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ABSTRACT  

Over the last two decades there have been meaningful developments on biomarkers of 

neurodegenerative diseases, extensively (but not solely) focusing on their proteinopathic 

nature. Accordingly, in Alzheimer’s disease determination of levels of total and phosphorylated 

tau (τ and p-τ, usually p-τ181) along with amyloid-beta1-42 (Aβ1-42) by immunodetection in 

cerebrospinal fluid (CSF) and currently even in peripheral blood, have been widely accepted 

and introduced to routine diagnosis. In the case of Parkinson’s disease, α-synuclein as a 

potential biomarker (both for diagnosis and progression tracking) has proved more elusive 

under the immunodetection approach. In recent years, the emergence of the so-called seed      

amplification assays is proving to be a game-changer, with mounting evidence under different 

technical approaches and using a variety of biofluids or tissues, yielding promising diagnostic 

accuracies. Currently the least invasive but at once more reliable source of biosamples and 

techniques are being sought. Here we overview these advances. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



3 
 

1. INTRODUCTION 

     Biomarkers are objectively measurable      clinical, biochemical, or imaging features that      

can assist      diagnosis and differential diagnosis, but also provide prognosis information and 

be surrogate endpoints in clinical      trials and eventually indicators in clinical practice that a 

given treatment is working or not[1,2]. 

Clinical biomarkers mostly come from clinical history,     exam features or scores of scales. 

While valuable as easily accessible and deliverable, their subjective nature and heterogeneity 

are hurdles. 

Imaging biomarkers in the field of neurodegeneration range from structural imaging (mostly 

MRI), which in turn can also consist of specific radiological signs obtained by visual inspection 

(and hence again limited by its subjectiveness) or complex quantification approaches 

(hampered by standardization issues), to functional techniques. The latter      have      evolved 

from initially allowing for measuring neurochemical deficits (such as presynaptic nigrostriatal 

dopaminergic deficiency as per dopamine transporter imaging in all neurodegenerative 

parkinsonisms in contrast to normality in secondary parkinsonisms) to currently detecting in 

vivo the abnormal aggregated protein brain deposition, as in the case of PET amyloid and tau 

imaging in Alzheimer’s disease. However, α-synuclein detection by nuclear medicine 

approaches, despite recent progress, is still not available[3]. 

This takes us to the topic of the current topical review: biochemical biomarkers in biofluids or 

tissues for the diagnosis      assessment in Parkinson’s disease (PD) and its differentiation from 

its usual lookalikes (chiefly atypical parkinsonisms).      These type of biomarkers in PD cannot 

be addressed without putting it in context of other degenerative conditions. Hence, for several 

years now,      immunoassays (     by ELISA and more recently automated CLEIA 

platforms/Simoa) of τ,     phosphorylated-τ (p-τ181),     amyloid-beta1-42 (Aβ1-42) and 

Ab42/40 in cerebrospinal fluid (CSF)      have proven a reliable biomarker of Alzheimer’s 

disease (AD)[4]. The success with      immunoassays to detect the main AD proteins set the 

path and determined the subsequent struggle to measure α     -synuclein in PD, and in 

hindsight it demonstrated that a winning strategy in one disease does not unequivocally apply 

to another, however related they might be. Therefore, over several years immunoassay-based      

studies of different variants of α-synuclein significantly contributed to the knowledge in vivo of 

the synucleinopathy of PD, but without enough accuracy to be a reliable biomarker for the 

clinic. Nowadays, however, immunoassay       determination (mainly by ELISA) of other proteins 

(including τ, p-τ, and Aβ1-42 themselves) in CSF has also its role in PD, while the new technique 
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of seed      amplification assays (SAAs) and other immunological techniques, such as 

immunoprecipitation, are improving the detection of α-synuclein in PD. In this vein, the source 

where all these biomarkers are being determined is another critical feature. Whereas CSF has 

been traditionally used, due to its intimate anatomical and functional relationship with brain 

parenchyma and the difficulty to measure certain proteins in peripheral blood owing to low 

concentrations, its rather invasive obtention has led to seek alternative peripheral sources 

with more sensitive techniques (blood, skin, others)[5].  

 

2. FLUID BIOMARKERS 

2. 1 CEREBROSPINAL FLUID       

As mentioned in the Introduction, the attempt to obtain biochemical biomarkers in PD started 

using      immunoassay techniques in CSF following the success in AD. Historically, different 

types of α-synuclein have been measured. Total α-synuclein (t-α-syn) is the one more 

extensively studied. Many studies have pointed its reduction in PD, including its spectrum with 

PD-dementia (PDD) and dementia with Lewy bodies (DLB), as well as multiple system atrophy 

(MSA), another synucleinopathy (but with predominant oligodendroglial inclusions). However, 

all these studies showed a remarkable overlap with not only non-neurological controls but also 

with other parkinsonisms and degenerative conditions, resulting in modest discriminant 

ability, unacceptable for diagnostic purposes in clinical practice[6-8]. Adding to this concern, 

several other studies did not even find statistically significant differences between 

synucleinopathies and non-synucleinopathies[9,10]. Yet, intriguing information was obtained 

from those studies. As an example, both cross-sectionally and longitudinally, higher (instead of 

lower) CSF t-α-syn levels were found to correlate with worse cognitive measures and 

progression, higher CSF t-τ levels and greater cortical thinning in posterior cortical areas in 

MRI[10-12]. Another variant of α-synuclein studied in CSF is oligomeric α-synuclein (o-α-syn). 

This approach is based on using the same antibody for coating and detection, thus not being 

able to mark single (monomeric) α-synuclein molecules, as these have the antibody epitope 

blocked by the coating antibody, thus not binding to the detection antibody. Conversely, 

oligomers have one or more epitopes available for binding with the detection antibody once 

bound to the coating one. The first study with this technique showed the opposite as t-α-syn: 

increase in CSF o-α-syn levels relative to non-neurological and diseased-controls with 

remarkable discriminant ability, yet some overlap[13]. This significant trend to elevation of CSF 

o-α-syn has been more consistently observed across studies, including association of even 
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higher levels with the presence of dementia (be it PD-dementia [PDD] or DLB)[10,14,15]. 

However, in a single study increased levels were not found among people with idiopathic REM 

sleep behaviour disorder (iRBD), considered a prodromal PD symptom and usually included in 

studies as a proxy of prodromal PD[10]. Another studied α-synuclein species is phosphorylated 

α-synuclein (p-α-syn). In different studies CSF p-α-syn were increased in PD[16] and other 

synucleinopahies, with a trend to a U-shape association with disease duration, that is, lower 

levels correlated with worse clinical state in early disease, but the opposite in more advanced 

and severe disease[17,18]. 

During these years of significant, yet insufficient in terms of clinical application, findings using      

immunoasays for α-synuclein, the existing evidence of AD co-pathology in PDD           [19] and 

of other molecular pathways identified in genetic studies but with relevance beyond familial 

cases, such as the case of glucocerebrosidase (GBA)[20], led to study these proteins in CSF in 

sporadic PD too. Hence, again both cross-sectional and longitudinal studies showed increase of 

CSF τ and p-τ and decrease of CSF Aβ1-42 levels in PDD and DLB, and association between 

lower CSF Aβ1-42 levels at baseline in PD patients without dementia with progression to PDD 

at follow-up, and also with longitudinal measures of cortical thinning in posterior cortical 

areas[21-24]. Studies measuring PET probes for Aβ1-42 have shown association between 

increased PET uptake and low CSF Aβ1-42 levels in PDD and again their link with longitudinal 

progression to dementia among patients without dementia at baseline[25,26]. Likewise, an 

association of lowered CSF enzyme activity of glucocerebrosidase in PD cases with and without 

an underlying GBA mutation with PD, particularly in earlier stages has been reported[27]. Also 

mirroring the findings using CSF markers of AD, a longitudinal study has shown that lower CSF 

glucocerebrosidase activity is also a statistically significant longitudinal predictor of 

progression to PDD           [28]. 

Coming back to the α-synuclein story, the mounting evidence that this protein can spread 

throughout the brain following a prion-like mechanism, prompted researchers to take 

advantage of techniques relying on the self-aggregating behaviour of prion protein (PrP) to 

show with a fluorescence dye (Thioflavin-T) the increase of fluorescence of CSF samples from 

prion disease patients (with pathological PrP) incubated with recombinant (normal) PrP. Two 

such techniques, real-time quaking-induced conversion (RT-QuIC) and protein misfolding cyclic 

amplification (PMCA) had shown the ability to amplify the aggregation and fluorescence 

reaction of samples with minute (even attomolar, that is 10-18 molar) amounts of PrP. 

Following this success with PrP, two studies (using RT-QuIC and PMCA one each) applied this 

approach to α-synuclein showing an almost perfect sensitivity and specificity not only 
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compared to controls but also to other degenerative conditions and even in iRBD cases again 

included as proxies of prodromal PD[29,30]. Even though the authors named the techniques 

differently, both RT-QuIC and PMCA to detect α-synuclein aggregates operate similarly; 

therefore, currently the nomenclature is increasingly being unified under the name SAAs[31]. 

Other studies have also shown a more rapid amplification reaction (in terms of time in hours) 

to be associated with worse disease progression, both on motor and cognitive grounds[32].  

     Although challenging to set up across different sites, as reaction parameters can widely vary 

among labs limiting the standardization of SAAs, these methods have rapidly generated 

numerous published studies and are already used in routine clinical practice at several 

hospitals worldwide. However, there are several challenges and caveats: quantification of 

results, while addressed in some studies, remains an unmet need, with results still being 

largely merely dichotomic (positive vs negative curves, usually with 3 or 4 replicates for 

sample, requiring a minimum of 2 or 3 respectively for a positive result); also, sensitivity for 

the MSA synucleinopathy has been overall disappointing, around 20%[33,34]. In this latter 

regard, few studies have reported higher figures[30,35] and there are attempts to increase the 

sensitivity but not at the expense of losing specificity for PD, with which MSA can be easily 

misdiagnosed. Hence, a different lag phase (time to start the increase of the amplification 

curve) and a lower maximum fluorescence (relative to PD/PDD/DLB) have been pointed as 

differential traits of positive SAA reaction for α-synuclein in PD vs. MSA (Figure 1). 

Alternatively, adapting SAAs to the different Lewy/MSA synuclein strains might eventually 

overcome this limited sensitivity[36]. 

In the meantime, some authors have used the combination of α-synuclein SAA in CSF with 

other markers, like CSF levels of neurofilament light chain (NfL), and quantitative MRI 

measures, to assist the differentiation between PD and MSA and other atypical parkinsonisms. 

Thus, in a study the discriminant ability between PD and MSA of CSF α-syn RT-QuIC alone      

was improved when combining it with CSF NfL levels[37], and another study[34] showed that 

further combining these two measures with the planimetric measures of midbrain and pons 

surfaces allowed for differentiating not only PD and MSA but also tauopathies (progressive 

supranuclear palsy [PSP] and corticobasal degeneration [CBD]), since positive CSF α-syn RT-

QuIC, low CSF NfL and normal midbrain and pons planimetry segregated with PD, negative CSF 

α-syn RT-QuIC, increased CSF NfL and reduced pons planimetry with MSA and negative CSF α-

syn RT-QuIC, increased CSF NfL and reduced midbrain planimetry with PSP and CBD. 

Despite its lower levels in PD relative to atypical parkinsonisms, higher CSF NfL levels in PD 

have also been associated with dementia-risk (PDD). 
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The rapid increase in studies and application of α-syn SAAs has led to show that its diagnostic 

ability for PD overcomes that of clinical and dopamine transporter SPECT[38],  but also to 

identify its heterogeneity within the universe of PD patients, showing lesser positive results in 

LRRK2 monogenic variant of PD in association with lower smell test scores and lesser reduction 

of uptake in dopamine transporter SPECT, in contrast to a pattern more consistent with 

sporadic PD in cases carrying GBA mutations[39]. These differences between sporadic and 

GBA-related PD on the one hand with LRRK2-related PD on the other are consistent with the 

shared Lewy-type pathology in the two former and lesser Lewy-type pathology in the latter. 

Despite all these advances and great promise of α-syn SAAs, the aforementioned variability 

across sites and also of the reduced yet still existing cases of false positive and negative results, 

remain areas for further improvement of the technique. In this vein, there might be diverse 

analytes in CSF from different individuals with seeding enhancing or inhibition properties. 

Improved knowledge of such molecules, like high density lipoprotein (HDL)[40] and others yet 

to be discovered, can prove crucial to further improve the already great diagnostic ability of 

these tests. These also might give insights of phenotypic differences within the same disease, 

be it a synucleinopathy or a tauopathy (high and low seeders)[41], and provide an avenue for 

identifying and testing in vitro aggregation-inhibitory molecules with potential therapeutic 

interest.  

Recently, three independent studies have highlighted the role of CSF levels of DOPA 

decarboxylase (DDC) as a diagnostic biomarker of dopaminergic dysfunction[42-44].  DDC 

efficiently discriminated Lewy-body disorders (LBD) and atypical parkinsonisms from controls 

and other non-parkinsonian neurodegenerative disorders (such as AD)[42-44]. Encouraging 

results in prodromal LBD were also found[43,44]. If these results are confirmed, DDC could act 

as a viable alternative to DAT-scan with the advantage of being acquired through lumbar 

puncture, a method that is used for the assessment of other biomarkers and likely to be more 

cost-effective. Conversely, as setbacks, CSF levels of DDC (just as DAT-scan itself) will not 

foreseeably be useful to differentiate among degenerative parkinsonisms (PD vs. atypical 

parkisonisms and those among themselves), and its validity as a progression biomarker 

remains unexplored too. 

      

2.2 BLOOD       

Both immunodetection and SAAs of α-synuclein have been extensively sought in peripheral 

blood as a source being easily accessible and less invasive relative to CSF. However, the 
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immunodetection techniques have struggled with the limitation of the important content of α-

synuclein in red blood cells, with SAAs having faced the issue of inhibition of seeding by the 

protein-rich content of peripheral blood. However recently some studies using 

immunoprecipitation to concentrate α-syn from serum allowed for detecting pathogenic α-     

syn seeds even discriminating among patients of PD, DLB and MSA synucleinopathies[45].In 

addition, the study of extracellular vesicles also enables either immunodetection or SAA of α-

synuclein in exosomes extracted from peripheral blood[46,47]. There is even preliminary 

experience with differential immunoprecipitation of neuronal vs. oligodendroglial exosomes 

from peripheral blood for differentiating α-synuclein coming from PD neurons or MSA 

oligodendrocytes, albeit still with remarkable overlap between groups[48]. 

Peripheral blood mononuclear cells (PBMC) constitute another potential source of biomarkers 

for PD and could serve as a valuable model for investigating impairment in biological pathways 

linked with PD pathogenesis[49-51]. 

Moreover, NfL can nowadays through single molecule array (SIMOA) be detected in blood, 

with several studies reporting a significant correlation between CSF and plasma or serum 

determination of NfL with ELISA and SIMOA respectively[52]. Nevertheless, these correlations 

are moderate or even modest, despite their statistical significance, suggesting that, for the 

time being, blood can be considered a screening test, with CSF remaining the gold standard. 

Finally, markers previously studied as progression predictors of risk of PDD      in CSF are 

beginning to be measurable in blood. Hence, plasma levels of Aβ, t-τ and α-synuclein itself 

have been successfully determined by an ultra-sensitive immunomagnetic reduction-based 

immunoassay in a study[53]. There, the authors reported significant increase of both t-τ and α-

synuclein and significant reduction of Aβ1-40 (but not those of Aβ1-42) levels in plasma in PD 

vs. controls. Moreover, both binary logistic regressions and the respective receiver operating 

characteristic curves analyses showed significant association of these biomarkers in plasma 

with the presence of cognitive impairment. Still, these findings are still to be taken with a grain 

of salt since the areas under the curve, the specificities (Aβ and α-synuclein) and the 

sensitivities (t-τ) were modest, due to noticeable overlap among groups. Finally, transcriptome 

and micro-RNA studies are other approaches studied in peripheral blood. Hence, changes in 

pathways related to focal adhesion, mTOR, adipocytokine, neuron projection and others have 

been found in idiopathic and LRRK2-related PD[54-57]. 
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3. TISSUE BIOMARKERS  

The hypothesis that at least in part of PD patients the disease process starts in the peripheral 

nerve system, which has a huge extension in the human body only considering enteral and 

cutaneous terminal nerves, has led to also seek the above reviewed biomarkers in peripheral 

tissues. This has been pursued by means of skin, salivary and enteral biopsies, but also with 

nasal mucosa swabs and collection of saliva or even teardrops. 

The most extensively studied have been the skin and the colon via biopsies, historically only 

with immunohistochemistry, currently already with SAAs including comparative data between 

immunohistochemistry and SAAs.  

      

3.1 SKIN       

Depending on the method used and the biopsy skin site, immunopositivity for α-syn has been 

reported to vary widely, ranging from less than <10%[58,59] to 100%[60,61]. However, 

consistently, PD patients have shown higher rate of α-syn positivity when comparing to 

healthy controls[61] and, although much less extensively investigated, also when compared 

with non α-syn parkinsonism[62]. 

Regarding α-syn SAA in skin, studies have shown this technique presents high sensitivity,  as 

highlighted in a recent meta-analysis[63]. 

     A comparative study including PD and MSA cases and performing      immunohistochemistry 

in skin and RT-QuIC in skin and CSF for α-syn[64]      showed high but incomplete agreement 

between these techniques      . However, some of the patients underwent up to 8 punches for 

skin biopsy and among MSA cases there was remarkable disagreement and lower reliability     .  

Another study also claimed that α-syn RT-QuIC accuracy was comparable in skin and CSF 

among iRBD patients. The skin biopsy protocol consisted of 6 biopsies per patient with the 

matched accuracy between skin and CSF being the result of the combined sensitivity of all the 

biopsies; when considering the performance of each biopsy separately, the sensitivity ranged 

from 58 to 69% as opposed to 75% in CSF[65]. Also in iRBD, a recent study [66] showed higher 

diagnostic accuracy (89% vs. 70%) in detecting pathological α-syn in skin by IF (n=81) in 

comparison to SAA (n=40). CSF-based α-syn -SAA was also explored yielding suboptimal results 

compared to those previously reported in the literature by other labs including studies 

specifically focusing on iRBD [33,38,65]. This discrepancy could be attributed to potential 

suboptimization of the SAA, hindering a reliable comparison between CSF and skin assays.  
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      In this vein, a further study comparing iRBD with PD found the sensitivity of α-     syn RT-

QuIC in skin to be higher in the former (97%) than the latter (87%), with shorter lag phase and 

higher maximum fluorescence in iRBD[67]. Therefore, more studies are needed to fully 

elucidate which sample and technique are more accurate. 

      

3.2 OTHER TISSUES BIOMARKERS 

Regarding other peripheral fluids and tissues,      methods need still further development for      

saliva and colon tissue, whereas for submandibular gland despite moderate accuracy with 

immunohistochemistry and high sensitivity and specificity with RT-QuIC, the performance of 

biopsy in terms of valid amount of tissue has been often suboptimal while carrying remarkable 

side effects[5]. In fact, a report from the 4S consortium (Systemic Synuclein Sampling Study) 

has recently showed that negative results in controls and positive tests in mild, moderate and 

advanced PD are more frequently obtained with CSF α-syn SAA compared to CSF t-α-syn by      

immunoassays but also to immunohistochemistry and SAA of α-syn in      submandibular 

gland[68].  

In the olfactory mucosa, immunoreactivity for α-syn has not demonstrated sufficient accuracy 

in previous reports [69]. Nevertheless, in a recent study investigating this aspect as a 

secondary objective, it was found that oligomeric α-syn was elevated in the PD group 

compared to the healthy control group [70]. On the other hand, studies utilizing SAAs have 

reported moderate accuracy [71], albeit with a lower sensitivity of 0.64 (0.49-0.76) compared 

to CSF and skin (p = 0.02, 0.01, respectively), as indicated by recent meta-analyses [72]. 

Other approaches are proteome studies in easily accessible fluids such as saliva and tear, 

which have shown increase or decrease in proteins related to the inflammatory processes, 

immune response, lipid metabolism, exosome formation, adipose tissue formation and 

oxidative stress in PD patients [73,74]. Still, these fluids while attractive due to their easy 

collection, can vary in their composition which can hamper the interpretation and 

standardization of these approaches. 

 

4. CONCLUSIONS 

PD biomarkers of α-synuclein have evolved from immunobased to seed      amplification 

assays, but currently immunoprecipitation and other approaches seem to enter the scene 
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again in a renewed attempt to obtain reliable biomarkers in peripheral blood and other fluids 

and tissues more accessible than CSF.  

Different biomarkers may apply to specific settings: for example, Aβ, t-τ and 

glucocerebrosidase activity in either CSF or blood as dementia-risk biomarkers, and NfL as a 

progression marker too and furthermore in the differential diagnosis with atypical 

parkinsonisms.  

Despite the mounting studies in peripheral fluids and tissues, CSF remains the gold standard 

and other techniques until improved detection and accuracy can be considered as screening 

currently, although recent published data in skin particularly are promising. Still, if there are 

truly brain- vs. body-first PD cases, perhaps the use of CSF vs. peripheral samples could be 

critical for diagnostic accuracy. Also, for differentiation from atypical parkinsonisms the extent 

to which α-synuclein and τ are present or absent in peripheral tissues in MSA and PSP-CBD can 

also be a critical factor for the reliability of peripheral vs. CSF determination of these 

biomarkers. Hence, in a hypothetical future with the possibility of SAA panels for different 

proteins, like α-syn for PD and MSA and 4R-τ for PSP and CBD, if the seeding ability of 

peripheral tissues only proves to be reliable for PD, perhaps the CSF will be the preferred 

sample for testing the different proteins at once. Further development and assessment of the 

performance of SAAs for these other proteins such as 4R-τ in different fluids and tissues will 

likely answer this important question. 

Another important issue is that of false positives and negatives, and to what extent and in 

which cases those correspond to technique failure, co-pathology or even cross-seeding, and 

the presence of inhibitors of aggregation. 
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Figure 1. Representative curves of CSF α-SYN RT-QuIC from three patients studied in our 

laboratory (equipment: FLUOSTAR OMEGA). A = a PD case with a typical positive curve; B = an 

MSA patient with a positive curve too but with a larger lag phase and a lower maximum 

fluorescence compared to PD; C = negative seeding rection in a control subject case. 
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Table 1. Overview of the diagnostic value of PD biomarkers.  

 

Biomarker Tissue Technique Comments and challenges 
D-synuclein species CSF ELISA t-D-syn 

Reduced levels in PD compared with HC and neurological controls. Overlap of results, 
resulting in modest discriminant ability [6-8]. Other studies did not find significant 
differences between groups [9,10]. This biomarker alone should not be considered for 
the diagnosis of PD.  
o-D-syn and p-D-syn 
Increased levels in PD compared with HC and neurological controls. 
Remarkable discriminant ability, yet some overlap [13]. 
Increased levels were not found among people with iRBD [10]. 
Few studies, still lack of validation in independent laboratories [16]. 

 Blood and 
serum 

ELISA 
 
 
Immunoprecipitation + 
immunodetection or 
SAA 

Important content of D-synuclein in red blood cells with risk for erythrocyte 
contamination. 
 
Recently, studies using immunoprecipitation have shown promise of the study of 
extracellular vesicles[41,42][46,47]. Its value must be confirmed in larger studies.  

 Skin  Immunohistochemistry Lower diagnostic accuracy compared to SAAs. High sensitivity and specificity [64, 66]. A 
study comparing diagnostic accuracy with SAAs was limited by a suboptimal accuracy of 
CSF-SAAs in sharp contrast to other studies with high accuracy of CSF-SAA in iRBD 
[38,65] or haveand analyzed CSF-SAAs in a reduced sample size compared to the sample 
used for immunohistochemistry analyses[64]. More studies are needed to elucidate 
which technique is better.   

Pro-aggregating 
forms of D-syn 

CSF RT-QuIC 
PMCA 

Almost perfect sensitivity and specificity, even in iRBD cases [29,30]. 
Lesser positive results in LRRK2 monogenic variant of PD. 
Analytical issues (i.e. reproducibility).  
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 Skin RT-QuIC 
PMCA 

Lower diagnostic accuracy compared to SAA in CSF.Less invasive procedure compared to 
lumbar puncture. Standardization of site and number of biopsies is lacking. 

 Other tissues 
(saliva, colon, 
etc.) 

RT-QuIC 
PMCA 

Methods still need further development, whereas for the submandibular gland despite 
moderate accuracy the performance of biopsy in terms of valid amount of tissue has 
been often suboptimal while carrying remarkable side effects[5] 

NFL CSF ELISA Useful to differentiate PD vs. atypical parkinsonism. [52]  
Difficult to establish standard cut-off.  

 Blood SIMOA Correlations are moderate or even modest with CSF NFL. [48] 
miRNAs Blood 

(cell-free or 
within 
extracellular 
vesicles) 

Transcriptomic studies Distinct miRNA signatures have been found in the CSF of early [55] as well as more 
advanced PD stages, differentiating them from HC and atypical parkinsonism [56,57]. 
Still need for standardized methodological approaches. Inconsistent results between 
miRNA studies. 

E�glucocerebrosidase CSF Artificial fluorescent 
substrates combined 
with in vitro systems.  
In situ GCase activity 
(cell culture, PBMC) 
Dry blood spot assay. 

Reduced activity in PD vs. HC.  

 

CSF = cerebrospinal fluid; ELISA = enzyme-linked immunosorbent assay; HC = healthy controls; iRBD = idiopathic REM sleep behaviour disorder; o-D-syn = 
oligomeric D-synuclein; p-D-syn = phosphorylated D-synuclein; PD = Parkinson’s disease; PMCA = protein misfolding cyclic amplification; RT-QuIC = real-time 
quaking-induced conversion; SAAs = seeding amplification assays; SIMOA = single molecule array; t-D-syn = total D-synuclein.  
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