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Abstract: Various cell types release extracellular vesicles (EVs), known as exosomes and microvesicles,
which facilitate cell-to-cell communication by transferring proteins and nucleic acids to target cells and
tissues. Tumor-derived EVs can modify the tumor microenvironment, and can promote cancer progression
and metastasis. Owing to their tissue-specific origin, their ability to reflect cancer status and progression,
and their excellent stability in body fluids, tumor-derived EVs have received significant attention as a
potential source of minimally invasive biomarkers. In this review, we discuss the strategies for isolating and
characterizing EVs, introducing both well-established and newly developed methods, and emphasizing
rigorous, recently published comparative studies. We also discuss recent advances in understanding the

clinical utility of EV proteins and nucleic acids, including EV miRNAs, in cancer diagnosis and prognosis.
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Introduction

Cells release a large number of extracellular vesicles (EVs)
that carry cargoes, including membrane proteins, cytosolic
proteins, mRNAs, and non-coding RNAs such as miRNAs.
EVs play a key role in intercellular communication (1-3).
Accumulating evidence suggests that tumor-derived EVs
play an important role in communication between tumors
and their microenvironment (4,5).

Tumor-derived EVs may be a great source of non-
invasive cancer biomarkers. EVs can be isolated from
many body fluids using non-invasive or minimally invasive
procedures. The composition of EVs may reflect that
of parental cells and the status of cancer progression.
Moreover, EVs are very stable under various storage
conditions for a long time, and their lipid bilayers protect
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macromolecules on and inside EVs from degradation under
non-physiological conditions. All of these characteristics
qualify tumor-derived EVs as potential diagnostic and
prognostic cancer biomarkers (6,7).

EVs are generally classified into two groups based on
their sub-cellular origin: exosomes and microvesicles.
Exosomes are generated inside the cell during the formation
of multivesicular bodies (MVBs). MVBs are late endosomes
loaded with intraluminal vesicles (ILVs); ILVs are formed
by budding of the limiting membrane of the late endosomes
that become MVBs. When exocytosis of MVBs occurs, these
ILVs are released to the extracellular space and become
exosomes. Microvesicles, on the other hand, are formed and
released by outward budding from the plasma membrane.
Microvesicles are also called ectosomes, microparticles, and
shedding vesicles, among other names (2,8).
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Due to the heterogeneous nature of vesicles present in
the extracellular environment, the overlapping physical
properties of EVs, and the difficulty in determining
their sub-cellular origins, classification of EVs has been
challenging in practice (2,3,9). Kowal ez 4/. conducted an
extensive quantitative proteomic analysis comparing EVs
isolated by differential centrifugation and showed that
several classical exosome markers are similarly present in
all EVs. Moreover, the widely referred exosome fraction
prepared by sedimentation at 100,000 g contained EVs that
were not associated with the endosomal pathways (10). In
fact, biomarkers assigned to exosomes may be either truly
exosome-specific or may apply generically to all EVs. In this
review, we thus use the generic term “EVs” regardless of the
terms used in the articles, but provide detailed information
about how authors isolated or captured EVs.

Isolation of EVs

Due to the lack of standardization in the isolation and
detection techniques used, many results in the literature
are difficult to compare directly. The International Society
of Extracellular Vesicles (ISEV) published several position
papers that aimed to standardize the protocols used in
isolating EVs and their downstream applications (9,11,12).
"To date, there is no single reliable method for purifying and
differentiating exosomes or microvesicles. It is important
to take into account the different methods applied
when interpreting results. At the end of this section, we
summarize a few articles that directly compare multiple EV
isolation methods.

Differential centrifugation

Differential centrifugation is the most commonly used
method for isolating smaller EVs. The method consists
of three steps: (I) depleting cells, dead cells, and cell
debris using low-speed centrifugation; (II) removing
larger vesicles using centrifugation between 10,000 and
20,000 xg; and (III) precipitating smaller EVs (often
designated as exosome fractions) using ultracentrifugation
at 100,000 xg or higher (13).

The exosomal pellet isolated using differential
centrifugation contains various contaminants, such as
protein aggregates, low-density lipoprotein (LDL) particles,
etc. To improve the purity, an additional density gradient
step using sucrose or iodixanol gradients is often applied.
Density gradient centrifugation can separate low-density
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EVs from high-density protein aggregates (13).

Because different types of EVs have similar sedimentation
properties, the differential centrifugation method often
leads to low purity and unsatisfactory yield. In addition,
this method is sensitive to sample viscosity, rotor type, tube
k-factor, and centrifugation time (14,15). Unfortunately,
identical protocols are often applied to different samples,
leading to differences in data obtained by different research
groups. Moreover, although straightforward and frequently
used, the whole process can be very time-consuming,
especially when combined with density gradient procedures.
Furthermore, the method requires specialized equipment—
an ultracentrifuge—which might not be available in clinical
laboratory settings.

Polymer-based precipitation

Another popular protocol uses volume-excluding polymers
[e.g., polyethylene glycol (PEG), dextrans, or polyvinyls]
or various commercially available polymer-based reagents
(e.g., ExoQuick from SBI, Total Exosome Isolation Reagent
from Thermo Fisher, and miRCURY from Exiqon, among
others). The method generally consists of combining body
fluids with a precipitation solution, incubating the resulting
mixture overnight at 4 °C, and centrifuging the mixture at
low speed to obtain the EV pellet.

A recent method development study of ExtraPEG
is worth mentioning (16). Rider e 4l. tested increasing
concentrations of PEG (between 5% and 12%) for their
ability to isolate EVs from culture media. They found
that ExtraPEG (8% PEG + wash) yielded EVs highly
comparable to those obtained using the differential
centrifugation method and superior to ExoQuick and Total
Exosome Isolation reagents.

These polymer-based reagents are easy to use, need
less hands-on time, and do not require special equipment
such as an ultracentrifuge. However, these methods may
precipitate non-vesicular contaminants, including protein
aggregates and lipoproteins, which contain proteins and
multiple RNA populations. Even with this limitation, due
to their ease of use, polymer-based precipitation methods
are becoming increasingly popular.

Immunoaffinity isolation

It is believed that specific surface proteins are present on
subsets of EVs, which allows a more restricted population
of EVs to be isolated using immunoaffinity isolation
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methods. In this approach, antibodies against specific
surface proteins are covalently attached to beads or other
matrices. The most commonly targeted surface proteins
are tetraspanins including CD9, CD63, and CD81, and
tumor-associated proteins, such as epithelial cell adhesion
molecules (EpCAM). This approach may isolate EVs with
higher purity and specificity, but may lead to low yield due
to its selectivity. In addition, the approach relies heavily
on prior knowledge of EV protein content and on highly
specific antibodies that may not be readily available.
Importantly, Kowal et 4/. showed that the 100,000 g
pellet from differential centrifugation can be further divided
into several categories based on their enrichment or devoid
of some or all three tetraspanins, CD63, CD9, and CDS8I.
Therefore, when combined with differential centrifugation,
immunoaffinity isolation may be used to enrich specific

subtypes of EVs (10).

Size exclusion chromatography (SEC)

SEC allows different sizes of EVs to be eluted from a single
column. SEC is relatively quick and can be used for low-
volume samples. Importantly, SEC effectively separates EVs
from the bulk of soluble proteins. EVs isolated by SEC are
minimally altered compared to when precipitating agents
or the ultracentrifugation method are used. However, one
drawback of this approach is that the final product is often
in a large elution volume, and therefore may need to be
further concentrated. Moreover, as the separation is purely
based on size, some particles such as lipoproteins may
be co-isolated. The Exosome Isolation Kit from Evomic
Science and qEV from Izon both isolate EVs using SEC
principles, but they are not widely cited in the literature.

Filtration

Another method to isolate EVs based on their size is to
use ultrafiltration membranes. Filtration is often used in
combination with differential centrifugation to remove
large particles or vesicles. For example, several studies used
220 nm filtration before differential centrifugation to isolate
smaller EVs (17-19).

Other methods

The recently developed polyethylene glycol/dextran
aqueous two-phase system has shown to provide high EV
recovery efficiency (~70%) in a very short time (15 min).
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PRotein Organic Solvent PRecipitation (PROSPR) is a
new, feasible EV-purification protocol based on protein
precipitation by cold acetone (20). Although not used
extensively, many researchers have developed different
microfluidic devices, such as size-based microfluidics,
immunoaffinity-based microfluidic separation, and dynamic
microfluidics. The advantages of microfluidics are their
sample efficiency, fast separation, and on-chip detection.

Several commercial kits using different EV isolation
principles have also been developed. The MagCapture
Exosome Isolation Kit PS from Wako Chemicals USA
isolates EVs by affinity capturing phosphatidylserine (PS)
on the EV using magnetic beads and PS-binding proteins.
This kit does not yet have wide application, but it may
potentially result in higher yields than most protein-
based immunoaffinity isolation methods because it relies
on binding lipids rather than proteins. The captured EVs
are eluted from beads with metal-chelating reagent at a
neutral pH, so the kit potentially enables EVs to be isolated
as intact forms. One caveat is that the kit cannot be used
for plasma treated with chelating agents, such as EDTA
or citric acid and its yield is lower for plasma treated with
heparin.

EV isolation kits from Norgen Biotek use patented
silicon carbide resin to bind and capture EV membrane
proteins. Once captured and precipitated, the supernatant
is decanted and EVs are released into the solution with
aid of a specialized ‘EV release’ buffer. Ymir Genomics,
an early-stage firm, has developed two high-yield methods
for isolating EVs from urine. One is based on a novel
proprietary molecule that causes EVs to precipitate, while
the other is based on a widely available capture resin. The
PureExo Exosome Isolation Kit from 101bio.com uses
an organic solvent phase partitioning method. Qiagen’s
exoEasy kit uses a membrane-based affinity binding step to
quickly isolate EVs (21). Its exact affinity binding principle
is not clear. The method does not distinguish EVs by size,
and does not depend on the presence of a particular surface
protein, therefore, it is essential to completely remove cells,
dead cells, or apoptotic bodies, etc. in starting materials.

Direct comparison among different EV isolation methods

Different isolation methods are based on different
principles and therefore enrich for different subpopulations
of EVs. Large-scale studies directly comparing the effects
of different isolation methods on EVs and the downstream
analyses are lacking. A couple of studies have compared a
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limited number of techniques and are summarized here.

Helwa et al. compared differential centrifugation and
three commercially available polymer-based precipitation
reagents (ExoQuick, Total Exosome Isolation Reagent,
and miRCURY) for isolation of EVs from serum (22).
The three commercial kits consistently had higher yields
and higher CD9 and CD63 protein levels than differential
centrifugation. However, this difference in EV yields
and protein levels did not appear to affect the amount of
extracted EV RNA. Importantly, miRNA concentrations
varied greatly within and among the different techniques
and initial serum volumes used. This miRNA yield
variability underscores the importance of using a consistent
EV isolation technique and procedure across different
samples within the same study. It also illustrates the
difficulty of comparing results from different studies using
different EV isolation techniques.

Gédmez-Valero et al. compared SEC using the Sepharose
CL-2B, PEG-based (50% PEG6000), and PROSPR
methods for isolation of EVs from plasma (23). Cryo-EM
analysis showed the presence of 80-200 nm vesicles in the
EVs isolated using SEC; the images also showed very few
contaminant particles. In contrast, the authors were not
able to visualize any vesicles in the PEG-based preparation,
except for some dense contaminant aggregates. PROSPR-
prepared EVs appeared to be merged in concentric multi-
layer vesicles, which could explain why PROSPR-prepared
EVs had many more particles that were larger than 500 nm.
Another important observation was that although the protein
content of the SEC preparation was extremely low because
most of the soluble proteins were eluted in later fractions,
PROSPR and PEG preparations had very high protein
content, suggesting that these two methods pelleted high
quantities of soluble proteins. The authors suggested that the
PROSPR and PEG methods may have hampered proteomic
analysis of EVs. Lobb et 4/. drew a similar conclusion that
SEC outperforms precipitation methods (24).

Detection and characterization of EVs
Electron microscopy (EM)

Three types of EM have been used to characterize EVs:
transmission EM (TEM), scanning EM (SEM), and Cryo-
EM. Among them, TEM is most commonly used to obtain
size and morphology characteristics of EVs. TEM transmits
a beam of electrons through a thin specimen and then
focuses the electrons to create an image on a screen. When
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combined with immunogold labeling, TEM can provide
surface protein information of these EVs. As TEM requires
fixation and dehydration, it changes the morphology of EVs
and may reduce their size.

SEM, although it has lower resolution than TEM, generates
detailed three-dimensional images of EV surfaces. Cryo-
EM analyzes EVs at temperatures below —100 °C. The main
advantage of cryo-EM over TEM and SEM is that samples are
vitrified and analyzed without needing to be stained or fixed,
which may better preserve EV morphology and characteristics.
Although widely used, EM provides limited information on
the concentration of the EV preparation.

Atomic force microscopy (AFM)

In AFM, a mechanical probe scans the sample’s surface
without actual contact. This ability allows AFM to image
soft samples, such as EVs, without damaging them in
different environmental media (dried or in liquid), while
also providing three-dimensional measurements.

Nanoparticle tracking analysis (NTA)

NTA sizes and counts EVs. It utilizes the properties of light
scattering and Brownian motion to obtain the particle size
distribution of EVs in liquid suspension. It consists of a
laser light scattering microscope, a charge coupled device
(CCD) camera that captures the movement of EVs over a
series of frames, and proprietary software that tracks many
particles individually and calculates their hydrodynamic
diameters using the Stokes-Einstein equation. NTA in its
fluorescence mode can also be used to analyze fluorescently
labeled EVs. As NTA cannot distinguish EVs from other
particles such as protein aggregates that may have similar
sizes, it is important to isolate EVs prior to N'TA analysis.

Tunable resistive pulse sensing (TRPS)

One relatively new technology, qNano from Izon, employs
TRPS. qNano detects EVs passing through a nanopore
between two chambers by a way of single-molecule
electrophoresis. As particles pass through the pore, a transient
change in ionic current flow is detected and used to calculate
the volume of each particle.

Dynamic light scattering (DLS)

DLS determines the relative size distribution in a fluid
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relative to the standard population. DLS analysis gives
the average size of relatively monodisperse populations
of EVs. Because most EV preparation methods result in a
heterogeneous mixture of EVs, DLS is less suited in most
cases (12).

Zeta potential measurement

EVs bear surface charges and move in an electrical field.
The Zeta potential measures this electrophoretic mobility
of EVs. The higher the Zeta potential, the less likely that
the EVs have aggregated. NTA and RPS technologies have
been combined with measurement of the Zeta potential.
For example, ZetaView from Particle Metrix can select
three measurement modes: size, Zeta potential, and
concentration.

Flow cytometry (FC)

FC is very popular method for characterizing EVs, as it
can quantify and phenotype large number of EVs in a
high-throughput manner. Conventional flow cytometers
utilize laser scattering to measure particles. Due to its
lower detection limit for light scattering (~300-500 nm),
conventional FC has not been suitable for analyzing small
EVs. However, over the years, advances in protocols and
instruments have allowed researchers to overcome this
challenge.

Bead-based methods have been developed for analyzing
EVs by FC (25,26). This method consists of three steps:
(I) attaching EVs to beads; (II) fluorescently labeling
bead-bound EVs, either using fluorochrome-conjugated
primary antibodies or fluorochrome-conjugated secondary
antibodies (in the latter case, bead-bound EVs are first
incubated with primary antibodies); and (III) analyzing
with a conventional flow cytometer. The advantages of this
approach are that it does not need an advanced or dedicated
flow cytometer, and it can determine the relative presence
of various surface proteins. However, EV detection largely
depends on the abundance or availability of antigens on the
EVs and the specificity of the antibodies used. In addition,
this method does not quantify EVs.

The research group of Prof. Marca Wauben developed
a reliable, high-resolution FC method that can analyze
bead-free EVs (27). This protocol uses ultracentrifugation
coupled with sucrose gradient flotation for EV isolation,
labeling with the lipophilic dye PKH67, and/or
fluorochrome-conjugated antibodies. The method has
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been optimized for the BD Influx flow cytometer (Becton
Dickinson) and allows quantification of EVs and further
identification of different vesicle subsets expressing
particular proteins. This protocol demands an experienced
FC operator capable of manual hardware adjustments
and calibration to ensure optimized settings are used
across experiments. Moreover, the EV labeling step of the
experimental procedure, which requires a lengthy sucrose
gradient step, is rather time- and labor-intensive.

Pospichalova et al. presented a simplified protocol for
direct FC analysis of bead-free EVs using a commercially
available dedicated flow cytometer, the Apogee A50
Micro (Apogee Flow Systems) Hertfo (28). EVs can be
fluorescently labeled with protein- and/or lipid-specific
dyes, without needing to remove the unbound fluorescent
dyes in the lengthy sucrose gradient step.

Lannigan and Erdbruegger showed that Imaging Flow
Cytometry (ImageStream X MKII, EMD Millipore) can
address many limitations encountered using conventional
flow cytometry (29). The ImageStream X uses CCD
cameras for signal detection, and has a large dynamic range
and significantly lower noise. The ImageStream X requires
samples to be concentrated into small volumes to collect
numbers of events similar to those collected by conventional
flow cytometry.

Vesicle flow cytometry (VFC) has recently been
developed by Stoner er 4/. (30). The method involves
labeling EVs by a fluorescent lipid probe (di-8-ANEPPS),
followed by single particle analysis using a custom-made
high sensitivity flow cytometer. Vesicle diameter is estimated
by comparison to di-8-stained liposomes (120 nm mean
diameter). Since the fluorescent signal is enhanced when the
lipid probe is bound and inserted into the outer leaflet of a
bilayer membrane, the fluorescent signal is highly vesicle-
specific. This approach has the potential to accurately count
EVs, as it avoids counting non-vesicle contaminants such
as lipoproteins and protein aggregates. However, because
this method relies on liposomes (which are heterogeneous
in size), it may be less accurate in determining EV size
compared to NTA or TRPS. In addition, it cannot detect
surface proteins.

Western blotting

This conventional method is widely used to determine
the presence or absence of the protein of interest and to
detect the level of expression of a selected protein in an EV
preparation. Commonly used protein markers are CD9,
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CD63, CD81, TSG101, Alix, actin, tubulin, flotillin-1,
HSC70/HSP73, HSP70/HSP72, and MHC molecules.
Western blotting of these markers, however, cannot be
used to quantify EVs and the enrichment of these proteins
in the EV fraction does not guarantee the absence of
contaminants. The absence of cell-derived organelle
markers such as calreticulin is often used to assess the purity
of an EV preparation (12).

Other methods

Raman spectroscopy has also been used to characterize
EVs. However, conventional Raman spectroscopy is a very
inefficient process and requires high sample concentration,
high laser power, and long signal integration times.
Stremersch et al. presented a proof-of-concept in which
they used Surface Enhanced Raman Spectroscopy (SERS)
to identify single EVs (31). Each individual EV coated with
gold nanoparticles generates an optical fingerprint, which
may hold great potential for identifying and classifying
different subtypes of EVs.

Comparative analysis

Akers et al. recently compared the abilities of TEM,
NTA, TRPS, and VFC to quantify EVs from clinical
cerebrospinal fluid (CSF) (32). When TEM was used, the
particle count was consistently two orders of magnitude
lower than the counts generated by NTA and TRPS. VFC
particle counts were consistently two to three times lower
than those of NTA and TRPS, possibly due to the fact that
NTA and TRPS counted protein aggregates or other non-
vesicle particles in addition to EVs. Interestingly, NTA
and TRPS differed in counting EVs of different sizes. For
EVs <150 nm in diameter, NTA detected more EVs than
TRPS, while for EVs >150 nm in diameter, NTA detected
fewer EVs than TRPS. Thus, NTA was better at detecting
small EVs, while TRPS excelled at detecting EVs that were
larger.

Furthermore, van der Pol er al. compared TEM, NTA,
TRPS, conventional FC, and dedicated FC (Apogee A50
Micro) for quantifying EVs from urine and polystyrene
beads (33). Similar to the report by Akers et al., each
technique gave different particle size distributions for the
same sample. In terms of concentration measurements,
NTA and TRPS were similar. Compared to NTA and
TRPS measurements, conventional FC underestimated
the concentration almost 300-fold, and the more sensitive,
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high-resolution flow cytometer underestimated the EV
concentration 15-fold. Interestingly, the TEM-measured
concentration was 7-8 times less than NTA or TRPS
measurements, suggesting that TEM’s measurement of
concentration is highly variable due to the non-homogenous
attachment of EVs to the EM grid.

Maas et al. compared NTA, TRPS, and high-resolution
FC for analysis of cell culture EVs, polystyrene beads, and
calcein-loaded liposomes (34). The authors found that
variables such as particle concentration range, the NTA
camera level and detection threshold, and the nanopore
size in TRPS significantly influenced the measurements.
In addition, they found bigger differences in terms of EV
counting for NTA and TRPS. The differences between this
study and those of van der Pol ez 4/. and Akers et al. may be
due to the fact that the other two studies did not change the
default settings of the commercial instruments. Together,
these studies emphasize the importance of standardizing EV
characterization procedures, so more rigorous comparative
studies like these can be made.

EVs as cancer biomarkers

It has been well established that various tumors can shed
intact tumor cells [resulting in circulating tumor cells
(CTCs)], tumor-derived EVs, and cellular components such
as nucleic acids [resulting in cell-free DNA (¢fDNA) or
RNA] in body fluids. In fact, CTCs, cfDNAs, and EVs are
being studied as potential sources for liquid biopsy. The key
advantages of EVs as liquid biopsy material are fourfold.
First, compared c¢fDNAs, EVs are extremely stable and
can keep their contents intact for a much longer time than
other materials. Second, EVs, like CTCs, allow analyses
of proteins in addition to nucleic acid sequences. Third,
compared to CTCs, EVs are much more abundant, allowing
further manipulation. Fourth, although CTCs have
potential as prognostic markers of metastatic development,
incurable metastasis can already be developed at the time
of initial diagnosis with existing CTC assays. In contrast,
tumor-derived EVs may be a more valuable prognostic
marker because they are released from the primary tumor
long before detectable CTCs are present in body fluids.

EV cargo profiling and characterization for biomarker
discovery

Molecular profiling and characterization of EV cargoes is of
significant interest because they can provide clues about EV
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biogenesis and cellular function, and can be used to develop
biomarkers for disease diagnosis, prognosis, and treatment
response. EVs carry membrane proteins, cytosolic proteins,
mRNAs, and non-coding RNAs such as miRNAs. Among
these, EV miRINAs are best studied. Overall, there are fewer
EV protein cargo papers than EV RNA papers, due to the
lack of amplification procedures for identifying protein
cargoes.

There are generally two ways to discover EV protein
cargoes as potential biomarkers. First, proteomics analyses
using mass spectrometry in disease-related cell lines or
patient samples have been conducted to find candidate
protein cargoes. Next, the question of whether the candidate
protein is a “real” EV cargo is answered using immunogold
TEM, Western blotting, or flow cytometry. Lastly, EV
protein cargoes have been tested in patient samples to
determine their diagnostic or prognostic potential using
flow cytometry, mass spectrometry, or enzyme-linked
immunosorbent assay (ELISA). Another method is to
phenotype the known surface proteins on EVs using protein
microarrays or ELISA; however, this method depends
greatly on the availability of highly-specific antibodies and
prior knowledge of EV protein cargo compositions.

EV RNA biomarkers can be discovered in two different
ways. In the first procedure, EV RNAs are profiled using
RNA microarray or RNA sequencing, their differential
expressions in patients and healthy donors are compared,
and potential RNA markers are thus identified. Then, the
candidates are tested using RT-qPCR to determine their
clinical potential as biomarkers. In the second method,
known miRNA species are tested for their differential
expression using RT-qPCR to determine their clinical
potential.

EV proteins as diagnostic and prognostic biomarkers

Table 1 summarizes the EV proteins that have been shown to
have diagnostic or prognostic potential in various cancers.
Melo et al. showed that proteoglycan glypican-1 (GPCI)-
positive EVs were detected in the serum of patients with
pancreatic cancer with absolute specificity and sensitivity,
distinguishing them from healthy subjects and patients with
a benign pancreatic disease (17). Levels of GPCl-positive
EVs have correlated with tumor burden and survival of pre-
and post-surgical patients, suggesting a prognostic relevance
of the marker. A recent publication by Lai et /., however,
concluded that EV GPCI1 is not diagnostic for pancreatic
cancer (18). The authors used a liquid chromatography-
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tandem mass spectrometry (LC-MS/MS) method to
quantitatively analyze EV GPC1. They assessed EV GPCl1
levels from normal controls, three patients with chronic
pancreatitis (CP), and three patients with pancreatic ductal
adenocarcinoma (PDAC) and found no statistical difference
in EV GPCI level. Moreover, EV GPC1 levels only
slightly decreased after PDAC resection. Their procedure
for isolating EVs was similar to the one reported by Melo
et al. One caveat of the Lai et 4/. study is that the numbers
of patients in each category is small. Another possibility for
the result, as discussed by Lai ez /., is that the antibody used
in Melo et al. may recognize specific glycosylated cancer-
specific epitopes of GPC1, while the LC-MS/MS method
used in the latter study detected only core GPC1 proteins.
The potential of GPC1 as a diagnostic and prognostic
marker for pancreatic cancer needs further validation.

The above-mentioned studies, although exciting,
raise several issues, including the applicability of the
methods to the clinical setting, as the authors used lengthy
ultracentrifugation procedures to isolate EVs. In fact,
several groups aim to skip the EV isolation step and quickly
capture and detect EVs to determine the relative abundance
of EV surface proteins as potential biomarkers. After using
proteomic studies to identify potential biomarkers, Moon
et al. developed ELISA methods to capture and determine
two proteins that may be used as diagnostic biomarkers in
breast cancer. The authors used two different antibodies for
each protein and obtained similar AUC and other clinically
relevant parameters (36,37). One of the biomarkers, Del-1,
showed AUCs of 0.968 and 0.946 in two different ELISA
assays, suggesting that EV Del-1 could be a promising
marker for breast cancer detection (37).

Three studies used EV arrays to identify potential cancer
biomarkers. In these studies, 37 or 49 antibodies were
printed on an array and used to capture EVs expressing
specific surface proteins, then the captured EVs were
detected using a cocktail of three antibodies against CD9,
CD63, and CD81. This method successfully identified a
30-marker model and a 10-marker model for diagnosing
advanced non-small cell lung cancer (NSCLC) and
adenocarcinoma, respectively, and also NY-ESO-1 as a
potential prognostic marker for NSCLC (38-40).

Another study used ExoScreen, a novel method
that specifically detects EVs in the serum based on an
amplified luminescent proximity homogeneous assay using
photosensitizer beads that can detect EVs without a prior
isolation step. The study found that CD147 and CD9
double-positive EVs were significantly higher in serum
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from colorectal cancer patients than in serum from healthy
donors (AUC 0.82) (41).

EV miRNASs as diagnostic and prognostic biomarkers

miRNAs are short, single-stranded, non-coding RNA
molecules comprised of 19-22 nucleotides. The latest
miRBase release (June 2013) contains more than
2,500 mature human miRNA sequences (42). Many
miRNAs are dysregulated in various cancers, and their
differential expression profiles are associated with tumor
development, differentiation, progression, and response to
therapy. Importantly, miRNAs can be secreted from cells
and taken up by other cells. Cell-free circulating miRNAs
have been found in various human body fluids including
breast milk, colostrum, saliva, seminal fluid, tears, urine,
amniotic fluid, CSF, blood, pleural fluid, peritoneal fluid,
and bronchial lavage fluid (43).

Table 2A,B summarizes EV miRNAs that have been
shown to have diagnostic or prognostic potential in various
cancers. The results of these studies are difficult to compare
directly due to many factors. First, the sample types from
which the EVs were derived are different. In a 2017
position paper, ISEV recommended that plasma rather
than serum should be used for EV nucleic acid analysis
because serum contains high numbers of EVs released by
platelets in response to coagulation, while plasma mainly
contains EVs originally present in the circulating blood (9).
Second, different EV isolation methods were employed.
Many studies used polymer-based precipitation methods,
which can precipitate many particles, including protein
aggregates and lipoproteins. Third, methodological
pitfalls that could affect miRNA measurements must be
taken into account, such as the RINA isolation techniques,
storage conditions, quality control methods, quantification
principles, array platforms, library preparation protocols,
sequencing methods, RT-qPCR principles, and methods
for evaluating data, especially normalization strategies. For
example, the popular RNA extraction reagent Trizol has
been shown to induce GC content bias in small RNAs (61),
and the popular internal control U6 has been reported to be
unsuitable as an endogenous control for the quantification
of cell-free miRNAs (62,63).

Not all circulating miRNAs are from EVs. Besides
being packaged into EVs, circulating miRINAs have been
found to be associated with ribonucleoprotein complexes
(such as Argonaute proteins) (64,65), lipoproteins (66),
and nucleophosmin (67), and also exist as free-circulating
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miRNAs. Although two studies showed that only a minor
portion of cell-free miRINAs are associated with EVs (64,68),
other studies have shown that expression levels of particular
miRNAs are significantly higher in EVs compared to total
serum (44,52,69).

Do EV miRNAs have better diagnostic or prognostic
potential than miRNAs recovered from whole body
fluid? It depends. Uratani er a/. performed a head-to-head
comparison between miRNA expression levels of total
serum and EV fractions, and demonstrated that although
the diagnostic potential of both serum miR-21 and EV
miR-21 for adenoma patients is similar, serum miR-21 is
a superior diagnostic biomarker for advanced, high-risk
adenoma (52). Lai et 4l. identified a number of EV and
plasma miRNAs that have diagnostic potential for PDAC.
Interestingly, ROC curves showed that plasma miR-106b
levels were more sensitive for differentiating PDAC from
normal samples than EV miR-106b levels (AUC 0.98 vs.
0.85). On the other hand, in contrast to plasma miR-122,
with an AUC of 0.89, EV miR-122 had an AUC of 0.99 (18).
Therefore, cell-free circulating miRNAs and EV miRNAs
may have different diagnostic or prognostic potentials in
different cancers. More comparative analyses are necessary
to identify the best biomarkers for various cancers.

Another interesting study examined EV miR-
21 expression in both the serum and CSF of glioma
patients (54). The EV miR-21 level in CSF appeared to be
an excellent index to differentiate glioma from non-tumor
brain diseases (AUC 0.927; 95% CI, 0.865-0.985), and had
good potential for discriminating grade III/VI from grade II
gliomas (AUC 0.872; 95% CI, 0.817-0.927). Interestingly,
EV miR-21 levels in serum were not different between
glioma patients and controls. Thus, tumor-related body fluids
may have advantages for identifying EV-derived biomarkers.

Particular isoforms of EV miRINAs may be better cancer
biomarker candidates in some cases. Koppers-Lalic ez 4/.
observed that miRNA isoforms with 3’ end modifications of
miR-21, miR-204, and miR-375 were highly discriminatory
with respect to urine EV samples from control men vs.
prostate cancer patients. On the other hand, the mature
forms of these three miRNAs in urine EV samples failed to
robustly discriminate for disease (45).

Other EV RNASs as diagnostic and prognostic biomarkers

The clinical utility of EV RNA (not EV miRNA) is also
under investigation. Wang et /. showed that combined
expression of miR-21 and HOTAIR from serum EV

Transl Cancer Res 2017;6(3):599-612
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Table 2A EV RNAs as cancer biomarkers

Guo et al. EVs as cancer biomarkers

RNA Cancer Sample EV isolation method RNA isolation method Normalization method Ref.
miR-10b, miR-21, miR-30c, Pancreatic Plasma 220 nm filtration followed by  Trizol-LS (Thermo Fisher), miR-425-5p (18)
miR-106b, miR-20a, miR- ultracentrifugation Direct-zol RNA MiniPrep kit
181a, miR-let72a, miR-122 (Zymo Research)
miR-17-5p, miR-21 Pancreatic Serum 220 nm filtration followed by ~ mirVana PARIS RNA isolation U6 (19)
ultracentrifugation kit (Ambion)
miR-1246, miR-4644, miR- Pancreatic Serum Differential centrifugation miRNeasy Mini kit (Qiagen) U43, U6, 18S rRNA, 5S (35)
3976, miR-4306 followed by sucrose-gradient rRNA
miR-141 Prostate Serum ExoQuick miRNeasy Serum/Plasm kit Spiked in miRNA (cel- (44)
(Qiagen) miR-39)
Isoforms of miR-21, miR-204, Prostate Urine Differential centrifugation Trizol LS (Thermo Fisher) Pooled control (45)
miR-375 samples
miR-1290/miR-375 Prostate Plasma ExoQuick miRNeasy Micro Kit (Qiagen) = miR-30a-5p, miR-30e- (46)
5p, GM-30a/e
miR-1246, miR-4644 Pancreatobiliary ~ Saliva Total Exosome Isolation Total Exosome RNA and ué 47)
tract Reagent Protein Isolation (Thermo
Fisher)
miR-210, miR-1233 ccRCC Serum Total exosome isolation reagentMicroMini Kit (Qiagen) U6 (48)
followed by affinity capture with
anti-EpCAM
12 miR combinations including ccRCC Urine - Urine Exosome RNA Isolation ~ Geometric mean of (49)
miR-126-3p-miR-449a Kit (Norgen Biotek) miR-16-5p and miR-
106a-5p
miR-19a Colorectal Serum Differential centrifugation or ~ Modified acid-guanidine- miR-16 (50)
Total Exosome Isolation Kit phenol-chloroform method
miR-4772-3p Colorectal Serum ExoQuick SeraMir exosome RNA kit (SBI) miR-16 (51)
miR-21 Colorectal Serum ExoQuick miRNeasy (Qiagen) Spiked in miRNA (cel- (52)
miR-39)
several miRs including miR-  Colorectal Serum Differential centrifugation Trizol-LS then RNeasy Mini Total signal intensity of (53)
1246 and miR-23a spin column the array
miR-21 Glioma CSF Differential centrifugation RNeasy serum/plasma Kit GADPH (54)
RNU6-1, miR-320, miR-574-  Glioblastoma Serum ExoQuick Trizol RUN48 (55)
3p multiforme
miRNA-34s panel Hepatoblastoma  Whole ExoQuick Acid-phenol: chloroform ué (56)
blood method
miR-151a-5p, miR-30a-3p, Lung Plasma ExoQuick Trizol Let-7a (57)
miR-200b-5p, miR-629, miR-
100, miR-154-3p
miR-21, HOTAIR LSCC Serum ExoQuick MirVana microRNA isolation kit U6 (58)
(Thermo)
PCA3, ERG Prostate Urine Urine exosome clinical sample Urine exosome clinical sample SPDEF (59)
concentrator kit (Exosome concentrator kit (Exosome
Diagnostics) Diagnostics)
ExoDx Prostate IntelliScore Prostate Urine Urine exosome clinical sample Urine exosome clinical sample SPDEF (60)

(PCA3, ERG) (prospective
study)

concentrator kit (Exosome
Diagnostics)

concentrator kit (Exosome
Diagnostics)

In AUC, 0.927 (0.865-0.985), numbers in parentheses show the value AUC at 95% Cl. Same applies to HR denotation. AUC, area under the curve; HR, hazard
rate; PDAC, pancreatic ductal adenocarcinoma; PCa, prostate cancer; CRPC, castration-resistant prostate cancer; ccRCC, clear-cell renal cell carcinoma;
CSF, cerebrospinal fluid; HCC: hepatocellular carcinoma; LSCC, Laryngeal squamous cell carcinoma; SOC, standard of care (PSA, age, race, and family
history).
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Table 2B EV RNAs as cancer biomarkers

RNA Cohort Application AUC or HR Ref.
miR-10b, miR-21, miR-30c, 29 patients with PDAC and 6 healthy controls Diagnosis AUC for miR-10b, miR-21, miR-30c, miR-181a, (18)
miR-106b, miR-20a, miR- miR-let72a, 1.00; AUC for miR-106b, 0.85; AUC
181a, miR-let72a, miR-122 for miR-20a, 0.95; AUC for miR-122, 0.99
miR-17-5p, miR-21 22 patients with pancreatic cancer, 6 with benign Diagnosis miR-17-5p: AUC, 0.887 (0.796-0.978); miR-21:  (19)
pancreatic tumor, 7 with ampullary carcinomas, 6 with AUC, 0.897 (0.803-0.991)
chronic pancreatitis, and 8 healthy controls
miR-1246, miR-4644, miR- 131 patients with pancreatic cancer, 25 with chronic Diagnosis AUC, 0.944 (0.901-0.988) (35)
3976, miR-4306 pancreatitis, 22 with benign pancreatic tumors, 12 non-
pancreatic cancer, and 30 healthy controls
miR-141 20 patients with metastatic PCa, 31 patients with Diagnosis AUC, 0.8694 (0.7625-0.9762) for metastatic PCa (44)
localized PCa, and 40 healthy controls vs. localized PCa), better than PSA, AUC, 0.7758
(0.6486-0.9030)
Isoforms of miR-21, miR- 48 patients with PCa and 26 controls Diagnosis AUC, 0.821 (45)
204, miR-375
miR-1290/miR-375 100 patients with CRPC Prognosis HR, 2.58 (1.51-4.41) when combined miR levels (46)

with ADT failure time and PSA levels at the time
of CRPC staging

miR-1246, miR-4644 12 patients with pancreatobiliary tract cancer and 13  Diagnosis AUC, 0.833 (0.630-1.000), P=0.005 @47)
healthy control

miR-210, miR-1233 82 patients with ccRCC and 80 healthy donors Diagnosis miR-210: AUC, 0.69 (0.61-0.77); (48)

miR-1233: AUC, 0.82 ( 0.75-0.89)

12 miR combinations 81 ccRCC patients, 24 patients with benign lesions, Diagnosis Highest AUC, 0.84 (0.7620-0.9151) (49)

including miR-126-3p-miR- and 33 healthy donors

449a

miR-19a 209 patients with colorectal cancer and 16 healthy Prognosis High EV miR-19a expression is significantly (50)
controls associated with poorer survival as compared

with low EV miR-19a expression (P=0.0004)

miR-4772-3p 27 patients with recurrence and 57 patients without Prognosis of AUC, 0.72 (0.59-0.85) (51)
recurrence recurrent stage I,
Il colon cancer

miR-21 26 colorectal adenoma patients and 47 healthy controls Diagnosis AUC, 0.770 (0.654-0.861) (52)

several miRs including 88 patients and 11 healthy controls Diagnosis miR-1246: AUC, 0.948; miR-23a: AUC, 0.953 (53)

miR-1246 and miR-23a

miR-21 35 patients with high degree glioma, 35 patients with Diagnosis AUC, 0.927 (0.865-0.985) for glioma vs. non- (54)
low grade glioma, and 25 non-glioma patients tumor brain diseases

RNU6-1, miR-320, miR- 50 patients and 30 healthy controls Diagnosis RNU6-1: AUC, 0.722 (0.60-0.84); RNU6-1-miR- (55)

574-3p 320-miR-574-3p: AUC, 0.775 (0.65-0.90)

miRNA-34s panel 63 control group, 63 HB training group, 26 HB Diagnosis, Diagnosis: AUC, 0.923 (0.862-0.963) (56)
validation group Prognosis Prognosis: HR, 2.271 (1.711-3.432), P<0.001

miR-151a-5p, miR-30a-3p, 50 patients with lung adenocarcinoma, 30 with lung Diagnosis AUC, 0.760 (P<0.001) (57)

miR-200b-5p, miR-629, granuloma, and 25 healthy former smokers2tabletab
miR-100, miR-154-3p

miR-21, HOTAIR 52 patients with LSCC and 49 with vocal cord polyps  Diagnosis AUC, 0.876 (0.796-0.933) (58)

PCA3, ERG 42 with high-grade PCa (Gleason score >7), 47 with Diagnosis PCAS3-ERG alone, AUC, 0.764 for high-grade (59)
low-grade PCa (Gleason score =6), and 106 healthy PCa; Improved AUC of SOC from 0.672 to 0.803
controls for high-grade PCa

ExoDx Prostate IntelliScore 255 in the training cohort and 381 in the validation Diagnosis ExoDx Prostate IntelliScore alone, AUC, 0.74 (60)

(PCA3, ERQG) (prospective  cohort (0.68-0.80); improved AUC of SOC from 0.66

study) (0.58-0.73) to 0.77 (0.71-0.83)

In AUC, 0.927 (0.865-0.985), numbers in parentheses show the value AUC at 95% CIl. Same applies to HR denotation. AUC, area under the curve; HR, hazard
rate; PDAC, pancreatic ductal adenocarcinoma; PCa, prostate cancer; CRPC, castration-resistant prostate cancer; ccRCC, clear-cell renal cell carcinoma; CSF,
cerebrospinal fluid; HCC: hepatocellular carcinoma; LSCC, Laryngeal squamous cell carcinoma; SOC, standard of care (PSA, age, race, and family history).
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is superior to EV miR-21 or EV HOTAIR alone in
differentiating malignant from benign laryngeal squamous
cell carcinoma (70). Donovan ez 4l. showed that the gene
signature derived from normalized PCA3 and ERG RNA
expression in EVs from urine can predict initial biopsy results
in prostate cancer patients (59). A subsequent prospective
study confirmed the udility of this assay (60). This non-invasive
assay is now commercialized by Exosome Diagnostics.

Conclusions

Tumor-derived EVs and EV cargoes are highly promising
biomarker candidates for the diagnosis and prognosis of
cancers. Current methods for isolating and characterizing
EVs, as well as for detecting EV cargoes, are highly
variable. Robust comparative analyses would help develop
standardized methods that would enable more reliable
inter-study validation of EV cargoes as cancer biomarkers.
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