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Liquid biopsies have been studied for the early diagnosis of cancer, the monitoring of tumor burden, tumor
heterogeneity and the emergence of molecular resistance, along with the detection of minimal residual disease.
Interestingly, liquid biopsy consents the analysis of circulating tumor cells, circulating tumor DNA and extracellular
vesicles (EVs). In particular, EVs play a crucial role in cell communication, carrying transmembrane and
nonmembrane proteins, as well as metabolites, lipids and nucleic acids. Of all EVs, exosomes mirror the biological
fingerprints of the parental cells from which they originate, and therefore, are considered one of the most promising

predictors of early cancer diagnosis and treatment response.

exosome liquid biopsy breast cancer diagnosis

| 1. Liquid Biopsy and Extracellular Vesicles

Cancer is a dynamic and heterogeneous entity following the principles of clonal evolution. Different areas of the
same primary tumor show different genomic profiles, while metastases acquire new molecular aberrations
compared to primary tumors. Therapy-related biomarkers may change throughout cancer progression ‘in time and
space’. As a result, the measurement of the biomarker of interest at multiple time points and different sites of the
tumor may provide crucial information for patient management. On these grounds, precision oncology has
highlighted the need of providing the most appropriate and effective treatment to each cancer patient, assuming
that inter- and intra-tumor genetic heterogeneity could explain sensitivity or resistance to anticancer agents . The
primary goal of precision oncology is, therefore, to discover molecular biomarkers predicting prognosis and
response to specific therapies, helping to anticipate the emergence of unexplained drug resistance [2.
Nevertheless, obtaining serial samples of tumor tissue is impractical and complicated by spatial heterogeneity and
sampling bias. Indeed, more comprehensive and accessible tumor genome information is needed to provide an
accurate account of the whole tumor than that obtained through single biopsy. Interestingly, an attractive alternative
to overcome the limitation of repeated tissue sampling is provided by the analysis of peripheral blood samples as

‘liquid biopsy’.

Liquid biopsy is being developed as a promising new technique in the field of precision oncology. It is a minimally
invasive prognostic and diagnostic tool that could overcome the limits of surgical biopsy . Blood draws can easily
be performed serially. Thus, blood is an ideal compartment for the detection of prognostic and predictive
biomarkers. Moreover, liquid biopsy has several potential clinical applications. These include early tumor diagnosis

B! the monitoring of tumor burden BIZEIR tumor heterogeneity and the emergence of molecular resistance 29,
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and the detection of minimal residual disease (8. In particular, liquid biopsy mainly targets materials pulling away
from tumor edges and swept away by the bloodstream, including circulating tumor cells, circulating tumor DNA and
extracellular vesicles (EVs) 1. It is well-known that nucleic acids are present in biological fluids in healthy subjects
in stable low concentrations and are immunologically inactive; however, they change dramatically in cancer and
autoimmune disorders 12. The circulating DNA is also internalized in EVs, which protect it from nuclease
degradation or recognition as dangerous by immune cells and provide their effective clearance. The features of
circulating DNA and its packaging in vesicles reflect the state of cell of origin, such as apoptosis, necrosis,

phagocytosis or active secretion [£2],

EVs are small lipid bilayer-enclosed vesicles, actively released by all viable cells that play a vital role in cell
communication 4l They carry transmembrane and nonmembrane proteins as well as metabolites, lipids,
messenger RNAs, microRNAs, long-noncoding RNA, and DNA 1316l |n recent years, the interest in EVs has
rapidly increased 17 and several studies have demonstrated their potential use as diagnostic, prognostic and
therapeutic agents in clinical settings &, In 2014, the International Society for Extracellular Vesicles (ISEV) board
members provided a list of minimal information regarding EVs, updated in 2018. According to ISEV guidelines, the
term EVs includes three types of vesicles, namely exosomes, microvesicles, and apoptotic bodies, based on origin
and size of diameter (22, |n detail, exosomes are defined as intra-luminal vesicles with a diameter ranging from 30
to 150 nm derived from the multi-vesicular (MV) bodies, formed by budding of the endosomal membranes and
secreted in the extracellular space upon fusion of late endocytic compartments with the plasma membrane.
Microvesicles include different populations of vesicles, which are in the nano-range of 50-200 nm, and larger
vesicles up to 1 um, which include the pre-apoptotic vesicles. They are generated by plasma membrane budding
and are shed in the extracellular space. Apoptotic bodies, with a diameter ranging from 1 to 5 um, are a class of
vesicles released by cells exclusively during apoptotic cell death and their cargo is mainly enriched with nuclear
fragments [29 (Figure 1A). In particular, exosomes are extremely abundant in all biological fluids, including serum,
cerebrospinal fluid (21 plasma, saliva, breast milk 22 and urine 231, When exosomes were discovered in 1983 [24],
they were first believed to operate as cellular garbage disposal 2. Since then, several researchers have
investigated their biological roles. These include, but are not limited to, antigen presentation, immune regulation,
apoptosis evasion, drug resistance and immune surveillance escape 2827 Moreover, exosomes derived from
cancer cells have been demonstrated to play a key role in facilitating tumorigenesis by regulating angiogenesis,
immunity, and metastasis 2829 (Figure 1B). By way of example, Peinado et al. 281 observed how melanoma-
derived exosomes increase the metastatic behavior of primary tumors by permanently “educating” bone marrow
progenitors via the MET receptor. Besides, melanoma-derived exosomes induce vascularization at pre-metastatic
sites and reprogram bone marrow progenitors towards a pro-vasculogenic phenotype. Al-Nedawi et al.
demonstrated that the transmission of the constitutively active EGFRVIII via EVs not only transfer oncogenic
activity among cancer cells but also activates autocrine VEGF signaling in endothelial cells stimulating tumor
angiogenesis BBl Finally, another key example of the role of exosomes in metastatization has been shown in
pancreatic cancer, where EVs promote pre-metastatic niche formation in the liver through macrophage inhibitory

factor signaling and consequent fibrotic liver environment 32,
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Figure 1. Extracellular vesicle (EV) biogenesis and role in tumor. (A). Tumor cells can release EVs involved in cell-
to-cell communication; these are classified as exosomes, microvesicles and apoptotic bodies based on their origin
and size. (B) Exosomes released by tumor cells reach the bloodstream and play an important role in metastasis
development. (C) Exosomes are small lipid bilayer-enclosed vesicles, characterized by the presence of
transmembrane tetraspanin proteins and a content of RNA, DNA, miRNA as well as proteins.

| 2. Exosomal Proteins in Breast Cancer Diagnosis

Proteins located on the surface of, as well as within exosomes, may also be used as cancer biomarkers. As shown
by proteomic results available in the ExoCarta and EVPedia databases [23], exosomes exhibit specific protein
profiles according to cellular origin. As previously mentioned, tetraspanins are abundantly expressed in exosomes
(34 These are a protein superfamily that interacts with a large variety of transmembrane and cytosolic signaling
proteins 32381 |n particular, tetraspanin CD9, along with metalloprotease ADAM10, heat-shock protein HSP70 and
Annexin-1, are general marker proteins detected in serum and pleural effusion-derived exosomes from patients
with BC or BC cell lines B2, Interestingly, Wang and colleagues 38 recently showed that the level of exosomal
tetraspanin CD82 was significantly higher in the serum of BC patients compared to healthy controls, while the
expression of CD82 significantly increased with malignant breast cancer progression. Furthermore, the combined
expression of urinary exosomal tetraspanin CD63 and miR-21 had a 95% sensitivity to early BC detection,

although both markers are not specific to BC 32,
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Rupp et al. 49 reported that the epithelial cell adhesion molecules EpCAM and CD24 could be used as markers to
specifically identify cancer-derived exosomes in ascites and pleural effusions from BC and ovarian cancer. In the
same period, Moon and colleagues 4142 found that both plasma levels of developmental endothelial locus-1
protein (Del-1) and fibronectin expressed by circulating exosomes were significantly higher in patients with BC than
in controls. Moreover, they almost returned to normal after tumor removal, proving to be closely related to tumor
presence. Additionally, Khan et al. 3 demonstrated that exosomal-Survivin, particularly Survivin-2B, may be

employed as a diagnostic and/or prognostic marker in early BC patients.

Interestingly, exosomes from gastric, breast and pancreatic cancer carry members from the human epidermal
growth factor receptor (HER) family 44451461 |n HER2-overexpressing BC cell lines, HER2-positive exosomes
modulate sensitivity to Trastuzumab and, consequently, HER2-driven tumor aggressiveness 481, Although not
specific to early BC diagnosis, HER2 could be a useful biomarker for anticipating drug-resistance during treatment,

which represents the principal limiting factor to the development of cures in cancer patients.

Additionally, Melo and colleagues ¥ identified a cell surface proteoglycan, glypican-1 (GPC1), specifically
enriched on cancer cell-derived exosomes. They observed that GPC1-positive circulating exosomes were
specifically and sensitively detectable in the serum of patients with pancreatic cancer. Elevated GPCL1 levels have
also been observed on exosomes from BC cells, suggesting a possible use of this exosomal biomarker to identify
BC early 48],

More recently, Kibria et al. 49 used an automated micro flow cytometer to profile protein expression of exosomes
isolated from cell lines and blood of BC patients and healthy controls. They observed a significant reduction in
CDA47 expression in circulating exosomes from BC patients, compared to controls. Notably, CD47 is a cancer-
related surface protein whose expression prevents recognition of cancer cells by the innate immune system, thus

facilitating tumor progression 59,

Finally, other studies demonstrated the higher expression of serum exosomal-annexin A2 (exo-AnxA2) in BC
patients compared to non-cancer females, especially for triple-negative BC (TNBC) rather than luminal and HER2-
positive BC. Besides, high expression of exo-AnxA2 levels in BC was significantly associated with tumor grade,
poor overall survival and poor disease-free survival. This study also showed that exo-AnxA2 promotes

R@ﬁe&‘&ﬁeeﬁerefore, exo-AnxA2 represents a potential prognostic biomarker and therapeutic target of TNBC

(51],
1. Shin, S.H.; Bode, A.M.; Dong, Z. Precision medicine: The foundation of future cancer

therapeutics. NPJ Precis Oncol 2017, 1, 12,

3. Exosomal MicroRNAs in Breast Cancer Diagnhosis
2. Bailey, A.M.; Mao, Y.; Zeng, J.; Holla, V.; Johnson, A.; Brusco, L.; Chen, K.; Mendelsohn, J.;
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miRNAs stably exist in body fluids by virtue of their packaging in exosomes, which protects them from degradation
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miRNA Special Characteristics References

3 {oshino,
Significantly high in BC
miR-21 and mi-R1246 although ubiquitous in human Hanna[g_%]n etal.
exosomes
3 Significantly high in BC Gonzalez-  H.;
miR-145, miR-155 and miR-382 although ubiquitous in human Villasana et al. 1a|yses
exosomes (29
q miR-101 and miR-372 Significantly high in BC Elchel[s7_(1a]r etal '006. 8
miR-223-3p Significantly high in BC YOShIk%Va etal
2 . 2005,
MiR-16 Slg_n|f|c§ntly high in BC Ni et al. 23]
especially if estrogen-positive
3 ‘he
miR-93 Significantly high in DCIS Ni et al. 3]
miR-188-3p, miR-500a-5p and miR-502-3p (MiR-532-502 Significantly high in BC Zou et al. 74
cluster)
2 ;
miR-122-5p Significantly high in BC Li et al. 13
miR-106a-3p, miR-106a-5p, miR-92a-2-5p, miR-19b-3p Sianificanty high in BC i ol 28 Arch.
and miR-92a-3p (miR-106a-363 cluster) 9 yhg '
2 let-7b-5p, miR-106a-5p, miR-19a-3p, miR-19b-3p, miR- ymal
25-3p, miR-425-5p, miR-451a, miR-92a-3p, miR-93-5p Significantly high in BC Zou et al. 1 | .
and miR-16-5p Cinog.
. Significantly downregulated in . [79]
2 miR-148a BC Li et al. K.:

Ishikawa, S.; Okazaki, I. Novel breast cancer screening: Combined expression of miR-21 and
MMP-1 in urinary exosomes detects 95% of breast cancer without metastasis. Sci. Rep. 2019, 9,
1-10.
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miRNA Special Characteristics References rmé, F;
miR-27a/b, miR-30c, miR-150, miR-152, miR-199a-3p, Significantly deregulated in Stevic et g/ 831 SOMES:
miR-340, miR-376a, miR-410 and miR-598 BC '
L R . Rodriguez-
miR-21 and miR-105 Significantly high in metastatic oo ot . M 1S
vs. localized BC [80]
ellular
: 22,
miR-373 Significantly highin TNBC ~ Coneiser etal.
Significantly high in TNBC Rodriguez- : Baek,
miR-222 and luminal B vs. luminal A Martinez et al.
[80] \ncer.
BC
miR-27b, miR-30c, miR-128a, miR-145, miR-150, miR-
152, miR-199a-3p, miR-324-3p, miR-335, miR-340, miR- Significantly deregulated in Stevic et al. [83] nostic
376al/c, miR-382, miR-410, miR-423-5p, miR-433 and TNBC ‘ 176
miR-598 k '
A

miR-27a/b, miR-30c, miR-150, miR-152, miR-199a-3p,
miR-328, miR-340, miR-365, miR-410, miR-422a, miR-
598 and miR-628

Significantly deregulated in
HER2-positive BC

Stevic et al. &3 ;ed from
Baran, J.; Baj-Krzyworzeka, M.; Weglarczyk, K.; Szatanek, R.; Zembala, M.; Barbasz, J.;
Czupryna, A.; Szczepanik, A.; Zembala, M. Circulating tumour-derived microvesicles in plasma of
gastric cancer patients. Cancer Immunol. Immunother. 2010, 59, 841-850.

Ciravolo, V.; Huber, V.; Ghedini, G.C.; Venturelli, E.; Bianchi, F.; Campiglio, M.; Morelli, D.; Villa,
A.; Della Mina, P.; Menard, S.; et al. Potential role of HER2-overexpressing exosomes in
countering trastuzumab-based therapy. J. Cell. Physiol. 2011, 227, 658—667.
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