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Early and accurate diagnosis of Parkinson's disease (PD) remains a challenge,
hindering the efficient recruitment of patients into clinical trials aimed at disease
modification. This underscores the urgent need for validated and clinically
applicable biomarkers. Research continues to expand our knowledge of fluid
biomarkers for detecting and monitoring PD progression. Cerebrospinal fluid
a-synuclein (a-syn) seed amplification assays (SAA) have emerged as highly
sensitive and specific biomarkers for the diagnosis of PD. The development
of less invasive procedures using biological fluids such as serum or saliva
would be more practical for routine clinical use. Recent data demonstrate the
presence of pathogenic a-synuclein in the serum of PD patients compared
with healthy controls, detected using real-time quaking-induced conversion
(RT-QuIC) assays. Elevated ratios of pS129-a-syn and/or oligomeric a-syn to
total a-syn have also been reported in PD. Future research should clarify
differences in protein aggregate formation across various synucleinopathies.
Promising advances toward a clinically useful blood-based diagnostic test
for PD include the quantification of proteins released from neural-derived
extracellular vesicles (NDEVs), such as oligomeric and phosphorylated a-syn, tau,
and disease-associated microRNAs. Given the role of neuroinflammation in PD
pathogenesis, inflammatory biomarkers, including interleukin (IL)-6, IL-10, tumor
necrosis factor-a(TNF-a), glial fibrillary acidic protein (GFAP), chitinase-3-like
protein 1 (YKL-40), and monocyte chemoattractant protein-1 (MCP-1), are under
active investigation. Furthermore, fluid biomarkers associated with Alzheimer’s
disease pathology are being explored for their potential to predict motor and
cognitive decline in PD and related synucleinopathies. Salivary EVs hold promise
as a non-invasive source of PD biomarkers; however, robust validation in large,
well-characterized cohorts is essential to improve the diagnostic and prognostic
accuracy of PD.

KEYWORDS
Alzheimer’'s disease biomarkers, extracellular vesicles, neuroinflammation, Parkinson’s
disease, seed amplification assays (SAA), a-synuclein

1 Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative disorder,
characterized by core motor and non-motor symptoms, as defined by current diagnostic
criteria (Lee and Gilbert, 2016; Postuma et al., 2015). However, these clinical features
overlap with other atypical or secondary parkinsonian syndromes, leading to misdiagnosis
in up to 20% of cases (Rizzo et al., 2016). This emphasizes the need for reliable, clinically
applicable biomarkers of PD to optimize diagnosis and treatment development.
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A biomarker is defined as a characteristic that is objectively
measured and evaluated as an indicator of normal biological
processes, pathogenic processes, or pharmacologic responses to
a therapeutic intervention. Biomarkers are used for diagnosis,
evaluation of disease severity and prognosis, and prediction
of responsiveness to therapeutic intervention. Various factors
could be considered biomarkers, including clinical signs,
biochemical specimens, imaging findings, and genetic data
(Biomarkers Definitions Working Group, 2001).

This review provides a distinct perspective by integrating
evidence from «-synuclein (a-syn) seed amplification assays (SAA)
with extracellular vesicle (EV) cargo across multiple biofluids,
with a special focus on saliva-derived vesicles. It discusses
methodological pitfalls, cross-cohort reproducibility, and the
translational path toward clinically useful multi-marker panels. We
explicitly call out gaps in the literature: limited standardization of
saliva EV isolation/analysis, insufficient longitudinal data linking
salivary EV cargo to clinical trajectories, and the need for head-
to-head comparisons of EV sources from saliva, plasma, and
neuron-derived EVs (NDEVs) within the same cohorts. Here,
by standardization, we mean the adoption of widely accepted
guidelines, procedures, and consensus protocols such as those
recommended for Minimal Information for Studies of Extracellular
Vesicles (MISEV, Welsh et al., 2024; for review see Guzowska et al.,
2026), which would include cargo normalization (e.g., relative
to vesicle number, total protein, or neuron-enriched markers)
and commercially available kits and assay platforms that are
scalable and cost-effective for clinical use, to achieve consistent and
comparable results across different laboratories.

Biomarkers with the potential to detect the early stages of PD or
differentiate it from other parkinsonian disorders could contribute
to better patient recruitment in clinical trials targeting disease
modification. Furthermore, reliable biomarkers could contribute
to more accurate disease prognosis and assessment of treatment
response in clinical trials (Delenclos et al., 2016).

In recent years, research on biomarkers in biological fluids
has expanded, providing new data for the diagnosis of PD.
Cerebrospinal fluid (CSF) a-syn SAA have been validated as highly
sensitive and specific biomarkers for PD diagnosis (Koga et al.,
2021; Kangetal, 2019; Russo etal,, 2021; Bellomo etal., 2022;
Siderowf et al., 2023; Grossauer et al., 2023; Poggiolini et al., 2022).
In distinguishing PD from other disorders, serum «-syn levels,
including total, phosphorylated, and oligomeric variants, have been
measured using real-time quaking-induced conversion (RT-QuIC)
assays (Rossietal, 2020; Okuzumietal,, 2023; Pedersen etal.,
2025; Stuendl et al., 2021; Parnetti et al., 2019; Zubelzu et al., 2022).
However, further reliable quantifications and identification of
specific pathological patterns of «-syn aggregates are needed to
distinguish different synucleinopathies (Ganguly etal.,, 2021).
Promising advances include the quantification of «-syn variants,
tau protein, and disease-associated microRNAs from neuron-
derived extracellular vesicles (NDEVs) (Jiangetal,, 2020;
Zhao and Yang, 2021; Xylakietal,, 2023; Ohmichietal., 2019;
Sietal, 2019; Niuetal, 2020; Maetal, 2025). Additionally,
inflammatory biomarkers and those associated with Alzheimer’s
disease (AD) have been explored for their potential in diagnosing
PD (Coughlin and Irwin, 2023; Zimmerman and Brockman, 2022;
Lin et al., 2025).
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This review summarizes current knowledge of specific
biomarkers for PD in biological fluids, with a special emphasis on
their roles in early diagnosis and disease progression.

2 Alpha-synuclein biomarkers

Alpha-synuclein (e-syn) misfolding plays a central role in
the pathogenesis of PD. Post-translational modifications, such
as phosphorylation of «-syn, and the facilitation of misfolding
of a-syn by various processes, including genetic mutations,
oxidative stress, and impaired function of the ubiquitin-proteasome
system, result in the formation of oligomeric forms, insoluble
fibrils, and ultimately Lewy bodies, a pathological hallmark of
PD (LiX.Y.etal, 2021; Poewe etal., 2017; Schmid et al., 2013).
Therefore, levels of total, phosphorylated, and oligomeric «-syn
have been evaluated as potential biomarkers in PD diagnosis,
disease monitoring, and clinical trial design.

2.1 Early diagnosis of PD and differentiation
from other disorders

2.1.1 Total alpha-synuclein

Clinical heterogeneity among enrolled patients and
methodological differences contribute to the limited diagnostic
accuracy of measuring CSF total «-syn (t-«-syn), with low potential
to differentiate PD from other neurodegenerative disorders
(Forland et al.,, 2020; Schulzetal., 2021; Fouldsetal., 2012;
Twohig et al., 2018; Magdalinou et al.,, 2015; Mollenhauer et al.,
2017; Goldman et al., 2018; Abdi et al., 2021; Zhou et al., 2015).
Evaluation of f-«-syn in plasma, serum, or saliva as a biomarker for
PD diagnosis has yielded conflicting results (De Bartolo et al., 2023;
Chahine et al., 2020; Youssefetal., 2021). These findings reflect
a high inter-study variability due to inadequate control for pre-
analytical factors (sampling protocols, CSF blood contamination),
lack of standardized quantification methods (assays, antibodies),
and wunaddressed clinical heterogeneity (disease stage, control
group variability), leading to insufficient sensitivity and specificity
(Ganguly et al., 2021; Hatano et al., 2024). A meta-analysis of 32
studies found a significant increase in plasma/serum t-a-syn levels
in PD patients compared with healthy controls, with a stronger
effect observed in the early stages of the disease (Zubelzu et al.,
2022). Quantitative evaluation of plasma/serum «-syn levels
has been performed using monoclonal antibodies coupled with
magnetic nanoparticles, showing that both plasma and serum
a-syn levels were higher in PD patients than in healthy controls
(Chang et al., 2020). Recently introduced «-syn seed amplification
assays (SAA) have shown high sensitivity (>95%) and specificity
(98%) in detecting pathological «-syn aggregates (Rossietal,
2020; Groveman etal., 2018). This approach is based on the
ability of «-syn seeds to induce the formation of pathogenic
oligomeric and fibrillary «-syn using real-time quaking-induced
conversion (RT-QulIC) and protein misfolding cyclic amplification
(PMCA) methods, as shown in Figure 1. (Fairfoul etal., 2016;
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Poggiolini et al., 2022; Wang et al., 2022). Results from a cross-
sectional study evaluating CSF a-syn SAAs in a large cohort
of 1,123 subjects demonstrated their feasibility in detecting PD
compared to healthy controls (sensitivity 88%, specificity 96.3%)
(Siderowf et al., 2023). Additionally, a positive CSF a-syn SAA
result was found in 88% of subjects with hyposmia or rapid eye
movement (REM) behavior disorder (RBD), suggesting its potential
use in detecting the prodromal stage of PD (Siderowf et al., 2023).
Positive CSF a-syn SAA results are more common in subjects at
risk for PD, with the highest sensitivity observed in patients with
glucocerebrosidase (GBAI) variants (96%) and the lowest in those
with leucine-rich repeat kinase 2 (LRRK2 Gly1920Ser) variants
(68%) (Siderowfetal., 2023). Several other studies have also
reported lower rates of positive a-syn SAA results in PD patients
with LRRK2 variants compared with those with GBAI variants
(Rossi et al., 2020; Garrido et al., 2019; Brockmann et al., 2021).
Additionally, CSF a-syn SAA results were negative in patients with
PRKN and PINKI variants. Together with findings that these forms
are associated with little or no Lewy body pathological changes,
it has been suggested that CSF «-syn SAA may be more useful in
PD with pronounced «a-syn pathology (Brockmann etal., 2021;
Poulopoulos et al., 2012; Henderson etal., 2019). This marker
could help differentiate PD from progressive supranuclear palsy
(PSP) and corticobasal degeneration (CBD), but with lower
accuracy in differentiating PD from multiple system atrophy
(MSA) (Grossauer et al., 2023; Wang et al., 2012). Recently, «-syn
SAA activity has been classified based on signal intensity and
association with different pathologies, showing specificity of 87%
for MSA, 97% for PD, and 100% for idiopathic RBD (Ma et al.,
2024; Wang et al., 2022).

A positive serum «-syn SAA result was found in all PD
patients, even 1-10 years before clinical diagnosis, compared to
negative SAA results in healthy controls (Kluge et al., 2024). In
another study, plasma «-syn levels were significantly higher in
PD patients than in healthy controls, with higher levels observed
in patients with PD dementia (PDD) compared with those
with mild cognitive impairment in PD (PD-MCI) or PD with
normal cognition (Lin et al., 2017). Using the combined RT-QuIC
technique with immunoprecipitation (IP/RT-QuIC), Okuzumi and
colleagues evaluated the presence of a-syn in serum, reporting
positive results in 95% of patients with PD, 90% of patients with
dementia with Lewy bodies (DLB), and 44% of patients with
RBD (Okuzumi et al., 2023). A recent study evaluating «-syn SAA
in tear fluid reported positive results in 55% of PD patients,
consistent with findings obtained from CSF (Canaslan et al., 2026).
Results from several studies show that salivary ¢-«-syn levels are
significantly lower in patients with PD than in healthy controls,
while others failed to confirm these findings (Al-Nimer et al.,
2014; Sabaei et al., 2023; Shaheen et al., 2020; Vivacqua et al., 2016,
2019). Wang et al. performed a prospective study on serum and
saliva samples of PD patients and healthy controls using «-syn -
SAA analyses, demonstrating high sensitivity (95.83%), specificity
(96.15%), and accuracy (0.98) of combined serum and saliva «-syn-
SAA with a potential for accurate PD diagnosis in clinical practice
(Wang et al., 2024). Measuring t-a-syn alone cannot discriminate
between physiological and pathological forms. In a healthy state,
a-syn is present in high amounts in monomeric or tetrameric
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forms, which, during the neurodegenerative process, transform into
pathogenic conformations, including oligomers and fibrils, post-
translational modifications such as phosphorylated forms, or a-syn
localization within exosomes (Giampa et al., 2021; Oueslati, 2016).

2.1.2 Pathogenic forms of alpha-synuclein

Modification of physiological a-syn proteins into misfolded
oligomeric forms represents a dominant pathological change in
PD (Queslati et al., 2010). Most studies show increased levels of
oligomeric forms of a-syn (o-a-syn) and an increased o-a-syn/t-
a-syn ratio in the CSF of PD patients compared to non-PD
subjects (Tokuda et al., 2010; Hansson et al., 2014; Park et al., 2011;
Cariulo et al., 2019; Majbour et al., 2016). Levels of o-a-syn are
also increased in other fluids, including plasma (El-Agnaf et al.,
2006; Duran etal,, 2010), saliva and tears (De Bartolo etal.,
2023; Kangetal,, 2016; Vivacqua etal., 2019; Devicetal,, 2011;
Kharel et al., 2022; Hamm-Alvarez et al., 2019; Maass et al., 2020)
and red blood cells (Papagiannakis et al., 2018; Daniele et al., 2018)
in patients with PD, demonstrating significant diagnostic accuracy
of serum o-a-syn (sensitivity of 75% and specificity of 100%)
(Williams et al., 2016). Higher levels of oligomeric a-syn (o-a-syn)
and the o-or-syn/t- a-syn ratio in the saliva of PD patients compared
to controls have been reported (Devic et al., 2011; Al-Nimer et al.,
2014; Vivacqua et al., 2016; Shaheen et al., 2020). A meta-analysis
revealed that o-o-syn in saliva has the potential to become a
diagnostic biomarker in PD (Bougea et al., 2019). However, results
from some studies have shown decreased levels of o-a-syn in
PD samples or no significant differences compared to healthy
controls (Park etal.,, 2011; Yanamandraetal, 2011; Wangetal,
2015). Recently, a novel saliva biomarker panel composed of o-
a-syn, t-tau, microtubule-associated protein light chain 3 beta
(MAP-LC38), and tumor necrosis factor alpha (TNF-a) showed
higher levels in de novo PD patients than in healthy controls
(De Bartolo et al., 2023). The combined measurement of the ratios
of o-a-syn/t-a-syn and amyloid-B (AB-42)/total-tau improves
the differentiation of PD from tauopathies (Meloni et al., 2023).
PMCA-based evaluation of o-a-syn could differentiate MSA from
PD/DLB patients (Rossi et al., 2020; Singer et al., 2020). There have
been attempts to evaluate o-a-syn in erythrocytes as a potential
biomarker in PD. Results from a recent large study showed that
levels of 0-a-syn in erythrocytes were higher in PD patients than in
patients with MSA and healthy controls (Li et al., 2019). However,
most recent studies have not confirmed o-a-syn as a biomarker
for differentiating PD from other neurodegenerative disorders
(Eusebi et al., 2017; Majbour et al., 2020; Luo et al., 2024).

Post-translational ~ phosphorylation
contributing to its misfolding and aggregation (Oueslati et al.,

modifies  a-syn,
2010). The primary modified form of a-syn is phosphorylation
at serine 129 (pS129-a-syn), which represents the main target in
biomarker studies of phosphorylated forms of a-syn (p-a-syn)
(Anderson et al., 2006). Most studies have reported elevated
levels of CSF pS129-a-syn in PD compared to controls, although
some studies did not reach statistical significance (Majbour et al.,
2016; Oosterveld et al., 2020). Similar levels of CSF pS129-a-syn
were observed in atypical parkinsonian syndromes, limiting
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FIGURE 1

Schematic representation of the seeding/nucleation paradigm of a-synuclein misfolding and aggregation in the seed amplification assay (SAA). Early
misfolding events leading to nucleus formation occur during the lag (nucleation) phase without detectable aggregation. Once a critical number of
nuclei is formed, rapid aggregate growth ensues, resulting in the formation of protofibrils and fibrils. This is followed by the stationary phase, during
which aggregation slows due to substrate depletion, reaching a dynamic equilibrium. In SAA, the addition of preformed seeds bypasses nucleus
formation and significantly shortens the lag and elongation phases (blue curve vs. red curve), enabling earlier detection. In human biological samples
such as blood, endogenous a-syn seeds undergo elongation and fragmentation, driving accelerated aggregation and fragmentation even in the
absence of spontaneous aggregation. During quiescent incubation at 37 °C, elongation is followed by fragmentation, which increases the number of
active seeding species. This cyclic process converts recombinant a-syn into aggregated forms, which are repeatedly fragmented, thereby amplifying

10.3389/fnagi.2026.1835751

the misfolded protein signal. By the end of the assay, most of the recombinant protein is incorporated into in vitro-generated aggregates,
representing the bulk of total aggregates and enabling detection by conventional methods such as thioflavin T fluorescence. This schematic
represents a simplified and integrated version of Figure 2A in Pinotsi et al., 2013, and Figure 1A in Concha-Marambio et al., 2023. This image has been
reproduced from the book Parkinson’s, Chapter 14 (In Search of Biomarkers for Parkinson’s Disease in Biological Fluids, written by Goran Simic),
edited by Petra Bago Rozankovic (ISBN: 978-953-191-054-5), with permission from the publisher (Naklada Slap, Jastrebarsko, Croatia).

its use in differential diagnosis (van Steenovenetal., 2018;
Foulds et al., 2012; Majbour et al., 2020). However, results from
several studies have shown higher levels of CSF pS129-a-syn in
PD compared to MSA patients, although this finding was not
confirmed in other studies (Wang et al., 2012; Schulz et al., 2021;
Foulds et al., 2012; Constatidines et al., 2021; Cao etal., 2020).
Several reports have questioned the potential of this biomarker
in differentiating PD from tauopathies, including PSP, CBS, and
AD (Schulz etal.,, 2021; Foulds etal., 2012; Constatidines et al.,
2021; van Steenoven et al., 2018; Swallow and Counsell, 2023).
Results of a recent study reported lower levels of t-a-syn and higher
levels of o-a-syn and p-tau in PD patients compared to healthy
controls (Daniele et al., 2018). A promising diagnostic marker for
PD may be the combination of different a-synforms, particularly
an increased ratio of Ser-129-p-a-syn and/or o-a-syn to t-a-syn
(Zheng et al., 2021; Parnetti et al., 2014; van Steenoven et al., 2018;
Majbour et al., 2020; Stewart et al., 2015).

2.2 Disease progression and a-syn

Available data on CSF t-a-syn levels throughout the PD course
show contradictory results, since a-syn is aggregated in Lewy bodies
but also released from degenerating synapses (Majbour et al., 2016;
Hall et al.,, 2026; Mollenhauer et al., 2019; Paoletti et al., 2020).
Most studies suggest that t-o-syn measured in CSE blood, and
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EVs has a limited ability to predict and track PD progression
(Mollenhauer et al., 2011; Eusebietal, 2017; Wangetal., 2018;
Stuendl et al., 2016; Shietal., 2014; Niuetal., 2020; Jiang et al.,
2020; Parnetti et al., 2019; Constatidines et al., 2021). CSF t-a-syn
does not change over time in relation to motor or cognitive
symptoms (Mollenhauer et al., 2017; Hall et al., 2026). However, a
few studies have suggested that higher CSF t-a-syn correlates with
greater PD progression as a manifestation of more pronounced
neurodegeneration (Hall etal., 2015). Kang et al. observed a
significant decrease in the o-a-syn/t-a-syn ratio in Hoehn and Yahr
stage I (H&Y stage I) PD patients and a significant increase in the
ratio in HY stage II-IV PD patients, suggesting a possible role as a
biomarker of PD progression (Kang et al., 2016).

CSF o-a-syn levels increased at a 4-year follow-up in the
PD group and correlated with motor progression (Majbour et al.,
2021), particularly with postural instability and gait difficulties
(Majbour et al., 2016). Despite some conflicting results, most
studies suggest that CSF o-o-syn predicts PD progression
(Russo et al., 2021; Majbour et al., 2016, 2021).

Results from a prospective study evaluating 122 PD patients
and 68 controls, followed for 3 years, showed that plasma levels of
t-o-syn and pS129-a-syn were significantly higher in PD patients
than in controls, and pS129-a-syn levels were higher in patients
with advanced motor symptoms. PD patients with a specific
baseline pS129-a-syn level (> 8.5 fg/ml) experienced greater motor
progression than those with lower pS129- a-syn levels (< 8.5
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fg/ml, p = 0.03) (Lin et al., 2019a). Results from some other studies
confirm the correlation of pS129-a-syn levels with the progression
of motor symptoms (Stewart etal., 2015; Majbour et al., 2016).
However, some studies have reported lower pS129-a-syn levels in
later disease stages, possibly because of extensive neuronal damage
(Majbour et al., 2021; Foulds et al., 2012).

3 Alzheimer's disease-related
biomarkers

3.1 Differentiating Parkinson’s disease from
other disorders

Studies have shown that amyloid plaques and neurofibrillary
tangles can coexist with o-syn pathology in PD (Jellinger K,
2008; Compta et al., 2011; Irwin et al., 2013; Jellinger et al., 2002;
Williams et al., 2016). A combination of reduced AP-42 and
increased total tau (t-tau) and phosphorylated tau (p-tau), known
as an AD biomarker profile, can occur in synucleinopathies,
including PD, in patients with cognitive decline (Kurata etal.,
2007; Clinton et al., 2010). Current data show a low diagnostic
value of CSF AB-42 in PD patients (Kang et al., 2013; Stav et al.,
2015; Delgado-Alvarado et al., 2016; Kang et al., 2016). However,
most studies demonstrate that lower CSF levels of AB-42 are
related to worse cognitive function in PD patients (Irwin et al.,
2020, 2017; Parnetti et al., 2014; Alves et al., 2014; Kang et al., 2013;
Montine et al., 2010; Compta et al., 2013). Patients with dementia
with Lewy bodies (DLB), AD, and PDD presented with lower
levels of CSF AB-42 compared to PD patients without dementia
(Vranova et al., 2014; Kaerst et al., 2013). In another study, the CSF
AD-specific biomarker profile was found in a higher percentage of
patients with DLB (25%) compared to only 3% of patients with PD
(van Steenoven et al., 2016).

Studies evaluating t-tau and p-tau in CSF show contradictory
results (Alvesetal.,, 2014; Huetal., 2017; Chiuetal., 2021). A
recent study demonstrated higher serum p-tau levels in PD
compared to healthy controls and in PD with cognitive impairment
compared to PD without cognitive impairment (Blommer et al.,
2023).

3.2 Predicting disease progression and
phenotype

Decreased levels of AB-42 in combination with increased
levels of t-tau and p-tau in CSF have been correlated with
greater progression of cognitive decline in PD and AD
(Berlyand et al., 2016; Leaver and Poston, 2015; Siderowfetal.,
2010; Henderson et al.,, 2019). Available data show that PD
patients with lower CSF AB-42 levels at disease onset have
a more rapid progression to dementia (Parnetti etal.,, 2014;
Siderowfetal., 2010; Alvesetal., 2014), suggesting that this
biomarker may serve as a prognostic factor for the development
of cognitive impairment (Blennow etal.,, 2016). An AD-related
biomarker profile in PD patients has been correlated with
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faster progression to dementia, greater memory deficits, and
the akinetic-rigid disease form (Irwin etal., 2017; Compta et al.,
2011; Halliday etal., 2008; Howlett etal,, 2015; Sabbagh etal.,
2009; Coughlin etal,, 2019). However, other studies failed
to confirm more pronounced AD biomarkers in the diffuse-
malignant subtype compared to the mild motor dominant
of PD (Fereshtehnejad etal., 2017, 2015).
prospective study evaluating PD patients for 3 years, lower

subtype In a
initial CSF AB-42 levels predicted cognitive and motor decline,
autonomic dysfunction, and dopa-resistant gait impairments
(Rochester et al., 2017). A few studies have demonstrated that
p-taul8l levels could predict disease progression and cognitive
decline (Batzu et al., 2022; Chiu et al., 2021; Pagonabarraga et al.,
2022).

4 Neuroinflammation

In recent years, an increasing number of studies have
evaluated various inflammatory mediators as potential biomarkers
in PD, given the evidence that immune cells in the central
nervous system (CNS) and peripheral blood are involved in
PD pathogenesis (Ransohoff, 2016; Caldi Gomes etal., 2022;
Nayak etal.,, 2015; Dixitetal., 2019; Magdalinouetal.,, 2017;
Kouli and Williams-Gray, 2020). Microglia, which represent the
primary innate immune cells of the CNS, can be activated
by misfolded proteins and protein aggregates, thereby inducing
neuroinflammation (de Araujo etal., 2021). Different proteins,
including a-sin, act as epitopes that activate the immune response
in peripheral blood mononuclear cells (PBMCs) in patients
with PD (Sulzer etal., 2017; White etal., 2018). Inflammatory
processes in PD appear to be most prominent in the early stages
of the disease and may persist throughout disease progression
(Lindestam Arlehamn et al., 2020).

Proteins released from astrocytes measured in blood have
been evaluated in PD and other neurodegenerative disorders.
Glial fibrillary acidic protein (GFAP) levels were elevated in
PD patients compared to healthy controls, but this marker was
unable to differentiate PD from atypical parkinsonian syndromes
(Suetal., 2012; Oeckletal., 2019). Chitinase-3-like protein 1
(YKL-40) and monocyte chemoattractant protein-1 (MCP-1) were
significantly higher in tauopathies than in PD (Olsson et al., 2013;
Wennstrom et al., 2015).

Results from studies evaluating inflammatory markers in blood
have shown that IL-1p and CRP, and to a lesser extent IL-2, IL-6, IL-
8, IFN-y, and TNF-a, may have diagnostic value in PD (Hu et al,,
2015; Miliukhina et al., 2020; Rocha et al., 2018; Lian et al., 2019;
Chatterjee et al., 2020; Fanetal, 2020; Schroderetal., 2018;
Delgado-Alvarado et al., 2017; Miliukhina et al., 2020; Gupta et al.,
2016; Calvani et al., 2020; Usenko et al., 2020; Eidson et al., 2017;
Martin-Ruiz et al., 2020; Qiuetal, 2019). Elevated levels of
CRP, IL-6, IL-10, TNF-cand chemokine (C-C motif) ligand 5
(CCL5) have also been reported in PD patients (Jin et al., 2020;
Qiu et al., 2019; Vesely et al., 2018; Karpenko et al., 2018; Kim et al.,
2018; Kouchaki et al., 2018). A few studies have evaluated CSF
inflammatory markers, showing higher levels of IL-1p in PD
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patients compared to healthy controls (Hu et al., 2015; Chen et al.,
2018; Iwaoka etal., 2020). Some studies have reported elevated
CSF levels of IL-6 and IL-8 in PD patients, although these results
were not consistently replicated in other studies (Chen etal.,
2018; Iwaokaetal., 2020; Lianetal, 2019; Schroder etal.,
2018; Halletal, 2018; Huetal., 2019; Santaellaetal., 2020;
Delgado-Alvarado et al., 2017). There are reports that higher
blood levels of IL-10 are associated with greater motor and
cognitive impairment (Usenko etal, 2020; Martin-Ruiz et al.,
2020). Other studies have shown that higher blood levels of IL-18,
IL-15, IFN-y, S100B, TNF-a, and VCAMI, together with lower
levels of anti-inflammatory cytokines IL-4 and IL-12p40, are
associated with worse motor function in PD patients (Eidson et al.,
2017; Fanetal, 2020; Lercheetal, 2022; Perneretal, 2019;
Yilmaz et al., 2018). A few longitudinal studies have reported
higher blood levels of CRP, C3, and C4 in PD patients with
cognitive decline (Mollenhauer et al., 2019; Vesely etal., 2019).
Several cross-sectional studies have demonstrated that higher CSF
levels of CRP, IL-6, MCP-1, FABP, IL-8, and YKL-40 are associated
with worse cognitive function, and that higher levels of CRP and
MCP-1 are associated with depression and fatigue in PD patients
(Hall et al., 2018; Sanjari Moghaddam et al., 2018; Lindqvist et al.,
2013).

However, variability in patient cohorts, differences in diagnostic
methods, and gender-related differences in immune responses
contribute to the inconsistent findings across studies evaluating
different immune parameters in PD.

5 Extracellular vesicles

Extracellular vesicles (EVs), small particles released from
many cell types, have been investigated as potential biomarkers
for diagnosing different neurodegenerative disorders, including
PD (QuekandHill, 2017; Latifkaretal., 2019; Boingetal,
2014). composed  of (50-150 nm),
microvesicles (100-1000nm), and apoptotic bodies (up to

They are exosomes
5um) (Agliardi et al., 2021). Different exosomal proteins, such
as a-syn, inflammation-related markers, AD-related markers,
and microRNA (miRNA), have been investigated as potential
biomarkers for PD (Keighronetal, 2023; Hooketal, 2023;
Margis et al., 2011).

5.1 Pathological proteins in exosomes

Neuron-derived extracellular vesicles (NDEVs) containing
a-syn can cross the blood-brain barrier and can therefore
be detected in peripheral fluids (Shietal., 2014; Ishiguro et al,
2024). Results from a recently published meta-analysis showed
a significant increase in a-syn levels detected in both total
exosomes and neuron-derived exosomes from patients with
PD compared with healthy controls (Kim et al., 2024). Another
meta-analysis by Xylaki and colleagues confirmed that the
detection of a-syn could serve as a potential biomarker for
diagnosing PD (Xylaki et al., 2023). Reported data suggest that
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measurement of t-a-syn in EVs from different biological fluids,
including CSE, plasma/serum, or saliva, can distinguish PD from
healthy controls (Stuendletal., 2016, 2021; Zhaoetal., 2019;
Jiang et al., 2020; Niu et al., 2020; Dutta et al., 2021; Fu et al., 2020;
Cao etal., 2019; Si et al., 2019; Zhao and Yang, 2021; Ohmichi et al.,
2019; Xylakietal., 2023; Churchetal,, 2024). There were no
significant differences in pS129-a-syn in EVs compared with
its levels in whole plasma in patients with PD. However,
recent studies have reported that levels of pS129-a-syn in the
cytosolic fraction of erythrocytes are significantly higher in PD
patients than in controls (Tian etal., 2019; Foulds etal., 2012),
even in the earliest stages of the disease (LiP.Y.etal, 2021).
Another study did not confirm these findings (Chatterjee et al.,
2020).

Studies performed on other biological fluids have shown
elevated EV levels of p-Ser-1292 LRRK2 in urine from patients
with PD (Wang et al., 2017; Fraser et al., 2016). Rani et al. (2019)
confirmed higher neuronal EV a-syn levels in saliva, suggesting its
potential as a PD biomarker. Recent results from a longitudinal
study demonstrate an increase in both t-a- Syn and o-a- Syn
in PD- derived salivary EVs compared to healthy controls,
with higher levels observed in patients with cognitive decline
and motor fluctuations. There were no correlations with H&Y
stage, and no change in a-syn levels after 1 year of follow-
up (Gurgone etal., 2026). Cao et al. evaluated different forms
of a-syn in saliva EVs in PD patients, showing increased
levels of o-a-syn and o-a-syn/t-a-syn ratios with no significant
differences in p-a-syn and p-o-syn/t-a-syn ratios compared to
healthy controls (Cao et al., 2019). The results from another study,
using Nanoparticle Tracking Analysis (NTA), revealed a higher
concentration of the fluorescence-dye-labeled salivary EVs in PD
compared to controls (p = 0.0001) with higher levels of t-
a-syn, p-o-syn/t-a-syn ratios in PD patients, and a significant
increase in t-o-syn in prodromal PD patients (Rastogi etal,
2023).

Although EVs offer a window into CNS-derived cargo,
several methodological challenges limit their current clinical
utility. Variability in isolation methods (ultracentrifugation vs.
precipitation vs. immunocapture), differences in EV subtypes
enriched (L1ICAM-based vs. non-enriched neuronal EVs), and
pre-analytical factors (processing time, temperature, hemolysis)
can drastically alter measured a-syn levels in EVs. Saliva EVs
deserve particular scrutiny: several studies report altered a-syn
species in salivary EVs, but results are not uniformly replicated
across cohorts. The study of Gurgone et al. provides important
insights but also highlights the need for standardization and multi-
cohort validation (Gurgone etal.,, 2026). Interpretation should
be cautious: elevated EV-associated a-syn in saliva/plasma may
reflect peripheral release, BBB/transporter dynamics, or peripheral
mimicry of CNS pathology. Therefore, claims of disease specificity
require replication in independent samples and cross-validation
with CSF and neuroimaging data. A critical objective going
forward is to establish consensus protocols for EV isolation from
plasma, CSE and saliva. EV isolation protocols from plasma
are more extensively studied, with several established methods
such as ultracentrifugation, size exclusion chromatography, and
precipitation-based approaches available. However, a universally
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accepted protocol for purifying plasma-derived EVs is still lacking,
as none of the aforementioned methods is considered the “gold
standard” (Takov et al., 2018; Veerman et al., 2021; Welsh et al.,
2024; Zanganeh et al., 2026). In contrast, while salivary EV isolation
and analysis methods are still under development, there is progress
in methodological comparisons being published, and the latest
version of MISEV guidelines (MISEV2023) includes a dedicated
section on saliva (Welsh et al., 2024).

There is also a need to integrate RT-QuIC/PMCA findings with
EV cargo data to determine whether EV-associated seeds correlate
with seeding activity in the same samples, potentially strengthening
diagnostic specificity.

Measurement of a-syn levels in NDEVs may contribute to
better differentiation of PD from other atypical parkinsonian
syndromes, especially when combined with levels of other proteins
such as clusterin (Jiang et al., 2020; Dutta et al., 2021; Jiang et al.,
2021). Evidence from recent studies suggests that a-syn derived
from NDEVs in blood may even predict the development of PD in
patients at risk, including those with symptoms of RBD, hyposmia,
or non-manifesting carriers of GBA mutations (Yan et al., 2024).

Regarding other proteins, plasma EV levels of tau and Af-
42 have been found to be significantly increased in PD patients
compared with healthy controls, particularly in relation to cognitive
impairment (Chan et al., 2023; Parnetti et al., 2019). Elevated levels
of AP-42 and tau, together with increased a-syn and lower levels
of serine-phosphorylated insulin receptor substrate (IRS-p312) in
serum EVs, predict worse motor and cognitive progression in
PD patients (Chung et al., 2021; Chan et al., 2023; Blommer et al.,
2023). Plasma exosomal tau may differentiate PD from healthy
controls but not from AD (Shi etal.,, 2016). Among chemokines
in extracellular fluids that regulate inflammation and immune
responses, C-X-C motif chemokine ligand 12 (CXCLI12) in
plasma exosomes has been proposed as a potential biomarker
for diagnosing PD (Bagherietal,, 2018; Lietal, 2022). Results
from another study revealed that CXCL12 levels correlated with
autonomic dysfunction, while a-syn levels in NDEVs correlated
with clinical stage as well as motor and non-motor symptoms in
PD (Jiang et al., 2020).

However, technical challenges, including inadequate controls
for the isolation of neuronal extracellular vesicles and variability in
a-syn forms, contribute to the lack of protocol standardization and
limit their applicability in clinical practice (Bernhardt et al., 2024;
Kluge et al., 2024; Norman et al., 2021).

Based on these studies, it can be concluded that the field
of saliva EV biomarkers is promising and rapidly evolving, with
methodological comparisons being published and the latest version
of the MISEV guidelines (MISEV2023), including a dedicated
section on saliva (Welsh et al., 2024). Future research is warranted
to characterize the cargo of salivary EVs, to determine their
potential for early diagnosis and disease monitoring, and to
explicitly report normalization strategies and quality controls
to improve comparability. Moreover, where a-syn within EVs
is detected, parallel RT-QuIC testing of the same biofluid
can help determine whether EV cargo reflects seed-competent
species. This integration has the potential to improve diagnostic
specificity for PD vs. atypical parkinsonian disorders. Finally,
it is also of high clinical relevance to emphasize that the
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strongest translational signal currently comes from multi-modal
panels (EV cargo + inflammatory markers + AD biomarkers)
rather than single analytes. To establish clinical utility, the field
should therefore prioritize multi-marker, cross-fluid validation in
longitudinal cohorts.

5.2 MicroRNA in exosomes

MicroRNAs are with 20-22
nucleotides that play a role in the pathogenesis of different
neurodegenerative disorders, including PD (Maiese, 2022;
Guévremont et al., 2023; van Wamelen et al., 2020). Available data
suggest that certain microRNAs in plasma exosomes, including
miR-24, miR-23b-3p, miR-29¢, miR-195-3p, and miR-331-5p,
have potential as biomarkers for PD (Harischandra et al., 2018).

small non-coding RNAs

Among microRNAs, miR-30c and miR-148b were reported to
be specific to PD, while miR-24, miR-34b, and miR-148b were
more prevalent in MSA compared to PD (Villar-Menéndez et al.,
2014; Vallelunga et al., 2014). In another study, downregulation of
miR-19b and upregulation of miR-195 and miR-24 demonstrated
accuracy ranging from 70 to 90% in differentiating PD from
healthy controls. Several studies evaluating different microRNAs
in saliva have shown variable results. Results from the recent study
show decreased levels of miR-153 and miR-223 in the saliva of
PD patients, with no correlation with H&Y stage (Cressatti et al.,
2020). In another study, miR-29a-3p and miR-29c¢-3p were
decreased, while miR6765-5p was increased in PD patients, with
further results showing the potential of miR-29 to differentiate
PD from healthy controls, and miR-29a-3p PD from essential
tremor (ET) and multiple system atrophy (MSA) (Jiangetal,
2020). Evaluation of miRNA in plasma EVs revealed upregulation
of miR-151a-5a, let-7e-5p, miR-9-5p, miR-127-3p, and miR-
146a-5p, and downregulation of miR-93-5p (Nieetal.,, 2020;
Sproviero et al., 2021; Li et al., 2024) in PD patients. Results from
another study evaluating miRNA in serum EVs showed decreased
levels of let-7i-5p, miR-18a-5p, and miR-20a-5p, and increased
levels of miR-143-3p, miR-151a-3p, and miR-151la-5p in PD
(Miyamoto et al., 2022).

From the results of the aforementioned studies, it can be
concluded that microRNAs in NDEVs offer complementary
information to protein cargo and may reflect CNS-derived
regulatory networks. However, normalization, platform choice
(qQRT-PCR  vs.
sources of variability that hinder cross-cohort replication.

sequencing), and hemolysis remain major
Thus, while key miRNA candidates show promise in certain
cohorts, external validation is needed. Once external validation
experiments are completed (including the usage of synthetic
spike-ins, exogenous controls, and assessment of the impact of
hemolysis on plasma/serum miRNA profiles), multi-omic EV
signatures combining miRNA and protein cargo, anchored by
robust normalization and cross-platform harmonization, would
strengthen translational potential. Table 1 provides an integrated
view of the diagnostic and prognostic strength across major
biomarker classes in PD biofluids; Table 2 compares biomarkers
across fluids, and Table 3 lists saliva EV studies.
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Biomarker class

Representative
biomarkers

TABLE 1 A cross-class synthesis of major biomarkers in PD biofluid analysis.

Fluids
(compartments)

Evidence type

Study designs

Strength of
evidence

Key references

a-syn species total a-syn (t-a-syn); CSF; plasma/serum; Observational studies; Cross-sectional; Low - High Majbour et al., 2016; Results should be
oligomeric a-syn saliva secondary analyses; some | longitudinal Rossi et al., 2020; interpreted cautiously
(0-a-syn); SAA data Siderowf et al., 2023; due to assay/cohort
phosphorylated a-syn van Steenoven et al., heterogeneity
(pS129-a-syn) 2018

SAA/RT-QuIC (seed a-syn seed amplification CSF; serum/plasma; Diagnostic assay data; Cross-sectional; some High Rossi et al., 2020; Requires standardization

amplification) assays (RT-QuIC; saliva prodromal signals longitudinal Siderowf et al., 2023; and broader validation
PMCA) Okuzumi et al., 2023;
Poggiolini et al., 2022
Neurofilament light NIfL in CSF and blood CSF; plasma/serum Diagnostic and Cross-sectional; Moderate—High Bridel et al., 2019; Confounded by age and
chain (NfL) prognostic biomarker longitudinal Lin et al., 2019a; comorbidities; best in
data Ma et al.,, 2021 panels
Glial fibrillary acidic GFAP in serum/plasma Blood Prognostic biomarker Cross-sectional; Moderate Suetal, 2012; Lin et al., More informative when
protein (GFAP) data longitudinal 2023; Tang et al., 2023 combined with other
markers
YKL-40 YKL-40 in CSF CSF Differential biomarker Cross-sectional Moderate Wennstrom et al., 2015; Not PD-specific; more
data across Hall et al., 2018 informative for
neurodegenerative differential diagnosis
disorders
AD biomarkers (AB42, total-tau [t-tau], CSF; blood Differential diagnosis; Cross-sectional; Moderate Irwin et al., 2017; Useful for risk

phospho-tau [p-tau])

PD with cognitive

impairment

longitudinal

Rochester et al., 2017;
Halliday et al., 2008

stratification in relation
to cognitive changes in

PD

Exosomal miRNAs

miR-24; miR-29¢;
miR-195; mir-331-5p;

others

Plasma exosomes; saliva

exosomes

Diagnostic/prognostic

signals

Cross-sectional;

longitudinal

Low-Moderate

Margis et al., 2011;
Villar-Menéndez et al.,
2014; Guévremont et al.,

2023

High methodological
variability; replication

needed

EV cargo in NDEVs
(a-syn, tau, Ap; miRNA)

a-syn in NDEVs; tau/AB

cargo; exosomal miRNA

Plasma exosomes; CSF

exosomes

Diagnostic/prognostic

Cross-sectional;

longitudinal

Moderate

Shi et al., 2014;
Jiang et al., 2020;
Chan et al., 2023

Promising but requires

standardization
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TABLE 2 PD biomarkers: cross-fluid performance.

Biomarker

a-syn SAA/RT-QuIC

Fluid(s) tested

CSF; plasma/serum;

Study designs

(cross-sectional/ longitudinal)

Cross-sectional; longitudinal

Prognostic/
progression data

Progression associations

Population/
comparison groups

PD vs controls; PD vs

Key references

Rossi et al., 2020;

Assay subtypes may

Forland et al., 2020;
Foulds et al., 2012;
Mollenhauer et al., 2011

saliva DLB/MSA; prodromal groups Siderowf et al., 2023; differ as well as sample
Okuzumi et al., 2023; handling
Poggiolini et al., 2022
Total a-syn (t-a-syn) CSF; plasma Cross-sectional; longitudinal Progression associations PD vs. controls; PD subtypes Highly assay- and

cohort-dependent

exosomes

Villar-Menéndez et al.,
2014; Guévremont et al.,

2023

Neurofilament light CSF; plasma/serum Cross-sectional; longitudinal Cognitive/motor progression PD vs MSA/PSP Bridel et al., 2019; Age-adjusted analyses
chain (NfL) Lin et al., 2019a; recommended
Ma et al.,, 2021
Glial fibrillary acidic Serum/plasma Cross-sectional; longitudinal Cognitive progression signals PD vs controls; conversion Lin et al,, 2023; Best in combination
protein (GFAP) risk Tang et al., 2023 panels
YKL-40 CSF Cross-sectional Cognitive associations PD vs. AD/tauopathies Wennstrom et al., 2015; More informative for
Hall et al., 2018 differential diagnosis
AD biomarkers (AB42, CSF; serum Cross-sectional; longitudinal Cognitive impairment PD with cognitive impairment Irwin et al., 2017; Useful for risk
t-tau, p-tau) (PDD); dementia risk Rochester et al., 2017 stratification in cognitive
changes in PD
Exosomal miRNAs Plasma exosomes; saliva Cross-sectional; longitudinal Cognitive/clinical correlations PD vs. controls; MSA Margis et al., 2011; High methodological

variability; replication

needed

EV cargo in NDEVs
(a-syn, tau, AB; miRNA)

Plasma exosomes; CSF

exosomes

Cross-sectional; longitudinal

Cognition, progression signals

PD vs controls; prodromal

risk

Shi et al., 2014;
Jiang et al., 2020;
Chan et al., 2023

Promising but requires

harmonized protocols
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TABLE 3 Saliva EV studies.

Study

(Author, Year)

Saliva EV cargo
studies

Isolation method

Population/

comparison groups

10.3389/fnagi.2026.1835751

Key findings

Limitations

L1CAM in salivary EV's centrifugation and

ultrafiltration

Cao et al. (2019) a-syn (t-/o- forms) in Salivary EV isolation PD vs controls Elevated salivary EV Small cohorts;
salivary EVs with differential a-syn heterogeneity in
centrifugation and methods
affinity capture
Rani et al. (2019) Neuronal exosomal Neuronal marker-based PD vs. controls Higher neuronal EV Pilot study; replication
a-synuclein in saliva enrichment in saliva EVs a-syn needed
De Bartolo et al. Salivary biomarker panel Saliva collection; Panel differentiates de novo Integration with EV data Not strictly EV-focused
(2023) (contextual, not strictly multi-omics readouts PD from controls in initial not direct
EV) cohorts
Gurgone et al. a-syn (t-/o- forms) in Salivary EV isolation PD vs controls Elevated salivary EV Small cohorts; short
(2026) salivary EVs in with differential a-syn; higher o-o-syn follow-up
longitudinal study centrifugation levels in cognitive
decline and motor
fluctuations; no change
in 1-year follow-up
Rastogi et al. (2023) a-syn (t-/p- forms), Salivary EV isolation PD vs controls Elevated salivary EV Small cohorts
CD9, CD63, flotillin-1, with differential t-oi-syn; p-oi-syn,

p/t-a-syn ratio, CD9,
CD63, flotillin-1,
L1CAM; elevated t-a-syn

in prodromal PD stage

6 Non-specific biomarkers of
neurodegeneration

6.1 Neurofilament light chain

Neurofilament light chain (NfL) is a protein released into CSF
and blood following neuro-axonal damage and neurodegeneration
(Khalil et al., 2024). Most studies have failed to provide evidence
supporting NfL as a biomarker for differentiating PD from
healthy controls, which could be attributed to confounding factors,
including age, body mass index (BMI), and cardiovascular risks
(85-89). Some studies have reported significantly higher serum NfL
levels in PD patients than in patients with essential tremor (ET) and
healthy controls (Liu et al., 2023; Hansson et al., 2017).

However, NfL shows potential as a biomarker for differentiating
PD from atypical parkinsonian disorders. Higher CSF NfL levels
have been reported in different atypical parkinsonian disorders,
with excellent accuracy in distinguishing PD from PSP (sensitivity
93%, specificity 95%), MSA (sensitivity 89%, specificity 93%),
and CBS (sensitivity 100%, specificity 93%) (Hansson et al., 2017;
Herbert et al., 2015; Bridel et al., 2019).

Results from different studies have shown conflicting
data regarding the association between NfL levels and motor
symptoms in PD (Niemman et al,, 2021; Oosterveld et al., 2020;
Potter-Nerger et al., 2022). Lin et al. (2019b) evaluated plasma NfL
levels and and cognitive symptoms in 116 PD patients, 22 patients
with MSA, and 40 healthy controls at baseline and after 3 years.
Plasma NfL levels were significantly higher in MSA patients than
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in PD patients and controls, and higher in PD patients with more
pronounced motor symptoms and dementia. Additionally, higher
baseline NfL levels correlated with greater motor and cognitive
progression. Other studies have also reported greater cognitive
progression in PD patients with higher NfL levels measured in
CSF or blood (Oosterveld et al., 2020; Ma et al., 2021; Lin etal,,
2019a). These findings suggest that NfL may serve as a biomarker
for distinguishing PD from atypical parkinsonian disorders and for
predicting cognitive decline.

6.2 Glial fibrillary acidic protein

In CNS damage, astrocytes release the intermediate
filament protein glial fibrillary acidic protein (GFAP), which
can be measured in CSF and blood (Ishikietal., 2016),
(Liddelow and Barres, 2017). GFAP is not disease-specific, as
its levels are increased in different disorders, including traumatic
brain injury, cerebrovascular disorders, and neurodegenerative
diseases (Lotankar et al., 2017). Serum GFAP levels have been
reported to be higher in PD patients compared with healthy
controls, with no significant difference observed between
PD patients and those with acute stroke (Suetal, 2012).
Results from recent studies have shown that baseline plasma
GFAP levels may predict rapid progression to cognitive
decline and postural instability (Linetal., 2023; Liuetal,
2023; Linetal, 2023; Tangetal, 2023). Results from other

studies also suggest that GFAP may serve as a biomarker of
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progression to dementia in PD, showing higher levels in PDD
compared with PD MCI and healthy controls (Bartl et al., 2023;
Tang et al.,, 2023; Lin et al., 2023; Che et al., 2024). Other studies
suggest that a combination of GFAP and neurofilament light
chain (NfL) can differentiate PDD from PD without dementia
(Mao et al,, 2023) and correlates with the progression of motor
symptoms (Youssef et al., 2023). Based on the available data,
GFAP has potential as a biomarker of disease progression,
but not as a diagnostic biomarker for differentiating PD from
other conditions.

levels

In higher NfL

neurodegeneration and cognitive decline across PD and related

summary, track  progressive
disorders, although specificity for PD remains a challenge in the
absence of a PD-specific biomaker panel, GFAP and other glial
markers may predict conversion to dementia and correlate with
motor progression in longitudinal cohorts, while CSF AB42, total
tau (t-tau), and phosphorylated tau (p-tau) are associated with
faster cognitive decline and may identify patients at higher risk for
PD dementia (PDD). On translational relevance, the biomarkers
should always be evaluated for which ones demonstrate the
most consistent associations with Hoehn-Yahr stages, UPDRS
scores, and cognitive scales (MoCA, MMSE), and whether they
can predict response to dopaminergic therapy or progression
to dementia, highlighting the critical need for longitudinal,
treatment-stratified cohorts to establish clinical utility and inform
trial design.

7 Conclusion

This review summarizes current data on various biofluid
PD, different
proteins or microRNAs released from EVs, and markers

biomarkers for including a-syn variants,
associated with neuroinflammation and AD. While significant
progress has been made in identifying potential biomarkers
biofluids, CSE

through advances in the detection of pathological a-syn

in various including plasma, and saliva
using PMCA and RT-QuIC assays, which have provided new
opportunities for the diagnosis of PD and its differentiation
from other neurodegenerative disorders, the translation of
these findings into clinical practice is hindered by several major
challenges. These challenges include the lack of standardized
methodologies for sample collection, processing, and analysis,
as well as the need for longitudinal studies to assess the
predictive and prognostic value of candidate biomarkers.
Additionally, variability among studies, including differences
in patient populations with respect to different stages and
PD subtypes, the limited inclusion of patients with atypical
parkinsonian syndromes, and technical issues such as sample
contamination, have further limited the clinical applicability of
these biomarkers.

Recent studies highlight the potential of NDEVs containing
t-o-syn, pS129-a-syn, AP42, chemokines, and microRNAs as
biomarkers for PD diagnosis, disease progression, and prediction
of future disease development. The CSF AD biomarker profile
has been associated with worse cognitive function in PD patients
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and may serve as a prognostic factor for the development
of dementia. In contrast, markers of neuroinflammation have
generally failed to demonstrate applicability for detecting or
monitoring PD.

Salivary EVs, in particular, represent a promising, but
still largely unexplored, source of biomarkers for PD. Further
research is warranted to characterize the cargo of salivary
EVs and to determine their potential for early diagnosis and
disease monitoring. Integrating EV-based biomarkers with other
diagnostic tools, such as RT-QulC, may improve the accuracy and
reliability of PD diagnosis.

Future research should prioritize large-scale, multi-center
studies that incorporate standardized protocols and longitudinal
follow-up with special emphasis on a multi-marker panel approach.
These studies should also focus on correlating biomarker levels with
clinical features of the disease, such as disease stage, motor and
non-motor symptoms and response to treatment. Ultimately, the
development of validated biomarkers will enable earlier and more
accurate diagnosis, facilitate personalized treatment strategies, and
improve the lives of individuals affected by PD.
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