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ABSTRACT
Extracellular vesicles (EVs) have 
emerged as potent mediators of inter-
cellular communication. These nano-
sized structures encapsulate bioactive 
molecules that reflect the pathophysi-
ological state of the originating cell, of-
fering potential as both biomarkers and 
therapeutic targets. Mass spectrom-
etry (MS) techniques have facilitated 
in-depth profiling of the EV proteome, 
unveiling valuable insights into disease 
mechanisms and progression. Specifi-
cally, the protein composition of EVs 
is indicative of the cell of origin, and 
those derived from diseased patients 
have shown distinct proteomic signa-
tures compared to healthy individuals. 
Given the role of EV in cell-to-cell com-
munication and immune modulation, 
studying their proteomic content can 
provide insights into disease pathogen-
esis and aid in developing new diag-
nostic strategies to manage conditions 
such as psoriatic arthritis. Identifying 
EV protein biomarkers could potential-
ly lead to the development of non-in-
vasive diagnostic and prognostic tests, 
aiding early detection and monitoring 
of disease progression.

Introduction and background
EVs are a heterogeneous group of cell-
derived membranous structures, in-
cluding exosomes, microvesicles and 
apoptotic bodies, which are present in 
nearly all biological fluids and involved 
in various physiological and pathologi-
cal processes (3, 10).

Extracellular vesicles in 
biological processes
EVs had initially been thought to func-
tion primarily in the disposal of cell 
waste, but they have since been shown 
to play a role in a broad range of bio-
logical processes such as immune re-

sponses, angiogenesis, coagulation, and 
the spread of pathogens, amongst oth-
ers (3, 8, 11). EVs also play a crucial 
role in intercellular communication. 
They influence a spectrum of biological 
activities (1, 3, 12) and they have been 
associated with the pathogenesis of sev-
eral  diseases (7, 8, 13, 14). The cargo 
of EVs is diverse and includes proteins, 
lipids, and nucleic acids that are reflec-
tive of the cell of origin (8, 9, 15).
EVs derived from patients with diseases 
are distinct from those of their healthy 
counterparts, underscoring the potential 
of EV proteomic biomarkers in clinical 
settings (7-9). For example, EVs have 
been implicated in the progression of 
cancer, where they can modulate the 
tumour microenvironment, promote 
angiogenesis, and contribute to me-
tastasis (16, 17). Interestingly, tumour 
exosomes colonise specific organs and 
exosomal integrins can predict organ-
specific metastases (16).

Biogenesis and regulation 
of EV formation
EVs are released by a myriad of cell 
types and are found in several body flu-
ids (3). They contain a diverse range of 
bioactive molecules, such as proteins, 
lipids, and nucleic acids (1, 2). EV bio-
genesis is tightly regulated and involves 
complex molecular machinery. EV for-
mation requires cytoskeleton rearrange-
ment and changes in lipid distribution in 
the plasma membrane (7). The cargo of 
EVs is influenced by the cell of origin. 
It can mediate or modulate a host of cell 
responses and activities, including sus-
ceptibility to infection, signal transduc-
tion, and immune regulation (8, 18, 19).

EVs as emerging biomarkers 
in disease
The study of extracellular vesicles rep-
resents a rapidly evolving field that 
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could reshape our understanding of cel-
lular communication and disease mech-
anisms. A diverse range of extracellular 
vesicles contribute to various physi-
ological and pathological processes. 
However, their biogenesis, cargo pack-
aging and functional role remain poorly 
characterised. Given the increasing 
recognition of their role in intercellular 
communication, notably in the context 
of inflammatory diseases, EVs and their 
unique proteomic cargo might be valu-
able biomarkers for disease diagnosis 
and monitoring of disease progression 
(2, 20). 

Types of extracellular vesicles
Exosomes
EVs are categorised into three major 
types: exosomes, microvesicles (MVs), 
and apoptotic bodies (3). Exosomes 
range from 30 to 100 nm in diameter  (1, 
21). They originate from the endosomal 
compartment, where they form multive-
sicular endosomes via the inward bud-
ding of endosomes. The exosomes are 
released when fused with the plasma 
membrane, releasing the exosomes into 
the extracellular space (1). Exosomes 
were initially thought to function in the 
removal of cellular waste, but they have 
since been suggested to play a more 
complex role in cellular communication 
(7, 17). Exosomes carry various bio-
molecules that have been implicated in 
numerous biological processes, such as 
the modulation of the immune response, 
tissue regeneration, and even tumour 
progression (17, 21).

Microvesicles
Microvesicles are larger than exosomes, 
with 100 to 1000 nm diameters. Unlike 
exosomes, they are formed by direct 
outward budding and fission of the 
plasma membrane in a process referred 
to as blebbing (22). The cargo of MVs 
is diverse and is reflective of the cell of 
origin (8, 9). 

Apoptotic bodies
Apoptotic bodies are the largest among 
the EVs, with diameters ranging from 
1 to 5 μm. They are released from cells 
undergoing programmed cell death and 
contain fragments of the dying cell, in-
cluding cell organelles and DNA (23, 

24). They play a role in antigen pres-
entation, where they present fragments 
to phagocytes for efficient clearance of 
the dying cells and to prevent the induc-
tion of an immune response (23, 25). 
They can be recognised and engulfed 
by phagocytes, preventing the release 
of potentially harmful cellular compo-
nents into the extracellular environment 
(23, 24, 26). The presence of uncleared 
apoptotic cells has been linked to in-
flammation, autoimmunity and cancer 
(23). 

Oncosomes and migrasomes
In addition to these three well-known 
types of EVs, recent studies have iden-
tified other types of vesicles, such as 
large oncosomes (1–10 μm in diameter) 
produced by cancer cells (27), and mi-
grasomes (1-3 μm in diameter), which 
are generated by retraction fibres dur-
ing cell migration (28). Migrasomes 
are suggested to function in intercellu-
lar communication and the removal of 
damaged mitochondria from the con-
tractile fibres (29). 

Biogenesis of extracellular 
vesicles
The biogenesis of EVs involves com-
plex cellular processes, each category 
undergoing a distinct mechanism (3, 7, 
15). Exosomes originate within the en-
dosomal network. The early endosome 
matures into a multivesicular body 
(MVB) via inward budding of the endo-
somal membrane, forming intraluminal 
vesicles (ILVs). These ILVs become ex-
osomes when the MVB fuses with the 
plasma membrane and is released into 
the extracellular space (1). 

Role of ESCRT machinery
The endosomal sorting complex re-
quired for transport (ESCRT) machin-
ery, which comprises four protein com-
plexes (ESCRT-0, -I, -II, and -III) and 
associated proteins, is instrumental in 
the biogenesis of exosomes (30). The 
cargo packing of exosomes is medi-
ated by ubiquitination, where protein 
ubiquitination is a signal for packaging 
into exosomes for secretion (30, 31). 
Some exosomes are also formed in an 
ESCRT-independent manner, relying 
on lipids such as ceramides (7, 17).

Microvesicle biogenesis
Microvesicles, unlike exosomes, are 
generated by direct outward budding 
and fission of the plasma membrane. 
The biogenesis of MVs involves the 
redistribution of phospholipids across 
the bilayer, which is regulated by en-
zymes such as flippases, floppases, and 
scramblases. During this process, the 
cytoskeleton also undergoes rearrange-
ment (21, 32).

Apoptotic body formation 
and clearance
Apoptotic bodies are formed dur-
ing the late stages of apoptosis. The 
cell undergoes various morphologi-
cal changes, such as cell shrinkage, 
chromatin condensation, and nuclear 
fragmentation. Eventually, the plasma 
membrane starts to bleb and gives rise 
to large vesicles containing cellular de-
bris, including organelles and nuclear 
fragments, known as apoptotic bodies 
(23, 25).

Cargo sorting and packaging 
into EVs
This cargo packaging into EVs is 
tightly regulated and is suggested to 
influence the function of EVs (33). 
The mechanisms underlying cargo 
sorting into EVs are complex and not 
completely understood. Several path-
ways have been proposed, including 
the ESCRT machinery, lipid-dependent 
sorting, and tetraspanin-enriched mi-
crodomains (15). Additionally, spe-
cific miRNAs and RNAs seem to be 
selectively packaged into EVs through 
mechanisms that utilise RNA-binding 
proteins. Here, the heterogeneous nu-
clear ribonucleoproteins (hnRNPs) 
have been identified as key players in 
RNA sorting into exosomes (34, 35).
The cargo sorting and packaging into 
EVs is a highly regulated process that 
determines the molecular content and 
potentially the function of EVs. How-
ever, more research is needed to fully 
understand the underlying mechanisms 
that determine cargo packing, how they 
influence the biological state of other 
cells and their implications for health 
and disease (7). Cellular conditions and 
stimuli can also influence the packag-
ing of cargo into EVs. For example, cell 
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stress, such as hypoxia, can alter the 
cargo composition of EVs, potentially 
affecting their biological functions (36).

Function and role of EVs 
in cell-cell communication
EVs have gained significant research 
interest for their role in intercellular 
communication (1, 2). These nano-
sized structures have a unique capacity 
to mirror the pathophysiological state 
of the originating cell and have been 
suggested to function as potent agents 
in cellular crosstalk via their encapsu-
lated bioactive molecules, which al-
lows them to modulate physiological 
processes (3).

Mechanisms of EV-mediated 
communication
It has been recognised that EVs contrib-
ute to the propagation of inflammatory 
signals significantly (37, 38). By car-
rying a range of molecules, including 
pro-inflammatory cytokines, autoanti-
gens, and miRNAs, they can modulate 
the activity of immune cells, thereby 
influencing the local tissue microenvi-
ronment (7, 39, 40). The role of EVs in 
intercellular communication positions 
them as key mediators in both health 
and disease, making their bioactive car-
go potential biomarkers for diagnosing 
disease.

Influence of EV cargo on 
recipient cells
The release and uptake of EVs are criti-
cal steps in the process of intercellu-
lar communication mediated by these 
vesicles (3, 7). Once released, EVs can 
interact with recipient cells in various 
ways. EV uptake involves specific in-
teractions between EVs and their tar-
get cells that are mediated by specific 
ligand-receptor interactions on the sur-
face of EVs and recipient cells (7, 41, 
42). They can bind to the surface of 
recipient cells and stimulate cell signal-
ling via surface receptors, or they can 
be internalised by cells through several 
mechanisms including endocytosis, 
phagocytosis, or micropinocytosis (41, 
43). The internalisation process is often 
cell-type specific and can be influenced 
by the state of the recipient cell and the 
microenvironment (7, 44). Following 

internalisation, EVs’ cargo can be re-
leased into the cytosol and have func-
tional effects on the recipient cell.
To conclude, EVs play diverse roles in 
cell-cell communication, contributing 
to both normal physiological processes 
and disease pathogenesis. However, 
our understanding of these processes 
remains incomplete, and ongoing re-
search is set to unravel the complexity 
of EV-mediated cell-cell communica-
tion further.

EVs in inflammation 
and autoimmune responses
EVs play a role in inflammatory and au-
toimmune pathways. Their capacity to 
transfer bioactive molecules, especially 
those promoting inflammation, makes 
them potential contributors to the pro-
gression of inflammatory diseases and 
autoimmune responses. EVs have been 
demonstrated to play a role in perpetu-
ating and initiating immune responses 
(7-9). 

Contribution to inflammatory 
pathways
Inflammatory cytokines, autoantigens 
and miRNAs, carried by EVs, can mod-
ulate the activity of immune cells, fur-
ther influencing the local tissue micro-
environment and potentially exacerbat-
ing inflammatory responses (7, 39, 40). 

EVs as biomarkers in autoimmune 
and inflammatory conditions
It has been suggested that EVs influ-
ence the development and progression 
of autoimmune diseases. The bioactive 
molecules encapsulated by EVs are 
implicated in intercellular communi-
cation and immune modulation. EV-
derived biomarkers are valuable in the 
detection of liver autoimmune disease. 
IL2, IL8 and Interferon-gamma are in-
creased in EVs isolated from cholangi-
ocarcinoma patients (45). miRNA from 
lymphocyte-derived EVs have been 
demonstrated to exacerbate inflamma-
tion and contribute to  the progression 
of Hashimoto’s Thyroiditis (46). 

EV-mediated disease progression
EVs have emerged as a valuable source 
of biomarkers for the early detection of 
pancreatic cancer, where they provide 

insights into early disease and have 
been implicated in initiating metasta-
sis. The EV release machinery is more 
active in the pancreatic cancer cell 
line PANC‑1. The inhibition of vesi-
cle transport in PANC-1 cells reduced 
cell viability and produced alterations 
in tissue structure that contribute to na-
tive pancreatic tissue architecture (47). 
These findings underscore the contri-
bution of EVs to disease progression 
and highlight their impact.

Role of EVs in rheumatoid arthritis
It has been demonstrated that EVs play 
a role in the pathogenesis of rheuma-
toid arthritis (RA), where they have 
been shown to influence immune cell 
activity and tissue homeostasis (48-
53). EVs have also been demonstrated 
to play a role in immune signalling and 
cartilage repair in cell culture models 
of RA (53). EVs released by dendritic 
cells, neutrophils, and myeloid-derived 
suppressor cells have been shown to in-
fluence inflammatory responses in the 
joint environment, which contributes 
to disease progression in RA (48, 54-
56). EVs derived from the synovium 
of RA patients have also been shown 
to inhibit Treg differentiation and they 
contain enzymes that promote tissue 
matrix degradation. MSC-derived EVs 
have been demonstrated to be effective 
in the treatment of RA (48, 57, 58). 

Psoriasis and psoriatic arthritis
Clinical features and 
pathophysiology of psoriasis
Psoriasis (PsO) is a chronic, immune-
mediated skin disorder. Its hallmark is 
the hyperproliferation of keratinocytes, 
which, accompanied by the infiltration 
of immune cells into the skin, leads to 
the formation of erythematous, scaly 
plaques (59). The pathophysiology 
of PsO is characterised by periods of 
flares and remission, with the severity 
and manifestation of symptoms varying 
wildly among patients (60).

Clinical manifestations of 
psoriatic arthritis
In close association with PsO, psoriatic 
arthritis (PsA) presents as a multifac-
eted disease that substantially impacts 
quality of life (61). PsA encompasses 
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a spectrum of clinical manifestations, 
from peripheral arthritis and enthesitis 
to dactylitis and axial disease (62-65). 
Most patients also experience psoriatic 
skin and nail lesions (66) and most will 
have cutaneous features before the on-
set of arthritis (61, 64, 66-68).

Link between PsO and PsA
PsO and PsA are chronic inflammatory 
diseases with common genetic and im-
mune-mediated components affecting 
the skin and musculoskeletal system, 
respectively. Both conditions exhibit 
a complex aetiology that remains to be 
fully understood. PsO and PsA impose 
a substantial health burden on popula-
tions worldwide. Both conditions share 
common genetic and immune-mediat-
ed components, underlining their close 
association and significant impact on 
affected individuals. Given the close 
association between PsO and PsA, 
there is significant interest in under-
standing the underlying molecular dif-
ferences between the two conditions. 
Understanding these differences will 
enable the identification of individu-
als with PsO who are likely to develop 
PsA (59, 66). The variability in symp-
toms among patients and the lack of a 
molecular diagnostic assay emphasises 
the need for a deeper molecular under-
standing (60). 

Role of EVs in the pathogenesis 
of PsO and PsA
It has been recognised that EVs play a 
pivotal role in the pathogenesis of in-
flammatory and autoimmune diseases 
due to their contribution to the propa-
gation of inflammatory signals (37, 38). 
The identification of EV-derived pro-
tein biomarkers could potentially lead 
to the development of non-invasive di-
agnostic and prognostic tests, opening 
avenues for early detection and meticu-
lous monitoring of disease progression. 

miRNA biomarkers in EVs 
for PsO and PsA differentiation
Two recent studies investigated the 
micro-RNA (miRNA) content isolated 
from plasma EVs (69) and serum EVs 
(70) to identify biomarkers for PsA in 
PsO patients. The study by Lättekivi 
et al. identified no significant differ-
ences in miRNA levels between PsO 
and PsA EV samples (with FDR cor-
rection for multiple testing p<0.05). 
However, one miRNA was significantly 
reduced in PsA EV samples compared 
to healthy controls (has-miR-10b-5p), 
and 12 miRNAs were significantly dif-
ferentially expressed between PsO and 
healthy control EV samples (with FDR 
correction for multiple testing p<0.05) 
(70). Plasma EV miRNAs revealed po-
tential biomarkers to distinguish PsO 

from PsA. The study found that nine 
miRNAs were upregulated in PsA pa-
tient EV samples (has-miR-23a-3p, 
-379-5p, -98-5p, 29a-3p, 27b-3p, 27a-
3p, 26a-5p, 146a-5p, has-let-7e-5p) and 
ten miRNAs were downregulated in 
PsA patient EV samples (has-miR-92a-
3p, -139-3p, -92b-3p, -486-5p, -1180-
3p, -3158-3p, -4732-3p, -203a, has-let-
7b-5p, -7b-3p) compared to PsO patient 
EV samples in the discovery cohort 
(n=29 individuals) (69). The downregu-
lation of two miRNAs in PsA EV sam-
ples (let-7b-5p and miR-30e-5p) could 
further be confirmed in the validation 
cohort (n=57 individuals) (69). One 
limitation of the above-named studies 
is the small study populations, and due 
to differences in sample matrix and EV 
extraction procedures, these studies are 
not directly comparable. These findings 
suggest that the miRNA contents of 
EVs may be distinct between PsO and 
PsA populations.

Proteomic profiles of EVs 
in psoriatic diseases
EVs derived from patients with PsO 
and PsA may also harbour distinct pro-
teomic profiles compared to those from 
healthy individuals (7-9). Changes in 
the protein content of EVs might ex-
acerbate the inflammation attributed 
to the onset of psoriatic disease. Char-

Fig. 1. The formation, release and 
uptake of extracellular vesicles. 
A: The release of exosomes from a 
multivesicular body. 
B: Microvesicle formation and 
release. 
C: Apoptotic blebbing and the re-
lease of apoptotic bodies. 
D: Microvesicle endocytosis and 
the release of its contents. 
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acterising the EV proteome might un-
cover a role of EVs in the development 
and progression of PsA, which can be 
exploited for diagnostic assays, thera-
peutic intervention and disease man-
agement.

Mass spectrometry for 
EV proteomics
Sample preparation and 
methodological considerations
Mass spectrometry (MS) has proven in-
valuable in proteomics, facilitating in-
depth profiling of complex protein mix-
tures such as those found within EVs 
(71-73). MS-based proteomic analysis 
involves the isolation and purification 
of EVs, followed by protein extraction, 
digestion, and peptide separation (74). 
Rigorous and standardised methodolo-
gies become imperative to ensure ac-
curacy and reproducibility in the results 
obtained (75). 

Applications of MS-based 
proteomics for EVs: potential 
of MS in EV biomarker discovery
The high sensitivity and capability to 
identify and quantify proteins within 
intricate samples like EVs make MS 
a suitable technique for characterising 
the EV proteome (5, 6). Through MS-
based techniques, the in-depth profiling 
of the extracellular vesicle (EV) pro-
teome is possible, providing insights 
that may accelerate the discovery of po-
tential disease biomarkers (71-73). The 
use of MS in the proteomic analysis of 
extracellular vesicles offers a promis-
ing avenue for both the identification 
of disease-associated proteomic signa-
tures and the development of MS-based 
diagnostic assays, which could mas-
sively improve disease management.

Challenges in mass 
spectrometry-based proteomics 
of EVs
Challenges in EV isolation
A significant challenge in EV prot-
eomics is the isolation of the vesicles. 
Standard techniques to isolate EVs in-
clude ultracentrifugation, density gradi-
ent centrifugation, size exclusion chro-
matography, and precipitation (2). Each 
method has demonstrated variable effi-
cacy, with distinct differences in purity 

and yield. A significant concern is that 
different methods may isolate varying 
subsets of vesicles, which could influ-
ence comparative analyses between 
studies.
The experimental design can also influ-
ence the co-isolation of non-EV compo-
nents. Such co-isolates, including pro-
tein aggregates, lipoproteins, and even 
viruses, can inadvertently influence 
subsequent proteomic analyses, leading 
to potential misinterpretations (73, 76). 
This aspect underscores the necessity of 
rigorous and standardised methods in 
sample preparation to ensure accuracy 
and reproducibility, as the introduction 
of contaminants can significantly skew 
proteomic data (75).

Implications of EV heterogeneity
Additionally, the inherent heterogene-
ity of EVs poses its own set of chal-
lenges. Given the diversity in their size, 
origin, composition, and function, EVs 
can showcase varied protein content 
and proteomic profiles (77). Such vari-
ability can be significant, even among 
samples representing the same disease 
state. Consequently, pinpointing con-
sistently altered proteins becomes a 
challenging endeavour (78).
While MS holds significant promise in 
characterising the role of EVs in psori-
atic disease, the challenges of isolation 
underscore the need for standardised 
methodologies and diligent validation.
The heterogeneity of EVs represents 
a challenge for MS-based proteomics. 
EVs are characterised by differences 
in their size, origin, composition, and 
function, all of which have implications 
on their protein content and consequent 
proteomic profiles (77). This vast diver-
sity in EV properties reflects the myriad 
of cells and physiological states from 
which they originate  and their various 
roles in intercellular communication 
and pathophysiological processes.

Variability and reproducibility 
issues in EV proteomic studies
Reproducibility in the isolation of EVs 
is critical. The heterogeneity of EVs 
and differences in the protein content 
between different EV subtypes can 
result in pronounced variations in the 
proteomic profiles of EVs, even when 

derived from similar biological sources 
or conditions. This can lead to signifi-
cant variability between samples from 
the same disease state. Consequently, 
this can impact the identification of 
consistently altered proteins, which is 
crucial for biomarker discovery and 
understanding pathogenic mechanisms 
(78). The challenge posed by the het-
erogeneity of EVs is further exacerbat-
ed when considering the co-isolation 
of non-vesicular components, such as 
protein aggregates and other biomol-
ecules, which can confound proteomic 
analysis (75). 
The protocols used for the isolation and 
purification of EVs, protein extraction, 
digestion, and subsequent peptide sepa-
ration play a pivotal role in the quality 
of the data obtained (74). Due to the 
intrinsic heterogeneity of EVs, com-
bined with the potential co-isolation of 
non-vesicular components, there is an 
increased risk of introducing variability 
into the samples (75). This variability 
between samples can potentially mask 
genuine biological differences or exag-
gerate minor ones, making it difficult to 
discern authentic proteomic signatures 
from mere artefacts or random fluctua-
tions (78).
Multiple isolation methods should be 
considered to address issues of vari-
ability and reproducibility in the isola-
tion of EVs for identifying protein bio-
markers. The incorporation of multiple 
purification methods would reduce the 
co-isolation of non-vesicular compo-
nents. Techniques such as electron mi-
croscopy and flow cytometry could be 
employed to validate the successful iso-
lation of EVs. The sequential use of dif-
ferent techniques has been demonstrat-
ed to reduce the amount of co-isolated 
entities (79).

Conclusion and perspectives: 
the promise and potential of EV 
proteomics in disease diagnosis 
and prognosis
EVs are mediators of intercellular com-
munication in a variety of physiologi-
cal processes and diseases (3). Their 
distinct proteomic cargo holds immense 
promise for enhancing our understand-
ing of disease mechanisms, particularly 
in conditions like PsA and PsO (2).
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EV proteomics for disease 
diagnosis and prognosis
The proteomic content of EVs reflects 
their parent cells’ physiological and 
pathological states, allowing for the 
potential identification of disease bio-
markers and insights into pathophysi-
ology. The in-depth profiling of the EV 
proteome can expedite the discovery 
of therapeutic targets and biomarkers, 
thereby potentially improving disease 
management (71, 73).

Potential for biomarker 
discovery and therapeutic targets
in psoriatic diseases
In the specific context of psoriatic dis-
eases, the characterisation of the pro-
teomic content of EVs offers a novel 
avenue to gain insights into the patho-
genesis and progression of these condi-
tions. As demonstrated, the comparative 
proteomic analysis of EVs derived from 
individuals with PsO and PsA can reveal 
molecular markers that predict disease 
development and progression. Such 
findings can pave the way for develop-
ing non-invasive diagnostic and prog-
nostic tests, enhancing early detection 
and improving disease management.
EV proteomics represents an exciting 
frontier in inflammatory disease re-
search. Characterising the EV proteome 
could unveil novel strategies for under-
standing, diagnosing, and potentially 
treating inflammatory diseases.

Future directions: 
the role of EV proteomics in 
understanding pathophysiology
EVs and their proteomic content have 
emerged as a significant area of interest 
in studying many inflammatory condi-
tions. Their role in cell-to-cell com-
munication and immune modulation 
underscores their potential as valuable 
tools for gaining insights into disease 
pathogenesis (2, 3). Given the roles of 
EVs in these fundamental biological 
processes, studying the proteomic con-
tent of EVs can provide a deeper under-
standing of the underlying mechanisms 
influencing the development and pro-
gression of diseases like PsA. The prot-
eomic content of EVs has been found to 
reflect the physiological and pathologi-
cal states of the parent cells, suggest-

ing a direct link between the cellular 
environment and the molecular cargo 
of these vesicles (3). Identifying EV 
protein biomarkers could pave the way 
for developing non-invasive diagnostic 
and prognostic tests. Such tools are in-
valuable for early detection, monitoring 
disease progression, and predicting dis-
ease outcomes based on EV proteomic 
profiles.

References
  1.	van NIEL G, D’ANGELO G, RAPOSO G:    

Shedding light on the cell biology of ex-
tracellular vesicles. Nat Rev Mol Cell Biol 
2018; 19(4): 213-28. 

	 https://doi.org/10.1038/nrm.2017.125
  2.	THÉRY C, WITWER KW, AIKAWA E et al.: 

Minimal information for studies of extracel-
lular vesicles 2018 (MISEV2018): a posi-
tion statement of the International Society 
for Extracellular Vesicles and update of the 
MISEV2014 guidelines. J Extracell Vesicles 
2018; 7(1): 1535750. https://

	 doi.org/10.1080/20013078.2018.1535750
  3.	YÁÑEZ-MÓ M, SILJANDER PR, ANDREU Z 

et al.: Biological properties of extracellular 
vesicles and their physiological functions.     
J Extracell Vesicles 2015; 4: 27066. 

	 https://doi.org/10.3402/jev.v4.27066
  4.	HUR YH, CERIONE RA, ANTONYAK MA:    

Extracellular vesicles and their roles in stem 
cell biology. Stem Cells 2020; 38(4): 469-76. 
https://doi.org/10.1002/stem.3140

  5.	ASKELAND A, BORUP A, ØSTERGAARD O 
et al.: Mass-spectrometry based proteome 
comparison of extracellular vesicle isola-
tion methods: comparison of ME-kit, size-
exclusion chromatography, and high-speed 
centrifugation. Biomedicines 2020; 8(8). 

	 https://doi.org/10.3390/biomedicines8080246
  6.	MALLIA A, GIANAZZA E, ZOANNI B, BRI-

OSCHI M, BARBIERI SS, BANFI C: Proteom-
ics of extracellular vesicles: update on their 
composition, biological roles and potential 
use as diagnostic tools in atherosclerotic 
cardiovascular diseases. Diagnostics (Basel) 
2020; 10(10). 

	 https://doi.org/10.3390/diagnostics10100843
  7.	van NIEL G, CARTER DRF, CLAYTON A, LAM-

BERT DW, RAPOSO G, VADER P: Challenges 
and directions in studying cell-cell commu-
nication by extracellular vesicles. Nat Rev 
Mol Cell Biol 2022; 23(5): 369-82. 

	 https://doi.org/10.1038/s41580-022-00460-3
  8.	SANWLANI R, GANGODA L: Role of extra-

cellular vesicles in cell death and inflamma-
tion. Cells 2021; 10(10). 

	 https://doi.org/10.3390/cells10102663
  9.	MAAS SLN, BREAKEFIELD XO, WEAVER 

AM: Extracellular vesicles: unique intercel-
lular delivery vehicles. Trends Cell Biol 
2017; 27(3): 172-88. 

	 https://doi.org/10.1016/j.tcb.2016.11.003
10.	RAPOSO G, STOORVOGEL W: Extracellu-

lar vesicles: exosomes, microvesicles, and 
friends. J Cell Biol 2013; 200(4): 373-83. 
https://doi.org/10.1083/jcb.201211138

11.	ROBBINS PD, MORELLI AE: Regulation of 

immune responses by extracellular vesicles. 
Nat Rev Immunol 2014; 14(3): 195-208. 

	 https://doi.org/10.1038/nri3622
12.	ZABOROWSKI MP, BALAJ L, BREAKEFIELD 

XO, LAI CP: Extracellular vesicles: compo-
sition, biological relevance, and methods 
of study. Bioscience 2015; 65(8): 783-97. 
https://doi.org/10.1093/biosci/biv084

13.	WHITESIDE TL: Exosomes and tumor-me-
diated immune suppression. J Clin Invest 
2016; 126(4): 1216-23. 

	 https://doi.org/10.1172/jci81136
14.	WELTON JL, KHANNA S, GILES PJ et al.:   

Proteomics analysis of bladder cancer ex-
osomes. Mol Cell Proteomics 2010; 9(6): 
1324-38. https://

	 doi.org/10.1074/mcp.m000063-mcp201
15.	COLOMBO M, RAPOSO G, THÉRY C: Biogen-

esis, secretion, and intercellular interactions 
of exosomes and other extracellular vesicles. 
Annu Rev Cell Dev Biol 2014; 30: 255-89. 
https://doi.org/10.1146/annurev-cellbio- 
101512-122326

16.	HOSHINO A, COSTA-SILVA B, SHEN TL et al.: 
Tumour exosome integrins determine organo-
tropic metastasis. Nature 2015; 527(7578): 
329-35. https://doi.org/10.1038/nature15756

17.	KALLURI R, LEBLEU VS: The biology, func-
tion, and biomedical applications of ex-
osomes. Science 2020; 367(6478). 

	 https://doi.org/10.1126/science.aau6977
18.	RYU J, PARK SG, PARK BC, CHOE M, LEE KS, 

CHO JW: Proteomic analysis of psoriatic skin 
tissue for identification of differentially ex-
pressed proteins: up-regulation of GSTP1, 
SFN and PRDX2 in psoriatic skin. Int J Mol 
Med 2011; 28(5): 785-92. 

	 https://doi.org/10.3892/ijmm.2011.757
19.	KALLURI R, LEBLEU VS: Discovery of dou-

ble-stranded genomic DNA in Circulating 
exosomes. Cold Spring Harb Symp Quant 
Biol 2016; 81: 275-80. 

	 https://doi.org/10.1101/sqb.2016.81.030932
20.	HUANG T, DENG CX: Current progresses of 

exosomes as cancer diagnostic and prognos-
tic biomarkers. Int J Biol Sci 2019; 15(1): 
1-11. https://doi.org/10.7150/ijbs.27796

21.	COCUCCI E, MELDOLESI J: Ectosomes and 
exosomes: shedding the confusion between 
extracellular vesicles. Trends Cell Biol 2015; 
25(6): 364-72. 

	 https://doi.org/10.1016/j.tcb.2015.01.004
22.	STÅHL AL, JOHANSSON K, MOSSBERG M, 

KAHN R, KARPMAN D: Exosomes and mi-
crovesicles in normal physiology, patho-
physiology, and renal diseases. Pediatr 
Nephrol 2019; 34(1): 11-30. 

	 https://doi.org/10.1007/s00467-017-3816-z
23.	POON IK, LUCAS CD, ROSSI AG, RAVICHAN-

DRAN KS: Apoptotic cell clearance: basic 
biology and therapeutic potential. Nat Rev 
Immunol 2014; 14(3): 166-80. 

	 https://doi.org/10.1038/nri3607
24.	JIANG L, PAONE S, CARUSO S et al.: Deter-

mining the contents and cell origins of apop-
totic bodies by flow cytometry. Sci Rep 2017; 
7(1): 14444. 

	 https://doi.org/10.1038/s41598-017-14305-z
25.	CARUSO S, POON IKH: Apoptotic cell-de-

rived extracellular vesicles: more than just 
debris. Front Immunol 2018; 9: 1486.

	  https://doi.org/10.3389/fimmu.2018.01486



1990 Clinical and Experimental Rheumatology 2025

Harnessing extracellular vesicles for biomarker discovery in PsA / C.R. Bryan et al.

26.	ELMORE S: Apoptosis: a review of pro-
grammed cell death. Toxicol Pathol 2007; 
35(4): 495-516. 

	 https://doi.org/10.1080/01926230701320337
27.	DI VIZIO D, MORELLO M, DUDLEY AC et 

al.: Large oncosomes in human prostate 
cancer tissues and in the circulation of mice 
with metastatic disease. Am J Pathol 2012; 
181(5): 1573-84. 

	 https://doi.org/10.1016/j.ajpath.2012.07.030
28.	JIANG Y, LIU X, YE J et al.: Migrasomes, a 

new mode of intercellular communication. 
Cell Commun Signal 2023; 21(1): 105. 

	 https://doi.org/10.1186/s12964-023-01121-4
29.	YU S, YU L: Migrasome biogenesis and func-

tions. FEBS J 2022; 289(22): 7246-54. 
	 https://doi.org/10.1111/febs.16183
30.	ABELS ER, BREAKEFIELD XO: Introduction 

to extracellular vesicles: biogenesis, rna 
cargo selection, content, release, and uptake. 
Cell Mol Neurobiol 2016; 36(3): 301-12. 
https://doi.org/10.1007/s10571-016-0366-z

31.	FOOT N, HENSHALL T, KUMAR S: Ubiqui-
tination and the regulation of membrane 
proteins. Physiol Rev 2016; 97(1): 253-81. 
https://doi.org/10.1152/physrev.00012.2016

32.	MURALIDHARAN-CHARI V, CLANCY JW, 
SEDGWICK A, D’SOUZA-SCHOREY C:        
Microvesicles: mediators of extracellular 
communication during cancer progression.    
J Cell Sci 2010; 123(Pt 10): 1603-11. 

	 https://doi.org/10.1242/jcs.064386
33.	THÉRY C, ZITVOGEL L, AMIGORENA S:     

Exosomes: composition, biogenesis and 
function. Nat Rev Immunol 2002; 2(8): 569-
79. https://doi.org/10.1038/nri855

34.	VILLARROYA-BELTRI C, GUTIÉRREZ-VÁZ-
QUEZ C, SÁNCHEZ-CABO F et al.: Sumoylat-
ed hnRNPA2B1 controls the sorting of 
miRNAs into exosomes through binding to 
specific motifs. Nat Commun 2013; 4: 2980. 
https://doi.org/10.1038/ncomms3980

35.	SHURTLEFF MJ, TEMOCHE-DIAZ MM, KAR-
FILIS KV, RI S, SCHEKMAN R: Y-box protein 
1 is required to sort microRNAs into ex-
osomes in cells and in a cell-free reaction. 
Elife 2016; 5. 

	 https://doi.org/10.7554/elife.19276
36.	KING HW, MICHAEL MZ, GLEADLE JM:     

Hypoxic enhancement of exosome release by 
breast cancer cells. BMC Cancer 2012; 12: 
421. 

	 https://doi.org/10.1186/1471-2407-12-421
37.	LU M, DIBERNARDO E, PARKS E, FOX H, 

ZHENG SY, WAYNE E: The role of extracellu-
lar vesicles in the pathogenesis and treatment 
of autoimmune disorders. Front Immunol 
2021; 12: 566299. 

	 https://doi.org/10.3389/fimmu.2021.566299
38.	BUZAS EI, GYÖRGY B, NAGY G, FALUS A, 

GAY S: Emerging role of extracellular vesi-
cles in inflammatory diseases. Nat Rev Rheu-
matol 2014; 10(6): 356-64. 

	 https://doi.org/10.1038/nrrheum.2014.19
39.	BUZAS EI: The roles of extracellular vesicles 

in the immune system. Nat Rev Immunol 
2023; 23(4): 236-50. 

	 https://doi.org/10.1038/s41577-022-00763-8
40.	REALE A, KHONG T, SPENCER A: Extracel-

lular vesicles and their roles in the tumor im-
mune microenvironment. J Clin Med 2022; 
11(23). 

	 https://doi.org/10.3390/jcm11236892
41.	MULCAHY LA, PINK RC, CARTER DR: Routes 

and mechanisms of extracellular vesicle up-
take. J Extracell Vesicles 2014; 3. 

	 https://doi.org/10.3402/jev.v3.24641
42.	ATAI NA, BALAJ L, van VEEN H et al.: Hepa-

rin blocks transfer of extracellular vesicles 
between donor and recipient cells. J Neuroon-
col 2013; 115(3): 343-51. 

	 https://doi.org/10.1007/s11060-013-1235-y
43.	KWOK ZH, WANG C, JIN Y: Extracellular 

vesicle transportation and uptake by recipi-
ent cells: a critical process to regulate hu-
man diseases. Processes (Basel) 2021; 9(2). 
https://doi.org/10.3390/pr9020273

44.	MINCIACCHI VR, FREEMAN MR, DI VIZIO D: 
Extracellular vesicles in cancer: exosomes, 
microvesicles and the emerging role of large 
oncosomes. Semin Cell Dev Biol 2015; 40: 
41-51. https://

	 doi.org/10.1016/j.semcdb.2015.02.010
45.	PALUSCHINSKI M, LOOSEN S, KORDES C et 

al.: Extracellular vesicles as markers of liver 
function: optimized workflow for biomarker 
identification in liver disease. Int J Mol Sci 
2023; 24(11). 

	 https://doi.org/10.3390/ijms24119631
46.	LI G, HE L, HUANG J et al.: miR-142-3p encap-

sulated in T lymphocyte-derived tissue small 
extracellular vesicles induces Treg function 
defect and thyrocyte destruction in Hashimo-
to’s thyroiditis. BMC Med 2023; 21(1): 206. 

	 https://doi.org/10.1186/s12916-023-02914-7
47.	CORDEIRO HG, AZEVEDO-MARTINS JM, 

FARIA AVS et al.: Calix[6]arene dismantles 
extracellular vesicle biogenesis and metal-
loproteinases that support pancreatic cancer 
hallmarks. Cell Signal 2024; 119: 111174. 
https://doi.org/10.1016/j.cellsig.2024.111174

48.	MIAO HB, WANG F, LIN S, CHEN Z: Update on 
the role of extracellular vesicles in rheuma-
toid arthritis. Expert Rev Mol Med 2022; 24: 
e12. https://doi.org/10.1017/erm.2021.33

49.	LUDWIG N, YERNENI SS, AZAMBUJA JH et 
al.: Tumor-derived exosomes promote angi-
ogenesis via adenosine A(2B) receptor sign-
aling. Angiogenesis 2020; 23(4): 599-610. 
https://doi.org/10.1007/s10456-020-09728-8

50.	LINDENBERGH MFS, WUBBOLTS R, BORG 
EGF, VAN ‘T VELD EM, BOES M, STOORVO-
GEL W: Dendritic cells release exosomes 
together with phagocytosed pathogen; po-
tential implications for the role of exosomes 
in antigen presentation. J Extracell Vesicles 
2020; 9(1): 1798606. https://

	 doi.org/10.1080/20013078.2020.1798606
51.	XU K, MA D, ZHANG G et al.: Human um-

bilical cord mesenchymal stem cell-derived 
small extracellular vesicles ameliorate colla-
gen-induced arthritis via immunomodulatory 
T lymphocytes. Mol Immunol 2021; 135: 36-
44. https://

	 doi.org/10.1016/j.molimm.2021.04.001
52.	WU H, ZHOU X, WANG X et al.: miR-34a 

in extracellular vesicles from bone marrow 
mesenchymal stem cells reduces rheumatoid 
arthritis inflammation via the cyclin I/ATM/
ATR/p53 axis. J Cell Mol Med 2021; 25(4): 
1896-910. 

	 https://doi.org/10.1111/jcmm.15857
53.	SONG JE, KIM JS, SHIN JH et al.: Role of syn-

ovial exosomes in osteoclast differentiation 

in inflammatory arthritis. Cells 2021; 10(1). 
https://doi.org/10.3390/cells10010120

54.	HEADLAND SE, JONES HR, NORLING LV et 
al.: Neutrophil-derived microvesicles enter 
cartilage and protect the joint in inflamma-
tory arthritis. Sci Transl Med 2015; 7(315): 
315ra190. 

	 https://doi.org/10.1126/scitranslmed.aac5608
55.	RHYS HI, DELL’ACCIO F, PITZALIS C, MOORE 

A, NORLING LV, PERRETTI M: Neutrophil mi-
crovesicles from healthy control and rheuma-
toid arthritis patients prevent the inflammato-
ry activation of macrophages. EBioMedicine 
2018; 29: 60-69. 

	 https://doi.org/10.1016/j.ebiom.2018.02.003
56.	EGELSTON C, KURKÓ J, BESENYEI T et al.: 

Suppression of dendritic cell maturation and 
T cell proliferation by synovial fluid myeloid 
cells from mice with autoimmune arthritis. 
Arthritis Rheum 2012; 64(10): 3179-88.

	 https://doi.org/10.1002/art.34494
57.	WANG L, WANG C, JIA X, YU J: Circulating 

Exosomal miR-17 inhibits the induction of 
regulatory T cells via suppressing TGFBR 
II expression in rheumatoid arthritis. Cell 
Physiol Biochem 2018; 50(5): 1754-63. 

	 https://doi.org/10.1159/000494793
58.	GREISEN SR, YAN Y, HANSEN AS et al.: Ex-

tracellular vesicles transfer the receptor pro-
grammed death-1 in rheumatoid arthritis. 
Front Immunol 2017; 8: 851. 

	 https://doi.org/10.3389/fimmu.2017.00851
59.	OWCZAREK W: The role of HLA-Cw6 in 

psoriasis and psoriatic arthritis. Reumatolo-
gia 2022; 60(5): 303-5. 

	 https://doi.org/10.5114/reum.2022.120752
60.	GOSSEC L, SMOLEN JS, RAMIRO S et al.: 

European League Against Rheumatism (EU-
LAR) recommendations for the management 
of psoriatic arthritis with pharmacologi-
cal therapies: 2015 update. Ann Rheum Dis 
2016; 75(3): 499-510. https://

	 doi.org/10.1136/annrheumdis-2015-208337
61.	BOEHNCKE W-H, SCHÖN MP: Psoriasis. Lan-

cet 2015; 386(9997): 983-94. https://
	 doi.org/10.1016/S0140-6736(14)61909-7
62.	ALINAGHI F, CALOV M, KRISTENSEN LE et 

al.: Prevalence of psoriatic arthritis in pa-
tients with psoriasis: a systematic review and 
meta-analysis of observational and clinical 
studies. J Am Acad Dermatol 2019; 80(1): 
251-65.e19. 

	 https://doi.org/10.1016/j.jaad.2018.06.027
63.	BELASCO J, WEI N: Psoriatic arthritis: what 

is happening at the joint? Rheumatol Ther 
2019; 6(3): 305-15. 

	 https://doi.org/10.1007/s40744-019-0159-1
64.	CHANDRAN V: Genetics of psoriasis and 

psoriatic arthritis. Indian J Dermatol 2010; 
55(2): 151-56. 

	 https://doi.org/10.4103/0019-5154.62751
65.	VEALE DJ, FEARON U: The pathogenesis of 

psoriatic arthritis. Lancet 2018; 391(10136): 
2273-84. https://

	 doi.org/10.1016/s0140-6736(18)30830-4
66.	RITCHLIN CT, COLBERT RA, GLADMAN 

DD: Psoriatic arthritis. N Engl J Med 2017; 
376(10): 957-70. 

	 https://doi.org/10.1056/nejmra1505557
67.	HAROON M, GALLAGHER P, FITZGERALD O: 

Diagnostic delay of more than 6 months con-
tributes to poor radiographic and functional 



1991Clinical and Experimental Rheumatology 2025

Harnessing extracellular vesicles for biomarker discovery in PsA / C.R. Bryan et al.

outcome in psoriatic arthritis. Ann Rheum 
Dis 2015; 74(6): 1045-50. https://

	 doi.org/10.1136/annrheumdis-2013-204858
68.	REICH K, KRÜGER K, MÖSSNER R, AUGUS-

TIN M: Epidemiology and clinical pattern of 
psoriatic arthritis in Germany: a prospective 
interdisciplinary epidemiological study of 
1511 patients with plaque-type psoriasis. Br 
J Dermatol 2009; 160(5): 1040-47. https://
doi.org/10.1111/j.1365-2133.2008.09023.x

69.	PASQUALI L, SVEDBOM A, SRIVASTAVA A et 
al.: Circulating microRNAs in extracellular 
vesicles as potential biomarkers for psori-
atic arthritis in patients with psoriasis. J Eur 
Acad Dermatol Venereol 2020; 34(6): 1248-
56. https://doi.org/10.1111/jdv.16203

70.	LÄTTEKIVI F, GULJAVINA I, MIDEKESSA G et 
al.: Profiling blood serum extracellular vesi-
cles in plaque psoriasis and psoriatic arthritis 
patients reveals potential disease biomarkers. 
Int J Mol Sci 2022; 23(7). 

	 https://doi.org/10.3390/ijms23074005
71.	AEBERSOLD R, MANN M: Mass-spectromet-

ric exploration of proteome structure and 
function. Nature 2016; 537(7620): 347-55. 
https://doi.org/10.1038/nature19949

72.	ALTELAAR AF, MUNOZ J, HECK AJ: Next-
generation proteomics: towards an integra-
tive view of proteome dynamics. Nat Rev 
Genet 2013; 14(1): 35-48. 

	 https://doi.org/10.1038/nrg3356
73.	 LÖTVALL J, HILL AF, HOCHBERG F et al.: 

Minimal experimental requirements for 
definition of extracellular vesicles and their 
functions: a position statement from the In-
ternational Society for Extracellular Vesi-
cles. J Extracell Vesicles 2014; 3: 26913. 
https://doi.org/10.3402/jev.v3.26913

74.	WIŚNIEWSKI JR, ZOUGMAN A, NAGARAJ 
N, MANN M: Universal sample preparation 
method for proteome analysis. Nat Methods 
2009; 6(5): 359-62. 

	 https://doi.org/10.1038/nmeth.1322
75.	JEPPESEN DK, FENIX AM, FRANKLIN JL et 

al.: Reassessment of exosome composition. 
Cell 2019; 177(2): 428-45.e18. 

	 https://doi.org/10.1016/j.cell.2019.02.029
76.	TAYLOR DD, SHAH S: Methods of isolating 

extracellular vesicles impact down-stream 
analyses of their cargoes. Methods 2015; 87: 
3-10. 

	 https://doi.org/10.1016/j.ymeth.2015.02.019
77.	van DEUN J, MESTDAGH P, SORMUNEN R et 

al.: The impact of disparate isolation meth-
ods for extracellular vesicles on downstream 
RNA profiling. J Extracell Vesicles 2014; 3. 
https://doi.org/10.3402/jev.v3.24858

78.	MATEESCU B, KOWAL EJ, van BALKOM BW 
et al.: Obstacles and opportunities in the 
functional analysis of extracellular vesicle 
RNA - an ISEV position paper. J Extracell 
Vesicles 2017; 6(1): 1286095. https://

	 doi.org/10.1080/20013078.2017.1286095
79.	VEERMAN R, TEEUWEN L, CZARNEWSKI P 

et al.: Molecular evaluation of five different 
isolation methods for extracellular vesicles 
reveals different clinical applicability and 
subcellular origin. J Extracell Vesicles 2021; 
10. https://doi.org/10.1002/jev2.12128


