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Extracellular vesicles (EVs), often described as mini-maps of their cells of origin, are found in the
bloodstream and can be rich sources of cargo released from cancer cells. As such, they could be collected
through minimally invasive methods and potentially used as biomarkers. However, the relatively
complicated methodologies that separate the purest EVs are the least likely to be translated to the clinic,
whereas simpler methods are non-selective for EVs. Notwithstanding this, research is underway to
identify blood-based EV-associated diagnostic and predictive biomarkers for breast cancer. There is
reason to be optimistic that some approaches will yield useful biomarkers. Thus, further studies with

larger cohorts of appropriate samples are warranted.

Introduction

Breast cancer (BC) is the most common cancer in women (World
Health Organization, https://www.who.int/cancer/prevention/
diagnosis-screening/breast-cancer/en/), and approximately 1%
of BCs occur in men. More than 1.7 million new cases of BC are
diagnosed worldwide annually, and every woman has at least a
one in eight chance of developing BC. If the cancer is detected
while still localised in the breast, the 5-year survival rate is up to
98%, but if it has metastasised, the survival rate drops to 26% [1]
(American Cancer Society, https://www.cancer.org/cancer/
breast-cancer/about/how-common-is-breast-cancer.html). Early
detection and optimal treatment are key to survival. However,
diagnosis still often occurs by chance and not early enough. Often
the diagnosis is made when a growth or irregularity is detectable
and is subsequently confirmed by biopsy.

Minimally invasive blood-based diagnostic markers would be
invaluable. After diagnosis, tissue-based biomarkers such as human
epidermal growth factor receptor 2 (HER2), oestrogen receptor (ER)
and Ki67 are useful for determining prognosis and guiding choices of
treatment. However, drug-resistance, whether innate or acquired,
is a major clinical problem that is compounded by the lack of
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predictive biomarkers (i.e., companion diagnostics) [2]. This has
serious implications for patients’ quality-of-life and longevity. Fur-
thermore, the costs of many anticancer treatment regimens are
substantial, and their appropriate use is essential for societal and
economic benefit. Thus, efforts are underway to determine the
potential of blood-based extracellular vesicles (EVs) as diagnostic
and predictive biomarkers (Fig. 1). Also, for readers who may not be
familiar with BC, Table 1 summarises some key terms used here.

The term exosome dates back approximately 50 years, when it
was used in relation to the fruit fly (Drosophila) [3]. Some 20 years
later, seminal papers appeared reporting that exosomes were
involved in transporting transferrin receptor from cells during
reticulocyte maturation [4]. Since then, interest in exosomes
has increased substantially, with more than 2,500 publications
in this field listed on PubMed in 2019 alone. The huge interest
from academics, clinicians and industry is due to increasing evi-
dence that substantial cargos of information are released from cells
via these lipid-bilayer-enclosed vesicles, typically termed exo-
somes and microvesicles, and that these have both physiological
and pathophysiological relevance. These vesicles are proposed to
be tailor-made mini-maps of their cell of origin that are trans-
ported in the bloodstream and other body fluids, and that are
involved in cell-to-cell communication [5].
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FIGURE 1

Extracellular vesicles as diagnostics and predictive biomarkers. Minimally invasive blood-based biomarkers could identify those who have breast cancer from
those who are healthy with no cancer, including those who have a benign breast growth or similar irregularity. For those who are diagnosed with breast cancer,
predictive biomarkers would aid selection of the optimal treatment for the individual, if treatment is necessary (for some, watchful waiting might be more
appropriate than intervention).

Exosomes and microvesicles, collectively termed EVs, were
originally classified into subgroups on the basis of their size and
cellular origin (exosomes are approximately 30-120 nm and of
endosomal origin, whereas microvesicles are 120-1000 nm and
bud from the cell membrane) [6]. A limited number of authors
propose that exosomes also bud from the cell membrane, although
this is not the general consensus [7]. Adding to the nomenclature’s
complexity, some reports use alternative terms, including ecto-
somes, microparticles, oncosomes and prostasomes. All of these
are EVs. However, once EVs have been released from cells into the

TABLE 1

environment (e.g., into blood), we cannot be certain whether they
originated from the cells’ endosomal pathway or directly from the
cell membrane [8]. Furthermore, EV size distinctions are not
absolute. Arguably, for cancer, what is more important than the
exact size or route of cellular exit of EVs is their potential as
minimally-invasive biomarkers.

In 2018, an important milestone was reached regarding meth-
odologies for EV separation/isolation and analysis as biomarkers
(or, indeed, for any purpose). Appreciating that absolute purifica-
tion of EVs from any biofluid is an unrealistic goal, 382 members of

Terminology related to breast cancer used in this review

Term Explanation

LCIS, ILC, DCIS, IDC These terms are used to explain the location of the abnormal cells within the breast:

e Lobular carcinoma in situ (LCIS) is when abnormal cells are found in the milk-producing glands (lobules) of the breast, but

those cells are contained within the lobules

e Invasive lobular carcinoma (ILC) is BC that begins in the lobules of the breast, but which invades beyond the lobule

o Ductal carcinoma in situ (DCIS) is when abnormal cells are found in the lining of the milk ducts (i.e., the ducts that carry breast

milk to the nipple)

e Invasive ductal carcinoma (IDC) is BC that starts in cells that line the milk ducts, but which invades beyond the duct.

Of note, IDC accounts for approximately 80% of all invasive BC in women, and approximately 90% of all invasive BC in men.

BC can be subtyped on the basis of some cell surface proteins. This subtyping helps in selecting pharmacological treatments,

and includes:

e Human epidermal growth factor receptor 2 (HER2)-overexpressing BC. These BCs are candidates for treatment with HER2-

targeting drugs, such as trastuzumab and lapatinib

e Oestrogen receptor (ER)-positive BC. These BCs are candidates for treatment with ER-targeting drugs, such as tamoxifen

e HR™ BCs are where the cells are positive for ER and the progesterone receptor (PR)

o Triple-negative breast cancer (TNBC) does not overexpress HER2, ER or PR. So far, a specific cell surface marker has not been

identified as a therapeutic target for TNBC.

Classical chemotherapy, such as docetaxel or paclitaxel, is frequently used as part of the treatment in all cases

Ki67 Encoded by the MKI67 gene, Ki67 is a nuclear protein that is associated with cellular proliferation. It is frequently analysed in
cancer, including BC, as an indication of the rate of proliferation of the cancer cells

HER2, ER, HR" TNBC
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the EV community published guidelines for appropriate EV isola-
tion and fundamental characterisation. These guidelines seek to
provide confidence that what has been isolated are indeed EVs,
prior to more advanced characterisation [8]. A worldwide survey
concluded that the most common isolation method is ultracen-
trifugation [9]. Ultracentrifugation-based techniques that involve
density gradients are generally accepted to yield the purest, or
‘cleanest’, EV preparations. For example, a comparative study of
four methods reported that density-gradient ultracentrifugation
methods outperform kit-based methods such as ExoQuick and
Total Exosome Isolation precipitation in terms of purity [10].

However, when considering cancer biomarkers, ultracentrifu-
gation-based methodologies have substantial limitations: they are
not high throughput, require an ultracentrifuge and cannot be
easily translated to the clinic. A subsequent comparison of EV
separation from plasma by ultracentrifugation, ExoQuick, Exo-
spin precipitation and size-exclusion chromatography (SEC)
found that precipitation methods provided the least pure prepara-
tions, but that SEC was comparable to the ultracentrifugation-
based density-gradient method, giving hope that this approach
could be suitable for clinical translation [11].

Because lipoproteins (which occur approximately 100-fold
more frequently than EVs in plasma) span the size ranges of
EVs, separating EVs by ultracentrifugation on a density gradient
followed by SEC has been reported to be an optimal way of
isolating plasma EVs with high purity [12]. Although this com-
bined approach improves EV purity, it also adds complexity to the
procedure. Furthermore, this technique requires procuring a rela-
tively large volume of blood (around 40 ml would be required to
obtain up to 12 ml of plasma, as used here) or pooling together a
number of samples to prove how relatively pure the isolated EVs
are, which is typically not translatable to the clinic. For example, it
would not be appropriate to draw large volumes of blood from an
already sick cancer patient, who might have numerous blood
samples taken over the course of their treatment. More appropriate
volumes of serum or plasma for biomarker analysis in such a
setting might be in the order of 100 pl. Therefore, applying
extensive methods for EV isolation and fundamental characteri-
sation would not be possible routinely in the clinical setting.

Before deciding on EV-isolation methods for biomarker studies,
due consideration should be given to pre-analytical steps. As we
reported, because of its high concentration of soluble proteins and
lipoproteins, blood has high viscosity and density, which hampers
EV concentration, isolation and detection. To achieve rigour and
reproducibility, important consideration should be given to, for
example, how the blood donor presented (e.g., fasting versus non-
fasting), how the blood was drawn, how it was processed to serum
or plasma, and how it was stored before EV isolation [13]. Platelets
are a rich source of EVs, so platelet-depleted plasma is considered
to be the ideal blood product for progressing to EV isolation for
biomarker studies.

Of course, it must be recognised that for a candidate molecule
(or molecules) to be a potentially useful diagnostic and/or predic-
tive biomarker in blood, it does not necessarily have to be EV
cargo. In fact, the relative limited numbers of blood-based bio-
markers that form the current standard-of-care do not involve
isolating EVs. However, moving forward in this relatively new field
of research, if studies are claiming that EVs and/or EV cargo are

biomarkers, it is important that necessary effort is invested into
providing evidence to support that claim.

EVs as diagnostic biomarkers

Here, we review studies that evaluate EVs as potential diagnostic
biomarkers for BC, typically in chronological order (Table 2). It is
noteworthy that although it has been established that ExoQuick (a
proprietary precipitating polymer) does not separate EVs from
many other precipitates of serum or plasma, it has been the
most-used method for this purpose. This is probably because of
its ease and speed of use, with no requirement for an ultracentri-
fuge. However, all RNAs and proteins analysed in such studies
cannot be assumed to be EV cargo. It is noteworthy that although
all studies in which ExoQuick was used for the discovery of BC
diagnostic or predictive biomarkers (see below) seem to have used
the original form of ExoQuick, such precipitation methods are
evolving. In the future, more advanced methods might be a source
of differing and, indeed, improved results. For example, ExoQuick
LP (which claims to remove contaminating lipoprotein particles
from plasma and serum) and ExoQuick Plasma Prep with Throm-
bin (which includes a de-fibrinating plasma step prior to isolation)
are also available.

Studying ExoQuick precipitates from serum of 44 patients
[whose tumour types were described as n=29 luminal; n=3
HER2; and n=12 triple-negative BC (TNBC)] and 12 healthy
controls, Eichelser et al. [14] reported EV miR-101 (p =0.0001)
and EV miR-372 (p =0.021) to be at higher levels in the isolates
of BC samples with compared with controls. EV miR-373 levels did
not differ significantly between all of the represented BC subtypes
when collectively compared to controls, but were higher in TNBC
when compared with luminal BC (p = 0.027) and healthy controls
(p =0.001). Although this study shows promise, the numbers of
samples being compared were low, particularly when separated
into BC subtypes.

Using ExoQuick on plasma, miR-16 was found at significantly
higher levels in patients (24% TNBC, 28% ER*, HER2 status un-
known) and those with ductal carcinoma in situ (DCIS) than in
healthy controls. Specifically, EV miR-16 occurred at 2.1-fold (p
=0.034) higher levels across all BCs when compared with controls.
However, the EV miR-16 levels reported in DCIS (1.8-fold, p
=0.047) were not substantially different to BC [15]. This suggests
that plasma-based miR-16 might have relevance as a diagnostic,
even if the supporting data are not strong. However, further
analysis of this data to consider BC subtypes showed that although
plasma EV miR-16 levels were higher in ER* patients (1.5-fold,
p =0.004) compared with controls, the same did not hold true for
TNBC patients. In this instance, miR-16 levels were lower in TNBC
versus controls (0.7-fold, p=0.012). This highlights the impor-
tance of considering each BC subtype independently when seeking
diagnostic biomarkers; but to do so requires adequate numbers of
samples representing each subtype.

Stevic et al. [16] also precipitated EVs from plasma using Exo-
Quick and characterised them by CD63-ELISA to consider EV
concentrations in peripheral blood as diagnostic biomarkers. Here,
higher concentrations of EVs in plasma from patients (n=78
HER2*, p =0.0001; n =40 TNBC, p = 0.002) were reported in com-
parison to healthy controls (1 = 10). Increasing the numbers of
samples and performing miRNA profiling (n=384 miRNAs)
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TABLE 2
Blood-based EV cargo proposed as potential diagnostic biomarkers in breast cancer
Patients Controls Biofluid EV quantities or EV isolation method EV characterisation Refs
cargo proposed as performed
biomarker
RNAs
n=78 HER2, n =40 n =10 healthy Plasma EV concentration (by ExoQuick Immunoblot: CD63, CD81 [16]
TNBC controls ELISA-coated with
CD63 antibodies) and
miRNAs
n = 44 BC patients n =12 healthy Serum miR-101, -372, -373 ExoQuick Immunoblot: CD63, MUCT, [14]
controls GAPDH
n=111 BC patients, n =39 healthy Plasma miR-16 ExoQuick Immunoblot: CD63, AGO2? [15]
n =42 DCIS patients  controls
n =179 BC patients  n =20 healthy Plasma miR-223-3p Centrifugation TEM [17]
(incl. stages 0-IlI) controls (15,000 g)
n =16 BC patients n =16 healthy Plasma miR-1246, -21 ExoQuick Immunoblot: CD63, NTA; [18]
controls TEM
n =46 BC patients n = 28 healthy Plasma miR-1246 EV content evaluated Immunoblot: CD63, TSG101; [19]
controls in situ in plasma NTA; TEM
n =32 BC patients n =32 healthy Plasma miR-122-5p ExoQuick None [20]
controls
n =12 early stage n =10 controls with  Plasma miR-375, 24-2-5p, ExoQuick Immunoblot: CD9, TSG101, [21]
(TTNOMO) BC benign breast 548b-5p, 655-3p, HSC70; TEM
disease 376-5p
n =15 BC pre- and n =15 healthy Serum HOTAIR 0.45 wm filtration; Immunoblot: CD63, Hsp70;  [22]
post-surgery controls ExoQuick, 1500 g TEM
spin
Proteins
n =240 early BC, n = n =55 benign breast Plasma Fibronectin Not isolated; None [25]
40 BC patients post-  disease, n = 80 non- captured by anti-
surgery cancer disease, n =70 CD63 ELISA
disease-free
individuals
n =14 BC patients, (i. Plasma Periostin UC (with a sucrose Immunoblot: CD9, NTA [28]
e., n =7 localised, gradient
n =7 spread to centrifugation)
lymph nodes
n =40 BC patients n =10 controls, who  Serum Survivin, survivin- ExoQuick Acetylcholinesterase [31]
(stages I-1V) had BC but disease- AEx3 activityb
free 5 years post-
treatment
n =50 BC patients (in  n =31 healthy Plasma EV concentration; uc Immunoblot: CD9, Flotilin-2, [33]
situ and stages I-lll) controls FAK, EGFR MHC-I; flow cytometry
Other
n =59 BC positive n =30 biopsy- Plasma ssODNs UC (with a sucrose TEM, using anti-CD9 [34]

individuals (mainly
pools of samples
studied)

negative, n = 30
healthy patients
(mainly pools of
samples studied)

gradient
centrifugation)

immunogold; dynamic light

scatter (DLS)

2 AGO2, Argonaute RISC catalytic component 2; MHC-1, major histocompatibility complex 1; NTA, nanoparticle tracking analysis; TEM, transmission electron microscopy; TSG101, tumour

susceptibility gene 101; UC, ultracentrifugation.

showed that 10 miRNAs were dysregulated in EVs from patients
compared with controls, and other miRNA panels were associated
with a BC subtype (HER2 or TNBC). Further analysis to potentially
validate this in larger cohorts is necessary, although it should be
considered that owing to the EV-isolation method used, it cannot
be assumed that all miRNAs detected are EV cargo.

Yoshikawa et al. [17] used relatively low speed (15,000 g) cen-
trifugation to separate EVs from the plasma of patients [n =25
DCIS; n=94 stage I, n=152 stage II and n =8 stage III invasive
ductal carcinoma (IDC)], as well as n =20 healthy donors. It is
noteworthy that this is likely to be a quite different population of
EVs and other materials from those collected when using high
speed (e.g., 110,000 g) centrifugation preparation styles. Here,

levels of EV miR-223-3p significantly increased with progressing
cancer stages (I-III) compared with stage O and controls. On
average, EV miR-223-3p levels were 3.45-fold higher in IDC versus
controls and 2.85-fold higher when compared with DCIS. Further-
more, EV miR-223-3p levels correlated significantly with nuclear
grade and lymphatic invasion. However, no significant differences
were found for BC subtypes. In this study, EV miR-16a was used as
an internal control to normalise EV miR-223-3p [17]. Given that
EV miR-16 had been reported as a potential biomarker distinguish-
ing BC from healthy controls [15], this choice of control might
require further consideration in future studies.

Using ExoQuick to precipitate EVs from the plasma of BC
patients (n=16, mostly ER", grade 2-3) and healthy controls
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(n = 16), Hannafon et al. [18] reported higher (p < 0.05) amounts of
miR-1246 and miR-21 associated with cancer. This study was quite
limited in sample size. However, following up on EV miR-1246 as a
potential diagnostic, Zhai et al. [19] developed an Au nanoflare
probe to detect EV-carried miR-1246 in situ in plasma. Without
requiring EV isolation, the probe reportedly entered the plasma
EVs and generated a quantitative fluorescent signal by targeting
miR-1246. When evaluating plasma from patients (n=46) and
healthy controls (n = 28), the probe could discriminate the cancer
samples as having significantly higher amounts of EV miR-1246
compared with that of the controls, with 100% sensitivity and up
to 92.9% specificity. Clinical information such as BC subtype (or
subtypes) was not detailed, and further research is necessary,
including determining how and why the probe would specifically
enter EVs, and conducting larger studies. However, the potential
to quantify a specific miRNA as a component of plasma EV cargo
without having to isolate the EVs makes this approach of much
interest, providing that it continues to conform to being a poten-
tial diagnostic and that this technology can be adapted for clinical
use.

As with many of these studies, Li et al. [20] used ExoQuick for EV
precipitation from the plasma of BC patients and healthy controls
(n=32 each). Of their five microRNAs of interest (miR-122-5p,
miR-146-5p, miR-210-3p, miR-215-5p and let-7b-5p), miR-122-5p
was found to be at higher (p = 0.001) levels in BC. Whether or not
all BC subtypes were represented was not clarified.

Although the population sample sizes from which EVs were
precipitated using ExoQuick by Yan et al. [21] were very small (i.
e., n=12 BC and n =10 from controls with benign breast dis-
ease), the fact that the BC patients were all early stage (TINOMO)
makes this a useful cohort when trying to identify early diag-
nostic biomarkers. Using sequencing, five miRNAs were identi-
fied that synchronised in EVs and BC tissue. Of those, miR-375
and miR-24-2-5p were negatively associated with patients’ sur-
vival, whereas miRNA-548b-5p and miR-376-5p were positively
associated with survival. Follow-up by qPCR with larger cohorts
is necessary.

Notwithstanding a few exceptions such as miR-1246, it is note-
worthy that most part of the miRNAs identified as potential
diagnostic biomarkers differ between the discovery studies men-
tioned above. The reasons for this could include different, rela-
tively small, donor cohorts; different pre-analytical steps before
plasma or sera separation; some studies using plasma and others
using sera; different methods for EV isolation (if EVs were isolated);
and differences in characterisation to determine whether the
isolates were EVs before proceeding to miRNA analysis. In addi-
tion, the miRNA analysis method differed from study to study,
with methods including qPCR (Tagman or Maxima SYBR Green),
qPCR-based microarrays (with one such study using arrays repre-
senting 384 miRNAs and another study using arrays representing
only 45 different miRNAs) and miRNA sequencing using an Au
nanoflare probe in situ. Of note, some of these methods are not
truly quantitative and thus, as performed, are incomparable be-
tween studies. Differences also occurred in the analysis of the
resulting data, which were sometimes normalised, and sometimes
not. Considering all these differences, it is probably unsurprising
that there were only few agreements between the study outcomes
in terms of the specific miRNAs identified as potential diagnostics.

However, collectively, the studies suggest that some miRNAs
might have potential as EV-carried biomarkers. Advancing on
these preliminary studies, it would be important to develop
standard operating procedures (SOPs) for each step involved
and to perform larger (ideally, multi-centre) studies to conclusive-
ly determine whether EV miRNAs can be analysed reliably, robust-
ly and reproducibly as diagnostic biomarkers for BC.

MiRNAs are not the only EV cargo that has potential as diag-
nostic biomarkers. Other RNAs, such as the long non-coding RNA
(IncRNA) HOX transcript antisense RNA (HOTAIR), have also been
proposed for this role. Specifically, using filtration and ExoQuick
to precipitate EVs from serum, Tang et al. [22] reported EV-carried
HOTAIR to be at higher (p < 0.001) levels in sera from BC patients
(n=15) compared with healthy controls (n=15). Furthermore,
three months post-surgery, the EV HOTAIR levels in the patient
cohorts’ sera had fallen significantly (p < 0.001), supporting the
hypothesis that it originated from tumours.

Proteins can also be used as diagnostic biomarkers. For example,
fibronectin is an essential extracellular matrix protein that is
proposed to facilitate cancer invasion and metastasis [23,24],
and EV-carried fibronectin was reported [25] to have greater diag-
nostic accuracy than fibronectin analysed directly in plasma. In
this study, a form of in-house sandwich ELISA was used in which
plasma was incubated on 96-well plates coated with polyclonal
anti-CD63 antibody. The excess was washed off and then reacted
with an anti-fibronectin monoclonal antibody. Notwithstanding
the fact that very small volumes (1 1) of plasma were required, it is
important to consider that EVs were not isolated and thus were not
definitively characterised as EVs. The study represents a potentially
useful way to analyse plasma biomarkers in a clinical setting in
which limited volumes of biofluid might be available, but there is
no substantial evidence that the fibronectin analysed was EV-
based.

Periostin is another major component of the extracellular ma-
trix that is upregulated in cancer [26,27], and it is enriched in EVs
secreted from metastatic BC cells [28]. Vardaki et al. [28] isolated
EVs using ultracentrifugation from the plasma of BC patients
whose cancer had remained localised (n=7) or spread to the
lymph nodes (LNs) (n=7), and they found that EV-carried peri-
ostin was typically at a higher level in patients with LN involve-
ment, although they did not evaluate EVs for cancer diagnosis per
se. Owing to the low number of samples and the fact that not all
LN~ cases had an absence of EV periostin and not all LN* cases had
EV periostin present, it is impossible to draw clinically meaningful
conclusions. However, if EV periostin could predict which
tumours would remain localised rather than spreading to the
LNs, this could help to avoid unnecessary treatment for those
who do not need it, while prioritising those who do. A higher-
throughput and quantitative method, rather than immunoblot-
ting as used here, would be necessary for clinical use. These
researchers also reported that the EVs/particles from the plasma
of those who were LN*, compared with those who were LN, were
larger (on average, 125 nm versus 95 nm) and at a higher concen-
tration (on average, 10.9 x 10° per ml versus 8.35 x 10° per ml),
based on nanoparticle tracking analysis. However, despite an
observed difference in EV concentrations, for unexplained rea-
sons, a fixed quantity of EV protein from each sample was used for
comparative periostin immunoblotting.

www.drugdiscoverytoday.com 5

https://doi.org/10.1016/j.drudis.2020.11.001

Please cite this article in press as: Daly, R., O’Driscoll, L. Extracellular vesicles in blood: are they viable as diagnostic and predictive tools in breast cancer?, Drug Discov Today (2020),

=
w
w
o
v
)
-
0
o
o

.

d

2
Q2

>

9]
o



https://doi.org/10.1016/j.drudis.2020.11.001

el
)
<.
]
3
w
o
-
o
wn
-
wn
n
X
m
m
2

DRUDIS-2834; No of Pages 8

REVIEWS

Drug Discovery Today * Volume 00, Number 00 * December 2020

We and others have reported that anti-apoptotic survivin is
overexpressed in BC [29,30]. Khan et al. [31] sought to investigate
the early diagnostic value of survivin and its splice variants by
immunoblotting. They recruited a cohort of BC patients (stages I-
1V) and used ExoQuick to precipitate EVs from serum, then evalu-
ated acetylcholinesterase activity (as an EV-associated enzyme),
although unusually the controls (n=10) used were sera from
former cancer patients. This study showed that acetylcholinester-
ase activity (p < 0.01), survivin and survivin-AEx3 were higher
(the latter two averaging ~1.4-fold higher) in cancer compared
with controls. However, as we have mentioned in Table 2, acetyl-
cholinesterase has recently been reported not to be a generic
marker of EVs [32]. Relevant future studies could use larger
cohorts, with consideration given to the most appropriate con-
trols, as well as fundamental EV characterisation and higher-
throughput, more quantitative methods (such as ELISA) for survi-
vin analysis.

Galindo-Hernandez et al. [33] investigated focal adhesion kinase
(FAK) and epidermal growth factor receptor (EGFR). FAK correlates
with increased invasion and metastasis in BC [33]. Here, EVs were
isolated from platelet-deprived/platelet-poor plasma of BC
patients (n=350) and healthy controls (n=31) using differential
ultracentrifugation. Although the main focus was not EV concen-
trations, significantly higher concentrations of EVs (p < 0.0001)
were reported for the patients’ cohort (on average, ~750 EVs/pl)
compared with the control cohort (on average, ~300 EVs/ul).
Within the patients’ cohort, the EV concentrations were signifi-
cantly greater for those with stage I (n = 9), stage Il (n = 23), stage III
(n=12) and stage IV (n=3) BC compared with in situ carcinoma
(n = 3), although the sample sizes per group were small. Appropri-
ately, using equal volumes of plasma fractions enriched in EVs
(rather than fixed protein quantities, which would lose the signif-
icance of more EVs with cancer), immunoblot analysis of

TABLE 3

EV-carried FAK and EGFR showed that both proteins were absent
from the control samples. However, FAK was detected in EVs from
those with BC in situ and stage I-III BC, with increasing FAK
associated with increasing stages. EV EGFR, conversely, was at
highest levels in in situ cases, and decreased with increasing stages.

Adaptive dynamic artificial poly-ligand targeting (ADAPT) has
been used to profile thousands of single-stranded oligodeoxynu-
cleotides (ssODNs), analysing EVs from pooled plasma samples
taken from patients whose biopsies were positive or negative, or
from healthy controls. Domenyuk et al. [34] reported that a subset
of 2000 ssODNs could stratify healthy from breast biopsy-negative
and -positive women. With further refinement and validation, this
approach might enable cross-referencing of an uncharacterised
sample against known biomolecular signatures to diagnose BC.
However, whether such a complex approach could be advanced to
routine clinical use has yet to be considered. Its strength might be
in the discovery of biomarkers, which could then be validated and
detected using a simpler method.

EVs as predictive biomarkers

Predictive biomarkers can forecast whether an individual will benefit
from a particular treatment regime [2]. In an effort to establish the
potential of EVsto predictresponse to pharmacological intervention
(Table 3), Chen et al. [35] isolated EVs via ultracentrifugation from
plasma procured during anthracycline-taxane-based adjuvant che-
motherapy treatment (n = 34), and also from patients who received
no chemotherapy post-surgery (n=21). Breast cancer resistance
protein (BCRP), flotillin 2 and mucin 1 (MUC1) mRNAs were at
significantly higher levels in non-responders compared with those
whodidnotreceive adjuvant chemotherapy. Furthermore, EVsfrom
non-responders had higher MUC1 protein levels (evaluated by
immunofluorescence), often co-expressed with BCRP. BCRP was
mostly absent for those who received no treatment. The study

Proposed blood-based EV cargo as potential predictive biomarkers in breast cancer

Cohorts Biofluid EV concentration or  EV isolation method EV characterisation Refs
cargo proposed as performed
biomarker
n = 34 adjuvant TEC®, n = 21 receiving no Plasma BCRP Differential UC None [35]
chemotherapy
n =131 unresectable metastases Plasma TRPC5 Differential UC Immunoblot: CD63, [36]
flotillin 1, MUC1;
immunofluorescence:
CD63, MUC1
n =30 HER2 neo-adjuvant to trastuzumab  Serum TGFB, Differential UC Immunoblots: CD9, [37]
and lapatinib [NCT01485926] CD63, CD81, Alix, GRP94;
NTA; TEM
n =38 HER2" trastuzumab responsive, Serum IncRNA SNHG14 ExoQuick Immunoblots: CD9, [38]
n =34 HER2* trastuzumab resistance CD63, CD81, Alix; NTA;
TEM
n = 435 pre-therapy (n =211 HER2, n =224  Plasma EV concentration (by ExoQuick Immunoblot: CD63, [16]
TNBC) to neo-adjuvant paclitaxel ELISA-coated with CD81
+ doxorubicin +/— carboplatin CD63 antibodies)
n =40 HR*/HER2~ advanced breast cancer  Plasma TK1, CDK9 exoRNeasy None [39]
prior to palbociclib
n = 25 neo-adjuvant chemotherapy, n = 25 Serum HOTAIR Filtration (0.45 wm filter), Immunoblot: CD63, [22]
neo-adjuvant tamoxifen then ExoQuick, with Hsp70; TEM

1500 g spin

#NTA, nanoparticle tracking analysis; TEC, anthracycline-taxane-based chemotherapy; TEM, transmission electron microscopy; UC, ultracentrifugation.
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concluded that EV-carried BCRP might predict response to chemo-
therapy. Of note, those who received chemotherapy tended to have
more advanced tumours and LN involvement, compared with those
who did not, so the fact that their EVs carry more BCRP is probably
not unexpected.

Wang et al. [36] used ultracentrifugation to isolate EVs from
plasma taken from patients with unresectable metastases be-
fore treatment. They showed that those who went on to
respond to the anthracycline/taxane-based chemotherapy
had significantly lower levels of EV-carried transient receptor
potential channel 5 (TRPCS) compared with non-responders
(the range of EV TRPCS was 3.1-88.6; lower and higher levels
were defined by the median, with the values being arbitrary
immunofluorescence values, as measured by flow cytometry).
A > 1.09-fold increase in EV TRPCS after two cycles of chemo-
therapy (which occurred for n = 36 patients, but not for n =52
patients) was associated (p = 0.0042) with reduced progression-
free survival. These results are interesting, but because the cut-
off thresholds were fitted retrospectively, it would be impor-
tant to see how this holds out in prospective studies. It remains
unclear how practical a 1.09-fold difference might be for pre-
dicting a response.

Our group collected serum before neoadjuvant treatment with
HER2-targeted drugs (trastuzumab and lapatinib) in a Phase I
clinical trial (n =30 patients; NCT01485926). Following EV iso-
lation by ultracentrifugation, we discovered that levels of trans-
forming growth factor-; (TGF[,), which tethered to the surface
of EVs and suppressed immune cells, were higher (p < 0.01) for
patients who subsequently did not gain benefit from the treat-
ment compared with those who did [37]. This suggests EV-carried
TGFfB; as a predictive biomarker for some HER2-targeted drugs.
Following this, other researchers procured pre-treatment serum
from advanced HER2" patients (n = 72), who then received tras-
tuzumab. Serum precipitates analysed following ExoQuick isola-
tion showed lower amounts of long non-coding small nucleolar
RNA host gene 14 (IncSNHG14) (p =0.025) and total SNHG14
(p=0.0139) in responders (n = 38) compared with non-respond-
ers (n = 34). Furthermore, higher levels of SNHG14 were associat-
ed (p<0.01) with LN* cancer, distant metastasis and cardiac
toxicity [38].

After profiling 435 plasma samples precipitated by ExoQuick,
Stevic et al. [16] reported that miR-155 (p= 0.002) and miR-301
(p=0.002) could predict pathological complete response to neo-
adjuvant paclitaxel + doxorubicin +/— carboplatin. Efforts to
validate these findings by qPCR, ideally using EV isolation meth-
ods that would give confidence that the miRNAs are carried by EVs,
would be welcome.

Del Re et al. [39] analysed plasma from patients with advanced
BC (n = 40, HER*/HER2") before treatment with the cyclin-depen-
dent kinase 4 (CDK4) and CDK6 inhibitor palbociclib and hor-
mone therapy. EVs were not characterised. ExoRNeasy was used to
obtain RNA, which was analysed by digital-droplet PCR. High
baseline CDK4 was associated (p =0.01) with increased progres-
sion-free survival (taking 6.45 months as a cut-off time point) in
patients treated with palbociclib and fulvestrant. Conversely,
increasing levels of thymidine kinase 1 (TK1) and CDK9 mRNA
over the course of treatment were associated with drug-resistance.
This finding warrants further evaluation in larger cohorts, but

because EVs were not characterised, it is uncertain whether the
mRNAs studied were specifically EV-associated. Furthermore, an
explanation for the statistical analysis at 6.45 months post-treat-
ment would have been welcome.

After EV precipitation (by filtration and ExoQuick) from the sera
of two cohorts of patients (n=25 each) prior to neo-adjuvant
chemotherapy and tamoxifen, respectively, Tang et al. [22]
reported that relatively high levels of EV-HOTAIR before treatment
might be associated with poor response to both treatment regimes.
Again, independent validation in larger cohorts and with methods
of isolation and characterisation that can support the EV nature of
this RNA would be important.

Concluding remarks

As reviewed, substantial efforts are underway to identify blood-
based diagnostic and predictive biomarkers for BC. Each study
suggests that the RNAs or proteins being analysed are EV cargo.
However, some do not separate EVs from the plasma/serum (al-
though this lack of separation step might be ideal for ease of use
clinically, if these assays can be validated); some precipitate EVs
along with RNAs and proteins that are not EV cargo; and some
assume the presence of EVs, rather than characterise them. To
avoid confusion, ideally researchers should avoid claiming their
analysis is specifically of EVs if there is no support for this. Thus,
although caution should be given when claiming that a biomarker
originates from an EV, if an RNA or protein can be validated as a
reliable blood-based diagnostic or predictive biomarker, then from
a clinical perspective the matter of whether or not it is an EV cargo
is a secondary concern.

Good preliminary data have been generated, but more research
is needed. We recommend considering the MISEV2018 guide-
lines [8] to be confident of working with EVs, if that is what is
intended. We urge that consideration should be given to pre-
analytical steps in sample preparation, prospective studies, anal-
yses of large cohorts of specimens (keeping in mind BC subtypes
and the male cohort) with appropriate controls, using methods
that could be translated to clinical use, and concentrating on
markers that are different enough between the groups being
considered so that they could be analysed with reliability in
the clinical setting. Building on previous achievements, such
efforts could realistically result in new diagnostic and predictive
biomarkers for BC. In fact, some molecules might have potential
as both diagnostics and predictive biomarkers. However, this
cannot be assumed, and so robust evaluation is needed to inves-
tigate whether this is so.

Future considerations of EVs in blood could give consideration to
reviews such as that by Monguio-Torajada et al. [40], which qualita-
tively summarises ten different EV isolation techniques based on 12
different criteria, albeit not specifically related to BC. Furthermore,
future studies comparing serum and plasma from the same BC
patients would be needed to properly determine which is superior
as a source of EVs when evaluating potential diagnostic and/or
predictive biomarkers. However, it must also be considered that this
would require twice as much blood to be taken to separate as both
serum and plasma. Although there might be no ethical concerns in
seeking consent from healthy volunteers to donate larger volumes
of blood, for already ill cancer patients, who are probably
having multiple blood samples taken for standard-of-care tests, this
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might not be possible. As mentioned earlier, in efforts to move
towards greater rigour and standardisation, it is important for
researchers with an interest in this area to work together to develop
SOPs for each step, including how patients are initially asked to
present (e.g., in the fasting state) to have their blood samples taken;
how the samples are processed as serum or plasma; how samples are
stored and shipped (if relevant); how EVs are isolated and charac-
terised; how EV numbers and/or cargo are analysed and then vali-
dated; and how the resulting data are analysed and interpreted.
Ultimately, well-controlled, large, blinded, multi-centre studies are
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