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Abstract

Extracellular vesicles (EVs) are membrane-surrounded structures secreted by
cells, which involve exosomes, microvesicles, apoptotic bodies, and many oth-
ers. Recent studies indicated that cancer-associated EVs play pivotal roles in
constructing favorable microenvironments for cancer cells through communica-
tion with various surrounding or remote cells. In fact, they induce immunosup-
pression, angiogenesis, and epithelial-mesenchymal transition (EMT) via
transport of functional nucleic acids, proteins, and metabolites. They also trans-
port tumor-associated antigens to antigen-presenting cells. Since the cargoes of
cancer-derived EVs retain the molecular properties of their sources and cancer
cells actively release EVs into bodily fluids that are easy to access, EVs are con-
sidered to be attractive resources for cancer biomarker development. In the fol-
lowing chapter, we describe the biology of EVs, as well as methods and issues
relevant for purifying EVs and measuring EV biomarkers. We also provide an
overview of reported EV biomarker molecules and discuss the feasibility of
EV-based cancer liquid biopsy.
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1.1 Introduction

Each year, approximately 14 million people are diagnosed with cancer worldwide.
The development of cancer biomarkers as diagnostic tools for the screening or man-
agement of cancers may play a crucial role in reducing cancer-related mortality.
Indeed, early detection is one of the most effective ways to reduce cancer death
rates. Early detection may be accomplished by screening the general population
using blood-based biomarkers. Liquid biopsy using blood-based biomarkers may
also enable patient-specific targeted therapy or the monitoring of drug resistance
acquisition by tumor cells [1]. Circulating tumor cells (CTCs) and cell-free DNA
(cfDNA) are promising materials for liquid biopsy; however, several issues remain
to be solved, particularly regarding sensitivity [2].

EVs are membranous vesicles released by any types of cells in our body. The
functions of EVs include maintaining cellular homeostasis and presenting intra-
cellular antigens [3, 4]. Multiple kinds of stresses, such as hypoxia, pH alteration,
oxidative stress, shear stress, or radiation, trigger secretion of EVs [5]. Cancer
cells actively secrete EVs even during the early phase of the disease [6]. EVs
contain biomolecular cargoes that are protected from degradative enzymes in
body fluids [7, 8]. For example, cfDNAs are intensively degraded in blood, which
are typically detected as short fragments with less than 100 bp [8]. In contrast,
DNA fragments in EVs range from 100 bp to 17 kb in size, indicating that wider
range of genetic information would be accessible in EV-DNAs [9]. Protection of
RNA cargoes from RNase in biofluids also significantly enhances the depth of
transcriptomic analysis by next-generation sequencers [10]. In addition, EV car-
goes directly reflect the characteristics of their sources. Indeed, KRAS, TP53,
NOTCHI1, and BRCA?2 mutations were detected in biofluid EVs from patients
with pancreatic cancer and ampullary cancer [10]. Cancer-associated EVs also
contain cancer-specific protein cargoes. NYO-ESO-1 and TP53 were detected in
EVs from cancer patients’ sera, which could be effective targets for cancer liquid
biopsy [11].

Recent studies of EVs as cancer biomarkers have mainly focused on nucleic
acids and proteins. Reports indicated that the diagnostic performance of nucleic
acids is excellent, but several major problems remain unresolved. These issues
fundamentally come from unfixed EV purification methods. On the other hand,
reports on EV proteins are accumulating at a steady rate. These EV proteins are
now cataloged in public databases and can be utilized in meta-analyses [12]. For
detection technologies, enzyme-linked immunosorbent assay (ELISA), EV
microarray, and ExoScreen are widely used in measurements of EV protein bio-
markers [13, 14]. These methods have a significant advantage in clinical applica-
tion of EV protein biomarkers because EV protein concentrations can be directly
measured without EV purification, allowing quick, low-cost, and reproducible
tests. In this chapter, the reported EV protein biomarkers (Table 1.1) are over-
viewed, followed by consideration of clinical values for EV-based liquid biopsy
(Table 1.2).
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Table 1.1 Reported EV protein biomarkers for cancer diagnosis

Number of
Type of cancer Author, year samples Type of assay | Target
NSCLC Wang, 2018 153 ELISA Lipopolysaccharide-
binding proteins
Sandfeld, 2016 276 EV array NY-ESO-1
Ueda, 2014 178 ELISA CD91
Yamashita, 2013 9 ELISA EGFR
Breast cancer Moon, 2016 169 ELISA DEL-1
Lee, 2018 111
Toth, 2008 66 FCM CD45+ LMP
Salma, 2014 50 ELISA and Survivin, survivin-2B
WB
Kibria, 2016 120 Micro FCM CD47
Colorectal cancer Yoshioka, 2014 385 ExoScreen CD147
Renal cell Jingushi, 2017 29 LC/MS AZU1
carcinoma
Melanoma Peinado, 2012 36 WB TYRP2

NSCLC non-small cell lung cancer, EGFR epidermal growth factor receptor, DEL-1 developmen-
tal endothelial locus-1, FCM flow cytometry, LMP leukocyte-derived microparticles, WB western
blotting, LC/MS liquid chromatography-mass spectrometry, AZU/ azurocidin, TYRP2 tyrosinase-

related protein 2

Table 1.2 Studies about EVs liquid biopsy

Type of
cancer Author, year | Target Utility of liquid biopsy
NSCLC Lino, 2018 BRAF, EGFR, and | NGS of plasma exoNA for common BRAF,
KRAS mutations KRAS, and EGFR mutations has high sensitivity
in exoNA compared with clinical testing of tumor and
plasma cfDNA
Elena, 2018 | EGFR T790M The combination of exoRNA/DNA and cfDNA
mutation for T790M detection has higher sensitivity and
specificity compared with historical cohorts using
cfDNA alone
Breast Yang, 2017 | GSTP1 mRNA GSTP1 mRNA containing exosomes predicted
cancer expression clinical outcome of breast cancer with
anthracycline/taxane-based chemotherapy
Wang, 2017 | Exosome-carrying | Exo-TRPCS level predicted acquired
TRPC5 chemoresistance to anthracycline/taxane-based
chemotherapy
Fang, 2017 | Exosomal HER2 Exosomal HER?2 expression levels were almost
consistent with that in tumor tissue expression
Pancreatic | Allenson, Mutant KRAS in Mutant KRAS exoDNA was detected in 43.6%
cancer 2017 exoDNA of early-stage PDAC patients
Prostate Kharaziha, MDR-1, MDR-3, Comparative proteomics analysis of exosomes
cancer 2015 endophilin-A2, and | secreted from cell lines showed the candidates

PABP4

of biomarkers for response to docetaxel therapy

NSCLC non-small cell lung cancer, NGS next-generation sequences, EGFR epidermal growth fac-
tor receptor, BRAF v-raf murine sarcoma viral oncogene homolog B, KRAS Kirsten rat sarcoma
viral oncogene, exoNA exosomal nucleic acids, ¢fDNA cell-free DNA, GSTPI glutathione
S-transferase P, TRPC5 short transient receptor potential channel 5, HER2 human epidermal
growth factor receptor 2, MDR multidrug resistance, PABP4 poly(A)-binding protein
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1.2 General Remarks on EVs as Biomarkers
1.2.1 Molecular Characteristics of EVs

EVs are classified into three main groups according to biogenesis processes and
particle sizes. (i) Exosomes are 30—200 nm in size and formed as intraluminal ves-
icles (ILVs) within the lumen of multivesicular bodies (MVBs). MVBs fuse with
the plasma membrane to release ILVs. Exosomes from cancer cells contain tumor-
associated antigens, and these antigens can transform dendritic cells [15]. (ii)
Microvesicles, which are 100—1000 nm in diameter, are formed when cell mem-
branes are partially pinched off and released directly from the originating cells. (iii)
Apoptotic bodies are relatively large particles (5002000 nm) and formed during
the late stage of apoptosis. Smaller types of apoptotic bodies (approximately 500 nm
in diameter) also contain intracellular antigens [16]. EV subtypes have different
cargo profiles, suggesting that their roles may also differ [17].

Members of tetraspanin family (CD9, CD63, and CD81) are generally used as
exosome markers. However, these factors are also expressed in apoptotic bodies and
microvesicles. These proteins are also expressed on the cell surface and are thus
expressed in other types of EVs that are generated by direct budding from the plasma
membrane. Different reports have shown that CD9, CD63, and CD81 are abundant
not only in exosomes but also in microvesicles or apoptotic bodies; thus, additional
factors are needed to discriminate among these different types of EVs [18].

1.2.2 Purification and Detection Methods for EV Biomarkers

Measurement of nucleic acids, such as RNA or DNA, in EVs needs to be accompa-
nied with appropriate EV purification steps. An issue that arises is that the obtained
EV population differs according to the used purification methods [19]. The avail-
able EV purification methods, such as ultracentrifugation, chromatography,
antibody-based capture, and the microfluidic system have advantages and disadvan-
tages. Thus, it is necessary to optimize the method that yields the highest purity of
the target population [18]. Proteome analysis plays a vital role in the identification
of biomarkers among protein targets. A new analytical strategy has been developed
for proteome analysis. This technique uses EVs directly secreted from surgically
resected fresh tissues as the subject rather than EVs obtained from patient blood
samples or cultured cell lines. This method enabled to deal with high-purity organ-
specific EVs and allowed to in-depth OMICS-wide analysis of EVs [19]. For mea-
surement of protein targets expressed on EVs, immunoassays are often employed
using a pair of antibodies. After capturing EVs by an anti-tetraspanin antibody, such
as an anti-CD9, anti-CD63, or anti-CD81 antibody, a target-specific antibody can
detect the targeted EV surface biomarker protein (EV sandwich ELISA). This
method enables detection of biomarkers expressed on EVs directly from body fluid
samples in a high-throughput manner without any purification processes. This point
is a great advantage for clinical application [20].
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1.2.3 EV Protein Biomarkers and Liquid Biopsy
for Cancer Diagnosis

EV biomarker studies have been accumulated for lung cancer. Ueda et al. [21] isolated
exosomes from the serum of lung cancer patients, conducted proteome analysis, and
identified 1369 proteins. The investigators successfully distinguished between lung
adenocarcinoma patients and controls (healthy donors and benign lung diseases) using
Exo0-CD91 antigen. Jakobsen et al. [22] and Sandfeld-Paulsen et al. [11] analyzed pro-
tein biomarkers in plasma samples from lung cancer patients using EV microarrays
and reported an association between NY-ESO-1 and prognosis. As a liquid biopsy of
lung cancer, Mohrmann et al. screened nucleic acids in exosomes (exoNA) and detected
driver mutations of BRAFV600, KRASG12/G13, and EGFRexon19del/L858R. These
mutations were detected more sensitively in exoNA than in cfDNA [23]. Additionally,
Castellanos-Rizaldos et al. reported successful detection of EGFR T790M mutation in
exoNA, which is responsible for EGFR TKI drug resistance [24].

DEL-1, which is identified via LC-MS/MS analysis of serum from breast cancer
patients, was confirmed to have clinical value in a retrospective study using
ELISA. The detection of DEL-1 on circulating EVs facilitated early-stage breast
cancer diagnosis and discrimination of breast cancer from benign breast disease
[25]. Salma et al. suggested that EV-survivin may be useful in breast cancer diagno-
sis [26]. Kibria et al. suggested that EV-CD47 may be a possible breast cancer bio-
marker [27]. Toth et al. compared blood samples from breast cancer patients and
healthy subjects using fluorescence-activated cell sorting (FACS). They reported
that CD45+ leukocyte-derived microparticles had levels of sensitivity and specific-
ity similar to those of the existing biomarker, CA15-3 [28]. GSTP1 and TRPCS5 may
be useful as negative predictive factors for anthracycline/taxane-based chemother-
apy regimens in breast cancer patients [29, 30]. Fang et al. reported that HER2-
positive exosomes in plasma from breast cancer patients correlate positively with
HER?2 expression in breast cancer tissue [31].

Yoshioka et al. reported the utility of ExoScreen and CD147 as EV protein bio-
markers for colorectal cancer [14]. Allenson et al. reported the detection of mutated
KRAS in exoDNA from early-stage pancreatic cancer patients [32].

Jingushi et al. identified AZU1 as a biomarker candidate via proteome analysis of
renal cell carcinoma tissue-exudative EVs [33]. Mass spectrometric analysis of tumor-
derived exosomes identified TYRP2, VLA-4, and HSP70 as biomarker candidates [34].
Kharaziha et al. conducted proteome analysis of prostate cancer tumor cell-derived exo-
somes to identify predictive factors for docetaxel therapy. Their results suggested that
MDR-1, MDR-3, endophilin-A2, and PABP4 may be biomarker candidates [35].

1.3 Summary
EVs are attractive resources for cancer liquid biopsies. Some reports already showed

favorable results in development of EV-based cancer diagnosis technologies.
However, there are still great challenges for clinical application including
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standardization of methods for EV purification and an incomplete understanding of
the characteristics and molecular composition of EVs. With overcoming these
issues, screening the general population with EV biomarker may achieve early
detection of cancer and reduce cancer death rates.
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