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Breast cancer (BC) accounts for the highest incidence of tumor-related mortality among women worldwide,
justifying the growing search for molecular tools for the early diagnosis and follow-up of BC patients under
treatment. Circulating extracellular vesicles (EVs) are membranous nanocompartments produced by all human

cells, including tumor cells.

extracellular vesicles breast cancer proteomes

| 1. Introduction

Breast cancer (BC) is currently the most commonly diagnosed type of cancer in the world. In 2020, this disease
accounted for 25.5% of new cases among women, and it was responsible for 15.5% of the cases of death via
cancer among women . Due to these rates, it is important to continue searching for screening and therapeutic
options. Cancer is a disease produced by specific tissue cells with uncontrolled growth. Tumor cells use cell-to-cell
communication to spread through diverse strategies, invading lymph nodes or distant organs, evading growth

suppressors, or inducing tumor-supporting angiogenesis 2.

Extracellular vesicles (EVs) represent one form of cell-to-cell communication through a range of different types of
membranous nano- and microparticles (ranging from 30 nm to 5 um in size), each with a specific biogenesis,
cargo, and function Bl. EVs are involved in several biological processes such as cell signaling, cell proliferation,
immune system modulation MBI and the production of amphisomes as a consequence of their fusion with
autophagosomes . EV proteins are markers for early diagnosis and are prognostic in several types of solid
tumors. In lung cancer, EV leucine-rich alpha-2-glycoprotein 1 was reported to be up-regulated in urinary and lung
tissue [8l. Moreover, ovarian cancer EVs are enriched in integrin, PI3 kinase, p53, Ras, and other proteins related
to cancer development B9 |n gastrointestinal system cancers, the amount of exosome is increased in patients
with colorectal cancer, and it is correlated with carcinoembryogenic antigen 1. EVs also participate in cancer
progression processes such as tumor invasion, growth, and metastasis 1223l For example, several studies have
shown that EV protein content is associated with breast cancer cells, demonstrating its modulation during
oncogenesis and tumor progression. EVs support cancer progression, signaling recipient cells’ motility and growth
(241 |n breast cancer, increased EV biogenesis has been related to the activation of protease-activated receptor 2
(PAR2), which is induced by different factors, including coagulation factor-FVlla and trypsin 22!, PAR2 is cleaved by
trypsin, which triggers PIK3-dependent AKT phosphorylation. AKT’s phosphorylation induces Rab5a activation,
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resulting in actin polymerization, which contributes to microvesicle budding, cell migration, and invasion 18I,
Moreover, three different signaling cascades contribute to EV production via PAR2: (1) actin polymerization via the
sequential activation of P38, MK2, and HSP27; (2) ERK1/2 activation, which stimulates MLC2 via MLCK; and (3)
MLC2 activation via ROCK-II independently of ERK1/2 activation. The activation of MLC2 and HSP27 is essential

to actomyosin rearrangement and EV production 22!,

The versatility attributed to EVs is due to their heterogeneity. EVs include at least three main groups of
membranous particles: exosomes, ectosomes, and apoptotic bodies [8l. Exosomes (30-150 nm in size) are initially
packaged by a cell membrane bud called a multivesicular body (MVB), whereas ectosomes (200 nm-5 pm in size)
are produced by protrusions of the cell membrane shed by the cell. On the other hand, apoptotic bodies are formed
via cell fragmentation during programmed cell death 1. Therefore, these particles are classified according to their
sizes and the expression of a signature of surface proteins, a consequence of their different biogenesis processes.
Nevertheless, the classification of these EV subtypes neglects a fourth group of EVs with no expression of the
minimal set of markers described for any of the three first groups. This group includes particles whose functions
and surface proteins are still being discovered, for example, migrasomes 4. Extracellular vesicle biology is a
highly dynamic and relatively recent research field. The International Society of Extracellular Vesicles (ISEV) seeks
to harmonize the studies in the field, and it continuously updates the markers, mechanisms, and technologies for
classifying these EVs in documents published as Minimal Information for Studies of EVs (MISEV) [18],

Furthermore, EVs have arisen as a growing field of research due to their main characteristics, namely, (i) a wide of
sizes from nano- to microscale (30 nm-5 um) enabling their classification into groups (small or large EVs) 181119120
(i) a great diversity of proteins present on the surface of their lipid bilayer membranes, generally related to the
molecular signature of the cell of origin [22[21]: and (jii) rhe mixed composition of their lumen or cargo, consisting of
messenger RNA (MRNA) 22, microRNA (miRNA) 23] long non-coding RNA (IncRNA), circular RNA (circRNA) [24],
double-stranded DNA (dsDNA) 23, mitochondrial DNA (mtDNA) 28], and proteins 27,

These characteristics allow EVs to be present in human fluids such as blood, urine, or saliva as a relevant form of
cell-free circulating material helping to provide special protection for their luminal cargo, increasing the latter’s
stability and half-life (28], Furthermore, there is currently a need to understand more about the biology behind these
vesicles and their potential applications, stimulating the creation of new EV-related databases 223981 These
databases aim to organize the information on EV profiling being continuously produced worldwide despite the

technical challenges surrounding their isolation and characterization 32,

| 2. Proteome of EVs in Breast Cancer
2.1. Analysis of BC-Related EV Proteomes Using High-Throughput Technologies

In order to elucidate the role of EV-related proteins during breast cancer pathogenesis, researchers reviewed the

literature to determine the proteomes of EVs associated with breast cancer. A total of 21 studies [241[231[34][35](36][37]
(38][39][40][41][42][43][44]45][46][47][48][49][50)[511[52] that analyzed EVs from human breast cancer cell lines and biofluids
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using high-throughput and exploratory technologies were selected. A total of 8312 proteins were reported. The
proteins were divided into core level 1 (protein identification in 50-100% of studies), core level 2 (protein

identification in 40-50% of the studies), and core level 3 (protein identification in less than 40% of the studies) (14
[33][34][35][36][37[38[391[40[41][42][43][44][45][46][47][48][49N50IBLI52], Six and twenty-Six proteins were assigned to cores 1 and

2, respectively. Although these data indicate high variability in the qualitative proteome content of EVs associated
with breast cancer, researchers selected a few studies that evaluated methodological strategies for isolating EVs
from breast cancer cells and biofluids and characterized their protein content. As many proteomic results were
produced using BC cell lines, researchers used the classification system developed by Dai et al. (2017) to
standardize the nomenclature and disease subtypes potentially represented by these cell lines (3],

Harris et al., 2015 investigated the subcellular localization of proteins found in the EVs of three BC cell lines with
different types of metastatic profiles, namely, MDA-MB-231 (Triple-negative B subtype), MCF-7 overexpressing
Rab27b, and MCF-7 (Luminal A subtype), and found several cellular localizations (the majority were from
cytoplasm/cytoskeleton and integral/peripheral membrane proteins) and a minor proportion of EV proteins from the

Golgi apparatus, ER, or mitochondria 24!,

Regarding the molecular functions of the EV proteins, the majority displayed a protein-binding function and
hydrolase activity. Comparing the EV protein expression between the three cell lines, 85 proteins were differentially
expressed, with the non-invasive breast cancer cell line (MCF-7, Luminal A subtype) containing several up-
regulated proteins with a tumor suppression function. Among the up-regulated proteins in MCF-7 compared to
MDA-MB-231 were Tetraspanin (CD63, CD81, CD9, and Tetraspanin-14), Adhesion proteins (Neural cell adhesion
molecule 2, Integrin alpha-V, Integrin beta-5, Epithelial cell adhesion molecule, Alpha-Parvin, Claudin-3, Cadherin-
1, CD99, CD276, and Clusterin), stress response proteins (Heat shock protein beta-1), Small GTPase superfamily
proteins (Rho-related GTP-binding protein RhoB, GTPase NRas, Ras-related protein Rap-2c, and RacGTPase-
activating protein 1), and Endosome Trafficking/Transport proteins (Multivesicular body subunit 12B, Vacuolar
protein sorting-associated protein 28 homolog, Vacuolar protein sorting-associated protein 37B, and Multivesicular
body subunit 12A) 4. The up-regulated proteins in MDA-MB-231 and MCF-7 overexpressing Rab27b compared to
wild-type MCF-7 were adhesion/motility/cytoskeleton proteins (Vimentin, Galectin-3-binding protein, Annexin Al,
Plectin, and Filamin-B), cell-surface receptor proteins (Ephrin type-A receptor 2), and stress response proteins
(Protein NDRG1, Stress-70 protein, mitochondrial, and heat shock protein HSP 90-beta). Many of these proteins
that were dysregulated in both cell lines are associated with tumorigenesis and metastasis 24!. Another protein of
the Rab family, Rab5a, was associated with high migration and invasion rates in MDA-MB-231 cells along with the
promotion of high rates of vesicle shedding. Interestingly, this process could be externally regulated by activating

protease-activated receptor 2 (PAR2), using trypsin or coagulation factor-FVlla to promote the accumulation of
Rab5a [L31(16],

Kruger et al., 2014 performed a molecular characterization of EVs from MCF-7 and MDA-MB-231 BC cells 32,
Using sucrose gradient ultracentrifugation and LC-MS/MS, the authors identified 59 and 88 proteins in MCF-7 and
MDA-MB-231 EVs, respectively. The identified proteins were grouped based on molecular functions, such as

catalytic activity, protein transport, adhesion, and extracellular matrix activity. Both EVs isolated from MCF-7 and
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MDA-MB-231 supernatants presented differences in their protein content. The MCF-7-derived EVs showed a
greater abundance of biomolecule-binding and protein transport activity, while the MDA-MB-231-derived EVs
contained proteins with catalytic activity. Moreover, 24% of the EV proteins of MDA-MB-231 were extracellular
matrix proteins. These findings can be correlated with the higher metastatic potential of MDA-MB-231 (Triple-

negative B subtype) compared to MCF-7 cells (Luminal A subtype) 321,

This study reported several proteins identified in both MDA-MB-231 and MCF-7 EVs, such as proteins from the
Annexin family, Histone H4, and Calmodulin. Furthermore, the common EV proteins participate in cellular growth,
signaling pathways, epigenomic alterations, DNA and histone methyltransferase, and Akt pathway regulation 241,
Moreover, these processes can be related to the malignancy of cancer cells and the poor prognosis of breast
cancer 3. Heinemann et al., 2014 used the MDA-MB-231 breast cancer cell line to develop a simple and efficient
method for purifying cancer exosomes 2. A three-step filtration method was implemented as the first step of a
normal flow prefiltration using a 0.1 um filter to remove larger constituents such as intact cells and cell debris. In
the second step, tangential flow filtration using a 500kDa membrane filter was performed in order to remove
proteins, and the retentate was passed to the third step, namely, track-etch filtration, where low pressure is applied
using a 0.1 um filter to isolate exosomes and remove microvesicles. A total of 60 unique proteins were identified
sequential filtration, including the exosome marker CD63. In the exosome content, membrane trafficking proteins
and proteins associated with transcription regulation, signal transduction, and the epigenetic modulation of nucleic
acids were identified [47. Regarding the heterogeneity of the vesicle entities, it is important to mention that filter-
based techniques usually require the use of an automatized mechanism in order to avoid user interference during
vesicle collection. Nevertheless, these techniques seem to support a relevant volume of EV proteomic data, so

their application to EVs from different cell lines is recommended.

Smyth et al., 2014 examined the exosome proteomes from MCF-7 and PC3, cell lines of mammary gland/breast,
and prostate cancers 49, The identified exosome-delivered MCF-7 proteins were Heat Shock Proteins 70, 90, and
27; CD9; Ras-related protein 13 (RAB-13 and others); Annexins 1, 2, 5, and 7; Pyruvate kinase (PKM); Alpha-
enolase (ENO1); Glyceraldehyde-3-phosphate dehydrogenase (GAPDH); Glucose-6-phosphate 1-dehydrogenase
(G6PD); and actin. The functions of the exosomal proteins were related to amino acid transport, protease inhibition,
the cytoskeleton, GTPase, ATPase, transcription regulation, transduction, adhesion, and chaperoning. Regarding
subcellular localization, most of the proteins were in the membrane and cytoplasm; however, proteins localized in
the Golgi and nucleus were also identified in MCF-7 exosomes. Moreover, it was found that the exosomal lipid
composition also contributes to facilitating adherence/internalization in recipient cells 22, The current stage of
analytical methods, together with the optimization of pre-analytical factors and computational strategies, allowed for
a better understanding of the EVs lipid compositions B8, A comparison of the lipid compositions between EVs and
cells of origin 7 has shown that, in vitro, EVs are more enriched in cholesterol, sphingomyelin, glycosphingolipids,
and phosphatidylserine compared to their origin cells, while phosphatidylcholine and phosphatidylinositol are more
enriched in cells compared to exosomes. Quantitative analyses of oxysterols in exosomes released from breast
cancer cells revealed that levels of 27-Hydroxycholesterol were higher in exosomes from MCF-7 cells compared to
MDA-MB-231 and non-cancerous cells, showing a dependence of the levels of this exosomal lipid on the ER status

of the cell of origin B8 Another study compared the lipid profiles of EVs isolated from TNBC cell lines, namely,
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D3H2LN and D3H1, with high and low metastatic potential, respectively B2, The exosomal levels of unsaturated
diacylglycerols isolated from the highly metastatic cells were higher and stimulated angiogenesis through the

protein kinase D signaling pathway.

The EVs isolated from the MCF10 and MDA-MB231 cell lines shared proteins such as regulators of cell death,
membrane components, adhesion, and cell motility proteins. The EVs from MDA-MB-231 were enriched in proteins
associated with transcriptional regulation, proteolysis, EV formation (annexin, LAMP-1), cell cycle (NUMA1), and
adherence to extracellular matrices (EDIL3, collagen, vitronectin). These results showed differences in the EV

protein content of invasive and non-invasive breast cancer cells, which can contribute to the metastatic process
(35]

The EV proteomes of two tumorigenic breast cancer cell lines, invasive (SKBR3, Her2 subtype) and non-invasive
(MCF-7), were compared to non-tumorigenic MCF-10a. In this study, the authors used a synthetic peptide (Vn96)
with a high affinity for heat shock proteins (highly expressed in cancer cells) to isolate EVs. Heat shock proteins are
present on the exosome surface, binding to Vn96 and facilitating EV recovery 9. In total, 392 (SKBR3) and 301
(MCF-7) exosomal proteins were identified, and they were associated with membranes (19%) and the cell surface
(12%). The functions of EV proteins from SKBR3 are related to metabolism (enolase, fatty acid synthase,
phosphoglycerate kinase, fructose bisphosphatase 1, GAPDH, malate dehydrogenase, L-lactate dehydrogenase,
aldehyde dehydrogenase, aldolase, triosephosphate isomerase, and glucosidase 2 subunit beta), binding
(Selenium-binding protein 1, 60 kDa heat shock protein, Protein disulfide-isomerase, Lamin A/C, and Tumor protein
D52), and assembly (Myosin-9, alpha-Actinin-4, Cytokeratin 16, Cytokeratin 18, Cytokeratin 8, and Cytokeratin 19).
Although MCF-7 EV protein content displayed the same molecular function as SKBR3, different proteins were
identified, namely, Aldolase, Pyruvate kinase, Tryptophan-tRNA ligase, Cathepsin D, Kynureninase, TER ATPase,
Lactoferroxin-C, and Hexokinase-1, which are involved in metabolism, and HSP90-a, Agrin, and protein SET are
related to binding. Cytokeratin 19, which was identified in both SKBR3 and MCF-7 EVs, has been suggested to be
involved in more aggressive tumor proliferation, metastasis, and invasion 811, Cytokeratin 8 and 18 were reported
to be secreted cancer biomarkers when detected in the serum of breast cancer patients 2. EV proteins from
SKBR3 (Her2 subtype) and MCF-7 (Luminal A subtype) cells are involved in lipogenesis,
glycolysis/gluconeogenesis, and tricarboxylic acid, corroborating the important role of altered metabolism in cancer.
Moreover, glycolytic enzymes can protect cancer cells from stress by inhibiting apoptosis 3], Taken together, these
data show that EV cargo is associated with the progression, proliferation, metabolic control, and malignancy of

breast cancer.

Koh et al., 2021 analyzed the modulation of the plasma EV proteome of breast cancer patients with and without
cognitive impairment following anthracycline-based treatment B, Plasma from the early-stage breast cancer
patients was collected longitudinally at three different time points (before the start of chemotherapy, 3 weeks after
cycle 2 of chemotherapy, and 3 weeks of the last cycle of chemotherapy) from two groups (cognitive non-impaired
and impaired). Circulating EVs were isolated through ultracentrifugation and analyzed using Tandem-Mass-Tag
(TMT)-based quantitative proteomics. A total of 517 regulated proteins were identified in the cognitive impairment

group, which was compared to a non-impairment group at three time points. Among these regulated proteins were
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EV markers, such as CD9, TSPAN14, and CD5L. Moreover, a down-regulation of galactosylceramidase from the
plasma EV protein content was observed in the cognitive non-impaired group at timepoint T3 compared to T1. On
the other hand, p2X purinoceptor and cofilin-1 were up-regulated at timepoint 3 compared to T1. In contrast, the
EV content of the cognitive impairment group displayed a down-regulation of p2X purinoceptor, cofilin-1, nexilin,
and ADAM10 at T3 compared to T1 Bl |n this study, the authors also analyzed N-glycosylation sites in the EV
content from plasma samples. However, none of the regulated proteins were identified in the N-glycosylation
analysis. However, CD5L, which is an EV marker, displayed two glycosylation sites in both groups (non-impaired
and impaired). An altered N-glycosylation profile was identified in CD5L peptides, which presented decreased
glycosylation in the non-impaired group. These findings contribute to researchers' understanding of how different
omics characteristics interact between EVs, their cells of origin, and their destination. Nevertheless, due to the
heterogeneity of the tumor itself as well as the intra and interpatient heterogeneity, further studies would need to
include more available information about the clinical statuses of these patients (age at diagnosis, molecular
subtype, immunohistochemical profiles, etc.) in order to find patterns in the EV-related markers using large-scale

cohort analyses.

The EVs released from cancer cells can regulate specific biological processes in recipient cells and modulate the
central nervous system, thereby impairing the cognitive abilities of breast cancer patients B, Jordan et al.,
analyzed the differences in the protein cargo of EVs isolated from breast cancer cell lines and the plasma of breast
cancer patients and healthy donors to identify the structural features that contribute to altered functional activities
331 EVs from peripheral plasma samples of patients presented an increased degree of invasion of non-invasive
breast cancer cells. Breast cancer plasma EVs displayed a unique proteome profile, with typical EV markers, such
as CD9, CD81, CD63, and HSP70; Rab proteins; and clathrin. Moreover, the data were used in a comparison
between the gene expression of MCF-10 treated with EVs obtained from breast cancer plasma patients, healthy
donors, MDA-MB-231 cells, and untreated cells. The results displayed altered gene expression associated with
angiogenesis, cell adhesion, and proliferation. In particular, it was confirmed that EVs released from aggressive
breast cancer cells could stimulate the invasive behavior of non-invasive breast cancer cells. Moreover, the EV

content from breast cancer patients can be used as a biomarker once these EVs contain a specific set of proteins
[35]

2.2. Protein Markers in EVs Associated with Breast Cancer Features

Cancer-delivered EVs are a potential source of markers due to the fact that the cargo of EVs is enriched with
molecules associated with tumor progression, metastasis, and invasion [B4I63166] Rontogianni et al., analyzed the
proteome content of EVs to discriminate cancer types and subtypes 2%, For this analysis, the authors used ten BC
cell lines to identify a protein signature in EVs for use as a biomarker for breast cancer monitoring, diagnosis, and
subtyping. Among the 4676 identified proteins, 14-3-3 proteins, integrins, annexin proteins, and cytoskeletal
proteins, which are required for intermediate EV formation, were identified in all ten cancer cell lines. To
discriminate the breast cancer subtypes, a total of 64 proteins were differentially expressed in TNBC compared to
HER2+; these proteins are involved in angiogenesis (PLAU, ADAM9, and EPHA?2), integrin-binding (ITGA5 and
TIMP2), and cell motility (VIM and AXL). HER2+ EVs presented proteins associated with translation (EIFs), axon
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guidance (DNM2 and PIK3R1), and ERBB signaling (GRB7 and SHC1). Periostin, an extracellular matrix
component, was described as a metastatic breast cancer biomarker identified in exosomes. It was observed that
this protein was up-regulated in both murine and human cancer cell lines. Periostin has been reported to be highly
expressed in several cancer types, including breast cancer 7 and it has been associated with osteoblast
adhesion and cancer cell migration and is also involved in tumor angiogenesis (€8, Increased abundance of the
Transient Receptor Potential Channel 5 (TrpC5) in EVs was observed in adriamycin-resistant human breast cancer
cells (MCF-7/ADM) and was correlated with EV formation; additionally, adriamycin was found in EVs. The
transference of TrpC5 to recipient cells mediated by EVs allows recipient cells to acquire TrpC5 and to P-
glycoprotein multidrug transporter expression, conferring chemoresistance to non-resistance cells 89, Considering
the relevance of studies involving several BC cell lines, there are two main factors that must be considered. First,
previous studies on tumor-derived EVs have determined that culture conditions can affect the omics components of
EV cargo 19, Second, despite the above, it is necessary to have a reliable collection of vesicular omics data from

BC cell lines to find consistent markers for further research.

Regarding the use of liquid biopsies in relation to metastatic breast cancer, in one study, EV proteins were
monitored to identify potential biomarkers for prognostics using a thermophoretic aptasensor. A total of 286 plasma
samples from metastatic patients, non-metastatic patients, and healthy donors were submitted to a thermophoretic
aptasensor to obtain a profile of eight EV markers: CA 15-3, CA 125, carcinoembryonic antigen (CEA), human
epidermal growth factor receptor 2 (HER2), epidermal growth factor receptor (EGFR), prostate-specific membrane
antigen (PSMA), epithelial cell adhesion molecule (EpCAM), and vascular endothelial growth factor (VEGF). These
markers are involved in survival and migration, cell proliferation, metastasis, invasion, cell stemness, vascular
permeability, and angiogenesis 2. In an independent study, sera-derived exosomes from breast cancer patients
were used to characterize CD24 and EpCAM as markers for exosomes. Western-blotting analysis was performed
to identify exosomal markers in breast cancer samples. EpCAM and CD24 were identified in exosomes isolated
from ascites ovarian cancer patients. However, only CD24 was detected in the EVs isolated from the serum of
breast cancer patients. The absence of EpCAM in the serum-derived exosomes from breast cancer can be
explained by the cleavage of EpCAM by serum metalloproteinases and the fact that both CD24 and EpCAM are
not present in the same EV populations, which was confirmed in this study after the immunoaffinity purification of
exosomes using anti-EpCAM beads 3. Taken together, these studies show the importance of EV proteins as

breast cancer markers for clinical use in order to diagnose, stratify, and monitor breast cancer progression.

2.3. EV Protein Glycosylation in Breast Cancer

Glycoconjugates such as glycoproteins functionally decorate the cell surface and are released in the extracellular
milieu, playing an essential role in cell communication with the extracellular environment in several
pathophysiological conditions, including cancer 223l Any alteration in glycosylation levels due to the variation in
the expression of glycosyltransferases and glycosidases 74, the dysregulation of chaperone activity 2, different
levels of substrates, and alterations in nucleotide sugar transporter levels are diagnostic signs in cancer 8],
Aberrant glycosylation in tumor cells influences angiogenesis, cell proliferation, invasion, and metastatic processes

77879891 The surface of an EV is enriched with glycoproteins, such as the Tetraspanin CD63, which is known to
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regulate cancer malignancy, and glycolipids 1. EV glycosylation has been reported in several cancer types,

including breast cancer. A list of 15 studies on EV glycosylation in breast cancer was reported by Macedo-Silva et
al. (2021) [82] [33][34](36][46][47][48][49][55][83](84](85](86] 87][88][89]

Nishida-Aoki et al. (2020) developed an EV glycosylation profile from breast cancer cells with brain metastasis
tropism (BMD2a) comparing lymph node-metastatic (MVDA-MB-231-luc-D3H2LN) and primary tumor-derived TNBC
cell lines (MDA-MB-231-luc-D3H1) using lectin blotting 2. The data showed a reduced level of sialic acid and a
specific glycosylation pattern associated with galactose, GalNAc, lactose, and GalNAcal-3GalNAc in BMD2a EVs.
This study concluded that the glycosylation of EVs exerted an inhibitory effect on EV uptake 9. This evidence
shows that EV uptake depends on glycosylation profiles, as the authors showed that the cessation of O-
glycosylation increases tumor EV accumulation in the lungs; meanwhile, N-glycosylation inhibition does not alter
tumor EV biodistribution. It appears that the specific glycosylation profile in tumor EVs highlights their importance in
breast cancer aggressiveness. For instance, EVs secreted by TNBC cells present higher levels of sialylation when
compared to parental cells 221, and this process could interfere with EVs uptake. Sialic acid is negatively charged;
its removal from the surfaces of EVs can promote the interaction of EVs and recipient cells through the uncovering
of carbohydrate ligands that bind to lectins and promote the uptake of EV by recipient cells. Additionally, EV cargo
contains glycosylated proteins that can interfere with EV—cell interaction. Cytokines binding to surface
glycosaminoglycan side chains of proteoglycans decorate EVs isolated from breast cancer patients, altering EV
biodistribution and leading to a higher metastatic burden 22. The structure of bisecting GIcNAc glycan (B1,4-linked
GIcNAc at the B-mannose residue core) on target proteins (EGFR and integrins) plays a role in cell metastasis and
adhesion. The role of bisecting GIcNAc of EVs in breast cancer cells was described by Tan et al. (2020) 23], Some
proteins were described as being markers of EVs from tumor cells in breast cancer, such as extracellular matrix
metalloproteinase inducer (EMMPRIN). A higher abundance of glycosylated EMMPRIN was identified in EVs from
metastatic breast cancer patients. PNGase F treatment resulted in EVSs’ deglycosylation and inhibited EV-induced
invasion 7. Somehow, glycans being components of EV cargo seems to dictate cell function. ST6Gall-mediated
sialylation modulates cell surface receptor function, promoting cell proliferation and invasion. Hait et al., showed
that ST6Gall RNA transcripts and protein expression were variable and heterogeneous in a panel of TNBC and
ER+ cell lines. However, EVs containing ST6Gall potentiate aggressive cancer cell growth, proliferation, and
invasion in cells containing low amounts of endogenous ST6Gall 24, In a heterogeneous tumor microenvironment,
EVs act as important mediators of tumor progression, dictating EV organ tropism and metastasis. CA15-3/CA27.29
epitopes from Mucin 1 were reported to be tumor markers for breast cancer diagnosis. Additionally, alterations in
Mucin 1 glycosylation profiles were observed in several cancer types, including human breast cancer, and in
exosomes derived from luminal A breast carcinoma cells MCF-7 433, Extracellular matrix protein nephronectin
(NPNT) could be present in a truncated or a glycosylated form in EVs secreted by mouse breast carcinoma cells
(98] N-glycosylation sites in integrin B1 modulate cell migration and the adhesion of MCF7 cells (luminal A),
activating focal adhesion kinase (FAK) signaling, and these sites are crucial to integrin activity in EVs [,
Additionally, exosomes released by MCF-7 cells after irradiation (luminal A type) increase concentrations of the

enzyme GalNAc-T6, which is important for promoting epithelial-mesenchymal transition 281, Furthermore, there is
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still a gap concerning whether alterations in EV glycosylation are due to changes in glycoprotein levels or changes

in the expression/activity levels of glycan-modifying enzymes.

2.4. EV Proteome during the Metastatic Process in Breast Cancer

A screening of the literature regarding EV proteins identified in human and other species’ breast cancer cells,

tissues, and biofluids, focusing on the TNBC and metastatic cases, allowed us to retrieve 22 studies and a total of
7265 proteins  [141[341[35](37][39][40][41]42][43][45][48][50][51][52][86][99][100][101][102][103][104][105]  |nterestingly, researchers

observed that one set of proteins was identified more frequently (Figure 1A), with HLA-A, HLA-B, A2M, ACTB,
ALDOA, ANXA2, and FN1 identified in at least 13 of 22 studies that explored the vesicular proteome in breast

cancer.

EVs proteins most identified in breast cancer
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Figure 1. Extracellular vesicle (EVs) proteins in breast cancer proteome studies. (A) The most frequently identified
proteins in the evaluated studies. The donut graph shows the corresponding subcellular locations. (B) Subcellular

localization of proteins identified in EVs in at least two studies. (C) Cell-cycle-related and p53 pathways in which

EV proteins participate.
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Among the most frequent proteins, those located in membranes (plasma and organellar) and the cytoskeleton were
particularly prominent (Figure 1A). On the other hand, after evaluating the subcellular localization of all the proteins
identified at least twice in the EVs derived from breast cancer cells, it was determined that the proteasome
complex, cell-cell adhesion junctions, focal adhesions, extracellular matrix, extracellular exosome, and membranes
were also relevant (Figure 1B). It is possible to identify vesicular proteins that are involved in different phases of
the cell cycle and the p53-linked response (Figure 1C), reinforcing the role of EVs in metastatic processes and

breast cancer progression.

In fact, studies have demonstrated the crucial role of EVs in pro-metastatic processes, wherein a cancer cell’'s
communication with its local environment is necessary to initiate growth and invasion through the transfer of
molecules, which include mRNAs, microRNAs, and proteins 199 Different studies have revealed the vesicular
proteins associated with metastatic events, and among those listed, ADAM10 (four studies), VIM (three studies),
and ANXAG6 (two studies) stand out. An important finding was that exosomes expressing these proteins play

important roles in TNBC.

It has been identified that the levels of the CD151 protein are increased in serum exosomes from TNBC patients,
and this protein has been shown to promote proliferation, migration, and invasion by modulating the activities of
laminin-binding integrins a3p1, a6p4, and a6B1 B2, An increase in CD151 abundance was also verified in a TNBC
cell model (MDA-MB-231) 431, These results indicate that exosomal CD151 can be used as a biomarker to

distinguish TNBC patients from healthy individuals.

The data gathered reveal the importance of other vesicular proteins in TNBC, such as VIM (three studies) and
ANXAG6, EDIL3, EPHA2, FLNA, FLNB, and PLAU (two studies). It has been observed that the VIM protein and its
gene play important roles in controlling migration and invasion in different types of cancer 108197 here, it is
highlighted that its location in EVs can be associated with the aggressiveness of cancer. Based on the collected
data, it is possible to select possible markers of EVs in breast cancer. In addition to conventional markers such as
CD9, CD81, and CD83, the proteins HLA-A, HLA-B, HSPA5, A2M, ACTB, ALDOA, ANXA2, FN1, ANXA5, GSN,
MYH9, PGK1, and ACTN1 are also often identified in EVs in cells and breast cancer patients at different stages.
Therefore, these markers could be used to purify EVs potentially related to highly aggressive tumor subpopulations

and study them separately.
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