
1 
 

Extracellular Vesicles as Biomarkers for 
Neurodegenerative Diseases 
 

Author: Lars Michels  

Supervision: Nuno A. G. Graça and Pieter Vader  

Date: November 2023  

 

Abstract 
For the development of therapies for neurodegenerative diseases, it is essential to have validated 

biomarkers for diagnosis and monitoring disease progression. Finding relevant biomarkers is difficult 

because molecules secreted by the cell types involved in neurodegenerative diseases are often 

diluted and unstable in body fluids such as cerebrospinal fluid and blood. For this purpose, 

extracellular vesicles (EVs) may be of use. EVs are small particles that are comprised of a membrane 

which envelops cell-derived biomolecules. EVs are secreted by all cell types, and cargo found in EVs 

varies according to their origin. EV cargo may reflect the pathological state of central nervous system 

(CNS) specific cell types in neurodegenerative diseases. EVs from CNS specific cell types can be 

isolated from body fluids, making EVs a promising tool to detect pathological changes in 

neurodegenerative diseases.  

This review explores the present evidence for the use of extracellular vesicle cargo as potential 

biomarkers for neurodegenerative diseases such as amyotrophic lateral sclerosis, Huntington’s 

disease, and Parkinson’s disease. Evidence is revised on several disease-associated proteins and RNAs 

that may be used to diagnose neurodegenerative diseases and monitor disease progression during 

clinical trials. Further validation and standardization are needed. 

Layman’s summary 
Neurodegenerative diseases are brain conditions that cause gradual damage and loss of nerve cells in 

the brain and/or other parts of the nervous system, leading to problems with cognitive functions and 

movement. In the search for ways to diagnose and track the progression of neurodegenerative 

diseases like amyloid lateral sclerosis, Huntington’s disease, and Parkinson’s disease, scientists are 

looking for specific markers in the body that can indicate the presence and severity of these diseases. 

The challenge is that these markers are hard to find because they break down easily and are scarce in 

body fluids such as blood and brain fluid.  

One promising solution to this problem involves using tiny particles called extracellular vesicles (EVs), 

which are capsules that carry molecules secreted by cells in the body. These EVs can be isolated from 

body fluids and may contain specific molecules that provide information about the state of specific 

brain cells involved in these diseases. 

This review examines the current evidence for using the content of EVs as potential markers for 

neurodegenerative diseases. It is found that changes in the content of EVs, such as proteins and RNA 

molecules, in the body fluids of patients can be used to diagnose and monitor disease severity. 

However, more research is needed to confirm these findings and standardize their use. 
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1. Introduction 
Despite decades of research, effective treatments for neurodegenerative diseases such as 

amyotrophic lateral sclerosis (ALS), Huntington’s disease (HD) and Parkinson’s disease (PD) remain to 

be developed (Sudhakar and Richardson, 2019). These diseases are characterized by a progressive 

degeneration of neurons mainly in the central nervous system (CNS), leading to cognitive decline and 

motor problems. One of the hallmarks that is shared by these diseases is the accumulation of 

aggregated proteins within neurons (Peng et al., 2020). When developing disease-modifying 

treatments for neurodegenerative diseases, it is essential to monitor the progression of the disease. 

For this purpose, biomarkers which allow to accurately perform early diagnosis, that may serve as 

inclusion criteria in clinical trials, and that allow monitoring treatment outcomes and disease 

progression (in parallel with clinical monitoring) are a great unmet medical need. Halting the 

progression of the disease earlier can be of vital importance to patients (Bib, 2005). 

An example of a general biomarker of neurodegenerative diseases is neurofilament light chain (NfL; 

Gaetani et al., 2019). NfL is a subunit of the neurofilament cytoskeleton and has a role in structural 

stability of neurons. When axons are damaged, they release increased amounts of NfL, which can be 

monitored in cerebrospinal fluid (CSF) and blood. However, NfL is not a specific marker for any 

particular type of neurodegenerative disease. For this purpose, other specific and reliable biomarkers 

for the different neurodegenerative diseases are needed (Bib, 2005). Proteins that are prone to 

aggregate may be detected in CSF and blood, but concentrations are extremely low, making them 

less reliable (Thompson et al., 2016). Nucleic acids such as microRNAs (miRNAs) could also be used 

as biomarkers as they can be amplified using polymerase chain reaction (PCR), but concentrations 

can still be too low for detection (Thompson et al., 2016).  

A solution to the problem of biomarker detection may be through extracellular vesicles (EVs). EVs are 

small cell-derived particles comprised of a membrane that envelops biomolecules. EVs are involved 

in intercellular communication, transport of molecules and secretion of waste products. Two main 

categories of EVs exist: exosomes and microvesicles (Cano et al., 2023). Exosomes are formed 

intracellularly by invagination of the membrane of multivesicular endosomes (MVE), creating 

intraluminal vesicles, which are usually 30 to 100 nm in diameter (Cano et al., 2023). They are 

released extracellularly when MVEs fuse with the plasma membrane. Microvesicles are formed by 

direct budding of the plasma membrane and are usually around 50 to 1000 nm in diameter (Cano et 

al., 2023). 

Seeing that EVs are involved in intercellular communication, much of the metabolism within a cell is 

reflected in the cargo of EVs, making them great candidates for the use of biomarkers. It has already 

been shown that EVs play a significant role in the pathophysiology of neurodegenerative diseases 

such as ALS, HD and PD (Cano et al., 2023). Furthermore, EVs can be isolated from many body fluids, 

such as blood and CSF, allowing for enrichment of target molecules at protein or miRNA level 

(Thompson et al., 2016). Surface markers on EVs can be recognized to identify the cell type origin of 

the EVs. Lastly, isolated EVs are highly stable if stored properly, thus shielding their contents from 

degradation (Görgens et al., 2022). 

This literature review will cover the recent literature on EV biogenesis and function, and the 

involvement of EVs in neurodegenerative diseases. This review further explores the potential role of 

EVs as biomarkers in the context of diagnosing and monitoring neurodegenerative diseases. 
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2. Extracellular vesicles biogenesis and cargo loading 
Previously, secreting EVs was regarded merely as a mechanism of waste disposal pathways. Now, EVs 

are recognized as essential parts of intercellular communication. EV research has shifted the focus 

towards the mechanisms by which EVs are employed to exchange molecules intercellularly, such as 

proteins, nucleic acids and lipids, how cells use EVs to signal to other cells and how these 

mechanisms are involved and altered in pathological conditions (Lo Cicero et al., 2015; van Niel et al., 

2018). EV is a broad term encompassing many lipid bilayer-enclosed membrane vesicles with 

heterogeneous sizes of 30-2000 nm in diameter. As stated above, EVs can be subdivided by origin 

into two main categories: exosomes and microvesicles, but other categories of EVs also exist such as 

apoptotic bodies, which are formed when cells undergo apoptosis, and migrasomes, which are MVBs 

releasing their vesicles during cell migration (Battistelli and Falcieri, 2020; Ma et al., 2015). Isolation 

of EVs from bodily fluids or cell culture medium, results in a heterogeneous mix of different subtypes 

of EVs (Willms et al., 2016). This complicates distinguishing between the different origins of specific 

EVs. Research into the biogenesis and cargo selection pathways of different EV subtypes provides 

answers to how EVs can be categorized (Colombo et al., 2014). This chapter will cover how cells 

orchestrate formation and secretion of exosomes and microvesicles, and how different cargoes such 

as proteins, RNAs and lipids are loaded into EVs.   

Exosomes and microvesicles are formed through different mechanisms, but both start with 

trafficking of cargo to the membrane; for exosomes this is the endosomal membrane and for 

microvesicles the plasma membrane. Cargo is then enriched in patches at the membrane, which 

undergoes bending followed by fission and release of the vesicle. The type and quantity of cargo 

selected for EV secretion is cell-type specific and dependent on the molecular mechanisms at play in 

healthy and diseased cells (van Niel et al., 2018).  

2.1 Exosome biogenesis 
Exosome biogenesis is started by inward budding of ILVs into the lumen of endosomes, creating 

MVEs, which fuse with the plasma membrane to secrete exosomes. Many proteins that are involved 

in exosome formation have been found (Dixson et al., 2023). The main exosome biogenesis pathway 

is the endosomal sorting complex required for transport (ESCRT) pathway. This pathway broadly 

consists of 4 complexes involved in cargo selection, budding and scission of the forming exosome, 

named ESCRT-0, ESCRT-I, ESCRT-II, and ESCRT-III, which are recruited sequentially towards the 

endosome (Dixson et al., 2023). ESCRT-0 and ESCRT-I recruit ubiquitylated transmembrane proteins 

such as epidermal growth factor receptor (EGFR) and other cargo towards the endosomal membrane 

(Raiborg et al., 2001). Furthermore, ESCRT-0 recruits clathrin to the early endosome, which allows for 

clustering ESCRT-0 together with cargo to the forming ILV (Raiborg et al., 2006). Additionally, ESCRT-I 

and ESCRT-II are involved in endosome membrane invagination to create the ILVs (Henne et al., 

2011). Next, ESCRT-II recruits ESCRT-III polymers that remodel the membrane, leading to scission and 

release of the ILV into the endosome interior, creating MVEs (Bertin et al., 2020). Lastly, vacuolar 

protein sorting-associated protein 4 (VPS4) removes the ESCRT-III polymers from the membrane and 

may have a role in scission of the ILV as well (Adell et al., 2017). Another variation on the ESCRT-

pathway involves syntenin and the ESCRT accessory protein ALG-2 interacting protein X (ALIX; Baietti 

et al., 2012). These proteins recruit distinct cargo into clusters, after which ESCRT-III is recruited by 

ALIX, leading to scission of the ILV. 

Knock-down of several key ESCRT proteins does not prevent MVE formation indicating redundancy in 

exosome formation (Stuffers et al., 2009). We now know that several other ESCRT-independent 

pathways of exosome formation exist. One of these pathways uses neutral type II sphingomyelinase 

(nSMAse2, or SMPD3) to hydrolyze sphingomyelin to ceramide, both of which are lipid molecules 
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found in membranes (Goñi and Alonso, 2009). Ceramide possesses a conical shape which can form 

curvatures in the membrane leading to ILV formation (Goñi and Alonso, 2009). Furthermore, 

ceramide is metabolized to sphingosine 1-phosphate, which is the ligand for the inhibitory G protein 

(Gi)-coupled sphingosine 1-phosphate (S1P) receptors, which are involved in exosomal MVE 

maturation and in cargo sorting into ILVs (Kajimoto et al., 2013). The nSMAse2 is regulated by neutral 

sphingomyelinase activation associated factor (NSMAF, also known as FAN), which interacts via its 

own LIR-domain with lipidated LC3 (LC3-II). This pathway became known as LC3-Dependent 

Extracellular vesicle Loading and Secretion (LDELS; Leidal et al., 2020; Leidal and Debnath, 2020). 

Another class of proteins that is involved in the biogenesis of exosomes is the family of tetraspanins. 

Tetraspanins are transmembrane proteins that contain four transmembrane helices that are oriented 

through the membrane (Charrin et al., 2014). Multiple tetraspanins, such as CD9, CD63, CD37, CD81 

and CD82 are enriched in EVs and are even used as EV biomarkers (Andreu and Yáñez-Mó, 2014). 

Tetraspanins are able to interact with each other, with other transmembrane and cytosolic proteins, 

and with some lipids, forming tetraspanin-enriched microdomains (TEMs) on cell membranes. The 

shape of tetraspanins, like ceramide, is conical, allowing for clusters of tetraspanins to bend the 

membrane and promote EV biogenesis (Umeda et al., 2019; Zimmerman et al., 2016). Furthermore, 

tetraspanins have a role in cargo selection to exosomes. By analyzing the interactome of main 

components of TEMs, it was found that almost half of the proteins found in exosomes are part of this 

interactome (Perez-Hernandez et al., 2013). 

2.2 Microvesicle biogenesis 
Microvesicles are formed by outward budding of the plasma membrane, after which they undergo 

scission and are released. Microvesicles have a large range of sizes of around 50 to 1000 nm in 

diameter, indicating that different mechanisms are at play in the biogenesis of microvesicles. Similar 

to exosome biogenesis, a lot of the same ESCRT machinery and tetraspanins have a role in 

microvesicle formation. For example, proteins from the ESCRT-I complex, notably TSG101, are 

recruited by arrestin domain-containing protein 1 (ARRDC1) to the plasma membrane to initiate 

formation of ARRDC1-mediated microvesicles (ARMMs), a subtype of microvesicles (Wang and Lu, 

2017). Furthermore, VPS4 is also required in this pathway to finalize microvesicle formation (Nabhan 

et al., 2012). Tetraspanins CD9 and CD81 interact with EWI-2 and EWI-F, which link to the actin 

cytoskeleton, allowing for plasma membrane reorganization and budding into classical microvesicles 

(Sala-Valdés et al., 2006; Umeda et al., 2020).   

Other mechanisms involved in the biogenesis of microvesicles are related to rearrangements of the 

plasma membrane by changes in Ca2+ levels and consequently lipid composition (van Niel et al., 

2018). Flippases, floppases, scramblases and calpain are able to move phospholipids between the 

inner and outer membranes, which is dependent on Ca2+ (Bricogne et al., 2019). The movement of 

phospholipids leads to enrichment of phosphatidylserine on the outside of the plasma membrane, 

which can cause bending and microvesicle formation. In addition to lipid changes, the cytoskeleton 

plays an important role in the formation of microvesicle. Small GTPase RhoA regulates actin 

polymerization on the inside of the plasma membrane, followed by contraction of actomyosin, which 

causes large microvesicle formation (Antonyak et al., 2012).  

As shown here, there are a large amount of mechanisms that work together or independently to 

attribute to the biogenesis of exosomes and microvesicles. Depending on the cell type, cell 

metabolism and cargo, different EV biogenesis pathways can be instructed (van Niel et al., 2018). 



6 
 

2.3 Cargo loading of RNA 
As described, protein cargo is loaded into EVs by the ESCRT pathway, through lipid domains on 

membranes and via interaction with tetraspanins. Besides proteins, nucleic acids, such as messenger 

RNA (mRNA), microRNA (miRNA), long non-coding RNA (lncRNA) and DNA, can also be found inside 

EVs (Fabbiano et al., 2020). For the most part, the RNA content in the cytoplasm is reflected in the 

EVs coming from the cell. For example, overexpression of certain targets of miRNA decreased the 

amount of these miRNA in EVs, because of their target association (Squadrito et al., 2014). 

Furthermore, overexpression of miRNAs, lead to more availability of miRNAs in EVs (Squadrito et al., 

2014). Nevertheless, some RNAs seem to be relatively more common in EVs than other RNAs, and 

different types of EVs contain different RNA contents. Overall, this indicates that at least some RNA 

cargo loading is regulated in a selective manner (Fabbiano et al., 2020; Willms et al., 2016).  

The main mechanism of RNA cargo loading in forming EVs is via association with RNA binding 

proteins (RBPs). Many regulators of RNA cargo loading have been identified, such as heterogeneous 

nuclear ribonucleoproteins (hnRNPs), Y-box binding protein 1 (YBX1), Human antigen R (HuR), 

Argonaute 2 (AGO2) and IGF2BP1 (Fabbiano et al., 2020). These proteins have RNA-binding domains 

that can bind to specific sequences in RNAs. Furthermore, many of these proteins can selectively be 

loaded into EVs through interactions with exosome or microvesicle machinery (Fabbiano et al., 2020). 

Besides cargo loading through interactions with RBPs, RNAs can also directly interact with certain 

lipid formations in the membrane. Through electrostatic interactions, RNA is directed to lipid rafts 

high in sphingomyelin, cholesterol and ceramide (Janas et al., 2006).  

3. EVs in the central nervous system 
In the CNS, EVs are secreted by both neurons and glial cells. High resolution tandem mass 

spectrometry of EVs isolated from human CSF has identified EVs that contain neuronal or glial cell 

markers (Chiasserini et al., 2014). Exchange of EVs by neurons and glial cells plays a big role in cellular 

communication in the brain (Basso and Bonetto, 2016; Budnik et al., 2016; Lizarraga-Valderrama and 

Sheridan, 2021). Communication via EVs is important for promoting neuronal homeostasis and 

survival, maintenance of myelination, and synaptic plasticity (Antonucci et al., 2012; Krämer-Albers et 

al., 2007). EV secretion is controlled by neurotransmitter signaling and thus electrical activity of 

neurons. The excitatory neurotransmitter glutamate secreted from neurons can instigate the release 

of EVs by neurons and oligodendrocytes (Frühbeis et al., 2013; Lachenal et al., 2011). Furthermore, 

ATP, which is released from synapses, activates glial P2X7 receptor, which in turn leads to EV release 

from microglia and astrocytes (Antonucci et al., 2012; Bianco et al., 2009). It is important to readily 

distinguish EVs from synaptic vesicles, as the latter have a different biogenesis and function 

(Takamori, 2009), although both types of vesicles can co-exist at the axon terminal (Janas et al., 

2016). 

Besides communication within the CNS, neurons and glial cells are also able to exchange EVs with the 

periphery. For this exchange, transport over the protecting barrier of the brain or the blood-brain 

barrier (BBB) is needed. The BBB selectively ensures shuttling of molecules and particles between 

the bloodstream and the CSF. Furthermore, it protects the brain from damage by immune cells, 

bacteria and viruses and other sources. It has been shown that EVs from the CNS and the periphery 

can cross the blood-brain barrier (BBB), but how EVs are able to cross is still uncertain (Banks et al., 

2020). Under healthy physiological conditions, most EVs from several sources are generally able to be 

taken up from the blood into the CSF (Banks et al., 2020). However, via which mechanism and how 

efficiently they cross the BBB varies between EV cell origin and inflammatory status. A study by Chen 

et al. used an in vitro model of a BBB showing that EVs can cross the BBB through receptor-mediated 

transcytosis, lipid raft-mediated transport and micropinocytosis under stroke like conditions (Chen et 
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al., 2016). There is even less understanding on how EVs are transported from the CNS towards the 

periphery. Evidence suggests that EVs can cross arachnoid granulations from the CSF towards the 

bloodstream (Glimcher et al., 2008). Furthermore, inflammation in the CNS can lead to EV release 

from astrocytes and brain endothelial cells into the periphery (Couch et al., 2017; Dickens et al., 

2017). Lastly, neurodegenerative diseases are known to make the BBB more permeable, leading to, 

among other things, more release of EVs from the CNS (Hill, 2019). 

4. EVs in neurodegenerative diseases and prion-like spread of aggregates 
Apart from their vital physiological roles in the CNS, EVs are believed to play a role in the 

development of neurodegenerative diseases. There are many mechanisms at play that lead to 

neurodegenerative diseases, but in the pathophysiology of amyotrophic lateral sclerosis ALS, HD and 

PD, among others, aggregation of proteins is a shared cause. Protein aggregates are clusters of 

misfolded or fragmented proteins that have agglomerated and undergone liquid-liquid phase 

separation (LLPS), leading to disruptions in cellular function via multiple mechanisms (Zbinden et al., 

2020). Protein aggregates cause loss of function of the aggregated proteins, but also toxic gain-of-

function, such as impairment of protein degradation pathways, mitochondrial dysfunction, axonal 

transport and synaptic toxicity (Hipp et al., 2014; Moon and Paek, 2015; Terwel et al., 2002; Vanden 

Broeck et al., 2014). In contrast, protein aggregation could also be an effect of other upstream causes 

and may even be a neuroprotective factor in some cases (Chen et al., 2018).  

Evidence suggests that EVs are involved in spreading of the protein aggregates from cell to cell in 

neurodegenerative diseases. The first disease type that was discovered to make use of EVs to spread 

aggregates in the CNS were prion diseases, such as kuru and Creutzfeldt-Jakob disease (Liu et al., 

2017). Prion diseases are characterized by infectious misfolded prion proteins (PRPs). Misfolded PRPs 

can induce other ubiquitously expressed PRPs to be misfolded as well, in a chain reaction that allows 

for the formation of large aggregates. Symptoms from PRP aggregates in the CNS are characterized 

by astrogliosis and spongiform degeneration. Misfolded and aggregated PRP proteins are actively 

loaded into exosomes for secretion (Arellano-Anaya et al., 2015; Fevrier et al., 2004). Furthermore, 

stimulating or inhibiting exosome secretion in a transwell system leads to respectively increased or 

decreased PRP spreading (Guo et al., 2016). Similar to prion diseases, neurodegenerative diseases, 

such as ALS, HD and PD display formation of misfolded protein aggregates. Moreover, evidence 

shows that misfolded proteins and aggregates spread between cells via EVs in a prion-like manner 

(Alpaugh et al., 2022; Danzer et al., 2012; Münch et al., 2011) (Figure 1).  
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Figure 1. Prion-like spreading of misfolded proteins via extracellular vesicles (EVs). Proteins involved in neurodegeneration 
(1), such as TDP43, mutant HTT and α-syn, become misfolded and aggregate (2). Misfolded protein aggregates are loaded 
into microvesicles, which bud outwards from the plasma membrane (3), or into exosomes in multivesicular bodies (MVBs; 
4), which fuse with the plasma membrane to release their contents (5). Microvesicles and exosomes can be taken up by 
other cells through, for example, fusion with the plasma membrane, releasing the protein aggregates into the receiving cell 
(6). The misfolded protein aggregates act as a template for natively expressed proteins to aggregate, leading to prion-like 
spread of neurodegenerative diseases (7). 

5. EVs as biomarkers for neurodegenerative diseases 
In the development of disease modifying treatments for neurodegenerative diseases, in addition to 

clinical symptoms monitoring (for example, motor symptoms), it is necessary to study the disease 

progression of patients carefully using biomarkers to monitor treatment target engagement and its 

downstream effects. However, the CNS is a very sensitive organ, which makes taking biopsies for 

disease monitoring not feasible (Deverman et al., 2018). Biofluids on the other hand can be 

contaminated and relevant molecules are more likely to be diluted and non-detectible (Thompson et 

al., 2016). Because EVs have been loaded with cargo directly from the cytoplasm, it means that they 

more closely reflect the metabolism of the cell. They are also secreted from the CNS into the CSF 
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from which they can be transferred to the bloodstream, where they are highly stable. The EV cargo is 

protected from the environment by the double membrane, which means that the cargo can be 

stored without degrading for a longer time (Görgens et al., 2022). They can be isolated from less 

invasive liquid biopsies of the CSF or blood to gain information about the pathophysiology in the CNS 

(Figure 2). Taking a liquid biopsy from blood is less invasive than taking CSF from patients and would 

therefore be preferred. However, the ratio of CNS-derived to periphery-derived EVs will be much 

lower in the blood. To circumvent this, if needed, different neuronal and astrocytic markers can be 

used to purify the CNS EVs from blood using immunopurification (Katsu et al., 2019). EVs reflect 

biological changes in neurodegenerative diseases already from early stages, allowing for the use of 

EVs as a diagnostic tool or as a way of monitoring disease progression (Thompson et al., 2016).  

Understanding which molecules are differentially loaded into EVs in patients with neurodegenerative 

diseases is the key to developing biomarkers based on isolated EVs. Recently, several different 

proteins and RNAs have been discovered to be increased in EVs isolated from CSF and blood in ALS, 

HD, and PD. The next chapter will cover which EV-based biomarkers could be used to diagnose or 

monitor disease progression of these neurodegenerative diseases. 

 

Figure 2. Simplified pipeline of extracellular vesicles (EVs) isolation for biomarkers. To diagnose or monitor 
neurodegenerative disease progression, liquid biopsies from the cerebrospinal fluid (CSF) or blood can be taken. EVs are 
isolated from CSF and blood via, for example, differential ultracentrifugation, size-exclusion chromatography, or poly-
ethylene glycol-based precipitation. Cargo of EVs, such as proteins, microRNAs (miRNAs), messenger RNAs (mRNAs) or other 
long non-coding RNAs (lncRNAs) can be quantified to measure differences between patients and healthy individuals. 

6. EVs as biomarkers in ALS 
ALS is a neurodegenerative disease characterized by rapid progressive degeneration of the upper 

motor neurons in the motor cortex and the lower motor neurons of the spinal cord, leading to 

paralysis and an accelerated death (Dhasmana et al., 2022). ALS can be subdivided into two main 

categories, familial ALS (fALS), which occurs due to inherited specific genetic mutations, and sporadic 

ALS (sALS), which occurs without a specific known genetic mutation, but can be developed due to 

multiple genetic or environmental factors. Only 5-10% of ALS cases are fALS, whereas 90-95% are 

sALS (Dhasmana et al., 2022). The main genes that are involved in fALS are copper- and zinc-

containing antioxidant superoxide dismutase 1 (SOD1), TAR DNA-Binding Protein 43 (TDP43), fused in 

sarcoma (FUS), ubiquilin 2 (UBQLN2), and C9ORF72, but many more genetic factors exist as well 

(Vijayakumar et al., 2019). sALS cases are thought to come from environmental risk factors, DNA 

damage and epigenetic modifications, and/or changes in multiple genes. In motor neurons, these 
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factors contribute to degeneration, for example, by protein aggregation, prion-like spread of 

aggregates, glutamate excitotoxicity, autophagy inhibition, mitochondrial dysfunction, nucleolar 

stress and oxidative stress (Barbo and Ravnik-Glavač, 2023). 

A lot of attention has been given to developing biomarkers for ALS. However, only a few validated 

biomarkers are available. Some biomarkers with prognostic value from the CSF include neurofilament 

accumulation, tau expression, oxidative stress biomarkers, and miRNAs (Dhasmana et al., 2022). 

Blood biomarkers also exist, including C9ORF71, SOD1, TDP43, increased DNA methylation, and 

inflammatory markers (Dhasmana et al., 2022). 

6.1 EV number and size as biomarker for ALS 
The first EV-based biomarkers of ALS derived from the CSF was an increase in leukocyte-derived 

microvesicles (Zachau et al., 2012). Later, it was found that the amount of leukocyte-derived 

microvesicles was correlated with a slow disease progression, but not with fast disease progression 

(Sproviero et al., 2019). Furthermore, the mean size for microvesicles and exosomes extracted from 

blood plasma increased in ALS patients compared to control (Sproviero et al., 2018). However, in this 

study no difference in number of EVs was found (Sproviero et al., 2018). Another study found no 

difference in number of EVs or EV size in CSF from ALS patients (Thompson et al., 2020). These 

contradictory results may be caused by differences in EV isolation methods, size measurements and 

ALS patient populations. 

6.2 Protein cargo of EVs as biomarker for ALS 
One of the most commonly mutated genes in patients with fALS is SOD1. SOD1 is an enzyme that 

functions as an antioxidant (Peggion et al., 2022). Mutations lead to loss-of-function of SOD1 and can 

also cause protein aggregation (Peggion et al., 2022). SOD1 does not contain a secretion signal, but 

nonetheless is secreted by cells. It has been found that SOD1 is associated with exosomes in EV 

isolates from ALS cellular models (Gomes et al., 2007). Mutant SOD1 aggregates are able to enter 

neurons to act as seeds for further aggregation in a prion-like manner (Münch et al., 2011). Besides 

micropinocytosis of SOD1 aggregates from dying cells, the prion-like propagation of SOD1 aggregates 

can also happen via exosome-dependent pathways (Grad et al., 2014).  

TDP-43 is one of the major proteins impaired in almost all forms of fALS and sALS (except for SOD1-

related fALS) and is required for RNA stability, mRNA translation and RNA splicing (Riku et al., 2021). 

TDP-43 is normally mostly located inside the nucleus. However, in ALS, TDP-43 mislocalizes to the 

cytoplasm where it forms aggregates (Blokhuis et al., 2013). The C-terminal region of TDP-43 

contains a similar glutamine/asparagine domain that is also found in PrP, revealing that TDP-43 

aggregation may spread in a similar way (Guo et al., 2011). Indeed, introducing insoluble TDP-43 

aggregates to cell lines, lead to more TDP-43 aggregation within these cells (Nonaka et al., 2013). 

Furthermore, the same study found TDP-43 in exosomes isolated from these cells (Nonaka et al., 

2013). Another study found that TDP-43 is secreted through exosomes in glioblastoma Neuro2a cells 

and that inhibition of exosome secretion pathway increased aggregation within these cells (Iguchi et 

al., 2016). Additionally, exosomal TDP-43 and C-terminal fragments of TDP-43 are upregulated in 

exosomes from human ALS brains (Iguchi et al., 2016).  

In EVs isolated from the CSF of ALS patients, multiple proteins have been found to be differentially 

expressed. As of yet, SOD1 has not been found in EVs isolated from the CSF, even though it is present 

in the CSF of ALS patients (Grad et al., 2014; Kim et al., 2022). On the other hand, TDP-43 and C-

terminal fragments of TDP-43 have been found in EVs isolated from CSF of ALS-frontotemporal 

dementia (FTD) patients (Ding et al., 2015). Another study used liquid chromatography-tandem mass 

spectrometry proteomics to identify differentially expressed biomarkers in isolated EVs from sALS-
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derived CSF (Hayashi et al., 2020). The analysis revealed three proteins that were increased in CSF-

derived exosomes and thirteen that were decreased compared to control. The level of Novel 

Inhibitor of histone acetyltransferase (INHAT) Repressor (NIR) was increased in exosome fractions 

from the CSF of ALS patients and the localization in exosomes was confirmed with immunoelectron 

microscopy (Hayashi et al., 2020). They also found that NIR was mislocalized from the nucleus in 

motor neurons of ALS patients, indicating that NIR may play a role in pathophysiology through 

nucleolar stress. Using similar proteomics methodology, Thompson et al. showed that Bleomycin 

hydrolase (BMH) is increased in EVs isolated from ALS-derived CSF compared with control, whereas 

several proteasome core complex proteins were decreased (Thompson et al., 2020). BMH and 

proteasome core complex proteins are involved in protein degradation and thus may be implicated in 

ALS. 

Sproviero et al. showed that ALS associated proteins SOD1, TDP-43, phosphorylated TDP-43 (pTDP-

43) and FUS were enriched in microvesicles isolated from ALS patient-derived plasma, but not in 

exosomes, compared to control plasma (Sproviero et al., 2018). Pasetto et al. found a significant 

enrichment of phosphorylated TDP-43 in isolated EVs from ALS patients plasma (Pasetto et al., 2021). 

However, the phosphorylated TDP-43 was observed outside of the EVs via Transmission Electron 

Microscopy (TEM) with gold staining. This suggested to the researchers that phosphorylated TDP-43 

may associate with other proteins stuck to the outside of EVs. The amount of phosphorylated TDP-43 

associated with EVs was not significantly different between ALS patients and control (Pasetto et al., 

2021). Chen et al. did find an increase in TDP-43 in plasma-derived exosomes in ALS patients (Chen et 

al., 2020). Patients participating in this study were followed up for 1, 3, 6 and 12 months, with 

patients showing increase in exosomal TDP-43 during disease progression (Chen et al., 2020). It is 

worthwhile mentioning that these studies had different methodologies of vesicle isolation, the study 

of Chen et al. focused specifically in CD63+/TDP43+ EVs analyzed FACS-based techniques after 

isolation by immunoaffinity purification methods, while the study of Pasetto et al. isolated EVs via 

ultracentrifugation and nickel-based isolation techniques. 

Coronin-1a (CORO1A) is an actin binding protein, involved in cytoskeleton regulation in immune cells 

and neurons (Zhou et al., 2022). In exosomes extracted from the plasma of ALS patients, a 5.3 fold 

increase of CORO1A was found that correlated with disease progression, making CORO1A a potential 

biomarker for ALS (Zhou et al., 2022). 

6.3 miRNA cargo of EVs as biomarker for ALS 
Besides proteins, several miRNAs have been found to be alternatively expressed in EVs from ALS 

patients. The advantage of using miRNAs as biomarkers over proteins is the increased sensitivity of 

the methods, with PCR allowing amplification of signals. One study that used EVs isolated from CSF 

found miR-124–3p to be increased in male ALS patients and this increase correlated with the ALSFRS-

R score, which measures disease stage (Yelick et al., 2020).  

Many studies have investigated using miRNA in EVs isolated from blood of ALS patients as potential 

biomarkers. Several miRNAs were found to be either upregulated or downregulated in patients 

compared to control (Banack et al., 2020; Katsu et al., 2019; Saucier et al., 2019; Sproviero et al., 

2021). However, little overlap between the studies’ results was found, some being contradictory. A 

possible explanation for the studies’ variability could be the small patient groups used (6 to 14 

patients). In a follow-up study by Banack et al. they used a larger group of 45 sporadic ALS patients to 

determine their previous study’s repeatability (Banack et al., 2022). Neuronal EVs were isolated by 

immunoaffinity purification from blood plasma samples using the L1 cell adhesion molecule 
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(L1CAM). They found two upregulated miRNAs miR-151a-5p and miR-146a-5p, and three 

downregulated miRNAs miR-4454, miR-10b-5p, and miR-29b-3p (Banack et al., 2022).  

6.4 mRNA cargo of EVs as biomarker for ALS 
Using RNA sequencing techniques, exosomes isolated from CSF of ALS patients revealed 543 altered 

mRNAs compared to healthy control CSF (Otake et al., 2019). The main gene transcript that was only 

detected in ALS samples but not in healthy controls was CUE domain-containing protein-2 (CUEDC2). 

This protein is related to the ubiquitin-proteasome pathway, which is impaired in ALS. CUEDC2 may 

therefore be a biomarker for ALS (Otake et al., 2019).  

7. EVs as biomarkers in HD 
HD is an autosomal dominant hereditary neurodegenerative disease. Patients suffer progressive 

motor disorders, behavioral problems and cognitive decline, eventually leading to death (Dayalu and 

Albin, 2015). HD is caused by an expansion of the CAG repeats in the first exon of the huntingtin gene 

(HTT). Penetrance, that is, the degree of certainty of HD development during one’s lifetime, depends 

on CAG repeat number. While penetrance is rare for carriers of 36 to 39 repeats, carriers of 40 or 

more repeats have full penetrance. Furthermore, disease severity and onset are correlated to the 

expansion length, with childhood-onset HD occurring in carriers with longer CAG repeats. Moreover, 

the CAG repeat length in HTT exon-1 (HTT-ex1) is prone to somatic instability, leading to further 

expansion. The expansion leads to a misfolded mutated HTT (mHTT) protein with an expanded poly-

glutamine (polyQ) stretch that can aggregate (van der Bent et al., 2022). Additionally, the expansion 

leads to missplicing of mRNA, causing the formation of mHTT-ex1 protein fragments, which also form 

aggregates (Sathasivam et al., 2013). mHTT-ex1 fragments can also be formed through proteolytic 

cleavage of the full length mHTT (Landles et al., 2010). These mHTT-ex1 fragments were shown to be 

more toxic than the full-length mHTT protein (Barbaro et al., 2015). Through toxic gain-of-function, 

but possibly also via loss-of-function, several processes are disturbed. These include transcriptional 

interference, cytoskeletal disruption, inhibition of proteosome and autophagy proteolysis, 

mitochondrial stress and excitotoxicity, leading to degeneration of, primarily, the medium spiny 

neurons (MSNs) of the striatum (Dayalu and Albin, 2015).  

Diagnosis of HD is usually straightforward as family history and genetic testing for the CAG expansion 

can give insight into the disease progression at an early age (Stoker et al., 2022). Disease progression 

is monitored through The Unified Huntington’s Disease Rating Scale, which is a standardized tool that 

can assess the different symptoms of HD. Magnetic resonance imaging (MRI) can be used to 

determine the shrinkage of the striatum, which is the most affected area in HD (Przybyl et al., 2021). 

However, the pathology already starts before symptom onset and atrophic changes in the brain can 

be determined. Furthermore, these changes can only be stopped, but cannot be reversed. This 

means that for the development of disease-modifying treatments, it is important to diagnose as 

early as possible. During and after treatment, disease progression must be monitored to confirm 

treatment effectiveness. For this purpose, biomarkers are used. Some biomarkers of HD include 

more general neurodegenerative disease markers such as NFL and oxidative stress markers, immune 

system biomarkers, and mHTT levels, the latter being especially important for targeted therapies 

(Przybyl et al., 2021). Some evidence also argues in favor of using EVs from CSF or blood as 

biomarkers of HD progression. 

7.1 Protein cargo of EVs as biomarker for HD 
Recently, much attention was given to studying mechanisms of spreading of mHTT and/or aggregates 

with prion-like properties between cells via EVs. A study by Pecho-Vrieseling et al. was one of the 

first to detect spreading of mHTT between neurons (Pecho-Vrieseling et al., 2014). Human stem cell-



13 
 

derived neurons were added to organotypic brain slices of R6/2 mice (a mouse model of HD) and 

found that mHTT was transferred from the mouse tissue to the human neurons. Furthermore, they 

showed in vivo mHTT spreading to grafted neurons inside the cortex of R6/2 mice (Pecho-Vrieseling 

et al., 2014). In a subset of neurons in the brain of a Drosophila model of HD, human mHTT was 

expressed, leading to accumulation in the synapses of these neurons, and eventually spreading 

throughout the whole brain (Babcock and Ganetzky, 2015). Additionally, a study analysed post-

mortem brains of HD patients that had received allografts of non-diseased fetal striatal neurons 

around a decade earlier (Cicchetti et al., 2014). mHTT aggregates were found in the grafted tissue. 

These results combined indicate that mHTT is transmitted between neurons, but transfer is not 

necessarily evidence for EV involvement alone.  

Using a HEK293T mHTT-ex1 overexpression model, Zhang et al. showed that both the mHTT-ex1 

protein with a green fluorescent protein (GFP) tag and its RNA could be found in EVs isolated from 

the culture (Zhang et al., 2016). Primary striatal mouse cells were exposed to these EVs, which 

allowed for transfer of the mHTT-ex1 and its RNA (Zhang et al., 2016). In a study by Jeon et al. EVs 

were isolated from the medium of HD patients’ fibroblasts with different CAG repeat lengths (Jeon et 

al., 2016). mHTT was found in EVs stained for CD63. Furthermore, EVs were isolated from induced 

pluripotent stem cell (iPSC)-derived neuronal precursor cells (NPCs) with 143 CAG repeats, and these 

EVs were added to a culture of mouse neurons. mHTT aggregates were found in the murine neurons 

after exposure to these EVs (Jeon et al., 2016). The same EVs from the HD iPSC-derived NPCs were 

injected into the ventricle of neonatal mice, which lead to HD phenotype, shown by impairments in 

the swim test and rotarod test. Moreover, mHTT aggregates were found in neurons of the striatum 

(Jeon et al., 2016). Diaz-Hidalgo et al. used a mouse embryonic fibroblast (MEF)-based model of HD 

that expresses mHTT-ex1 with 84 CAG repeats (Diaz-Hidalgo et al., 2016). They found that mHTT-ex1 

was recruited to exosomes and that this recruitment is dependent on tissue transglutaminase (TG2), 

which forms a protein complex together with mHTT-ex1, ALIX, TSG101 and BCL2-associated 

athanogene 3 (BAG3), a co-chaperone involved in clearance of protein aggregates through the 

proteasome and/or autophagy (Diaz-Hidalgo et al., 2016). Bonavita et al. found a novel role of a 

complex of heat shock protein family B [small] member 1 (HSPB1) and p62 (also known as 

sequestosome 1 (SQSTM1)), which act as an EV cargo loading platform of mHTT (Bonavita et al., 

2023). HSPB1 interacts preferably with mHTT compared to normal HTT, increasing spread of mHTT 

towards other cells. These studies together provide evidence that mHTT is loaded into EVs and can 

spread in a prion-like manner between cells. 

With the knowledge that mHTT is loaded in EV, mHTT in EV isolates from bodily fluids may be a 

potential biomarker for HD. Of all blood cell types, platelets of HD patients have the highest 

concentration of mHTT. Therefore, it was investigated whether platelet-derived EVs could be used as 

a biomarker for HD (Denis et al., 2018). No difference was found between the amount of EVs 

released from the platelets between HD patients and healthy donors, and mHTT was not found 

within EVs derived from platelets of HD patients, indicating that these particular EVs are not a 

valuable biomarker for HD (Denis et al., 2018). In another study, two pig models of HD were used, a 

transgenic and a knock-in pig model, of which plasma was taken and EVs were isolated (Ananbeh et 

al., 2022). They also isolated EVs from HD patient-derived plasma. They found that full length HTT co-

isolates with EVs from human and pig plasma. A significant increase in the amount of HTT was found 

in plasma of HD compared to wildtype transgenic pig model. An increase was also found in the 

knock-in pig model and in HD patient’s plasmas, although not significant. The difference between the 

models may be the different CAG lengths that were expressed: 145 CAG repeats for the transgenic 

model, 85 for the knock-in model and 40-47 for the human HD patients (Ananbeh et al., 2022). A 

different strategy is measuring mHTT in isolates from the CSF, which would in theory be less diluted 
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with other peripheral EVs. A highly sensitive mHTT detection method was developed using single-

molecule counting immunoassay to detect mHTT in CSF (Wild et al., 2015). Recently, the assay has 

been better characterized and optimized for use in clinical trials (Vauleon et al., 2023). Specificity of 

the assay has been validated for 36 to 73 CAG repeats. In the future, the assay may be used on EV 

isolates from CSF to decrease background signal even more. 

Proteomic analysis of urinary EVs revealed enrichment of endolysosomal proteins related to PD, 

Alzheimer’s disease (AD), and HD (Wang et al., 2019). This means that urinary EVs may be a valid 

source of biomarkers with use for HD.  

7.2 miRNAs cargo of EVs as biomarkers for HD 
No studies have yet been performed investigating specifically miRNAs from isolated EVs as 

biomarkers for HD. Some studies did find differences in miRNA expression in CSF of HD patients. 

Díez-Planelles et al. found 13 significantly increased miRNA in plasma from symptomatic HD patients 

with 40-45 CAG repeats (Díez-Planelles et al., 2016). In CSF, six miRNAs were significantly increased in 

mHTT gene carriers compared to control. Furthermore, all six miRNAs increase correlated with the 

different risk categories of HD, providing evidence that they could be used as biomarkers for disease 

progression (Reed et al., 2018). Future studies should be performed that look at EV-specific miRNA 

biomarkers. 

8. EVs as biomarkers in PD 
PD is a progressive neurodegenerative disease caused by degeneration of the nigrostriatal 

dopaminergic network. Loss of dopaminergic innervation of the locus coeruleus, leads to the 

characteristic symptoms of PD such as tremors and slowness of movement or bradykinesia (Hayes, 

2019). Other symptoms include cognitive decline, sleep disturbances, olfactory dysfunction, 

depression, and pain. The primary risk factor for PD is the SNCA gene, which encodes for the protein 

α-synuclein (α-syn; Polymeropoulos et al., 1997). Several different mutations of α-syn lead to an 

autosomal dominant inheritance of PD. α-syn is the main protein contributing to Lewy bodies, 

protein aggregates found in the nigrostriatal dopaminergic neurons in brains of PD patients (Mor et 

al., 2016). Interestingly, Lewy bodies including α-syn are also found in sporadic cases of PD, without 

any mutation in α-syn itself. Oligomers of α-syn lead to impairment of protein degradation pathways, 

stress in mitochondria and endoplasmic reticulum, and disruption of neuronal signaling (Ingelsson, 

2016). 

Development of biomarkers for PD is very important. Because PD is usually only detected in more 

advanced stages of the disease after neurodegeneration has caused multiple symptom onset, it may 

already be too late for treating patients (Lotankar et al., 2017). For the development of treatments, it 

is again important to be able to monitor the progression of the disease after treatment. Biomarkers 

in use include imaging of the brain and general neurodegenerative biomarkers such as inflammation 

and oxidative stress (Lotankar et al., 2017).  

8.1 EVs and their cargo as biomarkers for PD 
An increase in the number of neuron-derived EVs was found in the plasma of PD patients, but no 

change was found in oligodendrocyte or astrocyte-derived EVs (Ohmichi et al., 2019).  

In a similar manner to proteins involved in ALS and HD, evidence has emerged that α-syn and its 

oligomers are able to spread between cells, acting as seeds for protein aggregates. In a post-mortem 

brain of a PD patient with grafted embryonic nigral transplants, Lewy bodies were found in the 

grafted tissue (Kordower et al., 2008). Lewy bodies transmit between different cell types, such as 

neurons, astrocytes, and microglia (Desplats et al., 2009; Guo et al., 2020; Lee et al., 2010). It is 
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known that α-syn is loaded into EVs, leading to spreading towards other cells, indicating that α-syn in 

EV isolates from body fluids could be used as a biomarker for PD (Danzer et al., 2012; Guo et al., 

2020; Harischandra et al., 2019). 

Indeed, it was reported that α-syn was found in exosomes isolated from CSF of early-stage PD 

patients, but in lower amounts compared to healthy controls (Stuendl et al., 2016). Interestingly, the 

opposite result was found in plasma-derived neuronal LCAM1 positive EVs (Shi et al., 2014). Shi et al. 

reported that in EVs isolated from PD patients, the amount of α-syn was increased compared to 

healthy control. The same study also showed that EVs containing α-syn were readily secreted from 

the CSF to the bloodstream in mice, which may explain the differences between these two studies. 

Another study measured amounts of α-syn in neuronal EVs from plasma of patients with early-stage 

PD and advanced PD (Niu et al., 2020). They found a significant increase of α-syn in plasma-derived 

EVs from PD patients compared to healthy controls. α-syn levels in EVs were correlated to the several 

PD symptom scoring scales, such as the Movement Disorders Society Unified Parkinson’s Disease 

Rating Scale III and the Non-Motor Symptom Questionnaire scores. Furthermore, during follow-up of 

early-stage PD patients visits over 22 months, it was found that increased neuronal EV-derived α-syn 

levels were correlated with a higher risk of motor symptom progression (Niu et al., 2020). More 

studies found significant differences in α-syn levels in serum-derived neuronal EVs between PD 

patients and healthy controls (Jiang et al., 2020; Si et al., 2019). The results from these studies 

indicate that α-syn levels in EVs could be used as a biomarker for PD. 

Other potential EV-derived protein biomarkers for PD have been found. In addition to α-syn, tau 

protein may also be involved in PD, contributing to cognitive deterioration (Zhang et al., 2023). 

Isolation of L1CAM-positive neuronal exosomes from plasma, revealed an increase in tau in the PD 

patient group compared to healthy controls, which correlated with disease progression (Shi et al., 

2016). Another study found an increase in PrP in exosomal isolates from plasma of PD patients with 

cognitive impairment, but not in patients without cognitive impairment, compared to healthy 

controls. The increase of PrP had a correlation with cognitive deterioration (Leng et al., 2020). 

Proteomic analysis of plasma-derived exosomes from plasma of PD patients, showed decrease of 

three proteins: clusterin (CLU), complement C1r subcomponent (C1r), and apolipoprotein A1 (Apo-

A1), compared to healthy controls (Kitamura et al., 2018). Furthermore, Apo-A1 significantly 

decreased when comparing PD patients in stage II and stage III of the Hoehn and Yahr PD scale.  

To this date only one study has investigated the potential of using RNAs in EVs from body fluids as 

biomarkers for PD, and it found 16 exosomal miRNAs upregulated and 11 downregulated in EVs 

isolated from PD patient’s CSF, compared to healthy controls (Gui et al., 2015). Additionally, mRNA, 

such as α-syn, tau, and NFL were differentially expressed in CSF-derived exosomes from PD patients. 
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9.  Discussion 
EVs play a vital role in shuttling components between cells. Many pathways are involved in the 

biogenesis of EVs, leading to the heterogeneous pool of EVs that are produced (van Niel et al., 2018). 

EVs are especially relevant in the CNS where they are important for many neuronal functions and 

intercellular communication. However, the EV system usage by CNS cells to exert protein quality 

control (Pink et al., 2021) may backfire in neurodegenerative diseases, allowing for the spread of 

pathogenic prion-like proteins, such as TDP-43 in ALS, mHTT in HD, and α-syn in PD (Alpaugh et al., 

2022; Danzer et al., 2012; Münch et al., 2011).  

Diagnosis and monitoring of disease progression of neurodegenerative diseases remains a challenge 

(Thompson et al., 2016). EVs from body fluids are a promising low invasive technique that could 

provide a window into the pathophysiology of neurodegenerative diseases. EVs from CNS cells shield 

their inner cargo components from degradation and can be shuttled from CSF to the peripheral 

bloodstream, where they are detectable (Banks et al., 2020). CNS specific EVs can be isolated from 

body fluids and their cargo can be quantified to diagnose neurodegenerative disorders and/or to 

monitor target engagement during drug development and disease progression in clinical trials, 

factors to be taken into consideration for regulatory requirements (Committee for Advanced 

Therapies, 2018).    

Because research into the usage of EVs as biomarkers for neurodegenerative diseases is still recent, 

very little EV-based biomarkers have been validated to be used in clinical trials. In general, validation 

of biomarkers includes investigation of the sensitivity and specificity of the biomarker and taking 

regard of the predictive value (Hunter et al., 2010). There is a myriad of EV isolation techniques, 

some based on size, others based on surface markers. A large heterogeneity of EV population is 

obtained in isolates, especially if EVs are isolated from biofluids that are in contact with many cell 

types (Zhao et al., 2021). It is essential that the techniques for EV isolation and cargo quantification 

are standardized, comparable, and reproducible to produce valid biomarkers. Efforts have been 

made to improve standardization by making guidelines for EV research that cover EV isolation 

techniques, quantification, characterization and functional readouts (Théry et al., 2018).  

In this literature review, it was shown that research into EV-based biomarkers can lead to differing 

results. For example, Chen et al. found an increase of TDP in plasma-derived exosomes in ALS 

patients, but Pasetto et al. did not find any TDP-43 inside of EVs (Chen et al., 2020; Pasetto et al., 

2021). The differences between the studies may be explained due to different isolation techniques 

being used. Chen et al. used beads with EV marker CD63 targeting antibodies, whereas Pasetto et al. 

used ultracentrifugation and nickel-based beads. It is known that different isolation techniques can 

give different EV yield, with differences in number of EVs, subtype of EVs and purity of sample 

(Sidhom et al., 2020). Indeed, it has been shown that EVs of the same origin, if isolated by different 

techniques will have different characteristics (Veerman et al., 2021). Standardization of isolation 

techniques will vastly improve the ability of EVs as biomarkers. 

To isolate CNS derived EVs in peripheral fluid biopsies, EV surface markers are used in immunoaffinity 

assays. L1CAM is often used as a marker to differentiate between neuronal and peripheral EVs. 

However, although L1CAM has the highest expression in neurons, other cell types such as 

oligodendrocytes, immune cells, and endothelial cells may also express L1CAM (Gomes and Witwer, 

2022). In certain types of cancer, L1CAM can also be overexpressed. Lastly, antibodies used in L1CAM 

EV isolation cross-react with α-syn, possibly explaining the reported enrichment of this protein in EVs 

(Norman et al., 2021). Better characterization of L1CAM-positive EVs is necessary when used in 

biomarker development. 
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Another consideration for biomarker development is the heterogeneity of neurodegenerative 

diseases. ALS and PD especially are the result of highly variable genetic and environmental factors, 

which deregulate distinct molecular pathways, possibly leading to alternative EV cargo profiles. In 

HD, the differences in CAG repeat length on EV cargo should also not be underestimated. Efforts 

should be made to correlate EV cargo to different subtypes of neurodegenerative diseases. For this 

purpose, multiomics could be deployed to find EV cargo signatures of disease subtypes, taking into 

account protein and RNA levels (Catanese et al., 2023). 
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