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Exosomes: the future of biomarkers in medicine

Exosomes are nanovesicles secreted into the extracellular environment upon internal vesicle fusion with 
the plasma membrane. The molecular content of exosomes is a fingerprint of the releasing cell type and 
of its status. For this reason, and because they are released in easily accessible body fluids such as blood 
and urine, they represent a precious biomedical tool. A growing body of evidence suggests that exosomes 
may be used as biomarkers for the diagnosis and prognosis of malignant tumors. This article focuses on 
the exploitation of exosomes as diagnostic tools for human tumors and discusses possible applications of 
the same strategies to other pathologies, such as neurodegenerative diseases.
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Exosomes are nanovesicles of 50–100 nm diam-
eter that are released from most viable cells. 
Current knowledge suggests that exosomes cor-
respond to the intraluminal vesicles of endo-
somal multivesicular bodies (MVBs), released 
in the extracellular environment after MVB 
fusion with the plasma membrane. They form 
by membrane invagination of late endosomes, 
resulting in vesicles that contain cytosolic com-
ponents and expose the extracellular domain of 
some plasma membrane receptors at their surface 
[1,2]. Despite this well-established hypothesis, the 
contribution of other MVB-independent mecha-
nisms to the exosome formation process cannot 
currently be ruled out. Because of their cellular 
origin, exosomes bear specific protein markers 
of the endosomal pathway, such as tetraspanins 
(CD63, CD9 and CD81), heat shock proteins 
(HSP70) and proteins from the Rab family, 
Tsg101 and Alix, which are not found in other 
types of vesicles of similar size [3,4]. Ectosomes, 
for example, are formed upon plasma mem-
brane shedding and contain markers such as 
integrins and P-selectin, which are not related 
to the endosomal/exosomal pathway and are 
CD63 negative [5]. Similarly, apoptotic particles 
can be distinguished as they selectively contain 
histones [1].

Exosomes were first identified in the harvested 
media of reticulocyte cell cultures as microvesi-
cles containing membrane proteins, including 
the transferrin receptor [6]. Since then, several 
cell types have been described to release exosomes 
into the extracellular environment. Hematopoi-
etic cells (B cells, T cells, dendritic cells, mast 
cells and platelets), intestinal epithelial cells, 

Schwann cells, neuronal cells, adipocytes, fibro-
blasts (NIH3T3) and tumor cells have all been 
shown to secrete MVB internal vesicles [4].

The physiological meaning of MVB internal 
particle release into the extracellular space is still 
a matter of debate. They were originally sug-
gested to be involved in the removal of unneces-
sary molecules that are poorly degraded by the 
lysosomal system [7]. Nevertheless, as research 
progresses, the exosomal functions appear to be 
far more complex. Platelets secrete exosomes that 
are able to regulate the coagulation response [5]. 
Immune system cells, such as B cells and den-
dritic cells, mediate MHC-dependent immune 
responses upon nanovesicle secretion [8,9]. For 
this purpose, vesicles are provided with specific 
adhesion molecules for narrow targeting of recip-
ient cells [10]. Dendritic cell-derived exosomes, 
eluted from a variety of different tumors, eradi-
cate and suppress the growth of murine tumors 
in a T-cell-dependent manner [11]. Interest-
ingly, as antigen-presenting vesicles, exosomes 
are more immunogenic than soluble molecules 
and their use as safe vaccines is currently being 
investigated [12].

Further fascinating studies have shown that 
exosomes secreted by glioblastoma and mast cells 
can carry mRNAs encoding up to 1300 genes 
that are delivered and properly translated into 
target cells. The vesicle-associated RNA is called 
exosomal shuttle RNA and includes small RNA 
species, such as miRNAs [13,14]. Exosomal 
miRNAs are functional in target cells where they 
produce effective gene silencing [15].

All these remarkable findings suggest that 
exosomes are not only cell ‘cleaners’, but part of
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operating cell shuttles playing a crucial role in 
cell-to-cell communication. They probably also 
work as highly specialized functional extensions 
of cells, increasing their area of action. They 
are largely released in biological fluids, such as 
plasma, urine, cerebrospinal fluid, epididymal 
fluid, amniotic fluid, malignant and pleural 
effusions of ascites, bronchoalveolar lavage fluid, 
synovial fluid and breast milk, suggesting a role 
in bridging the exchange of information across 
distant body compartments [16].

Interestingly, the molecular contents of the 
exosomes that are secreted in body fluids have 
proven to be highly specific and a precious bio-
medical tool [17–19]. Some recent data suggest 
that exosome purification may represent a more 
informative diagnostic tool than whole body 
fluid. Cells located towards the drainage system, 
such as kidney tubular cells, provide exosomal 
markers that are not detectable in whole urine 
[17]. Urine exosomal preparations from prostate 
cancer patients indeed contain mRNA of PCA3 
and TMPRSS2, a product resulting from an 
ERG fusion chromosomal rearrangement [18]. 
Similarly, in urine exosomes, diagnostic and 
prognostic markers of renal ischemia/reperfu-
sion injury or antidiuretic hormone action, such 
as aquaporin-1 and -2, have been found [19,20]. 
All these molecules are not easily detected in 
whole urine.

The power of nanovesicles as biomarkers relies 
on the enrichment of highly selected markers 
during exosomal sorting, which otherwise con-
stitute only a very small proportion (less than 
0.01%) of the total proteome of body fluids. The 
enrichment of diagnostic markers at the exoso-
mal source, due to cargo sorting into exosomes, 
helps the discovery of relatively lowly expressed 
biomarkers that normally would go unde-
tected. In healthy human-circulating exosomes, 
approximately 66 proteins were identified, most 
of which were involved in vesicular trafficking 
pathways [21]. The exosome biomarker strategy 
exemplifies the concept of ‘less being more’, as 
the small number of proteins and RNAs give 
very insightful information that is specifically 
associated with pathological conditions.

Through an adapted ELISA test allowing the 
detection, characterization and quantification 
of exosomes [22], it has been shown that tumor 
patients have significantly increased plasmatic 
levels of exosomes expressing CAV1 compared 
with the plasma of healthy donors. Moreover, 
plasmatic exosomes deliver lung tumor-asso-
ciated miRNAs, suggesting that circulating 
exosomal miRNAs are representative of those 

expressed in the tumors and opening a per-
spective for early detection of the disease [23]. 
Preliminary studies have shown that salivary 
exosome protein and miRNA content can be 
potentially useful to detect disease conditions, 
such as Sjogren’s syndrome [24,25], and exosomes 
from amniotic fluids could provide a potent tool 
for prenatal diagnosis [26].

Exosome profiling could provide tailored 
information of individual patients and may be 
crucial for a precise prognosis or a differential 
diagnosis. The quantity of secretomes converg-
ing into body fluids, and the variety of cell types 
contributing to it, increases the noise of fluid-
based analysis systems [27]. It is a novel idea that 
exosomal biomarker changes could be indica-
tive of more than one condition. It is likely that 
plasma exosomes are released by different cell 
sources, from both blood cells and tissues that are 
then filtered by endothelial cells and large fenes-
trated organs such as the placenta and the liver. 
Therefore, isolation of cell-specific exosomes 
by immunoprecipitation could be a successful 
method to trace differential changes, thus dis-
criminating the cell lineages that produce them. 
Plasma exosomes of hepatic origin can be iso-
lated using antibodies that are specific to the liver 
marker carbamoyl phosphate synthetase 1 [28]. In 
cell cultures, A33 affinity isolation of colorectal 
cancer exosomes [28] and CD45 isolation of Jur-
kat T-cell line exosomes has yielded very specific 
cell-based signatures [29], and is currently being 
validated in the plasma of patients.

Thus, body fluid exosomes constitute a source 
of multiple markers that provide clinically useful 
information. An initial screening in conditioned 
media from cultured cells can be used to build 
a predictive model of deregulated pathways rep-
resented in exosomes. Models can then be trans-
lated in vivo into biological fluid sampling from 
a large patient cohort.

Exosome-based strategies for the 
diagnosis of tumors
Exosome-associated diagnostic molecules 
include exosomal proteins and RNAs (Table 1). 
A number of publications have described the 
association of exosomal markers with several 
cancer types; nevertheless, only a few exosome-
based diagnostic assays are currently available 
for clinical use. Recently, an exosome-based 
tumor diagnostic assay called ExoTEST™ 
(HansaBioMed, Estonia) was developed in our 
laboratories. ExoTEST is a sandwich ELISA 
developed to capture and quantify exosomes in 
human plasma and other body fluids, as well 
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as in cell culture supernatants. In this method, 
proteins of exosomes such as CD63 and Rab-
5b, and a tumor-associated marker (e.g., CAV1) 
are exploited for immunoisolation of nanovesi-
cles [22]. The accuracy of the novel method was 
established by western blot and flow cytometry 
analysis. In clinical studies it was observed by 
using ExoTEST that CD63+ and CAV1+ plasma 
exosome levels were significantly higher in mela-
noma patients compared with healthy donors. 
Specifically, the detection of CD63+ plasma 
exosomes by ExoTEST had a sensitivity of 43%, 
while a higher sensitivity of 68% was estimated 
for the detection of CAV1+ plasma exosomes. 
Furthermore, in melanoma patients, plasma 
exosomes expressing CAV1+ were significantly 
higher when compared with plasma exosomes 
expressing CD63+. Interestingly, the values of 
CD63 and CAV1 were compared with the serum 
level of LDH. Although the majority of patients 
were classified as stage III and IV (86/90), only 
six of them showed significantly higher serum 
levels of LDH, with no apparent correlation 
with staging. Other patients presented very het-
erogeneous and slightly above average levels of 
LDH. By contrast, the optical density values of 
CAV1 and CD63 were distributed through a 
scale that was compatible with exosomal quan-
tities (measured as values of CAV1) and tumor 
staging. Consistently with these clinical find-
ings, the ExoTEST allowed sensitive detection 
and quantification of exosomes purified from 
human tumor cell culture supernatant and 
plasma from severe combined immunodeficiency 
mice engrafted with human melanoma. Interest-
ingly, plasma levels of exosomes in melanoma-
engrafted severe combined immunodeficiency 
mice correlated to tumor size, consistent with 
the finding.

Together, these data suggest that ExoTEST 
can be used for the determination and quan-
tification of circulating exosomes, providing 
potential new sources of clinical biomarkers for 
screening tests, diagnosis and follow-up of cancer 
patients, and also patients with other diseases. 
In fact, the ExoTEST approach circumvents the 
common pitfalls of standard methods employed 
for detection of low abundant peripheral bio-
markers. The advantages of this technology over 
alternative methods are numerous: it is nonin-
vasive, user friendly, rapid, affordable, specific, 
quantitative, versatile (easily extendable to other 
markers/conditions), requires small amounts 
of sample, has multiple readouts and allows 
follow-up applications. ExoTEST provides the 
possibility of screening multiple markers on one Ta
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sample, defining conditions with similar clinical 
presentation and overlap of molecular pathol-
ogy. Overall, this method will enable the use of 
already established tumor-associated molecules 
as peripheral markers, as well as identify and 
validate novel diagnostic targets, predicted by 
preliminary tumor screening or discovered by 
large-scale profiling. By screening a larger num-
ber of cancer patients, it might be possible to 
define better marker profiles for diagnosis and 
prognosis, as well as develop easy and robust 
high-throughput assays for routine applications. 
An additional advantage of both basic and multi-
plex ExoTEST is the isolation of exosomes from 
unfractionated plasma, avoiding expensive and 
time-consuming ultracentrifugation procedures. 
In addition, the levels of ExoTEST sensitivity 
could be improved further by including a pool of 
different markers for better defining circulating 
exosomes released by the disease site.

Independently from the novel ExoTEST 
approach, it was found that exosomes that express 
tumor progression-related proteins, such as L1 
cell adhesion molecule, CD24 and the extra-
cellular matrix metalloproteinase inducer, are at 
higher levels in ovarian tumor patients than in 
healthy subjects, in both malignant ascites and 
serum [30].

Exosomes of the prostate epithelium that are 
released into semen or urine (prosteasome) also 
contain important molecular information related 
to certain types of tumors. For example, analy-
sis of urine exosomes of prostate cancer patients 
identified tumor biomarkers such as prostate-
specific antigen and PCA3 [18,31]. Patient urine 
exosomes and PC-3 cell culture-derived vesicles 
both also have an increased level of d-catenin 
[32]. In addition, in some cases of bladder cancer, 
eight upregulated exosomal proteins were identi-
fied. Interestingly, it was found that they largely 
relate to the EGF receptor signaling mechanism 
[33]. These findings show that exosomes not only 
contain precious biomarkers but their profiling 
can be used to identify specific altered pathways.

ExoTEST is currently being implemented 
for the high-throughput detection of exosomal 
RNAs. The persistence of circulating RNA in 
the blood of cancer patients has recently gained 
importance as several reports proved the pres-
ence of exosome-shuttled RNA, and are thus 
concentrated and protected from degradation 
by ribonucleases of human plasma [34]. Incorpo-
rating ExoTEST technology into a platform for 
exosome-associated mRNA analysis is expected 
to enable detection and quantification of plasma 
RNAs of well-defined tumor origin, providing 

highly sensitive and specific assessment while 
avoiding some of the ‘noise’ that hampers quan-
titative real-time PCR and microarray analysis 
of whole body fluids. Besides, exosomes can be 
enriched in mRNAs and miRNAs, which are 
hardly detectable in the parent tissue where their 
signal is covered by the presence of a higher 
number of molecules. Thus, they can be the 
source for identification of novel disease-asso-
ciated markers. For example, miR-195 levels are 
known to be higher in breast tumor patients. 
The upregulation of this biomarker was also 
confirmed on the plasma exosome. The same 
authors described that miR-195 and let-7a levels 
decreased upon tumor removal, showing a possi-
ble application as a prognostic biomarker as well. 
Other authors showed that glioblastoma-derived 
exosomes carry a diagnostic set of miRNAs [35] 
and that plasma exosomes of prostate cancer 
patients contained higher levels of miR-145 [31]. 
In ovarian cancer, upregulation of a number of 
miRNAs was found in blood exosomes [36] and 
exosomal miRNA levels are also significantly 
higher in patients with lung adenocarcinoma 
and lymphoma [37].

A current limitation of exosome diagnos-
tic applications is the lack of throughput of 
plasma/biological fluids nanovesicle isolation. 
Despite a number of commercially available 
assays for exosome isolation providing fast pro-
tocols, a suitable yield still requires ultracentrif-
ugation protocols of large volumes [22,30]. This 
greatly limits high-throughput implementation 
of exosome-based diagnostic approaches. In 
addition, the specificity and sensitivity in plasma 
and urine can be reduced by immunoglobulin 
interference.

Exosomes: novel biomarkers for 
neurodegenerative diseases?
Most of the misfolded proteins associated with 
neurodegeneration are shuttled via exosomes. 
Superoxide dismutase, a-synuclein, amyloid 
and tau are involved in amyotrophic lateral 
sclerosis, Parkinson’s disease, Alzheimer’s dis-
ease (AD) and tauopathies, respectively, are all 
processed via the MVB pathway and secreted 
in association with exosomes by cultured cells 
[38–40]. Exosome-associated tau is also present 
in human cerebrospinal fluid samples of early 
AD patients [41].

A recent theory suggests that misfolded pro-
teins involved in neurodegenerative diseases can 
propagate the ‘misfolded status’ to unaffected 
brain areas by a prion-like mechanism [42]. The 
spreading of the newly formed toxic proteins 
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within the CNS possibly occurs via the exoso-
mal shuttling system. Exosomes released from 
a-synuclein overexpressing SH-SY5Y cells con-
tain a-synuclein. These exosomes can efficiently 
transfer the protein to normal SH-SY5Y cells 
[43]. Exosome-associated a-synuclein oligomers 
are more likely to be taken up by recipient cells 
and can induce more toxicity compared with 
free oligomers [44]. Another toxic form of synu-
clein, g-synuclein, is also secreted from neuronal 
cells into conditioned medium in the form of 
exosomes. It can be transmitted to target cells 
and cause protein aggregation [45]. Furthermore, 
plasma exosomes containing amyloidogenic pro-
tein oligomers transfer the same type of amyloi-
dosis to other mice via a prion-like mechanism 
[46]. The ‘prion-like’ novel concept has crucial 
implications in understanding the propagation 
of brain lesions and the progression of amyloid 
diseases, and highlights the potential of exosomal 
applications in neurodegenerative medicine.

Interestingly, miRNAs are deregulated in 
brain tissue during neurodegenerative processes. 
Significantly different levels of several miRNAs 
have been found in the AD brain (miR-101, 
miR-15a, miR-106b, miR-19b, miR-107, 
miR-298 and miR-328) and cerebrospinal fluid 
samples (miR-9 and miR-132). In Huntington’s 
disease and in two different Huntington’s dis-
ease murine models, specific miRNAs, includ-
ing miR29 and mi-R132 are deregulated in the 
brain. The same miRNA alterations were also 
found in the brain of Parkinson’s disease patients 
[47]. Recently miR-206 was identified as a modi-
fier of amyotrophic lateral sclerosis pathogenesis 
and its role in reinnervating the neuromuscu-
lar junction after injury was shown, leading to 
improved survival in a murine model of the dis-
ease [48]. It is currently unknown if these neu-
rodegeneration-associated miRNAs are secreted 
in exosomes and circulating vesicles. If they are, 
they could be used as biomarkers for neurode-
generative conditions. Isolation and analysis 
of neuronal exosomes of patient body fluids is 
certainly of priority in the field.

Elusive detection of prions in the 
blood
Prion diseases (also called transmissible spongi-
form encephalopathies [TSEs]) are a group of 
fatal neurodegenerative infectious pathologies, 
including the human Creutzfeldt–Jakob disease 
(CJD). They are characterized by the abnormal 
brain deposition of an insoluble and protease-
resistant form of the prion protein (PrP), named 
PrPSc, which leads to neuronal loss and brain 

spongiosis [49]. The spread of the disease can also 
occur via blood transmission [50,51] and as there 
is no available blood diagnostic test, iatrogenic 
transmission of CJD is one of the most relevant 
concerns for public health. The many attempts 
to develop a proper prion diagnostic test have so 
far failed, mainly because they have been focused 
on the detection of the only available marker, 
PrPSc, which has remarkably low levels in blood. 
The amplification of the misfolded protein via 
cycles of sonication has provided a number of 
encouraging assays [52,53] and it was recently 
demonstrated that certain metal matrices can 
selectively bind blood disease-related PrP [54]. 
Nevertheless, a reproducible blood assay with 
sufficient sensitivity and sensibility for the TSE 
agent detection is at present still unavailable.

A limiting factor in implementing a successful 
strategy is the lack of knowledge on how the TSE 
agent is transported in body fluids. A number of 
in vitro studies have suggested that the spread 
of infectivity in between cells and across dif-
ferent tissues and body fluids could also occur 
via the exosomal pathway. Prions are indeed 
released from infected murine N2a and RK13 
cells in association with exosomes [55,56]. Interest-
ingly, moloney murine leukemia virus infection 
strongly enhances the release of prion infectivity 
in the supernatant of coinfected cells via exoso-
mal recruitment [57]. Hematopoietic cells secrete 
exosome-associated prions with possible crucial 
implications in the spreading across the body [58].

In addition, cellular PrP (PrPC) was found to be 
released by cultured platelets in association with 
exosomes [59]. These cells express the highest lev-
els of PrPC when compared with other blood cells 
and, indeed, they are an efficient substrate for the 
in vitro amplification of the abnormal PrP associ-
ated with variant CJD [60]. Exosomes released by 
macrophages into the extracellular space [61] also 
contain PrPC, where it was shown to bind Hsp70 
[61]. PrPC was also found in exosomes of cortical 
neurons [62]. These results are consistent with 
the intracellular trafficking of PrPC, known to be 
a glycosylphosphatidylinositol-anchored protein 
associated with lipid raft domains and internal-
ized via endocytosis and MVBs [63]. If exosomes 
are the vehicles of prion infectivity, their isola-
tion in blood could provide the basis for a novel 
diagnostic approach. In addition, elucidating the 
mechanisms by which prions spread through 
the host may help the identification of efficient 
infection control strategies.

A key issue for the development of a TSE 
diagnostic assay is the identification of novel reli-
able markers other than the misfolded protein. 
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While the detection of pathological PrP forms in 
blood remains elusive, the relationship of PrPSc 
with the TSE infectious agent is currently still 
unclear. Some data have unequivocally shown 
that prion infection is not necessarily related to 
PrPSc as originally described [64–66]. It is therefore 
crucial to find novel reliable diagnostic markers 
other than PrPSc, such as small RNAs.

It is known that some miRNAs are deregulated 
in brain tissue and upon prion infection; never-
theless, it is currently unknown if this miRNA 
species is carried by circulating exosomes.

Specifically, in the brains of mice infected 
with mouse-adapted scrapie, miRNA profiling 
showed deregulation of miR-342-3p, miR-320, 
let-7b, miR-328, miR-128, miR-139-5p and 
miR-146a, which were over 2.5-fold upregu-
lated, and miR-338-3p and miR-337-3p, which 
were over 2.5-fold downregulated [67]. Similarly, 
bovine spongiform encephalopathy-infected 
macaque brain has significant upregulation of 
miR-342-3p compared with noninfected ani-
mals. miR-342-3p upregulation also occurs 
in the brain of human type 1 and 2 sporadic 
CJD patients [68]. Interestingly, exosomes from 
neuronal cell cultures contain some of these 
miRNA species that are also deregulated upon 
prion infection. let-7b, let-7i, miR-128a, miR-21, 
miR-222, miR-29b, miR-342-3p and miR-424 
levels are increased after cell exposure to prions, 
while miR-146a is reduced [69]. This implies that 
deregulated miRNA could also be released in 
association with exosomes in vivo, in the CNS 
and body fluids. It is crucial to validate this 
hypothesis in the future with large-scale in vivo 
studies and ascertain the potential of exosomal 
miRNAs in the diagnosis of prion diseases.

Exosome & other human 
pathological conditions
The remarkable finding that exosomes contain 
functional nucleic acids suggests that exosomes 
resemble viral-like particles [70,71].

Interestingly, many retroviruses, includ-
ing HIV, have been found to exploit the MVB 
machinery for propagation [72,73].

Other type of virions such as Epstein–Barr 
virus (EBV) use the exosomal pathway. For exam-
ple, EBV miRNAs are secreted by EBV-infected 
B cells through exosomes [74]. Interestingly, these 
exosomal miRNAs can be internalized by den-
dridic cells where they produce a sound silencing 
of specific EBV target immunoregulatory genes, 
therefore favoring the spread of the virus [74].

Human intestinal epithelial cells infected with 
rotavirus (RV) release exosomes that contain both 

viral proteins (VP6), and immunomodulators 
such as heat shock proteins and TGF-b1 [75].

The same authors analyzed exosomal prepa-
rations from stool samples of 36 children with 
different forms of gastroenteritis, due or not due 
to RV. VP6 coimmunoprecipitated with CD63 
in most of the RV-infected samples, suggesting 
that these vesicles are released by RV-infected 
cells in vivo. Moreover, exosomal fractions from 
RV-infected cells induced death and inhibited 
proliferation of CD4+ T cells to a greater extent 
than fractions from noninfected cells, suggesting 
that exosomes released upon RV infection can 
modulate viral immunity [75]. All these findings 
are in line with the ‘Trojan exosome hypothesis’ 
proposed by Gould et al. in 2003 [76], suggest-
ing that exosomes could function as virus Trojan 
horses, critically contributing to the spread of 
pathogens in the host upon infection.

Exosomes have an important involvement in 
kidney-related diseases. Transcription factors 
such as urinary cAMP-dependent transcription 
factor 3 and Wilms’ tumor protein 1, which are 
undetectable in whole urine, could be detected 
in urine-derived exosomes in renal tubular cell 
injury and podocyte injury-associated chronic 
kidney disease, respectively [77]. In this latter 
disease, an early diagnostic sensitive method is 
still missing, and exosome research is one of the 
most promising approaches.

In addition, upon nephrotoxic damage, exo-
somal levels of fetuin-A rapidly increase, signifi-
cantly before well-established biomarkers such 
as urine creatinine [77].

Urinary exosomes are also of use in the 
diagnosis of Bartter syndrome type I, as they 
do not carry the sodium–potassium–chloride 
cotransporter, NKCC2 [78]

Interestingly, aquaporin-1 levels in exosomes 
are reduced for up to 4 days in a rat model of renal 
ischemia reperfusion and in a person, following 
renal transplantation [20]. All these studies reflect 
the great potential of exosome-based methods 
in the diagnosis and prognosis of kidney-related 
diseases, but underlie the need for large-scale 
studies with consistent methodologies.

Further blinded studies are required to vali-
date exosome-based diagnostic methods at pre-
clinical, early- and late-disease onset, storage 
and processing, and the protocols for protein 
biomarker identification such as western blot 
analysis and FACS analysis. 

Future perspective
Available data on exosomes strongly suggest that 
these nanovesicles may represent the future of 
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biomarkers in medicine, as they are the most bio-
mimetic nanovectors for a variety of molecules, 
including proteins, nucleic acids and chemicals. 
Exosome-encapsulated curcumin, delivered 
by the intranasal route is efficient in prevent-
ing brain inflammation [79], and specific gene-
silencing miRNAs enclosed in targeted exosomes 
and delivered systemically have shown promising 
therapeutic effects in a mouse AD model [80].

Exosomes may, at the same time, contain 
disease biomarkers or be the vectors of poten-
tial therapeutic molecules, thus representing 
the ideal theranostic approach [81–83]. This 
new multidisciplinary field focuses on building 
nanosystems for future applications of diagnosis 
and therapy jointly. The theranostic ‘all-in-one 
approach’ has a very high potential in the field 
of personalized medicine, as it allows the detec-
tion and monitoring of a disease in individual 
patients possibly in early clinical stages, as well 
as targeted drug delivery at the site of the disease. 

Exosomes appear to be the ideal vector for this 
new approach, with the maximal potential of 
targeting the diseased areas and only minimal 
side effects.
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Executive summary

Background
 � Exosomes are small vesicles secreted into the extracellular environment upon endosome fusion with the plasma membrane.

 � The molecular content of exosomes released into the body fluid is a precious diagnostic tool.

Exosomes & tumor diagnosis
 � Exosome-associated diagnostic molecules include exosomal proteins and RNAs.

 � A number of publications describe the association of exosomal markers with several cancer types; nevertheless, only a few 
exosome-based diagnostic assays are currently available for clinical use.

 � ExoTEST™ (HansaBioMed, Estonia) allows sensitive detection and quantification of exosomes purified from human tumor cell culture 
supernatant and plasma from severe combined immunodeficiency mice engrafted with a human melanoma based on exosomal protein 
markers.

 � Incorporating ExoTEST technology into a platform for exosome-associated mRNA analysis is expected to enable detection and 
quantification of plasma RNAs of well-defined tumor origin, providing highly sensitive and specific assessment, while avoiding some of 
the ‘noise’ that hampers real-time reverse-transcription PCR and microarray analysis of whole body fluids.

Exosomes & neurodegenerative diseases
 � Most of the misfolded proteins associated with neurodegeneration are shuttled via exosomes.

 � According to the ‘prion-like’ theory, neurotoxic misfolded proteins are generally transmissible. Their spread within the CNS probably 
occurs via the exosomal shuttling system.

 � miRNAs are deregulated in the CNS during neurodegeneration, but it is currently unknown if they are released in exosome body fluids.

 � More research is needed to ascertain the diagnostic value of exosomes in neurodegenerative diseases.

Diagnosis of prion diseases
 � An early diagnostic test for transmissible spongiform encephalopathies is currently unavailable and blood carriers of prions are unknown.

 � Prions are shuttled via exosomes in a number of in vitro cell models, but it is currently unknown if this is also occurring in body fluids.

 � Some miRNAs are specifically deregulated in the brain of a number of transmissible spongiform encephalopathy models.

 � Upon prion infection, these miRNAs are secreted in the extracellular environment in exosomes by cultured cells, suggesting that they 
might also be released in exosomes into body fluids in vivo.

Exosomes as biomarkers for other pathologies
 � Exosomes have a role in the spread of some types of viruses such as Epstein–Barr virus and rotavirus.

 � They are potential biomarkers for kidney-related diseases.

Future perspective
 � Exosomes may, at the same time, contain disease biomarkers or be vectors of potential therapeutic molecules, thus representing the ideal 
nanotheranostic approach, with a very high potential in the field of personalized medicine.
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