (Covance, 
Inc.) has been described [34,40,41] for which quite con-
sistent mean α-syn levels of 1.3–1.5 ng/ml were mea-
sured in control subjects. However, the α-syn isoforms 
detected by this kit are not specified by the vendor.

See Table 1 for a summary of assay characteristics 
used for measurements of α-syn in human CSF.

Detection of oligomeric & other modified, 
potential disease-associated α-syn species
Since the utility of the quantification of CSF total 
α-syn is limited, further, more relevant and disease-
specific α-syn species move in the focus. One of 
such species includes soluble aggregated, or oligo-
meric α-syn, a potentially more pathogenic form of 
α-syn [42]. Interestingly, soluble α-syn oligomers in 
brain homogenates of patients with PD and DLB are 
elevated compared with normal brains [43–45], and the 
presence of oligomeric α-syn in CSF and plasma has 
been described [10,46]. Modified forms, for example, 
phosphorylated or truncated α-syn may be more prone 
to oligomer formation than unmodified α-syn [47–49]. 
This further suggests that α-syn oligomers are asso-
ciated with PD pathogenesis and proposes that the 
detection of α-syn oligomers in CSF could be a rel-
evant biomarker for PD and related synucleinopa-
thies [50]. This should, however, be approached with 
caution, as it has been reported that a large part of the 
endogenous, physiological form of α-syn occurs as a 
folded tetramer [51], not to be mistaken for the disease-
associated oligomers.

For the quantification of oligomeric α-syn in biolog-
ical fluids, α-syn oligomer-specific ELISAs have been 
established, either with the use of the same monoclo-
nal antibody for both capture and detection or, alterna-
tively, using two different antibodies with overlapping 
epitopes. The rationale for this is that no signal can 
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Table 1. Analysis of total α-syn levels in CSF: assays, reference levels and comparison with patient groups.

Study (year)
 

Assay 
(antibodies 
and type) 

Mean α-syn in 
CTRL (ng/ml ± 
SD/range) 

Exclusion 
criteria 
RBCs/Hb 

CTRL 
type (n) 

α-syn change vs CTRL Ref.

DLB (n) PD (n) MSA (n) AD (n)  

Quantification of total α-syn: all isoforms  

Mollenhauer 
et al. (2008)

mSA-1/Syn-1 
ELISA

6.0 ± 5.7 NA NC (13) ↓ (38) ↓ (8) NA ─ (13) [7]

Mollenhauer 
et al. (2011)

mSA-1/Syn-1 
ELISA

1.73 ± 1.83; 
2.22 ± 1.31†

>500 
RBCs/μl

NC (76; 
23)†

↓ (121) ↓ (324) ↓ (44) ─ (62) [35]

Mollenhauer 
et al. (2013)

mSA-1/Syn-1 
ELISA

1.55 ± 0.38 >500 
RBCs/μl

HC (48) NA ↓ (78) NA NA [34]

Kasuga et al. 
(2010)

Syn-1/FL-140 
ELISA

12.2 ± 5.8c NA NA ↓§ (34) NA NA (31) [32]

Tinsley et al. 
(2010)

2A7/FL-140 
ELISA

111 ± 16.3 NA ND (3) NA NA NA NA [17]

Hong et al. 
(2010)

ASY-1/goat 
anti-α-syn‡ 
Luminex

0.47 ± 0.16 >200 μg 
Hb/l

HC (132) NA ↓ (117) NA ─ (50) [33]

Shi et al. (2011) ASY-1/goat 
anti-α-syn‡ 
Luminex

0.49 ± 0.17 >200 μg 
Hb/l

HC (137) NA ↓ (126) ↓ (32) ─ (50) [85] 
(extension 

of [33])

Wang et al. 
(2012)

ASY-1/goat 
anti-α-syn‡ 
Luminex

0.52 ± 0.13; 
0.49 ± 0.18a

>200 μg 
Hb/l

HC (78; 
126)†

NA ↓ (209) ↓ (41) ─ (76) [58]

Korff et al. 
(2013)

ASY-1/goat 
anti-α-syn‡ 
Luminex

0.42 ± 0.14 >200 μg 
Hb/l

HC (74) NA NA NA ↑ (60) [36]

Toledo et al. 
(2013)

ASY-1/goat 
anti-α-syn‡ 
Luminex

0.39 (0.34–
0.39)

>200 μg 
Hb/l

ND (110) NA NA NA ↑ (92) [37]

Quantification of total α-syn: isoform α-syn140 & α-syn126  

Tokuda et al. 
(2006)

211/FL-140 
ELISA

∼35 NA HC/NC 
(9/29)

NA ↓ (33) NA NA [8]

Van Geel et al. 
(2008)

211/FL-140 
ELISA

28.6 ± 16.8 NA NC (31) NA NA NA NA [9]

Noguchi-
Shinohara et al. 
(2009)

211/FL-140 
ELISA

49.3 ± 44.5§ NA NA ─§ (16) NA NA (21) [78]

Spies et al. 
(2009)

211/FL-140 
ELISA

30.4 ± 19.1 NA NC (57) ─ (40) NA NA ─ (131) [84]

Tokuda et al. 
(2010)

211/FL-140 
ELISA

24.4 ± 1.17 
(SEM)

NA NC/DC 
(16/12)

NA ↓ (32) NA NA [10]

Reesink et al. 
(2010)

211/FL-140 
ELISA

18 (14–26) NA HC (34) ─ (35) ─ (18) NA ─ (63) [13]

Parnetti et al. 
(2011)

211/FL-140 
ELISA

68.9 ± 71.0 >500 
RBCs/μl

NC (32) ↓ (32) ↓ (38) NA ↓ (48) [11]

†Values/numbers respectively of discovery/training and validation cohort.
‡Detection of additional or less α-syn isforms cannot be fully excluded.
§Level of/compared with the AD group.
¶DLB, PD and MSA were analyzed as one combined group of synucleinopathies.
#Including two cases of PD dementia.
AD: Alzheimer’s disease; CTRL: Control population; DC: Disease control; DLB: Dementia with Lewy bodies; Hb: Hemoglobin; HC: Healthy control; MSA: Multiple 
system atrophy; NA: Not applicable/included; NC: Neurological control; n.d.: Not determined; ND: Not defined; NS: Not specified; PD: Parkinson’s disease; RBC: Red 
blood cell; SD: Standard deviation; SEM: Standard error of the mean; ↓, ↑, ─: Reduced, increased and equal levels versus controls, respectively (p < 0.05).
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Study (year)
 

Assay 
(antibodies 
and type) 

Mean α-syn in 
CTRL (ng/ml ± 
SD/range) 

Exclusion 
criteria 
RBCs/Hb 

CTRL 
type (n) 

α-syn change vs CTRL Ref.

DLB (n) PD (n) MSA (n) AD (n)  

Quantification of total α-syn: isoform α-syn140 & α-syn126 (cont.)  

Aerts et al. 
(2012)

211/FL-140 
ELISA

25 (18–42) >50 
RBCs/μl; 
>0.25 μM 
Hb

NC (57) ─ (3) ─ (58) ─ (47) NA [14]

Aasly et al. 
(2014)

211/FL-140 
ELISA

24.7 ± 4.47 
(SEM)

NA HC (42) NA ─ (35) NA NA [16]

Parnetti et al. 
(2014)

211/FL-140 
ELISA

36.5 (25.8–
49.6)

>500 
RBCs/μl

NC (25) NA ↓ (44) NA NA [12]

Ohrfelt et al. 
(2009)

FL-140/Syn1b 
ELISA

0.40 (0.30–
0.45)

>500 
RBCs/μl

NC (55) ─ (15) ─ (15) NA ↓ (66) [29]

Bidinosti et al. 
(2012)

SynBa2/
SynBa3 TR-
FRET

0.53 ± 0.13 NA ND (7) NA ─ (15) NA NA [25]

Van Dijk et al. 
(2014)

SynBa2/
SynBa3 TR-
FRET

1.70 ± 0.47 >500 
RBCs/μl

HC (50) NA ↓ (53) NA NA [61]

Kapaki et al. 
(2013)

Syn-1/C20-
HRPb ELISA

0.11 ± 0.043 >50 
RBCs/μl

HC (22) ↑ (16) NA NA ─ (18) [74]

Unterberger 
et al. (2014)

10D2/rabbit 
anti-α-syn 
ELISA

∼ 1.2 NA NC (9) ↓ (7)# NA NA ─ (6) [54]

Park et al. (2011) 211/rabbit 
anti-α-syn 
ELISA

n.d. NA NC (29) NA ─ (23) NA NA [15]

Quantification of total α-syn: isoform α-syn140  

Hall et al. (2012) 9B6/4D8 
Luminex

0.07 (0.05–
0.09)

>1 μg 
Hb/l

HC (107) ─ (70) ↓ (90) ↓ (48) ↑ (48) [38]

Slaets et al. 
(2014)

9B6/4D8 
Luminex

0.11 ± 0.053 >3000 μg 
Hb/l

HC (29) ─¶ (45) ─¶ (30) ─¶ (7) ↑ (128) [39]

Quantification of total α-syn: other (isoforms detected unknown)  

Tateno et al. 
(2012)

NS ELISA 
kit (Life 
Technologies)

0.14 ± 0.03 NA NC (11) ↓ (6) ↓ (11) ↓ (11) ↑ (9) [19]

Wennstrom 
et al. (2012)

NS ELISA 
kit (Life 
Technologies)

∼ 0.50–0.55 NA ND (24) ─ (18) NA NA ─ (26) [80]

Wang et al. 
(2012)

NS ELISA 
kit (Life 
Technologies)

1.15 ± 0.57 NA NC (11) NA ─ (9) NA NA [24]

†Values/numbers respectively of discovery/training and validation cohort.
‡Detection of additional or less α-syn isforms cannot be fully excluded.
§Level of/compared with the AD group.
¶DLB, PD and MSA were analyzed as one combined group of synucleinopathies.
#Including two cases of PD dementia.
AD: Alzheimer’s disease; CTRL: Control population; DC: Disease control; DLB: Dementia with Lewy bodies; Hb: Hemoglobin; HC: Healthy control; MSA: Multiple 
system atrophy; NA: Not applicable/included; NC: Neurological control; n.d.: Not determined; ND: Not defined; NS: Not specified; PD: Parkinson’s disease; RBC: Red 
blood cell; SD: Standard deviation; SEM: Standard error of the mean; ↓, ↑, ─: Reduced, increased and equal levels versus controls, respectively (p < 0.05).

Table 1. Analysis of total α-syn levels in CSF: assays, reference levels and comparison with patient groups (cont.).
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be detected for monomeric α-syn, as the capture mAb 
binds at the only available antibody binding site on the 
protein. In contrast, multiple mAb binding sites are 
available in the case of oligomeric forms of α-syn, thus 
permitting both capture and detection.

The most frequently used antibody for such oligo-
meric-ELISA system has been mAb 211 [10,12,15,16,46,52]. 
Optimization of this assay permitted the detection 
of α-syn oligomers in CSF and plasma, showing that 
α-syn oligomers were significantly increased in CSF of 
PD patients compared with healthy controls [10,12,15,16]. 
In contrast, however, although an initial study observed 
a significant difference in α-syn oligomer levels in 
plasma of PD patients compared with controls [46], 
this could not be replicated in other laboratories and 
 studies with larger patient cohorts [15,52].

Recently, other antibodies have also been used 
in similar immunoassays including mAb 62 [27] and 
SynBa3 [25]. These assays have not been applied to 
human biological fluids (62/62-biotin assay) or could 
not detect α-syn oligomers in CSF (SynBa3-FRET 
assay) likely due to masking of antibody sites by the 
monomeric forms of α-syn. In general, antibodies used 
for the successful detection of oligomeric a-Syn using 
this ELISA design recognize epitopes in the C-termi-
nus of α-syn. This is probably because the C-terminal 
part of α-syn is accessible and not masked when α-syn 
forms oligomers.

However, there are two important limitations to this 
assay design: competition of monomers and interfer-
ence of heterophilic antibodies (as discussed in ‘Other 
factors affecting assay signal output’ section). The 

use of conformation-specific antibodies in immuno-
assays to detect α-syn oligomers may (in part) over-
come these problems in that such antibodies do not 
capture α-syn monomers, and an assay design where 
the same antibody is used for capture and detection is 
not necessary. However, there is a lack of such antibod-
ies for application in alternative immunoassays. Thus 
far, two antibodies (FILA-1, 5G4) directed against, or 
with preferred binding to fibrillar and soluble oligo-
meric forms of α-syn have been published and applied 
in immunoassays [28,44,53]. Recently, in a first feasibil-
ity study, antibody 5G4 has successfully been applied 
for quantification of α-syn in CSF [54]. In this study, 
5G4 was used in combination with antibody 10D2 in 
a classic ELISA and in a bead-based Luminex assay, 
both showing increased (oligomeric) α-syn in PD ver-
sus control subjects. Therefore, future efforts may be 
directed toward developing confirmation-specific anti-
bodies for α-syn oligomers and to further explore them 
as biomarker tools for PD.

Other species, for example, post-translationally 
modified forms of α-syn are of interest and potentially 
more disease-specific, such as α-syn phosphorylated 
at Serine 129 (α-syn-pSer129) [47,55]. α-Syn-pSer129 
is specifically associated with PD pathology [56] and 
present in biological fluids. In one study, total α-syn-
pSer129 levels were quantified in plasma using an 
ELISA in which a pAb directed against α-syn was 
combined with a phospho-specific antibody directed 
against α-syn-pSer129 [57]. Total levels of α-syn-
pSer129, but neither phosphorylated α-syn oligomers 
nor nonphosphorylated α-syn species, tended to be 

Study (year)
 

Assay 
(antibodies 
and type) 

Mean α-syn in 
CTRL (ng/ml ± 
SD/range) 

Exclusion 
criteria 
RBCs/Hb 

CTRL 
type (n) 

α-syn change vs CTRL Ref.

DLB (n) PD (n) MSA (n) AD (n)  

Quantification of total α-syn: other (isoforms detected unknown) (cont.)  

Wennstrom 
et al. (2013)

NS ELISA 
kit (Life 
Technologies)

∼ 0.70 NA NC (52) ↓ (33) ↓ (38) NA ↑ (46) [23]

Mollenhauer 
et al. (2013)

NS ELISA kit 
(Covance inc.)

1.46 ± 0.48 >500 
RBCs/μl

HC (48) NA ↓ (78) NA NA [34]

Kang et al. 
(2013)

NS ELISA kit 
(Covance inc.)

1.26 ± 0.43 >200 μg 
Hb/l

HC (39) NA ↓ (63) NA NA [40]

Mondello et al. 
(2014)

NS ELISA kit 
(Covance inc.)

1.31 (0.94–1.50) >500 
RBCs/μl

NC (22) NA ↓ (52) ↓ (34) NA [41]

†Values/numbers respectively of discovery/training and validation cohort.
‡Detection of additional or less α-syn isforms cannot be fully excluded.
§Level of/compared with the AD group.
¶DLB, PD and MSA were analyzed as one combined group of synucleinopathies.
#Including two cases of PD dementia.
AD: Alzheimer’s disease; CTRL: Control population; DC: Disease control; DLB: Dementia with Lewy bodies; Hb: Hemoglobin; HC: Healthy control; MSA: Multiple 
system atrophy; NA: Not applicable/included; NC: Neurological control; n.d.: Not determined; ND: Not defined; NS: Not specified; PD: Parkinson’s disease; RBC: Red 
blood cell; SD: Standard deviation; SEM: Standard error of the mean; ↓, ↑, ─: Reduced, increased and equal levels versus controls, respectively (p < 0.05).

Table 1. Analysis of total α-syn levels in CSF: assays, reference levels and comparison with patient groups (cont.).
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higher in plasma of PD patients as compared with 
controls. In another study, α-syn-pSer129 was quanti-
fied in CSF from patients with PD, MSA, progressive 
supranuclear palsy (PSP), AD and control patients in a 
large cohort study, using an antibody directed against 
the c-terminus of α-syn combined with a phospho-
specific anti-α-syn-pSer129 antibody in a bead-based 
Luminex assay. Mean α-syn-pSer129 levels in CSF of 
control subjects were 81.6 pg/ml [58].

Recently it has been shown that besides phosphory-
lation changes in nitrosylation of α-syn can be mea-
sured in serum. An altered profile of α-syn tyrosine 
nitrosylation was detected in patients with early PD 
relative to controls [59]. Other post-translational modi-
fications of α-syn in CSF have been detected and are 
currently subject to further investigation [60].

An overview of assays used for the quantification of 
oligomeric and phosphorylated α-syn species in CSF is 
given in Table 2.

Other assay platforms
The number of studies that have quantified CSF levels 
of α-syn with other, more innovative techniques than 
ELISA is increasing:

•	 In several studies [33,36–39,58], antibodies ASY-1 or 
9B6 were coupled with beads (Luminex assay) to 
analyze the CSF levels of total α-syn. In addition, 
in one study antibody 5G4 was coupled to beads to 
analyze the levels of oligomeric α-syn in CSF [54]. 
The advantage of this type of assay as compared 
with the conventional ELISA is the possibility of 
multiplexing and the potentially lower coefficient 
of variation due to multiple readings per sample. In 
these studies using bead-based assays, total levels of 
α-syn were, as far as assessed, generally decreased in 
PD patients compared with healthy controls, but in 
one study only after eliminating samples with blood 
contamination [33]. Furthermore, in this latter 
study, there was no significant difference between 
levels of α-syn in the different stages of PD;

•	 α-Syn has been quantified using an electrochemilu-
minescence assay (hSA5/Syn-1 assay) [30,31], which 
has also the advantage of a multiplexing option;

•	 A one-step assay has been developed [25], using the 
antibodies SynBa2 and SynBa3, for in-solution 
quantification of total and oligomeric α-syn by 
time-resolved Förster’s resonance energy transfer 
(TR-FRET). The LOD of the total α-syn assay 
was comparable to existing ELISA techniques; how-
ever, the TR-FRET assay is more suitable for high-
throughput screening. Furthermore, using this tech-

nique the levels of CSF total α-syn were significantly 
lower in PD compared with healthy controls [61].

So far, all reported measurements of α-syn are based 
on immunoassay platforms, whereas other quantifica-
tion systems based on MS are in development [60].

Quantification of α-syn in peripheral biological 
fluids
The optimal biomarker for a specific disease reflects 
aspects proximal to the disease process. Although 
CSF seems optimal for neurological diseases due to its 
proximity to the CNS [62], the relative invasiveness of 
lumbar punctures is still a major drawback. And there-
fore, to rely on CSF for biomarker development is not 
optimal.

For PD, however, this may not even be necessary in 
the future: the distribution of α-syn pathology points 
toward PD as a systemic disease with the affection of 
the peripheral nervous system and organs [63]. There-
fore the chances to detect a peripheral marker in more 
easily accessible biological fluids than CSF may be 
higher than, for example, in AD. Since it is known that 
red blood cells (RBCs) are a major source of α-syn, 
detection of α-syn in different blood components has 
been pursued as a biomarker for PD [64,65], which, 
however, has led to discrepant findings in several stud-
ies (see Table 3 for an overview). The wide range of 
α-syn concentrations in peripheral blood compart-
ments has been determined in comparison to CSF: 
cell-free CSF (1.57 + 0.6 ng/ml), serum (12.69 + 10.3 
ng/ml), plasma (59.54 + 35.1 ng/ml) and whole blood 
lysates (5002 + 3828 ng/ml) [4,65].

These differences may be attributed to different 
sample processing and yet to be identified confound-
ing factors, or, more importantly because of the yet 
unknown role of blood-derived α-syn in the patho-
physiology of PD. CSF α-syn predominantly derives 
from neurons of the CNS [66]. Whether α-syn quanti-
fied in peripheral blood components is still a proximal 
marker for PD needs to be shown.

Some of the above-described assay designs have been 
applied to plasma and serum analysis. Using the 211/
FL-140 assay design, it has been described that the 
addition of 1% (v/v) Tween-20 to plasma, in combina-
tion with the use of alkaline phosphatase (AP) instead 
of HRP as enzyme for substrate conversion, improves 
quantification of α-syn in plasma [17]. The rationale 
behind this approach was reduction of nonspecific 
binding of proteins and lipids that reduced antibody–
antigen interaction, and to avoid the confounding 
effect of endogenous peroxidases in blood compo-
nents. α-syn was measurable in plasma in this study 
at a mean concentration of 29 ng/ml. Two other stud-
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ies also quantified α-syn in plasma using this antibody 
combination, showing either no significant difference 
between PD and neurological controls [15], or reduced 
levels in PD as compared with healthy controls [52]. The 
latter study did use HRP as enzyme in the assay and 
measured a much higher median plasma α-syn concen-
tration of 617 ng/ml in control subjects. Comparable 
assay designs, in other words, detecting the same α-syn 
isoforms as the 211/FL-140 assay, have been applied to 
serum and plasma analysis [18,22,27,67], showing mean 
α-syn levels in control subjects ranging from 2 to 89 
ng/ml. α-Syn levels in plasma of PD patients were 
either increased [18] or unchanged [67]. Finally, using 
assay designs detecting all α-syn isoforms, mean α-syn 
serum/plasma levels of 18 to 132 ng/ml were recorded 
in control subjects [17,34,68], with similar levels in serum 
of PD versus control patients [68]. Thus the role and 
utility as biomarker of α-syn in peripheral blood com-
partments is still unclear.
α-syn has also been quantified in saliva [69] after the 

presence of α-syn in salivary glands has been shown 
postmortem [1]. Salivary levels of α-syn showed a 
nonsignificant toward lower levels in patients with 
PD compared with controls in this first explorative 
study [69]. Due to the early involvement of the GI tract 

in PD, different tissue biopsies (from the colon and 
stomach) have been analyzed for α-syn. Besides tech-
nical problems with the depth of biopsy the invasive-
ness of such a biopsy needs to be opposed to a lumbar 
puncture. See Table 3 for an overview of assays used 
for the quantification, and performance in differential 
diagnosis, of various α-syn species in biological fluids 
other than CSF.

Other factors affecting assay signal output
Besides the use of different antibodies with different 
affinities, recognizing different α-syn species (see ‘Pre-
analytical considerations’ section above), other factors 
can be recognized that affect the assay signal and cause 
variation in biomarker measurements, irrespective of 
the used assay design. These factors include: varia-
tion in standard peptides: there is no standardization 
of the standard peptides used in the various assays, 
while this may be an important factor in varying 
assay outcomes [4,25]. Especially the controlled genera-
tion of oligomeric forms of α-syn in size and confor-
mation has proven to be difficult, as can be deduced 
from the results of studies included in Table 2. Most 
of these studies did not use standards but instead used 
the assay signal (in light units) of oligomers in a ratio 

Table 2. Analysis of oligomeric and phosphorylated α-syn species in CSF: assays, reference levels and comparison with 
patient groups.

Study (year) Assay 
(antibodies 
and type) 

Mean α-syn 
in CTRL† 

Exclusion 
criteria 
RBCs/Hb 

CTRL type 
(n) 

α-syn change vs CTRL Ref. 

 DLB (n) PD (n) MSA (n) AD (n)  

Quantification of oligomeric α-syn  

Tokuda et al. (2010) 211/211-biotin 
ELISA

5.32 ± 0.85 
(NC; ± SEM)

NA NC/DC; ND 
(16/12; 43)¶

NA ↑‡,§; ↑‡ 
(32; 25)¶

NA NA; ─‡,§ 
(NA; 35)¶

[10]

Park et al. (2011) 211/211-biotin 
ELISA

n.d. NA NC (29) NA ↑‡ (23) NA NA [15]

Aasly et al. (2014) 211/211-biotin 
ELISA

40.97 ± 21.62 
(± SEM)

NA HC (42) NA ↑‡,§ (35) NA NA [16]

Parnetti et al. 
(2014)

211/211-biotin 
ELISA

0.021 (0.014–
0.043)

>500 RBCs/
μl

NC (25) NA ↑‡,§ (44) NA NA [12]

Unterberger et al. 
(2014)

5G4/10D2 
ELISA and 
Luminex

<0.01 ng 
oligomers/ml

NA NC (9) ↑§ (7)# NA NA ─ (6) [54]

Quantification of phosphorylated α-syn  

Wang et al. (2012) ASY-1/pSer129 
Luminex

81.6 ± 20.4; 
73.0 ± 17.2 
pg/ml¶

>200 μg 
Hb/l

HC (78; 
126)¶

NA ↑‡,§; ↑§ 
(93; 
116)¶

↑§; ─‡,§ 
(16; 25)¶

─‡,§; ─‡,§ 
(26; 50)¶

[58]

†Levels indicated as absolute concentrations or ratio versus total α-syn ± standard deviation or range.
‡Change applicable for level of oligomeric (or phosphorylated) α-syn.
§Change applicable for α-syn ratio (oligomeric or phosphorylated α-syn vs total α-syn).
¶Values/numbers respectively of discovery/training and validation cohort.
#Including two cases of PD dementia.
AD: Alzheimer’s disease: CTRL: Control population; DC: Disease control; DLB: Dementia with Lewy bodies; Hb: Hemoglobin; HC: Healthy control; MSA: Multiple 
system atrophy; NA: Not applicable/included; NC: Neurological control; n.d.: Not determined; ND: Not defined; PD: Parkinson’s disease; RBC: Red blood cell; 
SEM: Standard error of the mean; ↑, ─: Increased and equal levels versus controls, respectively (p < 0.05).
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versus the total α-syn signal as output. Interference of 
heterophilic antibodies: heterophilic antibodies are 
antibodies that are found in patients and have affin-
ity for animal antibodies. These antibodies are very 
common, and are present in up to 40% of the popu-
lation. Although, such antibodies recognize a broad 
range of antigens, affinity for the Fc-region especially 
of mouse antibodies of the IgG1 subtype (most often 
used in ELISAs) are over-represented and show gen-
erally higher affinity than heterophilic antibodies 
directed against other antigens [70]. Such heterophilic 
antibodies in the CSF (and, even more importantly, in 

blood components) may cross-link capture and detec-
tion antibodies in the absence of antigen, resulting in 
false-positive results [71,72]. This is especially a problem 
when the capture and detection antibodies are from 
the same species, for example, in the α-syn oligomer 
ELISA design where the same antibody is used for cap-
turing and detecting the antigen. Obviously, reduc-
tion of the chance of this type of interference to occur 
is the use of antibodies from different species. Other 
methods may include the use of heterophilic antibody 
blockers, sample depletion for heterophilic antibodies 
prior to analysis or usage of antibody fragments that do 

Table 3. Analysis of α-syn species in peripheral fluids: assays, reference levels and comparison with patient groups.

Study (year) Peripheral 
fluid 

α-Syn 
species 

Assay (antibodies, 
enzyme and type) 

Mean α-syn 
in CTRL† 

CTRL 
type (n)

α-syn change vs CTRL Ref. 

DLB (n) PD (n) AD (n)  

El-Agnaf et al. 
(2006)

Plasma Oligo 211/211-biotin (AP) 
ELISA

n.d. NC (27) NA ↑ (34) NA [46]

Duran et al. 
(2010)

Plasma Total NS ELISA kit (Life 
Technologies)

∼12 ng/ml HC (60) NA ↑ (95) NA [18]

Mata et al. 
(2010)

Plasma Total ASY-1/goat anti-α-
syn Luminex

48.6 ± 39.9 
ng/ml

ND (78) NA ─ (86) NA [67]

Tinsley et al. 
(2010)

Plasma Total 211/FL-140 (AP) and 
2A7/FL-140 (AP) 
ELISA

29.54 ± 2.90 
ng/ml 132.5 ± 
8.1 ng/ml

ND (15) NA NA NA [17]

Foulds et al. 
(2011) 
 
 

Plasma Total; 211/FL-140 (HRP); n.d. HC (30) NA ─ (32) NA [57]

 oligo; 211/211-biotin;    ─   

 pSer; pAb N19/pSer129 
(HRP);

   ─   

 p-oligo pSer129/ pSer129-
biotin ELISAs

   ─   

Park et al. (2011) Plasma Total 211/rabbit anti-α-syn 
(AP);

n.d. NC (29) NA ─ (23) NA [15]

   211/211-biotin ELISAs    ─   

Gorostidi et al. 
(2012)

Plasma Total 211/FL-140 (HRP) 617 (307–
1474) ng/ml;

HC (109) NA ↓ (134) NA [52]

  Oligo 211/211-biotin ELISAs 0.29 (0.19–
0.56)

  ─   

Laske et al. 
(2011)

Serum Total NS ELISA kit (Life 
Technologies)

8.1 ± 5.5 ng/
ml

HC (40) ↓ (40) NA ─ (80) [22]

Besong-
Agbo et al. 
(2013)

Serum Total 2A7/FL-140 (AP) 
ELISA

17.89 ± 1.06 
ng/ml

HC (46) NA ─ (34) ─ (42) [68]

Brighina et al. 
(2010)

PBMCs Total NS ELISA kit (Life 
Technologies)

0.42 ± 0.17 
pg/μg protein

HC (78) NA ─ (78) NA [20]

Devic et al. 
(2011)

Saliva Total ASY-1/goat anti-α-
syn Luminex

∼0.11 ng/ml HC (25) NA ─ (24) NA [69]

†Levels indicated as absolute concentration (total α-syn) or α-syn ratio (oligomeric α-syn; ratio vs total α-syn) ± standard deviation or range.
AD: Alzheimer’s disease; AP: Alkaline phosphatase; CTRL: Control population; DLB: Dementia with Lewy bodies; HC: Healthy control; HRP: Horseradish peroxidase; 
NA: Not applicable/included; NC: Neurological control; n.d.: Not determined; ND: Not defined; NS: Not specified; PBMC: Peripheral blood mononuclear cell; 
PD: Parkinson’s disease; oligo, pSer, p-oligo: Respectively oligomeric, phosphorylated and phosphorylated-oligomeric α-syn; ↓, ↑, ─: Reduced, increased and equal 
levels versus controls, respectively (p < 0.05).
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not contain the Fc-portion [70]. Competition of mono-
mers: the α-syn oligomer assay design that uses the 
same antibody for capture and detection, enables the 
coating mAbs to capture all forms of α-syn, includ-
ing monomers. The monomers, especially when exces-
sively present, compete with the multimeric forms 
of α-syn for binding to the capture antibodies and 
thereby reduce the detection of oligomeric species [25]. 
Interference of endogenous peroxidases: because blood 
components can contain endogenous peroxidases, this 
can in combination with the use of HRP as enzyme to 
convert the substrate in the assay increase background 
signals. This may be overcome by the use of an alterna-
tive enzyme, for example, AP. The enzymes used in the 
various studies that investigated α-syn levels in periph-
eral fluids are indicated in Table 3.

Preanalytical considerations
It is well known from biomarker studies in the AD 
field that preanalytical factors can confound the results 
of analysis.

First of all, blood contamination due to traumatic 
lumbar puncture, as preanalytical factor, has been rec-
ognized as a serious problem for α-syn quantitation in 
CSF. The levels of α-syn in serum and plasma are up 
to 10,000-fold higher than in CSF as given above [4,73], 
probably due to the many blood cells (e.g., erythro-
cytes are a major source of α-syn) [64,74]. A positive cor-
relation has been described between α-syn levels and 
the number of RBCs in CSF unless there were fewer 
than 50 RBCs present [74].

With regard to the type of the needle used for lum-
bar puncture, it has been shown that the use of atrau-
matic needles is associated with a lower risk of com-
plications, such as postlumbar puncture headache and 
traumatic taps (as per the count of RBCs per milliliter 
in the first sample of CSF), as opposed to traumatic 
needles [75,76].

Recent recommendations on preanalytical standard 
operation procedures (SOPs) for PD CSF biomarkers 
have therefore recommended less than 50 RBCs per 
microliter for CSF samples to be suitable for α-syn 
determination [77]. In addition, hemoglobin levels 
may be determined as indicator for blood contamina-
tion, which may be especially useful in samples, which 
have not been optimally processed with centrifugation 
before freezing [33]. For optimal sample processing 
(tube selection, centrifugation steps, storage condi-
tions, freeze and thaw steps, etc.) we refer to a recent 
publication that includes a  literature review [77].

Demographic factors like sex and age have been 
investigated in some studies: most studies reported a 
decrease in α-syn levels with age [7,8,29,78], except for two 
studies that showed no change [9] or increased α-syn 

levels [33]. The age dependence became weaker when 
patients with PD were considered. None of the studies 
mentioned above reported gender-related differences in 
the CSF levels of α-syn. Expression of dopamine recep-
tors in the choroid plexus could alter CSF homeostasis 
and hence influence α-syn levels in patients treated with 
Levodopa [79]. However, in two studies with advanced 
and medicated PD patients no correlation with CSF 
α-syn and the Levodopa dosage was found [33,35].

Diurnal variation in CSF concentration has been 
reported for several proteins [80–82] and is relevant as for 
the time of the day the lumbar puncture is performed 
in clinical routine. It was observed, however that CSF 
α-syn levels were not affected by diurnal fluctuations 
over a 33-h period [83]. A rostro-caudal concentration 
gradient was excluded for CSF α-syn in two stud-
ies [33,66]. The influence of food intake or glucose levels 
on α-syn levels has not been investigated systematically.

Diagnostic performance of CSF α-synuclein 
as biomarker for α-synucleinopathies
Differential diagnosis of Parkinson’s disease
A number of studies have evaluated the potential 
value of CSF α-syn as a diagnostic biomarker for 
α-synucleinopathies, but results were conflicting (see 
Table 1). Some studies found decreased CSF total α-syn 
levels in patients with an α-synucleinopathy as com-
pared with controls or AD patients [7,8,10–12,19,23,32–35,39–
41,61]. In three of these studies it was shown that α-syn 
levels in CSF were decreased in α-synucleinopathies 
(PD, DLB and/or MSA) as compared with tauopathies 
(PSP and/or corticobasal syndrome (CBS)) [35,38,41], 
while in another study [11] α-syn CSF levels were sig-
nificantly lower in DLB and frontotemporal dementia 
(FTD) patients compared with PD patients.

In contrast to these findings, however, other studies 
reported nonsignificant differences between different 
diagnostic groups [13–16,24,78,84]. For example, PD and 
PSP/CBS could not be differentiated using CSF α-syn 
levels in one study [14].

One diagnostic study has been performed with 
CSF α-syn-pSer129 (see Table 2). This biomarker was 
quantified in CSF of PD, MSA, PSP, AD and control 
patients in a large cohort study. α-Syn-pSer129 levels 
were significantly higher in CSF of PD patients com-
pared with MSA, PSP and control subjects in a train-
ing cohort and findings were confirmed in a valida-
tion cohort. Moreover, the diagnostic performance was 
increased by combining phosphorylated α-syn with 
total α-syn levels [58].

Differential diagnosis of dementing disorders
The quantification of CSF α-syn may also be of diag-
nostic value to identify DLB as a cause of dementia 
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as opposed to, for example, AD. CSF α-syn could, 
however, not differentiate between DLB and AD in 
most studies [11,13,54,78,80,84], although in one of these 
studies a decrease in α-syn was observed in female 
patients with DLB versus those with AD [80]. In con-
trast, a few other studies reported significantly lower 
α-syn levels in CSF [7,32,39] and serum [22] in DLB/α-
synucleinopathies compared with AD/other demen-
tias. For instance, recently in a large study comprising 
patients with AD, DLB, PD, PD with dementia (PDD) 
and MSA of whom a subset of 49/233 patients had 
autopsy-confirmed diagnoses significantly increased 
α-syn levels were found in AD patients as compared 
with DLB/α-synucleinopathies [39]. In contrast, 
another study showed significantly increased α-syn 
levels in CSF of DLB patients compared with AD [74]. 
In this study they strictly adhered to recent recommen-
dations [77] on controlling for confounding factors. In 
addition, one recent study showed increased CSF α-syn 
levels in AD patients and patients with mild cognitive 
impairment (MCI), as compared with controls, with 
modest sensitivity and specificity [36]. In this study, 
α-syn CSF levels in AD were also higher than in MCI, 
but this was not statistically significant. Interestingly, 
α-syn CSF levels were in general negatively correlated 
with Mini Mental Status Examination score.

Combination of the quantification of α-syn 
together with amyloid-β42 & tau proteins in 
differential diagnosis
The number of studies analyzing the biomarker poten-
tial α-syn for dementia in combination with AD bio-
markers is fast increasing. Combining α-syn with AD 
biomarkers, such as Aβ42 as well as total and phos-
phorylated tau proteins (t-tau; p-tau181P) may help 
to differentiate PD from other neurological disorders 
and might help to improve the differentiation between 
PDD/DLB and AD or other neurodegenerative disor-
ders. One study showed that the ratio of t-tau/α-syn 
(and to a slightly lesser extent the p-tau/α-syn ratio) in 
CSF could contribute to the differentiation of PD from 
DLB, AD and FTD with a sensitivity of 89%, and 
specificity of 61% [11]. In another study, α-syn in com-
bination with the t-tau/p-tau ratio could differentiate 
PD from MSA (sensitivity 90%, specificity 71%) [85]. 
In yet another study the combination of α-syn, t-tau 
and age could differentiate α-synuclein-related dis-
orders (namely, DLB, PD and MSA) from non-α-
synuclein-related disorders (namely, normal pressure 
hydrocephalus [NPH], PSP and other neurodegenera-
tive disease) [35]. A diagnostic algorithm using α-syn 
and p-tau181P discriminated neuropathologically con-
firmed DLB from AD patients resulting in sensitivity 
and specificity values of 85 and 81%, respectively [39]. 

Finally, one study showed that in multivariate analysis 
combining the classical AD biomarkers (t-tau protein 
and Aβ42) with α-syn contributed the most to the dif-
ferentiation of AD from DLB and PDD [38]. Together 
these studies show the potential of combining α-syn 
with other biomarkers like Aβ42, t-tau and p-tau181P 
to improve differential diagnosis of PD and related dis-
eases. Next to Aβ42, t-tau and p-tau181P, also other 
potential candidates may be found for this purpose, 
for instance NFL, which showed promising results as 
 biomarker for atypical PD [38,86,87].

Diagnostic performance of α-syn oligomers
The observation that α-syn induces fibrillization of 
tau, and that co-incubation of tau and α-syn syner-
gistically promotes fibrillization of both proteins [88] is 
of particular relevance for studies investigating these 
two molecules as putative CSF diagnostic/prognostic 
biomarkers in different PD clinical phenotypes.

Only few studies have analyzed oligomeric forms of 
α-syn in differential diagnosis (see Table 2). Although 
several studies showed increased levels of α-syn oligo-
mers in PD CSF as compared with healthy or neuro-
logical controls [10,12,15,16,46], we identified only one 
study in which α-syn oligomer levels in CSF of PD ver-
sus other disease groups were compared. In this study, 
α-syn oligomer levels, especially the ratio of oligomers 
to total α-syn levels, were significantly increased in PD 
patients in comparison to PSP and AD patients [10].

Early diagnosis of Parkinson’s disease
The number of studies that assessed the diagnostic 
value of CSF α-syn in early stages of disease is also 
limited, but results indicate a decrease of CSF α-syn 
in early symptomatic PD patients as in more advanced 
disease stages (as summarized above). One single-
center study showed significantly decreased α-syn CSF 
levels in untreated early PD patients compared with 
healthy controls [34]; this observation was recently 
confirmed in a multicenter setting [40]. Another study 
showed that α-syn oligomers in CSF of early PD 
patients (within 24 months after onset) were higher 
than those of healthy or disease controls [10].

α-Syn biomarker properties for asymptomatic 
mutation carriers & relation to disease severity
In a study that examined asymptomatic LRRK2 muta-
tion carriers, CSF α-syn levels did not correlate with 
dopaminergic neuron loss in the striatum as observed 
by PET imaging [89]. The results of this study suggest 
that CSF α-syn does not predict the development of 
clinical symptoms in the presymptomatic phases of PD 
or other α-syn-related diseases linked to LRRK2 muta-
tions. The results in the symptomatic patients have 
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been contradictory. In one study there was no associa-
tion between the disease severity measured by Hoehn 
and Yahr (H&Y) scale and CSF α-syn [33], whereas in 
another study a significant association between these 
parameters and α-syn was observed [8], and in yet 
another study such an association was only evident for 
sporadic PD, but not for symptomatic LRRK2 carri-
ers [16]. Furthermore, phosphorylated α-syn was shown 
to be associated with UPDRS but not with H&Y 
scale [58]. The limitation of these studies is the small 
sample size. Studies addressing biomarkers in other 
asymptomatic mutation carriers, subjects with rapid 
eye movement (REM) sleep behavior disorder and/or 
hyposmic subjects, all at risk to develop PD and results 
from ongoing longitudinal studies are under way.

Conclusion
In summary, the studies reviewed above reveal that 
there are large variations in the absolute levels of α-syn 
in CSF and serum, even when the same types of α-syn 
isoforms are detected. Differences in values are there-
fore likely to be related to different analytical proce-
dures, which imply a strong need for standardization 
of procedures.

CSF α-syn might have clinical diagnostic potential 
in movement disorders for differentiating α-synuclein-
related disorders (PD/DLB/MSA), where decreased 
CSF α-syn levels are observed, from not α-syn-related 
disorders (e.g., PSP and NPH), where normal CSF 
α-syn levels are observed. Interestingly, these abnormal 
levels are already found in early stages of the disease and 
thus have potential for early diagnosis. Large, systematic 
studies will be still needed, however, to clarify whether 
α-syn alone or in combination with other biomarkers 
such as Aβ42, t-tau, p-tau181P and possibly NFL can 
improve the differential diagnosis between neurodegen-
erative disorders and to improve the early diagnosis of 
PD. Longitudinal studies have been initiated [90,91] and 
will further shed light if our current biomarkers can 
reflect the continuing neurodegeneration process.

A limitation of most biomarker studies is that they 
rely on clinical diagnoses, which base on insufficient 
clinical criteria with an accuracy of only 80–90% 
compared with neuropathological diagnoses, even 
when the diagnoses are made by experts in move-
ment disorders [2]. Confirmation in independent study 
populations that preferably contain autopsy-confirmed 
patients is needed as are diagnoses made on combina-
tions of different CSF markers and the combination of 
other marker modalities.

In conclusion, different α-syn species are promising 
candidates as biomarkers of synuclein-related diseases; 
however, further research is needed to confirm their 
diagnostic utility.

Future perspectives for α-syn quantification 
as a biomarker in clinical routine
The studies reviewed here have been performed by 
using several different methods exploiting different 
antibodies to measure α-syn and these studies have 
also measured different α-syn species, in other words, 
total α-syn, phosphorylated α-syn or oligomeric α-syn. 
Before any definite conclusions about the usefulness 
of the measurement of α-syn species in CSF or other 
body fluids to aid in the diagnosis of neurodegenerative 
disease can be made, there should be large-scale valida-
tion studies using standardized assays and procedures. 
Preferably, these studies should include large prospec-
tive cohorts with patients with different α-synuclein-
related and other neurodegenerative diseases with 
detailed information on clinical phenotype as well as 
medication during a follow-up. Furthermore, consid-
ering the prevalence of overlapping neuropathology in 
many patients [92,93], patients with neuropathological 
confirmation of the disease would be of tremendous 
importance. A large cohort would also enable investi-
gation of possible preanalytical and clinical confound-
ing factors affecting CSF α-syn as discussed earlier. 
For example, as α-syn is a soluble intracellular protein, 
future studies should assess the possible factors that 
may affect the release of α-syn from the synapse into 
the extracellular space.

Regardless of whether CSF α-syn levels alone are 
sufficiently accurate to support the clinical diagnosis, 
these levels may however be useful as part of a panel 
of biomarkers reflecting different pathways involved 
in the disease [11,38,94]. This approach would allow for 
better and timelier characterization of clinical PD sub-
types, with special emphasis on different clinical phe-
notypes and prognoses.

Future studies are needed to ascertain whether more 
accessible peripheral fluids can be used to measure bio-
marker levels more efficiently than current CSF tests.
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