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Abstract It has been recognized that cancer-associated mor-
tality is more often a result of the disrupted physiological
functions in multiple organs following metastatic dissemina-
tion of cancer cells, rather than the presence and growth of the
primary tumor. Despite advances in our understanding of the
events leading to cancer initiation, growth, and acquisition of
invasive properties, we are still unable to effectively treat met-
astatic disease. It is now being accepted that the secretion of
extracellular vesicles, such as exosomes from cancer cells, has
a profound impact on the initiation and propagation of meta-
static breast cancer. These cancer-secreted vesicles differ from
other means of cellular communication due to their capability
of bulk delivery and organotropism. Here, we provide an over-
view of the role of extracellular vesicles in breast cancer me-
tastasis and discuss key areas that may facilitate our under-
standing of metastatic breast cancer to guide our efforts to-
wards providing better therapies.
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1 Exosomes and extracellular vesicles: a means
of delivering cellular messages in bulk

Breast cancer patients typically die as a result of complications
caused by the spread of cells from the primary tumor to distant

parts of the body in a process termed metastasis. There are no
effective means to treat metastatic breast cancer highlighting the
needforfurther researchtounderstandhowandwhybreastcancer
metastasizes to certain organs. Increasing evidence has indicated
that extracellular vesicles (EVs), through their DNA, RNA, and
protein contents, play an intimate role in preparing for and induc-
ing metastasis. EVs are a diverse population of secreted vesicles
that includeexosomes,microvesicles, andapoptoticbodies.Most
of the effects of EVs have been attributed to exosomes, although
increasing evidence indicates that the larger microvesicles also
play an important role in cellular communication. Exosomes are
characterized by their small size (30–100 nm) and endocytic ori-
gin. Exosomes are traditionally isolated by differential ultracen-
trifugation with a final isolation speed of over 100,000×g; how-
ever, thesepreparationsoften containother larger vesicles suchas
microvesicles.Furtherpurificationcanbedonebyusingmethods
such as density gradients to separate exosomes from larger vesi-
cles. Microvesicles are much larger vesicles (>200 nm) secreted
by cells through outward budding of the plasma membrane.
These larger vesicles are typically pelleted by a 10,000–
20,000×gcentrifugationspin,althoughthispelletcanalsocontain
exosomes that have bound to other pelleted materials. EV-
mediatedcommunication is of particular interest in cancer as can-
cercells secretenotablymoreEVsthannormalcells, resulting ina
substantial increase in detectable EVs circulating in the blood.
Furthermore, these EVs contain distinct cargo from their non-
cancerous counterparts, allowing them to alter both neighboring
and distant cells to promotemetastasis.

One key underappreciated advantage of EVs over tradi-
tional secretion is their ability to transfer a suite of signal-
ing molecules to influence multiple pathways that are all
controlled through mechanisms involving uptake of the EV
itself (Fig. 1), which have been described in detail else-
where [1]. This is similar to how it is more efficient to ship
cargo in bulk rather than to transfer each item individually.
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As such, one set of instructions mediates the delivery of all
the cargo, establishing a multi-pathway control above each
individual cargo signaling pathway. This is even more im-
portant in vivo as there are many cells expressing the same
receptors, so getting different molecules into the same cell
at a given ratio can be challenging if they are not being
secreted at high concentrations. These EVs can have dis-
tinct organotropisms, just as packages have shipping labels,
allowing for specific communication with distant niche
sites [2]. Aside from destination control, EV-mediated
communication allows for uncoupling and redesignation
of the function–destination relationship of traditional se-
creted factors. When cytokines are secreted, they bind to
cells that express their corresponding receptors to initiate
cellular functions. Thus, the cytokines may only influence
cells that are programmed to receive that specific signal. In
contrast, many of the effects of EVs rely on their internal
contents, which are separated from EV delivery that is me-
diated by factors on the EV exterior. In other words,
cytokine-mediated communication requires knowledge of
signal being sent, whereas EV-mediated communication
only requires knowledge of parcel uptake and does not rely
on knowledge of the cargo. Here, we summarize the in-
volvement of EVs in breast cancer metastasis.

2 Delivery to thy neighbor: communication
within the primary tumor

Solid tumors are remarkably heterogeneous resulting in the
secretion of tumor EVs with diverse effects. Alarmingly, these
tumor-secreted EVs have been demonstrated to transfer partial

phenotypic identity to other cancer cells, altering the recipient
cell’s migration, invasion, stress-sensitivity [3–7], and tissue-
tropism [2] towards that of the secreting cell, granting the
tumor entity a greater overall malignancy than the sum of its
parts. EVs secreted by a highly invasive variant of the Hs578T
triple negative breast cancer cells increase the proliferation,
migration, invasion, and sensitivity to anoikis of other cancer
cells in comparison to EVs isolated from the less invasive
parental Hs578T [6]; however, the mechanism behind these
alterations is still unknown. Recent studies have reported sim-
ilar results in which EVs from MCF7, MCF7 overexpressing
Rab27b, and MDA-MB-231 cells increase the migration of
target breast cancer cells proportionate to the metastatic po-
tential of the producer cells [3]. The enhanced migration in-
duced by metastatic cell-derived EVs can be mediated by EV-
associated Hsp90α which promotes cancer cell migration
through tissue plasminogen activator-mediated activation of
the extracellular protease plasmin [4]. Likewise, EV-
associated miR-10b increases invasion of other cancer cells
possibly though targeting Hoxd10 and Klf4 [7]. EV-
associated miR-200 family members are secreted by epithelial
breast cancer cell lines and enhance metastasis, potentially by
inducing a mesenchymal-to-epithelial transition in metastatic
cells [8]. Together, these findings demonstrate that a metasta-
tic subpopulation of cancer cells can enhance the metastatic
potential of the tumor as a whole. This phenotypic transfer of
metastatic traits to other cancer cells may contribute to
explaining why circulating tumor cells (CTCs) can be found
very early during tumor progression, but are unable to form
metastases (Fig. 2). It is possible that CTCs may originate
from cells in the primary tumor that are surrounded by cells
that have some but not all of the traits necessary for
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Fig. 1. EV bulk packaging. In
traditional cytokine-mediated cell
signaling, the cell secretes a
cytokine that can only activate
downstream signaling in cells
expressing its corresponding
receptor, thus linking signal
reception to function. In contrast,
EV-mediated signaling does not
have a means of content
screening, allowing for
downstream signaling to occur as
long as the cell can take up EVs
and has the appropriate internal
machinery necessary for signal
transduction. Furthermore, EVs
allow the delivery of multiple
signaling molecules into the same
cell, allowing for simultaneous
activation of multiple pathways
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intravasation and survival in circulation. These traits may be
transferred to these central cells giving them all the traits nec-
essary to become CTCs; however, since these traits are
endowed by EVs rather than innately presented, these cells
do not have the capacity to formmetastases without continued
EV support from their original neighbors. Future studies fo-
cusing on the EV-mediated, stepwise acquisition of metastatic
traits by primary tumor cells is needed to test this model.
Nevertheless, it is well supported that different conditions/
stresses within the tumor influence EV secretion resulting in
numerous subpopulations of EVs secreted within the tumor
(as discussed later). Given this, there is also likely remarkable
heterogeneity within the tumor-derived EVs secreted into the
blood stream. Several new technologies have been developed
that allow for the detection and assessment of individual EVs
[9, 10]. These technologies will likely reveal that EV-mediated
communication is much more complex than we initially
thought. It has long been shown that polarized epithelial cells
secrete different populations of EVs [11], but now we are
beginning to understand that cancer cells also secrete multiple
populations of EVs as well [9, 12].

Several in vitro studies indicate that EVs may also act as
both a guide post and stepping stone for migrating cells.When
cells detach from the extracellular matrix (ECM), they release
a burst of EVs, which help them adhere to plastic and ECM
substrates such as fibronectin and laminin [13]. Other labs

have shown that these EVs promote adhesion and enhance
directional trafficking of the secreting cell [14]. Furthermore,
migrating cells can secrete EVs from their leading edge [14]
through invadopodia to facilitate ECM degradation during
cellular invasion [15]. These EVs have an outer coating of
fibronectin which is bound to the EVs through integrin α5.
This fibronectin coat facilitates the interaction between the
EVs and target cells through heparan sulfate [16]. These
fibronectin-containing EVs may anchor themselves to both
the cancer cell and the endothelial wall, allowing for the can-
cer cell to undergo directional migration on the inner surface
of blood vessels (Fig. 3).

Cancer cells are also able to reprogram stromal cells to
secrete tumor promoting EVs. MCF7 and MDA-MB-231
cells secrete EVs that induce the differentiation of adipose-
derived mesenchymal stem cells into myofibroblasts, increas-
ing their secretion of factors such as SDF-1, VEGF, CCL5,
and TGFβ which regulate tumor growth, angiogenesis, and
metastasis [17]. Cancer-associated fibroblasts also secrete
CD81+ EVs which increase the motility of the primary tumor
resulting in increased metastasis through inducing autocrine
planar cell polarity signaling [18]. Breast cancer EVs can also
induce autophagy in breast epithelial cells through induction
of reactive oxygen species, causing these cells to acquire the
senescence-associated secretory phenotype which supports tu-
mor growth [19]. EVs secreted by IL4-activated macrophages
transfer miR-223 into breast cancer cells to increase their in-
vasive potential [20]. Thus, EVs secreted by breast cancer
cells reprogram both cancer cells and stromal cells in the pri-
mary tumor to enhance metastatic growth.

Endothelial cell

Circulating tumor cell

Heparan sulfate

Integrin 5

EV with extravesicular fibronectin

A B C

Fig. 3. Proposed role of EVs as stepping stones during migration.
Cancer cells may rely on EVs to adhere to the endothelial cell walls
during migration on the inner surface of blood vessels. This adhesion
may be mediated by the binding of EVs containing extravesicular
fibronectin to the endothelial cells through heparan sulfate and to the
cancer cells through interactions with integrin α5 (a). As the cancer cell
migrates, it induces the secretion of EVs from the leading edge to
facilitate adhesion (b). After advancing, EVs from the lagging edge
may be absorbed by either the cancer cell or the endothelial cell (c)

Distant metastatic site

zzz

zzz

Primary tumor

EV

Cell undergoing anoikis

Quiescence

Fig. 2. EV secretion may lead to the early acquisition of CTCs. Early
CTCs (orange) may receive EVs from neighboring tumor cells that give it
different traits necessary to intravasate and survive in the circulation.
Transferred traits may include enhanced invasion through the ECM
(purple), resistance to anoikis (blue), protection from immune cells
(may be mediated by recruitment of platelets, green), adhesion at the
premetastatic niche (black). Once these cells arrive at a premetastatic
site, they may enter quiescence due to exhaustion of EV signals from
the primary tumor, as well as EV-dependent and -independent
metastasis suppression mechanisms by stromal cells (brown) in the
premetastatic niche
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3 Message in a bottle: preparation of a premetastatic
niche

Metastasis not only requires the acquisition of invasive traits
by cells within the primary tumor, but also relies upon the
generation of a permissive microenvironment at distant meta-
static sites termed the premetastatic niche. EVs secreted by
cancer cells contain the same organotropism as the cells they
originate from [2]. Mice pre-treated with lung-tropic EVs can
shift the metastatic preference of brain-tropic breast cancer
cells to the lungs, suggesting that EVs may be the initiators
in organ-specific premetastatic niche formation. EV homing
to the lungs and liver has been shown to be mediated by
ITGβ4 and ITGαV respectably. However, metastasis is not
limited to these two organs; EVs from breast cancer cells
metastasizing to the brain do not show a unique integrin pro-
file, highlighting the importance of studying other EV surface
proteins. Other recent studies have indicated that tissue inhib-
itor of metalloproteinases-1 (TIMP-1) specifically confers liv-
er homing to cell lines that do not normally home to the liver,
without affecting the metastatic capabilities of the cells [21].
Interestingly, TIMP-1 can also be found within in EVs [22],
however, whether it is located internally or externally on EVs
has not been determined. If TIMP-1 is located on the exterior
of the EVs, then it may mediate EV homing by colocalizing
with ITGβ1 and maintaining it in an active form with the help
of CD63 [23].

Once EVs arrive at the pre-metastatic niche they reprogram
niche cells to support future metastatic growth and entry. EV-
associatedmiR-105 is secreted from cancer cells to disrupt tight
junctions in the premetastatic niche, resulting in enhanced vas-
cular permeability to facilitate cancer cell extravasation [24].
Similarly, EV miR-181c can disrupt the blood brain barrier to
facilitate entry into the brain [25]. Once cancer cells arrive at
the premetastatic niche, they must compete with other niche
cells for the nutrients they need to establish a metastatic colony.
Cancer cells secrete EV-encapsulated miR-122 to inhibit the
glucose uptake of premetastatic niche cells, leaving more glu-
cose available for metastatic cancer cells [26]. EV-mediated
communication is a bi-directional process as EVs released by
niche cells are also able to influence cancer cells. Astrocytes in
the metastatic brain niche secrete EV-encapsulated miR-19a
which decreases PTEN expression in breast cancer cells metas-
tasized to the brain resulting in increased survival of the meta-
static cancer cells [27].

4 Corrupting the policemen: immune modulation

Cancer-secreted EVs can induce the transformation of recruit-
ed immune cells towards a tumor promoting phenotype.
Breast cancer EV-encapsulated prostaglandin E2 and TGF-β
induce the differentiation of bone marrow derived cells

towards tumor-promoting Gr-1+CD11b+ MDSCs resulting in
the accumulation of MDSCs in the tumor and lungs to pro-
mote tumor growth and possibly metastases [28]. Protein
palmitoylation on the surface of breast cancer EVs induces
the secretion of inflammatory cytokines such as IL6 in mac-
rophages through Toll-like receptor 2 to promote metastasis
[29]. In turn, EVs secreted by IL4-activated macrophages
transfer miR-223 into breast cancer cells to increase their in-
vasive potential [20].

Breast cancer-secreted EVs can also inhibit the tumor sup-
pressive functions of immune cells. IL6 in EVs from breast
cancer cells shifts the differentiation of myeloid progenitors
towards tumor-promoting macrophages, away from dendritic
cells [30]. The remaining dendritic cells after treatment with
breast cancer EVs are defective in their capacity to induce T
cell proliferation, hindering the tumoricidal immune response.
Similarly, CD39 and CD73 on cancer EVs can catalyze the
generation of adenosine from ATP and AMP to decrease
tumoricidal CD3+ T cell activity [31]. Cancer EVs also de-
crease the cytotoxicity of DX5+ NK cells and inhibit NK cell
proliferation through inhibition of Jak3 resulting in increased
tumor growth [32]. Therefore, cancer-secreted EVs educate
immune cells to aid in the generation of a tumorigenic
microenvironment.

5 Supply line remodeling: angiogenesis
and metabolism

In order to metastasize, tumor cells must disrupt the endothe-
lial cell barrier at both the primary tumor and distant metasta-
tic sites. Hypoxia potently induces angiogenesis through sev-
eral mechanisms including EV secretion. Neutral
sphingomyelinase 2 (nSMase2), which mediates miRNA se-
cretion in EVs [33], can be induced by hypoxia [34] leading to
the secretion of angiogenic miRNAs such as miR-210 to fa-
cilitate tumor angiogenesis and metastasis [33, 35]. Since hyp-
oxia is also involved in the acquisition of invasive traits by
cancer cells [36], this may explain why more invasive cancer
cells produce more potent angiogenic EVs [6]. Perhaps the
greatest advantage of EV-mediated communication over tra-
ditional cytokine communication is the ability of EVs to spe-
cifically communicate to distant metastatic sites. Metastatic
cancer cells secrete EV-associated miR-105 which targets zo-
nula occludens 1 in endothelial cells at metastatic sites such as
the lungs and the brain to disrupt tight junctions and increase
vascular permeability resulting in increased metastasis [24].
Furthermore, serum levels of miR-105 serve as a predictive
marker for breast cancer metastasis. Breast cancer EV-
encapsulated miR-181c alters the localization of actin and
N-cadherin through targeting 3-phosphoinositide-dependent
protein kinase-1 to disrupt the blood brain barrier resulting
in increased brain metastases [25]. Breast cancer patients with
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brain metastases had increased levels of miR-181c in their
serum, but it remains to be seen whether miR-181c can be
used as a prognostic indicator in early-stage patients before
brain metastases occur.

Once metastatic cells successfully extravasate into a distant
metastatic site, they need to compete with the resident niche
cells for the nutrients they need to survive and proliferate.
Cancer cells can shift the balance in their favor through the
secretion of EV-associated miR-122 which targets niche cells
such as lung fibroblasts and brain astrocytes resulting in de-
creased glucose consumption through targeting pyruvate ki-
nase [26]. As a result, more glucose is available for cancer
cells allowing for increased proliferation and metastasis.
EVs secreted by activated stromal cells can also alter cancer
cell metabolism. Prostate cancer-associated fibroblasts
(CAFs) secrete EVs containing miR-22, let-7a, and miR-
125b that target the oxidative phosphorylation pathway
resulting in decreased basal oxidative phosphorylation and
increased prostate cancer glycolysis and glutamine entry into
the TCA cycle [37]. Furthermore, these CAF EVs can feed
cancer cells with TCA metabolites and amino acids to facili-
tate their growth. Whether this can also occur in metastatic
sites in breast cancer remains to be seen.

6 Parcel delivery: cancer EV secretion

For a more comprehensive overview of the mechanisms in-
volved in EV secretion and packaging, we refer you to a
broader review on this topic [1]. Here, we will discuss mech-
anisms by which EV secretion can be altered in breast cancer.
Cancer cells secrete considerably more EVs than healthy ep-
ithelial cells, due to cellular stresses and overexpression of
secretion-related genes. Cellular stresses such as hypoxia in-
duce alterations in EV secretion and loading. Stabilization of
HIF-1α under hypoxia increases EV secretion without alter-
ing vesicle size and specifically increases the loading of a set
of miRNAs into EVs including miR-210 [35]. This induction
of EV secretion may be mediated by increased expression of
nSMase2 and Rab22a under hypoxia [33, 38]. Tumors are
more acidic than normal tissue. Cancer cells secrete and take
up more EVs at pH 6 than at pH 7.4, which may be due to the
enhanced membrane rigidity of acidic EVs due to the in-
creased incorporation of the exosomal lipids sphingomyelin
and GM3 [39]. Furthermore, acidic EVs also had increased
Caveolin-1 and Lamp-2 indicating that acidity can alter
exosomal loading. Increased EV secretion in acidic conditions
has also been shown in HEK293 cells hinting that this is not a
cell line-specific effect [40]. Together, these studies indicate
that different cellular stresses within the tumor induce alter-
ations in both the number and contents of EVs secreted by
cancer cells, thus different areas of the tumor likely have re-
markably different EV secretion.

Aside from cellular stresses, the increased EV secretion by
cancer cells may also be explained by overexpression of EV
secretion related genes. Both Rab27a and Rab27b are impli-
cated in EV secretion and control different pathways with
different downstream effectors [41]. Rab27a is highly
expressed in several breast cancer cell lines and knockdown
of Rab27a but not Rab27b reduced EV secretion from 4T1
and TS/A cells [42]. Furthermore, Rab27a knockdown de-
creases lung metastases and mobilization of neutrophils to
the tumor and spleen in the 4T1 tumor model; however, this
effect may be mediated in part by non-EV Rab27a signaling.
Rab27b induces the loading of Vacuolar H1 ATPase (V-
ATPase) into EVs [43]. Inhibiting V-ATPase alters the locali-
zation of Rab27b vesicles and decreases breast cancer prolif-
eration and invasion. However, whether the effects of V-
ATPase inhibition are due to inhibition of vesicular release
or to non-vesicular effects is not clear. Rab27b is increased
in some breast cancers and inversely correlated with patient
survival [44]. It is also correlated with the expression of mes-
enchymal markers and inversely correlated with epithelial
markers in the primary tumor, suggesting its involvement in
epithelial–mesenchymal transition (EMT). Furthermore, cells
that have undergone EMT have increased secretion of EVs as
well as increased tumorigenic exosomal contents [45–47].
nSMase2 is overexpressed in some breast cancers where it
controls the secretion of EV-encapsulated small RNAs but
not proteins; inhibition of nSMase2 decreases lung metastases
in the 4T1 tumor model [33]. Overexpression of nSMase2 in
4T1 cells does not alter cell proliferation, migration, or inva-
sion in vitro, nor does it alter primary tumor growth in vivo,
indicating that nSMase2 primarily regulates EV-mediated
communication with distant metastatic niches rather than
communication within the primary tumor. Heparanase is in-
creased in many cancers and enhances EV secretion as well as
EV loading of syndecan-1, VEGF, and HGF to increase cell
spreading and trans-endothelial migration [48]. Interestingly,
recent studies have indicated that heparanase can inhibit the
interaction between EVs and target cells due to disruption of
heparan sulfate on target cells with EV-associated fibronectin
[16]. Thus, the increased expression of heparanase in cancer
cells may serve to prevent cancer EVs from signaling back to
the producer cells. Together, these studies indicate that there
are multiple pathways which regulate EV secretion, and dif-
ferent cancer models have variable reliance on each pathway.

7 Clinical implications

Due to the role of cancer-secreted EVs in enhancing me-
tastasis through interactions with cells in the primary tu-
mor and distant metastatic niches, the prevention of can-
cer EV secretion may contain the tumor in the primary
site to reduce metastasis-related mortality. Several groups
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have demonstrated that tumors formed from cancer cells
with EV secretion defects such as RAB27a, RAB27b, and
nSMase2 knockdown have greatly hindered metastatic ca-
pabilities [33, 42, 49, 50]. Furthermore, intracranial injec-
tion of RAB27a and RAB27b shRNAs decreases brain
metastases [27], indicating that blocking EV secretion at
metastatic sites can inhibit metastatic growth. However, it
is unclear whether inhibiting EV-mediated secretion may
reduce metastatic growth in patients who have already
developed metastatic disease. Furthermore, general inhibi-
tion of EV secretion may have unexpected consequences.
EV secretion does not solely occur during disease states,
and the function of epithelial EVs in healthy individuals is
largely unstudied. Mammary-derived EVs secreted into
the milk are known to have anti-microbial functions that
support the nursing baby’s developing immune system
[51] and non-cancerous breast epithelial cells also secrete
EVs into the circulation. The presence of occult quiescent
tumors in several organs is surprisingly common in indi-
viduals as young as 20; however, the majority of these
occult tumors are kept in check by the microenvironment
[52]. Little work has been done to characterize the poten-
tial effect of EVs from non-transformed niche cells on
metastatic cancer cells; however, there is evidence that
EVs secreted by these cells may play a role in suppressing
these occult tumors [53]. Bone marrow stromal cells are
able to decrease the proliferation and induce quiescence in
T47D and MDA-MB-231 breast cancer cells which is
partly mediated through EV communication. Although in
this study, the effects of EV-containing media are consid-
erably weaker than direct co-culture, the continual secre-
tion of EVs should be taken into account. Cells are con-
stantly secreting and taking up EVs from the media and
the collection of EVs from a single time point is just a
snap shot of its current equilibrium. Thus, the EVs
contained in media collected after 48 h is much lower
than the total amount of EVs that were secreted by the
cells. Given this, it is likely that the role of EVs in induc-
ing quiescence has been underestimated. In support of
this, EVs isolated from non-transformed primary bone
marrow mesenchymal stem cells induce quiescence in
bone-metastatic breast cancer cells [54]. Whether other
non-transformed stromal cell-derived EVs also have this
effect remains to be seen. This may be the result of phe-
notypic transference as non-transformed stromal cells as a
whole are not very proliferative in the absence of stimu-
latory factors. Therefore, further work needs to be done to
determine the potential tumor-suppressing role of non-
transformed stromal EVs. If this is the case, general inhi-
bition of EVs may lead to the activation of occult tumor
cells, inducing metastatic disease. On the other hand, it is
critical to have a comprehensive understanding of cancer-
specific molecules/pathways that control EV production,

in order to specifically target cancer secretion of EVs as a
more feasible therapeutic approach.

Recently developed technologies that allow for the detec-
tion and assessment of individual EVs [9, 10] will facilitate
further characterization of the complexity and heterogeneity in
EV secretion and action. Much work remains to be done to
characterize and identify the functional significance of differ-
ent EV subpopulations, as well as identify which subpopula-
tions have potential as therapeutic targets or diagnostic bio-
markers. Thus, the EVs isolated from biofluids represent both
cellular heterogeneity of the cells of origin, as well as EVs
heterogeneity secreted by those cells. This double layer of
heterogeneity will likely hamper the efficacy of traditional
bulk exosomal analyses from biofluids, highlighting the need
for further development and use of single EVanalyses.

8 Conclusions/key unanswered questions

Cancer-secreted EVs facilitate the generation of a pro-
tumorigenic microenvironment in both the primary tumor
and the pre-metastatic niche through the reprogramming of
tumor cells, stromal cells, and immune cells (Fig. 4).
Cellular stresses such as metabolic stress and hypoxia enhance

Premetastatic

niche formation

Delivery to thy neighborDelivery to thy neighbor

Corrupting the 

policeman

Supply line 

remodeling

Fig. 4. Intra- and extra-tumoral functions of EVs. Exchange of EVs
within the tumor induces phenotypic transfer, spreading metastatic traits
to neighboring cells. This allows small subpopulations of cells within the
tumor to exert a much larger effect. EVs secreted by tumor cells can also
travel to and influence other cell types including endothelial cells, im-
mune cells, and fibroblasts. EVs can be organotropic, allowing them to
form a premetastatic niche in specific organs to facilitate cancermetastatic
spread. Together, these effects can create a permissive environment for
cancer metastasis
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EV secretion and may be responsible for the increased abun-
dance of EVs isolated from cancer patients. Although this
seems to suggest that inhibition of EV secretion would inhibit
metastatic growth, further work needs to be done to determine
the potential role of non-transformed stromal EVs in
inhibiting tumor growth as well as cancer-specific control of
EV secretion. One of the biggest differences between EV-
mediated communication and cytokine secretion is the capa-
bility of bulk delivery; however, most EV research has fo-
cused on the effects of single molecules contained within
EVs, highlighting the need to expand our views and inspect
how these cancer-secreted EVs may be regulating multiple
pathways through simultaneous delivery of EV cargo.
Lastly, due to the heterogeneity of EVs, further work needs
to be done to characterize and analyze subpopulations of
exosomes/microvesicles that may be responsible for the ef-
fects that may have been misattributed to the bulk EV
population.
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