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Extracellular Vesicles (EVs) represent a heterogeneous population of membranous cell-derived structures, including

cargo-oriented exosomes and microvesicles. EVs are functionally associated with intercellular communication and play an

essential role in multiple physiopathological conditions. Shedding of EVs is frequently increased in malignancies and their

content, including proteins and nucleic acids, altered during carcinogenesis and cancer progression. EVs-mediated

intercellular communication between tumor cells and between tumor and stromal cells can modulate, through cargo

miRNA, the survival, progression, and drug resistance in cancer conditions. These consolidated suggestions and EVs’

stability in bodily fluids have led to extensive investigations on the potential employment of circulating EVs-derived

miRNAs as tumor biomarkers and potential therapeutic vehicles. 
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1. General Characteristics and Nomenclature

The secretion of extracellular membranous particles is a widespread characteristic of both eukaryotic and prokaryotic

cells. Extracellular Vesicles (EVs) are small membrane-bound vesicles that are secreted from numerous animal cell types,

including a variety of tumor cells . Several EVs subtypes have been proposed with names such as ectosomes,

microvesicles, microparticles, exosomes, oncosomes, apoptotic bodies, and more. To date, the International Society for

Extracellular Vesicles established that subtypes of EVs may be defined by physical characteristics such as size (“small

EVs”, sEVs, diameter < 100/150 nm and “medium/large EVs”, m/lEVs, diameter > 200 nm), density (low, middle, high,

with each range defined), biochemical composition (CD63+/CD81 EV-associated, Annexin A5-EVs), and description of

conditions or cell of origin (podocyte EVs, hypoxic EVs, large oncosomes, apoptotic bodies) .

In general, the common nomenclature used in literature for EVs comprises exosomes (small EVs) and microvesicles

(large EVs). Exosomes are released on multi-vesicular bodies (MVBs) fusion with the plasma membrane, they are ~30–

150 nm in diameter and they have “cup-shaped” morphology when observed under transmission electron microscopy.

Exosome biogenesis begins during the early-endosome maturation process. Early-endosomal membranes invaginate to

create intraluminal vesicles (ILVs), thereby forming MVBs. The majority of MVBs are degraded by fusion with lysosomes;

however, some populations of MVBs migrate towards and fuse with the plasma membrane, releasing their ILVs (now

called exosomes) into the extracellular space . Microvesicle biogenesis occurs via the direct outward blebbing and

pinching of the plasma membrane releasing the nascent microvesicle into the extracellular space. Microvesicles are large

EVs and very heterogeneous in size (~400–1000 nm) . Consolidated data have largely demonstrated that EVs

represent an important paracrine and endocrine mechanism for cell-to-cell communication, involved in the transfer of

several different macromolecules including microRNAs (miRNAs), short non-coding RNAs with key roles in cellular

regulation .

2. Functions in Tumoral Cells

Several mechanisms have been proposed to describe possible EVs/target cell interactions:

EVs could interact directly with target cells by employing conventional ligand–receptor interactions.

The membrane proteins of the EVs can be cut by specific proteases giving rise to fragments that could act as soluble

ligands for membrane receptors on the target cells.

EVs can merge with the target cell membrane by transferring cargo proteins and RNAs .
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In particular, miRNAs transported within EVs can regulate the expression of protein-coding genes in a paracrine way by

binding mRNAs in the target cells . Accumulating evidence suggests that EVs play an important role in communication

between tumors and the microenvironment; indeed, by transferring EVs cargo, tumor cells can alter the function of both

local and distant normal cells, thereby promoting tumor progression, immune evasion, angiogenesis, and metastasis 

.

Due to the stability of EVs miRNAs in bodily fluids, and their functional association with cancer, circulating EVs miRNAs

are now extensively investigated for their potential use as cancer biomarkers in diagnostics and several EVs isolation

methods have been developed for the purification of exosomes and microvesicles from bodily fluids and/or cell culture

media. Indeed, to date, several miRNAs contained within EVs have been consistently associated with cancer progression,

metastasis, and aggressive tumor phenotypes .

The role of signal transducer renders EVs cargo a diagnostic tool and a fertile field of study in innovative therapy. Indeed,

great interest has arisen in the possible clinical use of EVs in regenerative medicine thanks to their ability to act as

paracrine mediators in cell–cell communication .

The release of EVs by cancer cells could play an important role also in protecting tumor cells from apoptosis and making

them more resistant to chemotherapy by extruding apoptosis-inducing proteins and chemotherapy agents . In such a

background, EVs gained great attention as carriers for miRNA delivery to regulate target gene expression and improve

cancer therapeutic strategies .

3. Profiling EVs-miRNAs

Numerous studies have been carried out to analyze miRNAs’ involvement in human diseases through the development of

a microarray platform, which made possible the global profiling of miRNAs. Significantly, in many cases, the classification

of tumor phenotypes was more successful when the expression profile of miRNAs was used, rather than that of mRNAs.

Although analysis of the miRNA profile in human tissues has been shown to have great potential as a disease marker, a

less invasive method for tissue biopsy is certainly needed to make this analysis more affordable. In this regard, the

identification of miRNA in body fluids attracted much interest. It prompted researchers in demonstrating that the miRNA

profiles in the body fluids from patients were significantly different from the profiles in healthy subjects .

Moreover, these studies demonstrated that miRNAs in body fluids remained stable under various extreme conditions,

such as boiling, a very low or high pH, repeated freeze–thaw, and storage at room temperature for a long time. Besides,

thanks to the high sensitivity and speed of the new profiling techniques of molecular biology, today it is much easier to

study the profile of the global miRNA level, rather than that of proteins or secreted metabolites .

Careful consideration of the EVs isolation method must be taken into account when interpreting study results. The most

common methods are a series of differential centrifugation steps, ultrafiltration, chemical affinity purification, and Exoquick

 (Table 1). As demonstrated in conditional medium from cell culture the purification methods of EVs may heavily

influence the yield, purity, and integrity of RNA extracted from EVs . Moreover, there are no reliable methods for

purifying and discriminating between exosomes or microvesicles, and this could represent an important limitation in many

studies. Indeed, even though both exosomes and microvesicles have been thought to share intercellular communicative

ability and they present largely similar RNA profiles, a recent study points out that exosomes and microvesicles could

have different biological roles. The study, which was performed using transiently transfected cells, showed that reported

proteins and mRNA were successfully sealed in both types of vesicles but only microvesicles managed to convey reporter

function to target cells .

Table 1. Pros and cons of the main exosome isolation and miRNA detection methods.
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Experimental
Procedures Methodology Advantages Disadvantages

Exosome
isolation

Ultracentrifugation Bulk exosome purification is easy Time-consuming, contaminating
proteins

Density gradient
centrifugation High purity exosome Loss of exosomes, relies on user

skill

Ultrafiltration Good exosome yield and quick isolation Less purity

Immunoaffinity
methods Use of exosome standard markers

Biological properties could be
altered due to alterations in

markers

Polymer-based
precipitation Simple and easy procedure Contamination and retention of

polymer

miRNA detection

qRT-PCR Multiplexed, quantitative, high
sensitivity and specificity

Sensitive to contaminants,
moderately labor-intensive, limited

profiling

Microarray Comprehensive profiling, Multiplexed Low specificity and sensitivity,
expensive, relative quantitation

Nanostring Multiplexed, quantitative, high
sensitivity and specificity

The emerging procedure,
expensive, limited profiling

Next-generation
sequencing

Comprehensive profiling, Multiplexed,
quantitative, high sensitivity, and

specificity

Highly labor-intensive, expensive,
requires bioinformatic analysis

To date, an elevated number of miRNAs have been associated with tissue expression patterns and linked to specific

pathologies. Thus, their analysis can provide a large amount of information in a relatively short time. Tumor-related

alterations in microRNA expression and function can reflect molecular processes of tumor onset and progression

qualifying microRNAs as potential diagnostic and prognostic biomarkers. Current investigations show that miRNAs are

detectable in different tissue types and a wide range of biological fluids, either free or trapped in circulating EVs .

Their abundance in circulating body fluids in conjunction with the feasibility in the recovery and characterization from liquid

specimens render EVs cargo molecules promising diagnostic and prognostic biomarkers for cancers. The traditional

enrichment and extraction processes of miRNA trapped inside EVs, are problematic due to the low concentration of

miRNA within EVs and the lack of a standardized isolation method of EVs. Indeed, some authors, considering these

difficulties, are skeptical about the possibility to translate EVs-miRNA analysis in the clinic. This is also justified by several

unsolved problems, such as significant differences in the procedures for processing samples, methods of analysis, and

high heterogeneity in results accumulated so far . To solve the aforementioned problems, current studies are mainly

focusing the attention on the needed improvements in methodology able to increase the reliability of EVs-miRNAs as a

diagnostic tool . A detailed critical discussion on methodology challenges is outside the purpose of this review and

further details could be found in several studies cited in the text while advice about these aspects is present in

MISEV2014 guidelines .

In biological samples, such as liquid biopsies, EVs-miRNAs can be analyzed through different techniques. Evaluation of

plasma EVs-RNA profiles by RNA-seq individuated a variety of RNA species for their abundance, stability, and age/gender

correlation as well as disease association. However, the experimental procedures can cause constitutive variations in

EVs-miRNA profiles if using different methods for RNA extraction, sequencing library preparation, or gel size selection .

Several traditional methods have been employed for miRNA detection, including Northern blotting , microarray

analysis  and quantitative polymerase chain reaction (qPCR) .

So far, qPCR is regarded as the gold standard. However, it has been associated with many limitations such as its time-

consuming nature, its false-positive propensity, and difficulties in primer design. qPCR presents the main advantage of

being highly sensitive and specific. The newly introduced next-generation sequencing (NGS) has recently proven to be

extremely able to detect unknown miRNAs that the traditional methods, including the qPCR, are incapable of doing.

miRNAs detection by NGS has progressed rapidly and is a promising field for applications in drug development 

(Table 1).

Recent studies that have investigated miRNA profiling by NGS, with particular attention to the potential applicability on

biofluids, aimed at comparing results with those obtained by qRT-PCR .
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The high sensitivity of new molecular techniques suggests the adoption of accurate pre-analytical processing of EVs.

Indeed, it has been suggested that EVs may associate with protein complexes and lipoproteins bound to free circulating

miRNAs, suggesting the use of proteinase K and RNase A before the analysis of miRNA-EVs to remove the extra-

vesicular contamination source. Indeed, the proteinase and RNase treatment can reduce the relative quantity value by up

to 70% for different miRNAs .

The utilization of new technologies producing a huge amount of data generates new problems concerning statistical

analysis and data interpretation. It could be a difficult procedure to select the miRNA profile that effectively plays a role in

tumor development and progression, without incurring bias. A single miRNA can target many mRNAs and modulate many

proteins involved in different cancer-related pathways. Moreover, some miRNAs can act as both oncogenes and

oncosuppressors, according to the biological context, and this makes it more complicated to unveil their effective role. To

identify potential biological functions and potential targets of miRNAs several software programs such as TargetScan,

miRbase, miRWalk, DIANA-microT, and TarBase have been described, and for more information about this software, we

suggest the reading of specific publications .
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