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Abstract

Breast cancer is the leading cause of cancer death among women worldwide. In solid tumors, the microenvironment plays a crit-
ical role in tumor development, and it has been described a communication between the different cell types that conform the
stroma, including fibroblasts, pericytes, adipocytes, immune cells and cancer-associated fibroblasts. Intercellular communication
is bidirectional, complex, multifactorial and is mediated by the secretion of molecules and extracellular vesicles. The extracellular
vesicles are vesicles limited by two membranes that are secreted by normal and cancer cells into the extracellular space.
Extracellular vesicle cargo is complex and includes proteins, miRNAs, DNA and lipids, and their composition is specific to
their parent cells. Extracellular vesicles are taken up for neighboring or distant cells. Particularly, extracellular vesicles from breast
cancer cells are taken up for fibroblasts and it induces the activation of fibroblasts into cancer-associated fibroblasts. Interestingly,
cancer associated fibroblasts release extracellular vesicles that are taken up for breast cancer cells and promote migration, inva-
sion, proliferation, epithelial-mesenchymal transition, changes in metabolism, chemoresistance, evasion of immune system and
remodeling of extracellular matrix. In addition, the enrichment of specific cargos in extracellular vesicles of breast cancer patients
has been suggested to be used as biomarkers of the disease. Here we review the current literature about the intercommunication
between tumor cells and cancer associated fibroblasts through extracellular vesicles in breast cancer.
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Introduction

Breast cancer is one of the most prevalent diseases in the world
and the rate of new cases continues increasing. According to
Global Cancer Statistics (2020), it has been estimated 19.3
million new cancer cases and 10 million cancer deaths in
2020.! Over the last decades, more resources and efforts have
been directed at increasing our knowledge about the molecular
and cellular processes involved in cancer. In solid tumors, the
stroma plays an important role in every stage of the disease,
from induction of early proliferation to the creation of a meta-
static niche.” The functions carried out by stromal cells may
be considered in both tumor suppression and tumor promotion,
which is consistent with the complexity of this compartment.’
The stroma consists of a variety of cell types including fibro-
blast, myofibroblasts, cancer-associated fibroblasts (CAFs),
immune, epithelial, vascular and smooth muscle cells, which
secrete a variety of molecules including cytokines and extracellu-
lar matrix (ECM) components.* The intercellular communication
between the tumor and its microenvironment is bidirectional,
complex, and multifactorial.”> Extracellular vesicles (EVs) play
an essential role in tumor progression, because they mediate a
variety of cellular processes directly related with tumor progres-
sion including migration, invasion, and the creation of a tumor
supporting stroma and an environment for the recruitment and
transformation of CAFs.>® Here we review the current literature
about the intercommunication between tumor cells and CAFs
mediated by EVs in breast cancer.

Extracellular Vesicles

EVs are vesicles limited by two membranes that are secreted by
normal and cancer cells into the extracellular space. The term
“extracellular vesicle” was first used in 1971.° However, the foun-
dation of the International Society for Extracellular Vesicles in
2011, proposed the replacement of the terms “exosomes” and
“microvesicles” with the term “extracellular vesicles,” a generic
name adopted by consensus by the international scientific commu-
nity.'® Although their designation remains controversial, based on
size, biogenesis, or release pathways, EVs have been classified as
microvesicles, exosomes, and apoptotic bodies.' ™"

Exosomes

Exosomes were first reported in 1983 by Johnstone and col-
leagues as vesicles of endosomal origin secreted by

reticulocytes during differentiation.'* Exosomes are small
membrane vesicles, ranging in size from 30 to 100 nm in diam-
eter with a cup-shaped morphology and a density ranging from
1.13 g/ml (for B cell-derived exosomes) to 1.19 g/ml (for intes-
tinal cell-derived exosomes).'> The exosome formation process
consists of four stages: initiation, endocytosis, formation of
multivesicular bodies (MVBs), and exosome secretion.'® MVBs
are endocytic structures created by the budding of an endosomal
membrane into the lumen of the compartment. Once these struc-
tures form, they may be sorted for cargo degradation into the lyso-
some or released into the extracellular space as exosomes by
fusing with the plasma membrane. The mechanisms underlying
the sorting of the cargo into intraluminal vesicles are not fully
understood, however it is suggested that exosomal sorting is medi-
ated by both endosomal sorting complex required for transport-
dependent and -independent signals.®*'” As a consequence of
their endosomal origin, nearly all exosomes, independent of the
cell type from which they originate, contain marker proteins
involved in membrane transport and fusion (Rab GTPases, annex-
ins, flotillin), MVBs biogenesis (Alix and TSG101), heat shock
proteins (HSP70 and HSP90), integrins, and tetraspanins (CD63,
CD9, CD81, and CD82). Another feature of exosomes is their
enrichment in lipids present in rafs, such as cholesterol, sphingo-
lipids, ceramide, and glycerophospolipids with long and saturated
fatty-acyl chains.'”"*

Microvesicles

Microvesicles bud directly from the plasma membrane and are
larger than exosomes, with a size ranging from 100 nm to
1 um.*° Shedding of microvesicles is considered a physiologi-
cal phenomenon that accompanies cell activation, growth, and
early apoptosis. A variety of extracellular stimuli are associated
with an increase in the secretion of microvesicles including
cytokines, endotoxins, hypoxia, oxidative stress, and exposure
to shear stress.’’’ Moreover, a variety of intracellular
factors influence microvesicle shedding, such as the increase
in cytosolic calcium levels and the degradation of the mem-
brane cytoskeleton.?®*° The composition of microvesicles is
complex and includes scramblase, cholesterol, and phosphati-
dylserine in the outer membrane.?**' Moreover, some microve-
sicles exhibit an enrichment of proteins associated with
membrane lipid rafts. >3

Exosomes and microvesicles interact with target cells
through three mechanisms: (1) membrane fusion and subse-
quent transfer of their cargo; (2) endocytosis and release of
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Figure 1. Biogenesis of EVs. Microvesicles bud directly from plasma membrane, whereas exosomes arise from multivesicular bodies. EVs
interact with target cells through three mechanism: (1) EVs fusion with transfer of their cargos; (2) EVs endocytosis and release of their cargos; (3)
Receptor ligand interaction with activation of signal transduction pathways. Figure created with BioRender.com (2022).

Abbreviation: EVs, extracellular vesicles.

cargo; and (3) ligand-receptor interactions.>* ¢ However, EVs
also exert an effect on the ECM through the activity of matrix
metalloproteinases (MMPs) embedded in their membrane,
such as MMP-2 and MMP-9°7-® (Figure 1).

Apoptotic Bodies

Apoptotic bodies are secreted exclusively by apoptotic cells
during the late stages of apoptosis and their size varies
between 50 nm and 2pm.*° The content of apoptotic bodies
includes nuclear material, cellular organelles, and membrane/
cytosolic fractions. The distinctive characteristics of apoptotic
bodies include phosphatidylserine in the outer leaflet, a high
permeability membrane, irregular shape and densities greater
than 1.23 g/ml.*0~*

Cancer-associated Fibroblasts

Fibroblasts are the most abundant resident cells of connective
tissue, and their main function is the synthesis and maintenance
of ECM components including collagen, laminin, fibronectin,

and proteoglycans. Moreover, fibroblasts are a heterogeneous
population that are predominantly in GO phase, however they
are found in mitosis during tissue remodeling and repair.*>**
CAFs are a group of activated fibroblasts with significant het-
erogeneity and plasticity in the tumor microenvironment that
participate by the secretion of a variety of factors in the regula-
tion of tumor occurrence, development, metastasis, and thera-
peutic resistance.** Harold F. Dvorak stated in 1986 that
“tumors are wounds that do not heal” due the similarity of
some processes in the tumor microenvironment with those of
wound healing, such as, proliferation, angiogenesis, survival,
and migration.*>*® In agreement with Dvorak, CAFs share
characteristics with myofibroblasts, a very common long-
spindled cell type associated with wound healing,*”** and con-
stitute a significant fraction of cells in the solid tumor stroma. In
breast cancer, CAFs represent around 80% of all the stromal
cells,49 and are essential in the tumor microenvironment
because they secrete ECM components, cytokines, EVs,
growth factors, and other soluble molecules.’® The purpose of
this review is to familiarize readers with aspects related with
the communication between breast cancer cells and CAFs via
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EVs. The role of CAFs in cancer is a broad and very interesting
topic, which is outside of the scope of this review. We refer to
an excellent review that addresses this topic (Kalluri, 2016°").

EVs from Breast Cancer Cells Promote CAFs
Formation

The abundance of CAFs in breast tumors is well known and the
role of CAFs in cancer progression has been studied in detail,
being propose that CAFs may be useful biomarkers in breast
cancer.”? However, over the last decade, interest has grown
with respect to the role of EVs in the development of breast
cancer, because a higher number of EVs in breast cancer
women compared with healthy controls has been described.*>*
CAFs from breast tumors have different origins, for instance
human bone marrow mesenchymal stem cells (BM-MSCs)
acquire a CAF phenotype after 30 days of exposition to
tumor cell-conditioned media,>> whereas normal fibroblasts
co-cultured with MDA-MB-468 breast cancer cells result in
hepatocyte growth factor secretion and the enhancement of
tumor growth, a behavior typical of CAFs.>® Moreover, EVs
from breast cancer cells induce the acquisition of a CAFs-like
phenotype in normal fibroblasts.’’® Particularly, breast
cancer cells release EVs containing miR-125b, which is a neg-
ative regulator of p53, and the transfer of miR-125b to fibro-
blasts results in the overexpression of markers associated with
fibroblast activation, such as Acta2, MMP-2, and MMP-3,
which promote a CAFs-like phenotype.’’ Similarly, exosomes
released from MDA-MB-231 and MCF-7 breast cancer cells,
transfer miR-146a to fibroblasts, which regulates the expression
of thioredoxin interacting protein (TXNIP) and activates the
Wnht/beta catenin pathway, and then the induction of a CAF
phenotype with their recruitment to the tumor site. In contrast,
EVs released from non-tumor epithelial cells MCF10A do not
induce the acquisition of a CAF phenotype® (Figure 2).

It has been demonstrated that other cell types, different from
fibroblasts, are able to acquire a CAF phenotype, such as adipo-
cytes and adipose-derived mesenchymal stem cells (ADSCs).
Particularly, EVs released from MDA-MB-231 breast cancer
cells induce a CAF-like phenotype in ADSCs, which is medi-
ated by activation of TGFPRI, TGFPRII, and SMAD2.
ADSCs-like CAF phenotypes are functional and express pro-
teins such as SDF1, VEGF, CCLS5, and TGFf, which act as
factors that promote tumor development.” In addition, breast
cancer cells release exosomes that activate normal fibroblasts
and convert them into myofibroblasts (also known as CAFs),
which is mediated by surviving, SODI, actin alpha 2
(ACTA2) smooth muscle and vimentin, and it promotes
cancer proliferation and metastasis.* In an in vitro model of
fibroblasts, deletion of the p85 regulatory subunit of phosphoi-
nositide 3-kinases (PI3Ks) class IA, leads to the activation of
normal fibroblasts into CAFs that increase the secretion of
TGEFp, SDF1, MMP-2, and MMP-9 compared with wild-type
fibroblasts.®’ Exosomes released from hypoxic MCF-7 cells
induce CAFs phenotypes with secretion of IL-6, which is

mediated by peroxisomal proliferator-activated
(PPARY) and retinoid X receptor (RXR)® (Figure 3).

receptor

CAFs-Derived EVs Promote an Aggressive
Phenotype in Mammary Tumor Cells

CAFs can induce growth and tumorigenesis in breast
cancer.®*** Tumor development is regulated by the induction
of a variety of cellular processes including changes in the phe-
notype of the tumor cells through the EMT process, which leads
to an increase in the aggressiveness of the tumor cells. Proteins
and miRNAs carried by EVs can promote neoplastic transfor-
mation and are widely involved in the different stages of
breast cancer development.’>*>°® The focal adhesion kinase
(FAK) is a non-receptor tyrosine kinase and an increased
FAK expression and activity are frequently associated with
metastatic and poor prognosis in breast cancer.”*® FAK dele-
tion in in vitro and in vivo models shows an increase in miR-16
and miR-148a levels, which are tumor suppressors in breast
cancer. Exosomes released from CAFs that do not express
FAK induce downregulation of genes regulated by miR-16
and miR-148a, such as CCNEIl, TWISTI, WNTI, and
WNTI10B in breast cancer cells. In addition, FAK expression
in CAFs is required to promote cell migration and metastasis
induced by CAFs-derived exosomes in breast tumors.®’
Survivin is a member of the apoptosis inhibitor family that is
expressed at high levels in breast cancer and regulates cell divi-
sion and apoptosis.””’" Breast cancer cells-activated CAFs
release exosomes that promote proliferation, migration,
colony formation, and EMT in MDA-MB-231 and MCF-7
breast cancer cells; however, these events are not induced by
EVs from mammary non-tumorigenic epithelial cells
HBL-100. Moreover, an in vivo model using BALB/c-NU
mice shows that survivin induces overexpression of SOD1 in
CAFs to promote proliferation and metastasis, whereas SOD1
expression is higher in breast cancer women stage II, III, and
IV compared with breast cancer women stage 1.°°

PI3Ks are a family of enzymes involved in various cellular
processes including growth, proliferation, differentiation, motil-
ity, survival, and intracellular trafficking,’*’* which are impli-
cated in cancer.’”? The expression of the regulatory subunit p85a
of PI3K is downregulated in the stroma of late-stage breast
cancer tumors and in patients with lymph node metastasis. In
an in vivo model, depletion of p85-/- in fibroblasts, which are
coinoculated with tumor cells, induces formation of large
tumors and metastases to the liver, whereas wild-type fibro-
blasts do not induce these effects. Deletion of p85 leads to
the activation of normal fibroblasts into CAFs, whereas exo-
somes released from CAFs p85-/- promote migration and inva-
sion in MDA-MB-231 and 4T1 breast cancer cells, and one
cargo of these exosomes is Wntl0b, which is associated with
the Wnt/p catenin signaling pathway.’’

During metastasis, cancer cells spread from their origin to
distant parts of the body. The most common sites of breast
cancer metastases are bone, brain, liver, and lung.m’75
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Figure 2. Intercommunication between CAFs and breast cancer cells. Activation of breast cancer cells induces the release of EVs that activate
normal fibroblasts into CAFs. Reprinted from “Tumor microenvironment with Callout,” by BioRender.com (2022).

Abbreviations: EVs, extracellular vesicles; CAFs, cancer-associated fibroblasts.

CAFs-secreted exosomes enhance metastasis in breast cancer.
Exosomes released from breast cancer cells MDA-MB-231
and MCF-7 transfer miR-146a to fibroblasts, which induces
the activation into CAFs, whereas CAFs transformed by EVs
promote migration and invasion in MCF-7 breast cancer cells
through miR-146a, which activates the Wnt pathway. EVs
released from breast cancer cells MDA-MB-231 and MCF-7
are associated with an increase in lung metastasis and prolifer-
ation in a model in vivo.’® CAFs-derived exosomes isolated
from breast cancer biopsies contain high levels of miR-378
and are associated with breast cancer stages III and IV and a
decrease in survival. An in vitro analysis shows that miRNAs
from CAFs-derived exosomes are associated with cancer stem
cells-like properties in response to the regulation of Oct3/4,
Nanog, and Sox, as well as with changes in the EMT pheno-
type, regulation of Snail and Zeb, and anchorage-independent
cell growth in breast cancer cells.”® Another study demonstrates
that CAFs-derived exosomes obtained from breast cancer
patients promote a series of cellular processes involved in
tumor progression. Particularly, miR-500a-5p is transferred to
tumor cells through CAFs-derived exosomes and promotes pro-
liferation, migration, EMT phenotype and formation of spher-
oids in MDA-MB-231 and MCF-7 breast cancer cells. The
mechanism is unknown but may involve the downregulation
of miR-500a-5p targets, being proposed by the ubiquitin-
specific peptidase 28 (USP28) gene, which encodes a deubi-
quitinase involved in the DNA damage response checkpoint.””’

The coinoculation of CAFs overexpressing miR-500a-5p and
MDA-MB-231 cells in nude mice show that high levels of
miR-500a-5p are transferred to tumor cells, which promote
tumor growth, metastasis, and the EMT phenotype. The
miRNA-500a-5p is upregulated in tissues of breast cancer
patients and is associated with lower survival, whereas the
USP28 gene is downregulated in the tissues of breast cancer
patients with lymph node metastasis.”’

The transfer of miRNAs expressed at low levels is also
involved in promotion of tumor development. Treatment of
MDA-MB-231 breast cancer cells with CAFs-derived EVs
expressing low levels of miR-30e improves the viability, migra-
tion, and invasion.”® Particularly, miR-30e negatively regulates
the collagen triple helix repeat-containing protein 1 (CTHRC1),
via the Wnt/p-catenin pathway, and the overexpression of
CTHRCI increases the migratory capacity of cells.”®”® The
miR-30e downregulation and overexpression of CTHRCI1 are
found in breast cancer patients and in tumor-bearing mice
formed with tumor cells treated with CAFs-derived EVs.”® In
an orthotopic mouse model of breast cancer, coinoculation of
MDA-MB-231 breast cancer cells with fibroblasts increase
tumor cell metastasis, whereas in an in vitro model, the condi-
tioned medium of fibroblasts stimulates the protrusive activity
and mobility of tumor cells, and it is dependent on signaling
involved with planar cell polarity (PCP). These findings demon-
strate that autocrine Wnt-PCP signaling is induced by
fibroblast-derived exosomes that are loaded with Wntl1 and
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proteins that activate normal fibroblasts into CAFs. The CAFs are functional and express proteins that act as factors to promote tumor

development. Figure created with BioRender.com (2022).

Abbreviations: EVs, extracellular vesicles; CAFs, cancer-associated fibroblasts.

CD81, which are transferred to MDA-MB-231 breast cancer
cells to promote metastasis.***' Another study with
CAFs-derived exosomes obtained from triple-negative breast
cancer (TNBC) patients show that these exosomes express
low levels of miR-4516 compared with exosomes from
normal fibroblasts. An in vitro study demonstrates that low
expression of miR-4516 is associated with an increase in the
proliferation of TNBC cells through FOSLI1, a target of
miR-451, and that patients with TNBC show high expression
of FOSLI1, and it is associated with lower survival. These find-
ings indicate that the transfer of CAFs-derived exosomes,
expressing low levels of miR-4516, enhances FOSL1 expres-
sion in TNBC cells and promotes tumor development.®?
Primary tumors promote metastasis by the formation of a
supportive microenvironment at a secondary organ site,
termed the pre-metastatic niche. Interestingly, the pre-
metastatic changes in the pre-metastatic niche may be mediated
by EVs.?*** EVs secreted by breast cancer cells can travel to
normal lung tissue cells, the metastatic niche, in an orthotopic
nude mouse model of breast cancer.®®> Using an in vivo mouse
model, tumors formed by invasive TNBC cells SUM159
induce an increased expression of proteins associated with the
pre-metastatic niche formation including fibronectin, tenascin,
periostin, and MMP-9 in lung tissue, however tumors derived
from non-invasive MCF-7 breast cancer cells do not increase

the expression of these proteins. Furthermore, stimulation
with conditioned media from lung tissue cells induces the pro-
liferation and migration of MCF-7 and SUM159 breast cancer
cells, and EVs released from TNBC cells MDA-MB-231,
SUM159 and LRCP17 induce the expression of proteins
involved in the pre-metastatic niche including periostin and
fibronectin in lung fibroblasts. In contrast, EVs from non-
invasive MCF-7 and T47D breast cancer cells do not induce
the expression of periostin and fibronectin in lung fibroblasts.*®
These findings strongly suggest that EVs mediate the pre-
metastatic niche formation in women with TNBC.

Hypoxia is one of the main features of solid tumors and is
associated with poor prognosis in breast cancer.®” Exosomes
released from MCF-7 cells that were subjected to hypoxic con-
ditions express high levels of ApoE, CAIX, miR27b, and
miR130B, which slightly increase the formation of mammo-
spheres. In addition, exosomes released from hypoxic MCF-7
cells induce CAFs phenotypes with secretion of IL-6, which
is mediated by PPARY/RXR. However, treatment with the
PPARY/RXR receptor agonists, PGZ and IIF, partly inhibit
mammosphere formation and Notch3 expression in MCF-7
cells.®

A limited number of studies about the tumor suppressive
properties of CAFs have been published. It is clear that CAFs
can suppress tumor growth during the early stages of tumor
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progression, but they can support tumor progression at later
stages in parallel with the dual role of TGF-p.%*°° However,
the molecular mechanisms that decrease tumor growth are not
fully understood. Exosomes released from mesenchymal stem
cells (MSCs) are transferred to MDA-MB-231 breast cancer
cells and downregulate the expression of VEGF and
VEGFR-1 through the transfer of miR-100, which inhibit the
expression of mTOR in conjunction with HIF-1a. Therefore,
exosomes from MSCs induce changes in conditioned medium
of MDA-MB-231 cells, and partly inhibit the migration and for-
mation of angiogenesis-like tubules in endothelial cells.”’
Moreover, miR-1-3p is downregulated in breast tumor tissue
and is associated with metastasis, whereas miR-1-3p is also
downregulated in CAFs-derived EVs isolated from breast
cancer patients. The breast cancer cell lines MDA-MB-231,
SKBR3, and MCF-7 cells express low levels of miR-1-3p. In
contrast, EVs released from CAFs overexpressing miR-1-3p
decrease growth and metastasis in breast tumors through inhibi-
tion of EMT and proliferation. Interestingly, miR-1-3p downre-
gulates the expression of GLIS gene, which is a promiscuous
transcription factor that regulates expression of numerous

92
genes.

CAFs-Derived EVs Regulate the Metabolism
of Mammary Tumor Cells

Metabolic reprogramming is an important hallmark of malig-
nant tumors, which may be regulated by the microenvironment.
Changes in metabolism in the different areas of a solid tumor
have been demonstrated to occur in various malignancies,
including breast cancer.”® Alterations in protein expression
are associated with metabolic changes in tumor cells and the
intercommunication between CAFs and tumor cells is involved
with these metabolic changes®’>* Particularly, exosomes from
MDA-MB-231 breast cancer cells show high levels of integrin
beta 4 (ITGB4), which can be transferred to CAFs with an
increase in glycolysis and lactate production. Moreover, the
transfer of ITGB4 promotes the expression of mitochondrial
fission proteins, such as FIS1, and the phosphorylation of
dynamin-like protein 1 (DBP1) in CAFs, whereas stimulation
with conditioned media of CAFs, overexpressing ITGB4,
increases proliferation, migration and EMT in breast cancer
cells.” A comparative analysis of proteins in exosomes from
MSCs and exosomes from breast cancer cells MDA-MB-231
and MCF-7 demonstrate that MMP-2 and fibronectin are
expressed in exosomes from MSCs, but they are not expressed
in exosomes from MDA-MB-231 and MCF-7 cells. However,
exosomes from MSCs transfer an active form of MMP-2 to
MDA-MB-231 and MCF-7 cells and it promotes tumor
invasion.”

CAFs release EVs that transmit miRNAs and IncRNAs into
adjacent tumor cells to modulate their behavior. CAFs and
breast cancer cells undergo reciprocal metabolic reprogram-
ming through horizontal gene transfer via EVs.”® The overex-
pression of miR-105 in breast cancer cells enhances vascular

permeability and induces metastasis, whereas the transfer of
miR-105 via exosomes disrupts tight junctions and the integrity
of endothelial monolayers, and it promotes breast cancer metas-
tasis.”” MDA-MB-231 cells release EVs expressing miR-105, a
miRNA induced by MYC, which is transferred to
patients-derived CAFs, and it promotes changes in glucose
and glutamine metabolism with production of glutamate and
lactate, compounds that nourish adjacent tumor cells.
Furthermore, CAFs expressing miR-105 are able to detoxify
cells for the conversion of lactic acid and ammonium into
energy-rich metabolites, which nourishes tumor cells, and
these CAFs promote tumor growth in NOD/SCID/IL2R-null
(NSG) mice. These findings demonstrate a bidirectional com-
munication between tumor cells and CAFs, which modify the
microenvironment and contribute to tumor feeding and
growth.”®

Glycolysis is one of the main energy production pathways in
mammalian mammary cells. EVs released from CAFs express-
ing low levels of miR-7641 promote the formation of a stem cell
phenotype and metabolic changes including an increase of gly-
colysis in MDA-MB-231 and SKBR3 tumor cells through acti-
vation of HIF-1a pathway.’® CAFs-derived exosomes decrease
the rate of oxygen consumption, mitochondrial function, lactate
levels, and increase the rate of extracellular acidification in
MCF-7 and MDA-MBA-453 breast cancer cells. Moreover,
inhibition of SNHG3 expression, a noncoding RNA of more
than 200 nucleotides, in CAFs-derived exosomes restores
lactate production in target cells by reduction of miR-330
levels, whereas CAFs-derived exosomes expressing SNHG3
promote proliferation and dysregulate mitochondrial function
in breast cancer cells. The miR-330 acts on pyruvate kinase
(PKM) isoforms and promotes glycolysis in MDA-MBA-453
breast cancer cells.”®* 1% In contrast, it has been described dif-
ferent metabolic regulation mediated by miR-122. EVs from
MDA-MB-231 cells and breast cancer patients express high
levels of miR-122, and these EVs significantly inhibit the
uptake of 2-NDBG, a fluorescent glucose analog, in fibroblasts
compared with EVs from healthy controls.'" Moreover, an
increase of miR-122 expression in fibroblasts decreases the
expression of PKM?2 and the glucose transporter (GLUT1),
and it decreases glucose uptake of CAFs and increase the avail-
ability of glucose for breast cancer cells. An in vivo model
shows that EVs from breast cancer patients are captured by
the metastasis niche.'°! These findings support the proposal
that cancer progression is mediated by the metabolic regulation
of CAFs and breast cancer cells via EVs.

CAFs-Derived EVs Modulate the Immune
Response in the Tumor Microenvironment

Many tumors develop mechanisms of immune evasion to
survive, including secretion of tumor immunomodulatory pro-
teins, reduced expression of antigen-presenting proteins and
EVs secretion.'*>!*> Exosomes released from breast cancer
cells can influence the immune system by interacting with T
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cells, natural killer (NK) cells, and macrophages.'®*'°® Cancer
cells express the natural killer group 2 member D (NKG2D)
receptor and its activation promotes the cytotoxic effect of
NK cells, and provides a costimulatory signal on T cells.
Exosomes are able to mediate immune evasion by downregula-
tion of NKG2D receptor expression in the effector cells includ-
ing breast cancer cells.'”” CAFs, isolated from breast tumors
and adjacent tissues, secrete exosomes expressing high levels
of miR-92, a miRNA implicated with the nuclear translocation
of the yes-associated protein 1 (YAP1), which is a regulator of
protein programmed death ligand 1 (PD-L1)."% PD-L1 is a
protein that prevents the immune cell attack to healthy cells,
and its overexpression promotes T cell tolerance and escape
from the host immune system during tumorigenesis.'®’
Exosomes from CAFs modulate the expression of PD-L1 in
MCF-7 breast cancer cells and induce upregulation of PD-L1
in NK and T cells, which promote apoptosis and a decrease
in proliferation in T cells.'® In summary, the intercommunica-
tion between CAFs and tumor cells modulate the immune
response and contributes to tumor progression via EVs.

CAFs-Derived EVs Modulate Composition of
ECM

Breast tumors have excessive production of connective tissue
and up to 90% of mass may consist of stroma, which presents
alterations in density and composition of ECM.*> The miR-9
promotes proliferation, invasion, migration, and EMT in
breast cancer cells and is associated with poor overall survival
in breast cancer patients.''”'"" Moreover, miR-9 is overex-
pressed in CAFs from TNBC tumors, but it is not overexpressed
in CAFs from luminal A and luminal B breast tumors. EVs from
TNBC MDA-MB-231 cells express miR-9, which is transferred
to normal fibroblasts and regulates the expression of genes that
are involved in the remodeling of ECM, including EGF contain-
ing fibulin extracellular matrix protein 1 (EFEMP1), collagen
type I alpha 1 (COL1A1), and MMP-1. In addition, EVs from
fibroblasts containing high levels of miR-9 are captured for
MDA-MB-231 cells and stimulate migration and EMT
process.''? EVs depleted of FN30, a negative regulator of fibro-
nectin expression, from Cala mammary mesenchymal cells
promote that normal lung fibroblasts (HLF) increase fibronectin
accumulation and displacement of the linear architecture of
matrix, whereas these effects are not induced by EVs depleted
of FN30 from Calh epithelial cells.'"

The alterations of stiffness and degradation of ECM contrib-
ute to tumor growth, and CAFs play a pivotal role in ECM com-
position.''* Microvesicles released from MDA-MB-231 breast
cancer cells promote fibroblast activation, proliferation, spread-
ing, and stiffness on matrices, however these effects are only
reported in a rigid matrix that mimics mammary tumor tissue.
Likewise, tumor cell-derived microvesicles induce an increase
in the traction force of fibroblasts on a rigid matrix that
mimics mammary tumor tissue. Interestingly, the biological
effects described above are primarily induced by microvesicles

from invasive MDA-MB-231 breast cancer cells, however
some effects have been demonstrated using microvesicles
from non-invasive MCF-7 breast cancer cells, whereas micro-
vesicles from mammary non-tumorigenic epithelial cells
MCF10A are not able to induce these biological effects.'"”

Chemoresistance in Tumor Caells is
Modulated by CAFs-Derived EVs

EVs are important players in breast cancer chemoresistance.
Exosomes carrying HER-2 play a pivotal role in the inhibition
of trastuzumab activity,''” whereas exosomes carrying
P-glycoprotein (P-gp) are proposed as another mechanism of
exosomes-mediated drug resistance in breast cancer.''®
Moreover, exosomes from MCF-7 breast cancer cells resistant
to tamoxifen promote proliferation of wild-type MCF-7 cells
in the presence of tamoxifen, which is mediated by the transfer
of miR-221 and miR-222.""”

The communication between tumor and stromal cells pro-
motes resistance to hormone therapy in breast cancer.'?%!?!
Estrogen receptor-positive tumors are metabolically dependent
on oxidative phosphorylation rather than glycolysis,'** whereas
mitochondrial DNA (mt-DNA) is encapsulated in EVs and it
can be horizontally transferred to low metastatic cells and
stromal cells in the tumor microenvironment.'** Patients with
hormone therapy-resistant breast cancer show high levels of
mt-DNA expressed in EVs from their plasma and the mitochon-
drial oxidative phosphorylation system (OXPHOS) is increased
in the tumors of these patients, and when oxidative phosphory-
lation is inhibited in tumor cells, the cells are re-sensitized to
hormonal therapy.'** An in vivo model shows that breast
cancer tumors with resistance to hormone therapy have
greater number of CAFs compared with tumors that do not
have resistance to hormone therapy. Genomic analyses of a
xenograft model (immunodeficiency mice NOD/SCID) of
breast cancer demonstrates that the mitochondrial genome is
expressed in murine CAFs (mCAFS)-derived EVs, including
mitochondrial proteins such as ATP5SA and VDACI, whereas
hormone therapy decreases mt-DNA levels, oxidative phos-
phorylation, and the activity of mitochondria, resulting in
cells that are inactive or dormant.'**

Endogenous RNAs under pathophysiological conditions,
such as cancer, may act as damage-associated molecular pat-
terns (DAMPs) to activate pattern recognition receptors
(PRRs).'?>!12% A relationship between TNBC 1833 cells, a met-
astatic cell line obtained from MDA-MB-231 cells that respond
to interferon-stimulated genes (ISGs), and cells of the stroma,
which mediate communication via exosomes secretion, has
been established. CAFs-derived exosomes transfer and increase
the acquisition of stromal RNAs in 1833 cells compared with
MCF-7 estrogen receptor-positive breast cancer cells that do
not respond to ISGs. An analysis of genetic material expressed
in exosomes demonstrates an enrichment of noncoding RNAs,
including increased levels of 5’-PPP-RNAs.'?’ Likewise, the
RN75L1, a 5-PPP-RNA, is found at high levels in
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CAFs-derived exosomes and its expression is regulated by
NOTCH-MYC signaling pathway. Furthermore, the transfer
of RN75L1 to tumor cells via exosomes induces the activation
of the RIG-1 receptor, which is a PRR. The binding of RN75L1
to RIG-1 occurs in the absence of RNA-binding proteins, which
generate an unshielded RN7SL1 in stroma exosomes, and then
RN7SL1 acts as a DAMP. An in vivo model of breast cancer
shows that RIG-1 activation by RN75L1 promotes protection
of tumor cells against DNA damage and chemoresistance,
and induces growth and metastasis. Furthermore, increased

levels of unshielded RN75L1 are found in exosomes from
TNBC patients compared with estrogen receptor-positive
breast tumors patients. '’

Cancer stem cells (CSCs) play an important role in the tumor
microenvironment,128 and enrichment of CAFs and CSCs is
described in tumor xenografts and tissues of breast cancer
patients resistant to hormone therapy. In a model of luminal
breast cancer, the transfer of EVs released from CAFs contain-
ing increased levels of miR-222 and miR-221 promotes resis-
tance to hormone therapy in MCF-7 cells, whereas this effect

Table 1. Summary of miRNAs in EVs Associated with CAFs in Breast Cancer.

miRNA Secreting cells Observations Ref.
miR-125b Mouse 4T1 and 4TO7 breast cancer cells. EVs transfer miR-125b to resident fibroblasts and promote a 57
MCF10CAla (CAla) mammary epithelial CAF-like phenotype
cells
miR-146a MDA-MB-231 and MCF7 breast cancer cells EVs transfer miR-146a to fibroblasts and induce CAF transformation 58
CAFs transformed by breast cancer Transfer of miR-16a to breast cancer cells MCF-7 induces
cells1101 migration and invasion.
miR-16 and FAK-null CAFs Contribute to reduction of tumor cell activities and metastasis 69
miR-148a
miR-500a-5p CAFs isolated from breast cancer patients EVs transfer miR-500A-5p to breast cancer cells and promote 77
proliferation, migration, EMT, and formation of spheroids. In the
in vivo model it promotes tumor growth and metastasis.
miR-30e CAFs EVs with low levels of miR-30e improve the viability, migration, and 78,
invasion of MDA-MB-231 mammary tumor cells. 79
miR-4516 CAFs obtained from tissues of TNBC patients Transfer of CAFs-derived exosomes with low levels of miR-4516 82
enhances FOSL1 expression in TNBC cells to promote tumor
development
miR27b and MCEF-7 cells under hypoxic conditions Exosomes transferred to normal fibroblasts induce CAFs formation. 62
miR130B CAFs transformed by breast cancer cell. CAFs-derived exosomes carrying miR27b and miR130B slightly
increase the formation of mammospheres.
miR-100 Mesenchymal stem cells Exosomes expressing miR-100 to breast cancer cells inhibit mRNA 91
expression of mTOR with participation of HIF-1a.
miR-1-3p CAFs isolated from mammary tumors miR-1-3 is downregulated in CAFs and breast cancer cells. Transfer 92
of EVs with overexpression of miR-1-3p to breast cancer cells
promotes a decrease in growth and metastasis in an in vitro and in
vivo model of breast cancer.
miR-105 MDA-MB-231 breast cancer cells miR-105 is transferred to patient-derived CAFs and induces 98
CAFs transformed by breast cancer cells metabolic alterations, including changes in glucose and glutamine
metabolism.
CAFs reprogrammed by miR-105 improvement tumor growth in
an in vivo model.
miR-7641 CAFs obtained from biopsies of patients with Reduction of miR-7641 levels improves the formation of a stem cell 99
breast cancer phenotype and metabolic changes in breast cancer cells.
miR-330 CAFs obtained from patients with breast miR-330 participates in glycolysis regulation in breast cancer cells. 98
cancer
miR-122 MDA-MB-231 breast cancer cells miR-122 induces a decrease in glucose uptake by CAFs and toan 101
increased availability of glucose for breast cancer cells.
miR-92 CAFs isolated from breast tumor tissues High levels of miR-92 in EVs from CAFs alter the function, induces 108
apoptosis and decrease proliferation of T cells. In an in vivo model
it suppresses the function of immune system.
miR-9 MDA-MB-231 breast cancer cells miR-9 downregulates genes in fibroblasts that encode for proteins 110
involved in remodeling of ECM.
miR-222 CAFs miR-222 in CAFs-derivate EVs promotes resistance to hormone 119

therapy in MCF-7 cells and increase of the number of cancer stem
cells. It also promotes the evolution and progression of the tumor
in an in vivo model.
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Figure 4. CAFs transfer their cargos to breast cancer cells through EVs supporting tumor growth and the acquisition of an aggressive phenotype.
Tumor development is regulated by EVs through the induction of invasion, proliferation, migration and EMT. CAFs release EVs that mediate
changes in metabolism, immune modulation and chemoresistance in breast cancer cells, and modulate the expression of ECM components.

Figure created with BioRender.com (2022).

Abbreviations: EVs, extracellular vesicles; CAFs, cancer-associated fibroblasts; ECM, extracellular matrix.

is not induced by EVs from normal fibroblasts. Furthermore,
treatment with EVs from CAFs in combination with hormone
therapy results in an increase in CSCs, a decrease in estrogen
receptor expression and upregulation of Notch.'?’ The biogene-
sis of miR-221 is mediated by STAT3/IL-6 pathway and inhibi-
tion of this pathway decreases the metastasis of tumor stem cells
and low formation of metastatic niches.'?’ In summary, the trans-
fer of miR-222 into tumor cells through EVs from CAFs induces
resistance to hormonal therapy and increase the number of CSCs,
which promote the progression of the tumor (Table 1).

EVs from Breast Cancer Cells and CAFs as
Biomarkers

Biomarker is a biological molecule found in blood or other
fluids or tissues that can be used for screening, diagnostic
and/or prognosis of a disease."*® In breast cancer, biomarkers
involve a wide range of biochemical entities found in body
fluids including the components of EVs from tumor cells.'!
In this regard, it has been proposed that specific miRNAs or

proteins expressed in EVs could be used as biomarkers of
breast cancer.'** A study shows that EV's express a significant
increase of phosphoproteins in breast cancer patients compared
with healthy controls, and the expression of these phosphopro-
teins has been associated with membrane reorganization, inter-
cellular communication and metastasis.'>® Particularly, the
phosphoprotein FAK is expressed in EVs from breast cancer
cells or CAFs, and it represents a good candidate to be evalu-
ated as biomarker.®’ In addition, RALGAPA2, PKGI1, and
TJP2 are significantly elevated in EVs from breast cancer
patients compared with healthy controls, and it has been sug-
gested that these proteins are candidates for breast cancer
markers.'*?

We previously mentioned that miRNAs can be transferred
via EVs to exert their functions. Particularly, miR-9 regulates
and actively participates in tumor progression.''' The miR-9
can be transferred via EVs to normal fibroblasts, which pro-
motes their conversion into CAFs, with downregulation of
genes involved in ECM remodeling, and then enhancing the
motility of breast cancer cells."''** Therefore, miR-9 is a
potential biomarker of tumorigenesis and metastasis in breast
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cancer. Moreover, an in vivo model of breast cancer shows that
miR-105 is increased in exosomes during pre-metastasis.”’
Likewise, miR-105 from MDA-MB-231 breast cancer cells is
transferred via EVs to patients-derived CAFs and induces met-
abolic alterations including changes in glucose and glutamine
metabolism.”® It is another candidate to be used as a biomarker.

EV cargos are specific to their parental cells, and a growing
number of studies propose that EV cargos may be used as biomark-
ers for breast cancer, because EVs are very stable and circulate in
blood and other body fluids, Therefore, EVs in the different body
fluids represent the liquid biopsies. Liquid biopsies allow the anal-
ysis of proteins and miRNAs expressed in EVs and emerge as bio-
markers for early detection, diagnosis and prognosis in breast
cancer.*""*? However, further studies are required to establish
the EV components as biomarkers of breast cancer.

Conclusion

In summary, current evidence indicates that communication
between breast cancer cells and CAFs via EVs represents a
novel mechanism that promotes migration, invasion, immune
evasion, drug resistance, EMT, and modulates the ECM com-
position and promotes metastasis in breast cancer (Figure 4).
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