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Recently, the interest of research has been attracted by a new 
form of cell-to-cell communication mediated by cell-secreted 
vesicles known as exosomes. They range from 40 to 120 nm in 
size and are involved in normal and tumoral biological processes. 
Mainly, they mediate the intercellular communications both 
with the cells in the immediate vicinity of the secreting cells 
and with very distant cells by bloodstream [1]. This cell-to-cell 
communication is made possible by the transfer into recipient 
cells of the elements contained in (proteins, DNA and RNAs) 
and composing (trans-membrane and membrane anchored 
proteins, lipids) exosomes. These vesicles can be internalized by 
several routes, such as clathrin-dependent endocytosis, caveolin-
mediated uptake, macropinocytosis, phagocytosis, and lipid raft-
mediated internalization [2]. A growing number of studies have 
shown that these uptake mechanisms involve specific protein-
protein interactions, in particular among exosomal integrins, 
tetraspanins, proteoglycans and lectins with proteins, such 
as receptors, on target cell surface [2]. The pattern of external 
exosomal proteins constitute a code, still to be decrypted, that 
defines on which cell a vesicle will blend. However, it is still not 
known how much this uptake is specific, that is, whether it is at 
tissue or even at cell level. Maybe this pattern regulates also how 
wide or narrow the spectrum of exosome spread is [3,4]. 

The microRNA content of the exosome differs from that of the 
parent cell, suggesting that some RNA molecules are selectively 
loaded into exosomes [5]. Remarkably, microRNAs sorted into 
exosomes can be regulated depending on the necessity of the 
parent cell [6]. This sorting mechanism seems due to specific 
sequence motifs lying in RNAs and recognized by proteins during 
exosomes biogenesis [7,8]. These export motifs constitute 
another biological language that resembles the nucleo-
cytoplasmic RNA export language, motifs of which are collected 
in a recently published database [9]. Moreover, since the motifs 
could be bound by RNA-binding proteins, some tools such as 
SpliceAid [10] can be used to scan exosomal RNA sequences. 

Owning to exosome uptake, the carried message can regulate 
gene expression of target cells and induce specific phenotypic 
changes, showing that exosome cargo molecules are functionally 
active [5]. These communication mechanisms are used also by 
tumor exosomes to modulate the tumor microenvironment, the 
invasion and migration of cancer cells, or even promoting the 
formation of the pre-metastatic niche [11,12]. Recently, it has 
also been discovered that cancer cells resistant to chemotherapy 
can transmit their resistance to other cancer cells via exosomes 
[13]. This mechanism vaguely resembles that of antibiotic-
resistance transmitted by plasmids. A great deal of research effort 

is addressed to identifying exosomal biomarkers that define who 
is the sender cell, the recipient cell and what is the meaning of 
the message. The role, as biomarkers, of some surface proteins 
or miRNAs has been recently elucidated [14,15]. For example, 
a recent work identified a membrane anchored protein that is 
specifically on exosome of pancreatic ductal adenocarcinoma so 
it can be used as bait to isolate tumour exosomes from blood 
of patients [16]. Obviously, there is still a great need to find the 
specific markers that distinguish exosomes of each kind of cancer 
and that, therefore, could be useful for non-invasive “liquid 
biopsies”. In fact, exosomes are in all body fluids and from these 
fluids it will be possible to specifically isolate the tumor exosomes 
to be used as a means of disease diagnosis and therapeutic 
monitoring. Current research is focusing on the blockade of 
tumor exosome uptake, in order to prevent cancer cells from 
suggesting escape strategies to other cancer cells, increase their 
malignancy and avoid that a tumor controls the surrounding 
stroma or promotes the formation of a pre-metastatic niche in a 
distal tissue [2]. A further possibility is to remove tumor exosome 
directly from blood like in hemodialysis [17]. 
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The “liquid biopsy” concept comprises also the analysis of 
free tumor DNA in the blood, but it has many limitations since 
circulating DNA molecules derive from death cells and it is not 
possible to know their exact tissue origin. However, it is very 
important to have genomic DNA originating from patient tumor 
in order to detect somatic mutations to be used for prognosis, 
stadiation, sub-type classification and therapeutic choice. The 
recent discovery that exosomes contain double-stranded DNA 
(dsDNA) of the parent cell [18,19] along with the possibility to 
isolate exosomes released from a specific tissue or from a specific 
tumor via exosomal surface biomarkers will allow to obtain 
tumor DNA without performing a biopsy. The application of 
highly sensitive detection technologies, such as digital PCR, that 
virtually performs amplifications of each exosome, will allow the 
complete assessment of the tumor heterogeneity. This will also 
allow to realize the tumor heterogeneity, the selective effect of a 
therapy on a particular cancer cell population, the clonality and 
so the origin of a metastasis, the equilibrium among cancer cell 
populations.

However researchers have to be aware of the difficulties in working 
with exosomes, for example, dirty exosome isolations are not 
rare and are due to exosome tendency to bind plasma proteins. 
Isolations by isoelectric point do not precipitate all exosomes 
because of their different isoelectric points. Their stickiness to 
laboratory plastic can cause low isolation yields. Even the rotor 
angle of the centrifuge and the time from blood withdrawal to 
the analysis can influence the amount of collected exosomes. The 
sample has to be always treated to remove the microvesicles. 
Moreover, the recovery of tumor exosomes could be scarce since 
these exosomes are rare in clinical samples in comparison with 
those coming from normal cells, that outnumber tumor cells 
by several orders of magnitude. Therefore, many technology 
advancements and scientific discoveries are still needed to take 
full advantage of the potential of exosomes in clinical translation.
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