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Exosomes are endosomal-derived nano-vesicles. They are considered vehicles through which donor cells transfer
proteins, lipids and nucleic acids to target cells thus influencing their metabolism. Exosomes are involved in
inflammatory processes that play a pivotal role in a large number of pathologic states including cancer, in-
flammatory bowel diseases, type 2 diabetes, obesity, rheumatoid arthritis and neurodegenerative diseases. The
association between inflammation and change in nature or expression level of some exosomal cargos is the
fundamental step for identifying possible novel biomarkers of inflammatory-based diseases. A novel interesting

exosome cargo is the SLC22A5 transport protein whose level in exosomes is regulated by the pro-inflammatory
cytokine INF-y. The advantage of using exosomes as a biomarker vehicle consists of their ease of collection from
body fluids such as urine and saliva as they may represent a non-invasive means for screening human pathology.

1. Introduction
1.1. Discovery of exosomes

Although the first study suggesting the existence of extracellular
vesicles was carried out in 1946 [1], it was only in 1977 that De Broe
described the release of these “membrane fragments” as a ubiquitous
feature of viable cells. Until the 1980s, these “fragments” were, how-
ever, commonly considered as platelet “dust” or cellular debris directly
budded from the plasma membrane [2]. It was only later that two in-
dependent groups demonstrated the existence of a subtype of vesicles
having an intracellular origin. Rose Johnstone, the first researcher who
isolated endosome-derived vesicles, proposed to call them exosomes
[3]. Subsequent studies have shown that the biogenesis of exosomes is
linked to the formation of endosomal multivesicular bodies which fuse
with the plasma membrane and release these luminal vesicular bodies
into the extracellular environment. This process can occur through two
different mechanisms, the first involves the Endosomal Sorting Complex

Required for Transport (ESCRT) machinery [4] and the second is
ESCRT-independent involveing tetraspanins [5]. Unfortunately, the
stimulus that may lead to the exocytosis of exosomes is still largely
unexplained.

1.2. Physicochemical characteristics of exosomes

Exosomes originate from endosomal vesicles, a unique feature that
distinguishes them from the other vesicles released by cells. Indeed,
microvesicles are generated by budding of plasma membrane while
apoptotic bodies are released from blebs of cells undergoing apoptosis
[6]. From a physicochemical point of view, exosomes appear as cup-
shaped vesicles by Transmission Electron Microscopy (TEM), and are
20-100nm in size with a density of 1.10g X mL™! [7]. In contrast,
microvesicles and apoptotic bodies show a heterogeneous morphology
and their size range from 100 to 1000 nm and from 1 to 5 um, respec-
tively [6].
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Fig. 1. Origin and molecular components of exosomes. Early endosomes evolve into late endosomes leading to the formation of the Multi-Vesicular Bodies (MVB).
MVBs can fuse with lysosomes or with the plasma membrane, releasing their content as exosomes. The right panel shows an enlarged view of exosomes with a

schematic representation of

their components.

Table 1
Source and features of exosomes in some inflammatory-based diseases
Disease Exosomes source Role of exosomes Ref.
Cancer Gastric cancer cells Stimulation of the NF-xB pathway in macrophages leading cell proliferation [21]
Breast cancer cells The NF-kB signalling pathway is stimulated by exosomal palmitoylated proteins [22]
Several cancer cell lines Exosomal miRNAs trigger pro-metastatic inflammatory response mediated by Toll-like [23]
receptor
Pancreatic ductal adenocarcinoma Exosomal MIF is a prognostic marker for PDAC liver metastasis [24]
prostate cancer cells LNCaP Inhibition of T-cell proliferation and promotion of T-cell apoptosis through the FasL pathway  [26]
Head and Neck squamous carcinoma Tumour escape [27]
cells
Nasopharyngeal carcinoma cells Inhibition of T cell proliferation by modulation of ERK, STAT1, STAT3, STAT5 and MARK1  [28]
pathway.
Inflammatory Bowel Diseases ~ Normal intestine Attenuation of IBD in mice [32]
Colonic luminal fluid aspirates Exosomes from IBD patients increase IL-8 level in human colonocytes [33]
Intestinal epithelial cells Patients with IBD have an elevated number of exosomes containing annexin-1 [36]
Saliva Marked differences in PSMA7 expression in exosome from IBD patients compared to controls  [37]
Kidney diseases Tubular epithelial cells During kidney injury, urinary exosomes contain mRNA coding for inflammatory chemokine  [39]
Urine mRNA of ATF3 is 60-fold higher in urinary exosomes from patients with acute kidney injury ~ [40]
than in controls
HEK293/urine INF-y cell treatment increases the level of OCTN2 in exosomes [51]
Obesity and Diabetes Adipose tissue Exosomes from obese subjects play a role in the development of chronic inflammation by [53]
TGF- and Wnt/B-catenin signalling
Adipose tissue Exosomes from obese mice modulate TLR4/TRIF pathway and are involved in obesity- [54]
associated insulin resistance
Macrophages Exosomes from macrophages of obese contain miRNAs which induce glucose intolerance [55]
Adipose-derived stem cells Improvement of insulin sensitivity [56]
Rheumatoid arthritis Synovial fibroblasts Vesicles from synovial fibroblasts treated with Interleukin-1f induce osteoarthritis-like [57]
phenotype
Synovial fibroblasts Exosomes from RA cause AKT and NF-kappa B activation. The activated T cells become [58]
resistant to apoptosis
Synovial fluid Exosomes from RA patient contain citrullinated protein [59]1
Mesenchymal stem cells Protect cartilage from degradation and promote its repair [60,61]
Neuro-inflammation Several cell lines a-synuclein, amyloid 3 and prions are moved between cells into exosomes triggering an [63]
inflammatory cascade
Serum Exosomes from LPS-treated mice induce systemic and CNS inflammation [62]
Microglial cells After brain injury the level of miR-124-3p increases causing the reduction of inflammation of ~ [25]

neurons

166



L. Console et al.

1.3. Exosome composition

The interest in exosomes has progressively grown since they were
discovered to contain functional protein, mRNA and microRNA [8,9].
Proteomic studies revealed that exosomes contain proteins originally
located in endosomes, plasma membrane and cytosol. They contain
very few components from the nucleus, mitochondria, endoplasmic
reticulum or Golgi, confirming that their cargo is not random as might
be in the case of cell debris. The protein content of exosome can be
divided into two sets. The nature of proteins that belong to the first set
depends on the cell type that secretes the exosomes, whereas proteins
belonging to the second set are found in most exosomes and subse-
quently used as exosomal markers. Tumour Susceptibility Gene 101
protein (TSG101), Charged Multivesicular Body Protein 2a (CHMP2A),
Ras-related protein Rab-11B (RAB11B), CD63 Antigen and CD81 An-
tigen are the most acknowledged (Fig. 1). Few data are currently
available about the lipid composition of these vesicles. They seem to be
enriched in cholesterol, sphingomyelin, ceramide and phosphati-
dylserine. Recent studies demonstrate that the membrane of the in-
ternal vesicles of the endosomal multivesicular bodies, which are the
precursors of exosomes, are enriched in cholesterol [10]. It is inter-
esting to note that several membrane transporters which might be also
present in exosomal membranes show sensitivity to cholesterol [11,12].
Interestingly, it is also known that the exosomal membrane contains
detergent-resistant subdomains similar to the lipid rafts of the plasma
membrane [13]. More recent data shows a link between endocytosis of
lipid rafts and its eventual secretion into exosomes [14]. One of the
most interesting roles linked to the presence of mRNA or miRNA into
exosomes (Fig. 1), is the transfer of nucleic acids to target cells and
affect gene expression [8]. The importance of the identification of
exosomal macromolecular components derives from the crucial role
that they may play in many processes directly or indirectly connected
with cellular functions such as inflammation, immune response, an-
giogenesis, cell death, neurodegenerative diseases and cancer [15].
Since exosomes, released by the different tissues, can be collected from
body fluids, their cargos represent possible disease markers and, hence,
therapeutic tools. For instance, understanding the exosomal cargo
modifications during inflammatory processes, will provide valuable
insights into the possibility of predicting and/or monitoring patholo-
gical processes before they manifest or during their progress in humans
and animals. (See Table 1.)

2. Inflammation

Inflammation has the physiological purpose of restoring tissue
homeostasis. However, uncontrolled or unresolved inflammation can
lead to tissue damage causing several diseases characterized by chronic
inflammatory states [16]. Indeed, pathways of systemic inflammation
have been recognized as essential components in the pathogenesis of
several diseases such as cancer, inflammatory bowel diseases, type 2
diabetes, obesity, rheumatoid arthritis and neurodegenerative diseases
[17]. Among a plurality of signalling cascades, exosomes seem to play a
crucial role in inflammation processes thanks to their capability to carry
inflammatory modulators such as miRNA and proteins which can act on
close as well as distant target tissues.

2.1. Cancer

2.1.1. Relationship between exosome inflammation and cancer
Inflammatory responses are involved in all stages of tumour de-
velopment, including initiation, promotion, malignant conversion, in-
vasion, and metastasis. Furthermore, inflammation plays a decisive role
also in immune surveillance and resistance to therapy [18,19]. Indeed,
in the 2011 Hanahan and Weinberg identified the inflammation as one
of the hallmark capabilities which virtually all cancers must acquire
[20]. A growing number of studies demonstrates that exosomes play a
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pivotal role to shape inflammatory microenvironment of tumours. For
instance, exosomes derived from gastric cancer cells, stimulate the ac-
tivation of the NF-kB pathway in macrophages, leading to increased
levels of pro-inflammatory factors, which in turn promote tumour cell
proliferation and migration [21]. The NF-kB signalling pathway is ac-
tive in a large number of tumours among which breast cancer. Inter-
estingly, a novel mechanism for the activation of this pathway involves
palmitoylated proteins which are present on the surface of exosomes
secreted by breast cancer cells. Through this mechanism, circulating
exosomes are used by breast cancer cells to induce pro-inflammatory
activation of macrophages resulting in secretion of pro-inflammatory
cytokines, such as Interleukin 6 (IL-6), Tumour Necrosis Factor alpha
(TNFa), Granulocyte Colony-Stimulating Factor (GCSF), and Chemo-
kine C-C motif Ligand 2 (CCL2) [22].

2.1.2. Exosomes in metastasis development

Exosomes also promote metastasis development. As an example,
miR-21 and miR-29a which are enclosed in tumour-secreted exosomes,
trigger a pro-metastatic inflammatory response mediated by Toll-like
receptor [23]. Another study demonstrated that liver metastases are
triggered by the exosomal macrophage Migration Inhibitory Factor
(MIF). Indeed, in patients with liver metastasis exosomes from stage I
Pancreatic Ductal Adeno Carcinoma (PDAC) showed a higher level of
MIF than in patients without metastatic progression. Therefore, exo-
somal MIF may be a prognostic marker for the development of PDAC
liver metastasis [24].

2.1.3. Exosomes in cancer initiation and progression

The initiation and progression of liver cancer are strictly dependent
on the local microenvironment. Exosomes derived from hepatocellular
carcinoma cell line HepG2 can cause significant transcriptomic altera-
tions in adipocytes stimulating their typical inflammatory phenotype.
Indeed, adipocytes play an important role in non-alcoholic fatty liver
disease, which is a significant risk factor for hepatocellular carcinoma.
In vivo experiments, showed that the exosomes are able to promote
tumour growth, angiogenesis, and macrophage recruitment in mouse
[25]. Exosomes facilitate tumour development also through a re-
modelling of the immunity based pathways. Exosomes from human
prostate cancer cell line, LNCaP, inhibit T-cell proliferation and pro-
mote T-cell apoptosis through the FasL pathway [26]. The vesicles
derived from head and neck squamous cell carcinoma were also shown
to induce T-cells apoptosis. In particular, it was demonstrated that tu-
mour-derived vesicles contribute to tumour escape through the demise
of the antitumor CD8(+) effector [27]. In addition, exosomes from
nasopharyngeal carcinoma inhibit T cell proliferation using a me-
chanism that consists on the one hand, in decreasing phosphorylation of
ERK, STAT1 and STATS3, and on the other, in increasing phosphoryla-
tion of STAT5. The phosphorylated factors behave as transcription ac-
tivators in the recipient T cells and are also involved in inflammation.
These tumour-derived exosomes are enriched in miRNA(s) which
downregulate the MARK1 signalling pathway, affecting T cells pro-
liferation and differentiation [28].

2.2. Inflammatory bowel diseases

Every day numerous bacteria and many dietary-derived antigens get
in touch with intestinal epithelial cells without causing immune reac-
tions. Intestinal mucosal homeostasis relies on the ability of the local
immune system not only to maintain tolerance towards normal mi-
crobiota and food proteins but also to initiate efficient immune re-
sponses towards enteric pathogens. Inflammatory bowel diseases (IBDs)
are a set of chronic disorders, that arise in genetically predisposed in-
dividuals, due to failure in maintaining intestinal homeostasis [29-31].
Many mechanisms have been proposed, by which immuno-tolerance is
maintained through regulation of activated T cells. One of these in-
volves the immunosuppressive activity of exosomes. Indeed, transfer of
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normal intestine exosomes into mice with IBD decreases the severity of
the disorder [32]. On the contrary, transfer of exosomes from IBD pa-
tients to human colonocytes cell line DLD-1 causes an increase of the
pro-inflammatory IL-8 [33]. Macrophages are also essential for the
maintenance of intestinal homeostasis, and their activation has been
proposed to be critical to the pathogenesis of IBD [34]. Circulating
exosomes participate in intercellular communication and can mediate
the immune response through the modulation of macrophage activity.
In serum exosomes from mice with induced acute colitis, 56 proteins
are differentially expressed with respect to control exosomes. Most of
these proteins are acute-phase proteins and immunoglobulins that are
mainly involved in the complement and coagulation cascade [35].
Another important mechanism for maintaining a functional intestinal
barrier is the epithelial restoring following injury. A crucial player of
this process is annexin-1 which significantly contributes to the process
of healing the mucosal damage and is overexpressed during the in-
flammatory response. Annexin-1 is released as a component of extra-
cellular exosomes derived from intestinal epithelial cells. Patients with
IBD have an elevated number of such vesicles secreted in serum. This
makes annexin-1-containing exosomes a potential biomarker of in-
testinal mucosal inflammation [36]. Another even more promising
biomarker for these pathologies is represented by the Proteasome
Subunit Alpha type 7 (PSMA?7) which can be detected in salivary exo-
somes isolated from patients with IBD. These patients showed marked
differences in the PSMA7 expression compared to exosome isolated
from healthy subjects [37].

2.3. Kidney diseases

2.3.1. Exosomes, inflammation and kidney diseases

In kidney diseases, extracellular vesicles promote or are linked to
thrombosis, inflammation and immune-mediated disease [38]. Since
exosomes can be collected from urine, their cargos may be utilized as
non-invasive biomarkers of these pathologies. The association between
inflammation and kidney diseases is supported by the finding that mice
with acute and chronic kidney injury have an increased amount of
exosomes carrying the inflammatory chemokine CCL2 mRNA with re-
spect to control mice. The increase of CCL2 in exosomes is also observed
after treatment of tubular epithelial cells (TECs) with Albumin, which
induces tubule-interstitial inflammation. These exosomes can be inter-
nalized by macrophages with a consequent enhanced inflammatory
response and macrophage migration. Mice subjected to tail vein injec-
tion of exosomes isolated by BSA-treated TECs develop tubular injury
and renal inflammation. The importance of the exosomal CCL2 in this
process was demonstrated by the injection of exosomes from BSA-
treated TECs which are deficient for CCL2. Mice subjected to this
treatment develop less severe inflammation. Finally, in humans, the
increased proteinuria of nephropathy patients correlates with an ex-
tremely high content of CCL2 mRNA in exosomes [39]. Among other
cargos that significantly increase in urinary exosomes under renal in-
jury, there is the mRNA of the activating transcriptional factor 3
(ATF3). ATF3 is an “adaptive response” gene used by the cell to at-
tenuate injury due to harmful cellular changes, such as renal ischemia
reperfusion and, indeed, plays an anti-apoptotic and anti-inflammatory
role. The mRNA of ATF3 is 60-fold higher in urinary exosomes from
patients with acute kidney injury than in controls [40].

2.3.2. Exosomal OCTN2 as a biomarker of inflammatory-based kidney
diseases

A novel suggested biomarker of inflammatory-based kidney
pathologies is a protein belonging to the SLCs superfamily, the
SLC22A5 also known as OCTN2, an acronym standing for Organic
Cation Transporter Novel 2. OCTN2 is a sodium-dependent carnitine
transporter which has the role of mediating the accumulation of car-
nitine into cells of many tissues. This process is critical for maintaining
the homeostasis of carnitine that is an essential cofactor for fatty acid p-
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oxidation. This pathway occurs in mitochondria where carnitine allows
the transport of fatty acyl moieties into the matrix as acylcarnitines,
using a shuttle system composed by Carnitine Palmitoyltransferase 1
(CPT1), Carnitine/Acylcarnitine Carrier (CAC) and Carnitine
Palmitoyltransferase 2 (CPT2) (Fig. 2) [41]. Peroxisomes can also
perform (-oxidation but the mechanisms and the role of carnitine in the
transport of fatty acyl groups through the peroxisomal membrane are
less known [42]. Despite its importance, the endogenous synthesis of
carnitine is not sufficient to guarantee cell homeostasis in human. More
than 50% of the required carnitine is furnished by diet. Together with
the ingested carnitine, the fraction reabsorbed at the kidney level, is
critical for maintaining the homeostasis. This fraction is also crucial for
compensating the insufficient ingestion of carnitine, for example in the
case of vegetarian subjects. In these cases, renal reabsorption of car-
nitine increases through the augmented expression of OCTN2 [43]. A
similar phenomenon also occurs during exercise which is a recognized
physiological modulator of lipid metabolism [44]. The demonstration
of the major role of OCTN2 in the above mentioned metabolism, is
given by the association of inherited OCTN2 defects with a human
pathology known as primary carnitine deficiency which is character-
ized by muscle weakness, encephalopathy, cardiomyopathy, confusion,
vomiting and hypoglycaemia. Several inflammatory-related diseases,
such as diabetes mellitus, chronic renal failure, cardiomyopathy, cir-
rhosis and sepsis show carnitine homeostasis derangement [45,46] in
which OCTN2 may be involved. According to the relationships of car-
nitine with the inflammatory states, administration of this cofactor to a
patient in haemodialysis significantly reduces serum C-Reactive Protein
(CRP) and Serum Amyloid A (SAA), two systemic inflammation markers
[47]. Recent studies suggest a more direct association between OCTN2
and inflammation. OCTN2 polymorphisms are indeed causative of In-
flammatory Bowel Disease and in particular of Crohn's disease [47].
However, the exact mechanisms underlying this relationship is still not
clearly understood. In this frame, the positive effect of cytokines on the
OCTN2 expression has been described [48,49]. The interest in studying
exosomal OCTN2 derives from its linkage with inflammation and from
its crucial localization in kidney, where the transporter significantly
contributes to the carnitine homeostasis [50]. It has been demonstrated
that exosomal OCTN2 derived from HEK293 cell media and human
urine shows all the main features of the cellular OCTN2 such as sodium
and pH dependence of the carnitine uptake. Furthermore, the carnitine
uptake is inhibited by acetyl carnitine but not by amino acids or NEM as
previously reported [51]. The apparent molecular mass of exosomal
OCTN2 is about 70 kDa which is much higher than the theoretical mass
of the transporter demonstrating that it is glycosylated as in the plasma
membrane [51]. This finding suggests that it is correctly folded. Inter-
estingly, the transporter level in HEK 293 exosomes increases as a
consequence of cell treatment with cytokine INF-y indicating that the
inflammatory signal is exported from cells via exosomal OCTN2, among
other molecular mechanisms. According to the increased expression
induced by INF-y, the sodium-dependent carnitine transport mediated
by the exosomal OCTN2 increases, as well. Even though additional
studies are required for understanding the role of OCTN2 in the cell to
cell signalling, exosomes very probably represent a mechanism for
transferring functional OCTN2 to the inflammation site for recovering
the carnitine transport capacity of altered renal cells. This, in turn,
could represent a benefit for controlling the inflammatory state [51].

2.4. Obesity and diabetes

Adipose tissue is considered a ‘master regulator’ of systemic energy
homeostasis by its involvement in the regulation of the other metabolic
organs, including liver, pancreas, kidney and skeletal muscle. Thus,
dysfunction of the adipose tissue is associated with obesity-related co-
morbidities, such as cardiovascular disease, hypertension, dyslipidemia,
insulin resistance, and diabetes mellitus. In this scenario, exosomes
represent a putative mechanism by which adipocytes can influence
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Fig. 2. Role of OCTN2 in carnitine homeostasis. The
sodium-dependent carnitine uptake is mediated by
OCTN2. Then carnitine allows fatty acids to enter
into mitochondrial matrix where they will be sub-
jected to B-oxidation. Carnitine Palmitoyltransferase
1 (CPT1), Carnitine/Acylcarnitine Carrier (CAC) and
Carnitine Palmitoyltransferase 2 (CPT2).
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other organ systems [52]. According to this hypothesis, it was found
that exosomes isolated from adipose tissue from obese subjects contain
an altered level of 55 miRNAs which mainly regulate TGF- and Wnt/3-
catenin signalling. The interaction between Wnt/pB-catenin and TGF-f3
signalling is important in the development and progression of chronic
inflammation which characterizes the obesity condition [53]. Exosomes
like vesicles released by adipose tissue of obese mice are taken up by
mononuclear cells inducing their differentiation into active macro-
phages with an increased release of TNF-a and IL-6. This exosome-
mediated activation involves the TLR4/TRIF pathway and may also be a
factor involved in obesity-associated insulin resistance [54]. The re-
lationship between exosomes, obesity and insulin resistance was re-
cently confirmed. Adipose tissue macrophages in obese mice secrete
exosomes containing miRNAs which are able to induce glucose intol-
erance and insulin resistance in lean mice [55]. On the contrary, exo-
somes from Adipose-Derived Stem Cells (ADSC) drive the improvement
of insulin sensitivity and the reduction of inflammation-inducing anti-
inflammatory M2 phenotypes. This suggests an exosome-mediated
cross-talk between ADSC and macrophages that facilitates immune and
metabolic homeostasis in white adipose tissue [56].

2.5. Rheumatoid arthritis

Rheumatoid Arthritis (RA) is a chronic, inflammatory and systemic
autoimmune disease caused by inflammation of the synovium. It leads
to a long-term joint damage, resulting in chronic pain, loss of function
and even disability. The pathogenic mechanism of RA is not fully un-
derstood.

However recent studies demonstrate the involvement of extra-
cellular vesicles. The role of exosomes in the aetiology of this pathology
is supposed by the observation that vesicles derived from synovial fi-
broblasts treated with Interleukin-1f induce osteoarthritis-like changes
in in vitro and in ex vivo models [57]. Exosomes produced by synovial
fibroblasts obtained from individuals with RA contain a membrane-
bound form of TNF-a. These exosomes can enter into anti-CD3-acti-
vated T cells causing AKT and NF-kB activation. Moreover, after uptake
of exosomes, the activated T cells become resistant to apoptosis [58].
Another observation that supports the role of exosomes in the RA ae-
tiology is that synovial exosomes isolated from a patient with this dis-
order show the presence of citrullinate proteins. This post translational
modification occurs through the action of a calcium dependent peptidyl
arginine deiminase which catalyses the conversion of arginine into ci-
trulline. The importance of this finding, in the Rheumatoid Arthritis
scenario, is related to the fact that citrullination represents a key step in
the transformation of non-immunogenic proteins to auto-immunogenic
ones [59]. Exosomes can also exert an anti-inflammatory action.
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Indeed, exosomes derived from mesenchymal stem cells protect
cartilage from degradation and promote its repair in osteoarthritis
[60,61].

2.6. Neuroinflammation

Neuroinflammation is a common feature of a large number of
neurodegenerative diseases such as Alzheimer's Disease (AD),
Parkinson's Disease (PD) and Amyotrophic Lateral Sclerosis (ALS).
Indeed all these disorders are characterized by glial activation and high
level of pro-inflammatory cytokine production in the central nervous
system (CNS) [62]. Recent studies highlight that exosomes are involved
in the pathogenesis of neuroinflammatory disorders [63]. Proteins such
as a-synuclein, amyloid B and prions which are involved in diseases
such as PD, AD and Creutzfeldt-Jacob, are moved from one cell to an-
other into exosomes triggering the inflammatory cascade [63]. Besides
this, stimulation of peripheral immune response is often associated with
inflammation in the central nervous system, suggesting a cross talk
between central and peripheral immune systems. Indeed, experimental
evidence indicate that purified serum-derived exosomes from LPS-
treated mice, can induce both systemic and CNS inflammation, even
though the mechanism by which this happens is not well understood
[62]. Moreover, inhibiting the excessive inflammatory response after
traumatic brain injury, improves the neurologic outcome. It was re-
cently found that after brain injury, the level of miR-124-3p increases.
This miRNA is able to reduce inflammation of neurons and promote
neurite outgrowth after scratch injury. Given the relevance of exosomes
in brain physiopathology, they are considered a novel therapeutic tool
for delivering anti-inflammatory mediators to the CNS [25].

3. Conclusions

A growing number of evidence indicates that exosomes can mod-
ulate gene expression and cell function, playing a crucial role in several
processes such as inflammation and immune response. On the basis of
the results so far provided, it is clear that the exosomal components
change in relationship to the physio-pathological state of the cells from
which they are released. Hence, exosomal components represent pro-
mising candidates for novel non-invasive biomarkers, since these sub-
type of vesicles can be collected from body fluids such as blood, urine
and saliva. The methods currently employed for isolation are four: i)
The ultracentrifugation is often used in combination with the sucrose
density gradients.

In this procedure, sequential centrifugations at increasing speeds are
performed. The method requires a large amount of starting material
with relatively low yields of good quality exosomes. ii) The size-based
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isolation approach includes the ultrafiltration procedure and HPLC
(High-Performance Liquid Chromatography)-based protocols. Both
protocols allow obtaining exosome-enriched samples. iii) The exosomes
precipitation procedure is a time-saving technique, which uses volume-
excluding polymers such as polyethylene glycols to collect exosomes as
a pellet at the end of a low-speed centrifugation. iv) The affinity-based
isolation approach employs antibodies against exosomal markers such
as CD63, CD9 and Alix which are immobilized on magnetic beads,
chromatography matrices, or microfluidic devices. The above-described
strategies are a good starting point to isolate exosomes for detection
and screening of human pathologies. However, additional efforts are
needed, not only to further investigate the relationship between the
variation of exosomal components and the disease progression, but also
to improve the methodologies for exosome isolation, to ensure reliable
and reproducible results.
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