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Abstract

Extracellular vesicles (EVs), including exosomes, have a key role in the paracrine communication
between organs and compartments. EVs shuttle virtually all types of biomolecules such as
proteins, lipids, nucleic acids, metabolites and even pharmacological compounds. Their ability to
transfer their biomolecular cargo into target cells enables EVs to play a key role in intercellular
communication that can regulate cellular functions such as proliferation, apoptosis and migration.
This has led to the emergence of EVs as a key player in tumor growth and metastasis through the
formation of “tumor niches” in target organs. Recent data have also been shown that EVs may
transform the microenvironment of primary tumors thus favoring the selection of cancer cells with
a metastatic behavior. The release of EVs from resident non-malignant cells may contribute to the
metastatic processes as well. However, cancer EVs may induce malignant transformation in
resident mesenchymal stem cells, suggesting that the metastatic process is not exclusively due to
circulating tumor cells. In this review, we outline and discuss evidence-based roles of EVs in
actively regulating multiple steps of the metastatic process and how we can leverage EVs to impair
metastasis.
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1. Introduction

Cancer metastasis is responsible for over 95% of cancer-related deaths [1]. It is a complex
process where cancers spread from a primary tumor to different organs in the body [2,3].
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Metastasis is not a cancer cell-autonomous function, rather a collective effort that requires
the support of the tumor microenvironment. Rigorous scientific studies have identified that
cancer cells modulate distinct non-malignant cells and components of the extracellular
matrix (ECM) within the tumor microenvironment via several pathways. These pathways
employ soluble factors such as growth factors, cytokines, proteins and metabolites that
collectively create a microenvironment favorable for tumor growth and metastasis [4-12].
Recently, extracellular vesicles (EVs), especially, exosomes have emerged as an alternative
mediator of communication within the tumor microenvironment (TME) and cancer
metastasis.

EVs is the generic term that encompasses a variety of vesicles secreted by several types of
cells into blood or by epithelial cells in the urinary tract into urine [196]. Exosomes are a
subtype of EVs, which are derived from intraluminal endosomal vesicles. Inside their bilipid
layer-enclosed bodies they contain miRNAs, mRNAs, proteins, lipids and free metabolites,
which are released into the cytosol of cells that internalize EVs [13]. Therefore, these EVs
play important and versatile roles in intercellular communication to maintain healthy cellular
function. Cancer cell-derived EVs can induce transformation of non-malignant cells in TME
to enhance tumor progression [14,15]. Importantly, cancers have been found to hijack EV-
mediated communication to facilitate distinct components of the multi-step metastatic
process. This review discusses the role EVs play in controlling cellular functions of cancer
and stromal cells, transporting molecular cargo between cells, and facilitating bidirectional
communication within the TME, with the purpose of supporting metastasis.

Unlike most signaling molecules, EVs have a certain level of specificity to target cells and in
the circulatory system for longer periods than small molecules [197]. This property makes
them ideal candidates for cancer cells to identify and condition/prime healthy tissue in
distant organs before tumor cells arrive to form metastatic niches [16,17]. In addition to their
role of long-distance messengers, EVs also have local effects within the tumor
microenvironment (TME) that significantly influence metastasis by recruiting mesenchymal
stem cells (MSCs). MSCs derived from bone marrow have long been thought be crucial for
initiating metastatic process [18]. Only recently, EVs have found to be at the forefront of
mechanisms involved in MSC-mediated metastasis [19,20]. Furthermore, the most recent
discovery of EV-mediated regulation of tumor metabolism has sparked renewed interest in
exploring alternative EV-mediated mechanisms of metastatic regulation. It has been posited
that EVs can regulate nutrient availability in the TME as well as intracellular metabolism of
cancer cells is also shifted favorably for cancer metastasis [21,22].

The versatile cargo carried by EVs is what allows them to play a multitude of roles within
the TME. Studies are now focused on identifying specific mechanisms through which
miRNA and proteins in EV cargo control crucial metastatic processes [23-26]. EV miRNA
have been found to mediate nutrient shifts, enhance angiogenesis and propagate metastatic
properties to poorly metastatic cancer cells, for supporting metastasis. EV proteins are also
involved in processes such as modulating ECM, initiating epithelial-mesenchymal
transformations and suppressing immune response that are critical for metastasis at the
primary tumor site. Furthermore, EV proteins are directly involved in identifying suitable
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organs for secondary tumors and mediating mesenchymal-epithelial transformations to
initiate their formation.

Given that EVs are a prominent medium of intercellular communication within the TME,
there exists a bidirectional relationship between TME components and EVs. A striking
example of this is the harsh conditions of hypoxia, acidity and nutrition deprivation in the
TME that contribute to cancer metastasis by modulating of EVs release from cancer cells
[27]. Furthermore, non-malignant cells in the TME also secrete EVs that can influence
cancer metastasis by modulating proliferation, protrusion, invasion of cancer cells,
transforming ECM and circumventing anti-tumor immune response [28-30].

As researchers discover the underlying mechanisms of EV-mediated metastasis, they have
also identified ways to leverage EVs to hinder metastasis and treat cancers. The most
promising aspect in this respect is utilizing EVs as diagnostic markers for disease
progression. The high levels of circulating exosomes in cancer patients compared to healthy
individuals can prove advantageous in discovering potential biomarkers [31]. Furthermore,
profiling EV cargo for specific miRNAs and proteins can improve the diagnostic potential of
EVs. More recently, the use of EVs for therapeutic application is being explored. The Fais
group and others have leveraged special properties of EVs by incorporating drug compounds
in EV cargo to create treatments with higher specificity as compared to conventional
treatments [27,32,33].

2. Influence of tumor-derived EVs on processes essential to metastasis

2.1. EVs facilitate premetastatic niche (PMN) formation

173

The concept of premetastatic niche formation is a derivative of Paget’s “seed and soil”
theory, which tries to explain the affinity of cancers to metastasize to specific organs. A
priming of the secondary site occurs before cancer cells from the primary site can colonize
it, proliferate and form secondary tumors. This process is regulated by cytokines, growth
factors and extracellular vesicles secreted by the tumor cells and usually involves the
recruitment of bone-marrow derived cells [34]. EVs have emerged as important emissaries
that trigger signaling pathways via proteins, lipids, RNAs, DNAs and provide metabolic
support via free metabolites [35-38]. These properties make them ideal facilitators of
premetastatic niche formation as they can condition recipient cells through the plethora of
their cargo. More importantly, EVs seem to be tailor-made for organ-specific premetastatic
niche (PMN) formation, given that they have organotropic properties dictated by integrin
expression [16]. A recent study was able to track GFP-tagged EVs being transferred from
breast cancer cells among themselves and to normal lung tissue in orthotopic nude-mouse
models, thereby providing strong physical evidence of EVs acting as long-distance
messengers [17]. Although, this study provided a visual confirmation of exosomal transfer to
premetastatic organs, the earliest functional evidence was provided by researchers who
discovered that EVs were essential to the PMN formation in lymph nodes [39]. Interestingly,
they found that EVs from both poorly and highly metastatic rat pancreatic adenocarcinoma
cells could induce PMN formation, but required a CD44v-dependent soluble matrix /n vivo.
Although, the mechanism of exosomal action on PMN formation was not discussed, the
authors alluded to the hepatocyte growth factor (HGF) signaling axis being responsible

Biochim Biophys Acta. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhao et al.

Page 4

(Figure 1). The higher abundance of HGF in EVs from highly-metastatic cells explained
why they were more effective in forming the PMN as compared to EVs from poorly
metastatic cells. The mechanism of PMN formation has only recently been described in a
study [40]. The process is dependent on toll-like receptor (TLR3) interaction in normal
lungs tissue. Tumor-derived RNAs, specifically small nuclear RNAs, are enriched in EVSs,
which activate TLR3 to induce chemokine secretion in lung tissue subsequently enhancing
neutrophil recruitment (Figure 1). Another study implicated microvesicles and EVs from
CD105-positive tumor-initiating renal cancer stem cells in activating angiogenic function in
lung PMN [41]. The CD105-positive vesicles were found to contain proangiogenic mMRNA
and miRNA that enhanced VEGF, VEGFR1, MMP2, and MMP9 expression in lung
endothelial cells (Figure 1). In the same vein, bioinformatics analysis of EVs from bulk and
stem cells from human prostate cancer also revealed differentially expressed miRNAs,
particularly miR-100-5p and miR-21-5p. These miRNAs are responsible for prostate
tumorigenesis, fibroblast proliferation, differentiation and migration, angiogenesis, and are
found to cooperatively contribute to local niche and PMN formation [42]. More recently,
discoveries of EV-mediated PMN in lymph nodes as well as bone-marrow niches have been
made. EVs from metastatic melanomas were found to condition bone marrow progenitor
cells [19]. The EVs induced a pro-vasculogenic phenotype by upregulating the receptor
tyrosine kinase, Met. Furthermore, the authors discovered that the molecular signature of
melanoma-specific EVs isolated from stage 4 melanoma patients could serve as a prognostic
marker. A similar observation was made in pancreatic cancers, where authors described the
mechanism of PMN formation in the liver, mediated by EVs [43]. The process is initiated
with Kupffer cells in the liver selectively internalizing EVs containing migration inhibitory
factors (MIF) that triggered TGF-p secretion. TGF-f causes hepatocytic stellate cells to
produce fibronectin that subsequently promotes the arrest of bone marrow cells and
neutrophils (Figure 1). Remarkably, the authors observed circulating EVs with high MIF in
mice with pancreatic ductal adenocarcinoma (PDAC) even before PDAC lesion formation.
This incited the investigation into MIF expression in EVs isolated from plasma of PDAC
patients. Remarkably, the authors found that high MIF expression could also be a clinically-
relevant prognostic marker.

Where most of the investigations of EV-mediated PMN formation have focused on cancer
cell-derived EVs, one study also found that EVs from the non-malignant tumor
microenvironment could also have an impact on metastatic niche [44]. Astrocyte-derived
EVs carrying PTEN-inhibiting miRNA, targeted metastatic tumor cells to increase their
chemokine secretion. This facilitated recruitment of bone-marrow derived myeloid cells that
enhanced outgrowth of metastatic tumor cells. From these investigations, it is evident that
the exosomal function in PMN formation can be targeted for therapeutic benefit. However,
the more promising outcome is the ability to make prognostic decisions based on exosomal
biomarkers during initial stages of the metastatic process. This will allow for accurate
identification, and improved patients’ treatment and chance of survival before their tumor
metastasize.
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2.2. Tumor EVs induce a tumor-like transformation in mesenchymal stem cells

Mesenchymal stromal cells (MSCs) from the bone marrow have achieved notoriety in recent
years for the role played in many steps of tumor progression, starting from the tumor
promotion or inhibition ability, immunomodulation role and metastatic niche formation
involvement [18]. However, whether MSCs promote or suppress the tumor progression
remains controversial and still debated [18,45,46]. Evidence in the literature suggested that
the cells of the bone marrow and the tumor microenvironment have a crucial role for the
generation of a suitable microenvironment for the primary tumor and the development of
metastasis. Cancer-derived EVs have been reported to play an active role in the disease
evolution [19,47,48]. Growing evidence suggest that EVs derived from the primary tumor
can act as potential mediators for priming the pre-metastatic niche. However, little is known
about the ability of cancer-derived EVs to transform cells in their microenvironment. In
prostate cancer, these nanosized EVs have shown to be able to reprogram adipose stem cells
[49]. Furthermore, renal cancer EVs induce cancer promoting changes in their associated
MSCs [20]. Even EVs isolated from breast cancer cell lines were highlighted as important
signaling factors that contribute to adipose-derived stem cells desmoplastic reprogramming
[50]. A study by Peinado and colleagues showed that melanoma-derived EVs can condition
bone marrow progenitor cells, inducing a pro-vasculogenic phenotype by upregulating the
receptor tyrosine kinase, Met [19].

Very recently, the Fais group has provided evidence highlighting the key role played by EVs
from colon cancer sources in promoting a tumor-like transformation in MSCs [51]. In
particular, these cancer-derived EVs were able to induce morphological and functional
changes in MSCs associated to the tumor-like phenotype, including atypical microvilli,
pseudopods and vesicles release (Figure 2) [51]. The Fais group observed also aberrant
functions and behaviors in MSCs, such as higher proliferation, migration and invasion rate
[51], which may influence cancer progression [52,53]. These studies suggest that tumor-
released EVs play a key role not only in inducing in target organs a niche where circulating
tumor cells may settle and grow better; but also inducing locally a tumor-like transformation
of cells that are present in target organs and have potential to differentiate depending on
external stimuli (Figure 2).

2.3. Reprogrammed metabolism in metastasis relating to EV regulation

Metastatic transformations in cancer cells are typically coupled to alterations in their energy
metabolism [54-56]. This occurs when the metabolic profile changes in cancer from a
proliferative phenotype to a stem-like state. Furthermore, the nutrient availability in the
TME is also shifted favorably for cancer metastasis [21,22]. EVs have been identified to
play crucial roles in the regulation of metabolic change in cancer and its microenvironment.
Both cancer cell-derived EVs and TME-derived EVs can enhance cancer metastasis. Cancer
cell-derived EV miRNAs were transported into neighboring cells and shifted the metabolic
activity in these cells from high-glycolytic to low-glycolytic profile; consequently, more
glucose was made available to cancer to enhance its metastasis [57]. Furthermore, the
change in nutrient availability in their local microenvironment as they detach from the
primary site, invade into vasculature and colonize a foreign organ, has a major impact on
their intracellular metabolism [58,59][1, 2]. It is well-known that EVs carry miRNA that can
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regulate metabolic pathways [60,61]. However, few examples exist that describe the direct
role of EVs in regulating metabolism of cells going through metastasis. In one study, authors
found that microvesicles from CD105-positive renal cancer stem cells carried miRNA that
induced angiogenesis in lung tissue to help PMN formation. However, an unbiased target
analysis showed that 25% of the miRNA targets were metabolic processes [41]. Although,
the authors did not study metabolic changes in the lung cells, there was a strong indication
that EV miRNA cargo can affect metabolism of recipient cells. Similarly, when validated
target genes of miRNA found to be enriched in microvesicles from plasma of glioblastoma
patients were analyzed, they revealed overrepresentation of genes related to DNA, RNA, and
nitrogen metabolism.

Importantly, there now exists evidence that EVs have a two-pronged effect on the
metabolism of recipient cells in the tumor microenvironment. Studies by the Nagrath group
showed that cancer-associated fibroblast-derived EVs downregulated mitochondrial
metabolism and enhanced glucose metabolism via their miRNA cargo [36]. Furthermore,
EVs supplied free metabolites to fuel TCA cycle fluxes and support proliferative
requirements of nutrient-deprived pancreatic cancer cells [62]. Since most EVs are bound by
lipid membranes and are found to carry saturated fatty acids, it is possible that EVs
internalization affects lipid homeostasis [13]. Although, this role of EVs has been
overlooked, a similar phenomenon has been observed in cancer cells that internalize
extracellular proteins to salvage amino acids to supplement increased nutritional demands
[63]. The extracellular supply of lipids via EVs from stromal cells may provide free fatty
acids as an alternative source of energy substrates to recipient cancer cells, thereby
supporting energetic needs of metastatic transformation.

3. Role of EV cargo in metastatic processes

3.1. Cancer-derived EV microRNAs

MicroRNAs (miRNASs) present in EVs from cancer cells have been shown to enhance
metastasis by conditioning the tumor microenvironment via multiple mechanisms. Exosomal
miRNA are especially important to TME conditioning since the miRNA cargo can be tailor-
made by cancer cells to recondition their environment [64]. Interestingly, EVs are also
employed by cancer cells to selectively remove miRNAs that have tumor-suppressive
properties. For example, the let-7 miRNA family, known to target oncogenes such as RAS
and HMGA2, play tumor-suppressive roles in metastatic gastric cancer cell line AZ-P7a.
EVs secreted by these highly metastatic cells are found to be enriched in let-7 miRNA
[65,66]. However, selective enrichment of let-7 is not found in EVs from cancer cell lines
with low metastatic properties [67]. Cancer cells also secrete EVs with miRNA cargo to
regulate gene expression in recipient cells. A seminal study elucidated that miRNA,
specifically miR-21 and miR-29a, found within EVs secreted by lung cancer lines can
directly bind to Toll-like receptors (human TLR8) on immune cells. This mechanism of TLR
activation initiated a protumorigenic inflammatory response that was a precursor to
metastasis [195]. Another study discovered that miR-210, found in EVs secreted by cancer
cells, was transferred to endothelial cells. The miR-210 was responsible for upregulation of
genes involved in angiogenesis and subsequently promoted initiation of metastasis [68]
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(Figure 3). In another study, EVs secreted by breast cancer cells were observed to suppress
nutrient utilization of stromal cells to increase nutrient availability for metastatic cells
(Figure 3) [57]. These cancer-derived EVs, which were preferentially taken up by fibroblast
cells, contained miR-122. miR-122 was found to target pyruvate kinase activity in
fibroblasts, and subsequently suppress their glycolytic activity and glucose consumption,
effectively increasing the glucose availability for cancer cells. This functional role of cancer-
derived exosomal miR-122 was then verified /n vivoto prove it was not an artefact of in
vitro experiments [57].

In addition to miRNAs, mRNAs also have been reported to be transported via EV cargo. EV
mRNA from donor cells are translated into functional proteins in recipient cells. EV mRNA
transport was tracked by transducing a lentivirus vector encoding a luciferase protein that is
secreted by donor cells after internalization of EVs [69]. This study demonstrated that
endothelial cells cocultured with microvesicles containing the Gaussia (Gluc) luciferase
mMRNA from glioblastoma cells, released Gluc protein into the medium increasingly over 24
hrs. Thus, verifying the translation of the Gluc mMRNA within recipient cells. These results
strongly indicate that mMRNAs in EVs in the TME transferred to recipient cells could
promote cancer metastasis.

3.2. Cancer cell-derived EV proteins

Cancer cells adjust intracellular levels of tumor-suppressing proteins by packaging them into
EVs and secreting them. Metastatic duodenal cells, AZ-P7a, have been found to employ this
mechanism to regulate the tumor suppressor protein, Polyadenylate-binding protein 1
(PABP1) [70]. Studies have shown that AZ-P7a cannot tolerate high intracellular PABP1
levels. They export the protein via EVs, as indicated by EVs that are more enriched in
PABP1 as compared to EVs from normal AZ-521 cells. Colorectal cancer cells were also
found to export, KAIL1 (CD82), a suppressor of tumor metastasis, via EVs as a cell-
autonomous mechanism to enhance metastasis [71-74]. However, further exploration of this
mechanism is necessary to develop therapeutics that can inhibit EV-mediated secretion of
tumor suppressors. Currently, no study has reported the comparison of the three mechanisms
of protein regulation in cancers: EV-mediated secretion, lysosomal degradation and
proteosomal degradation.

The proteins in cancer cell-derived EVs are either expressed on surface of EVs or found in
their intraluminal cargo. The acidic TME has been shown to enhance lysis of extracellular
EVs. EVs carrying protein cargo rich in angiogenic factors, such as VEGF, FGF, IL-6, and
TIMP-1 were lysed and found the release their cargo into the TME. Upon interaction with
cell surface receptors, the proteins released by EVs promoted angiogenesis and metastasis
[75]. Another study has demonstrated that EVs secreted by invasive breast cancer cells
contain heat-shock protein, hsp90a. Hsp90a promotes cancer cell invasiveness through the
conversion of plasminogen to plasmin, leading to degradation of blood plasma proteins
[76,77]. However, this process does not involve EV uptake, and therefore provides
compelling evidence of the functional role of proteins expressed on EV surface. Unlike
surface protein, intraluminal proteins contained within EVs need to be transported across the
cell membrane for bioavailability and functional activity (Figure 3). One study observed that
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highly metastatic melanoma cells increased the metastatic capacity of non-metastatic tumor
cells by transferring the tyrosine kinase receptor, MET, to bone marrow progenitor cells
[78]. In contrast to this observation, another study found that EVs from poorly metastatic
cells lacking the MET receptor, reduced the metastatic burden of highly metastatic primary
tumors [19]. Furthermore, EVs from the highly metastatic melanoma cell line, B16-F10,
were found to regulate genes related to extracellular matrix remodeling and inflammation
(Figure 3), such as heat-shock proteins SI00A8 and S100A9 [19,79]. Similarly, EVs from
glioblastoma cancer cells were observed to be enriched in angiogenins [69], and pro-
inflammatory cytokines, IL-6 and IL-8. Upregulation of these proteins are all associated
with enhanced malignancy, vasculogenesis and ultimately, metastasis [80,81].

In addition to transporting oncoproteins and regulating ECM proteins to modulate
metastasis, tumor-derived EVs also express tumor antigens [80, 82—-84] (Figure 3). A study
showed that EVs from ovarian cancer cells express 41kDa FasL that suppress immune
response by inhibiting T-cell activation and inducing apoptosis in T-cells [85]. These
observations coincide with a study showing that coculture of T-lymphocytes with FasL-
expressing ovarian cancer cells leads to loss of CD3-( and apoptotic induction of
lymphocytes [86]. Similarly, another study observed that FasL-bearing microvesicles induce
apoptosis in lymphocytes [87]. Tumor-derived EVs were also found to inhibit T-cell
proliferation. This inhibition was attributed to the ability of EVs to regulate the Fas/FasL
pathway [88]. Furthermore, carcinoma-derived EVs have been found to play a role in the
inhibitory function of perforin or other effector proteins that suppress natural (NK) cell
activation. Interestingly, the increase in inhibitory function of EVs on NK cells was found to
be associated directly with a decrease in metastasis-free survival period in patients [89-95].

Furthermore, cancer-derived EV proteins are also involved in modulating epithelial-
mesenchymal transition (EMT) during the initiation of metastasis [96,97] and mesenchymal-
epithelial transition (MET) during the final stages of metastasis [76] (Figure 3). Specifically,
a study observed that the release of glycosyl-phosphatidyl-inositol-anchored molecule,
C4.4A, from EVs derived from metastatic rat and human cancer cell-lines regulated the cell-
adhesion phenotype of recipient cells. These recipient cells shifted from an adhesive
phenotype to display motile behavior upon exposure to EVs, and this transformation
subsequently contributed to metastasis [98]. Similarly, matrix metalloproteinase (MMP13)
in EV cargo from Nasopharyngeal carcinoma (NPC) was also found to upregulate EMT in
tumor cells to promote metastasis by increasing the levels of MMP13 in surrounding human
umbilical vein endothelial cells and stromal human skin fibroblast cells [99].

Importantly, cancer cell-derived EVs have been shown to be master regulators of multiple
metastatic processes [100-102] (Figure 3). For example, the EVs from “seed” melanoma
cells were found to communicate with “soil” lymph nodes in three ways: a) EVs from
distant melanoma cells recruited more melanoma cells; b) EVs tuned extracellular matrix
near the secondary tumor sites to promote entrapment of melanoma cells within local niches;
c) EVs present in the local microenvironment of secondary tumor sites increased the
expression of vascular growth factors to promote the growth of trapped melanoma cells
[103]. EVs from highly metastatic melanoma cells were also found to enhance the metastatic
burden in the lungs of EV-treated mice [76]. In another study, annexin Il found in EVs from
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aggressive breast cancer cells was shown to promote angiogenesis in a tPA (tissue
plasminogen activator)-dependent manner to enhance breast cancer metastasis to the brain
[104]. These breast cancer-secreted EVs were also shown to breach the blood-brain barrier
to promote cancer metastasis.

4. Role of TME on EV-mediated metastasis

4.1. TME influence the EVs release by tumor cells

The microenvironment surrounding tumors is characterized by low nutrient supply, hypoxia
and acidity [27], factors that contribute to the progression from benign to malignant
phenotype and that normally are not permissive for the survival of normal cells. For those
reasons, the role of the TME in determining tumor malignancy has received renewed interest
in the past few decades; especially, with the suggestion that environmental conditions play a
pivotal role in resistance to chemotherapy, proliferation and metastatic behavior [105-109].
Growing evidence suggests that cancer cells take up much more glucose than normal cells
and mainly process it through aerobic glycolysis, the so-called “Warburg effect” [110,111].
Such an altered metabolic pattern associates with an increased production of lactate causing
a drop in extracellular pH (pHe). Beside an acidic pHe, cancerous cells are characterized by
a cytoplasmic pH (pHi) which generally remains neutral or even slightly more alkaline than
in normal cells [112,113], leading to a pH gradient across cancer cell plasma membrane
which is reversed with respect of normal cells [106,109,114-116]. More precisely, the pH of
the TME has been shown to range between 6.0 and 6.8, with median values around 6.5, and
the level of acidity was directly related with tumor malignancy [117-120]. Therefore, to
survive in such an hostile microenvironment, tumor cells up-regulate the expression and
activity of several proton extrusion mechanisms, which release protons into extracellular
environment to avoid intracellular acidification, such as vacuolar H+ - ATPases (V-
ATPases), Na+/H+ exchanger 1 (NHE1) and carbonic anhydrases IX (CAIX) [121,122].
Inhibition of these molecules always leads to potent anti-tumor effects [121].

Recent publications highlighted the key role played by cancer cells, TME, and EVs in the
pathogenesis of cancers [36,123,124]. Tumor acidity has been pointed as a key factor in the
regulation of EVs traffic within the tumor mass (Figure 2). The Fais group has provided
evidence that microenvironmental acidity is involved in the regulation of some vesicle-
mediated malignant tumor cell functions, such as autophagy and drug resistance [125,126].
For example, melanoma cells could survive under acidic conditions, thanks to hyper-
functional proton pumps. In fact, a specific inhibition of proton release through proton pump
inhibitors (PPIs) was able to induce acidification of the tumor cell cytosol [127] and acidic
vesicle retention within tumor cells, with consequent increase in the antitumor activity of
chemotherapeutic drugs [126]. The Fais group showed for the first time that the
microenvironmental acidity not only increases the release of EVs by human melanoma cells
but also induces relevant changes in the lipid composition of the released EVs [128].
Mechanisms inhibiting acidity, such as buffering the culture medium or treatment with anti-
acidic molecules, were able to reduce the level of EVs release [27,128,129]. In pre-clinical
in vivo settings, using xenograft models of human tumors, the levels of circulating EVs
found in plasma increased related to tumor size [47]. Lastly, the levels of plasmatic EVs
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expressing either typical exosomal marker (e.g. CD63) or surrogate tumor marker (e.g.
Cav-1) was significantly increased in tumor patients as compared to healthy individuals [47].
This suggests on one hand that the plasmatic levels of EVs may be considered as a tumor
marker [130]; on the other the highest plasmatic levels of EVs may also reflect the acidity of
tumor microenvironment that may be considered a phenotype of malignancy [27].
Furthermore, a recent study performed in human prostate cancer cell lines has provided clear
evidence that microenvironmental acidity enhances EV release and changes their surface
protein composition leading to production of PSA-positive particles [131]. This was
analyzed by 3 different methods, such as NTA, nanoscale flow-cytometry and
immunocapture-based ELISA, and all showed comparable results: an increased number of
nanosized extracellular vesicles mostly expressing PSA. This condition was induced by low
pH condition /n vitro and was also observed in the plasma of prostate cancer patients [131].
There is now strong evidence now the TME influences the role of EVs in enhancing
malignancy of primary tumors and in preparing secondary sites suitable for cancer cell
survival [109]. Thus, the tight relationships between EVs release and the tumor
microenvironment may well represent one of the most critical issues in the clinical use of
EVs in both diagnostic and therapeutic fields [132].

4.2. TME-secreted EVs modulate cancer metastasis

The components within the TME and interactions among them are essential for tumor
growth and progression. In addition to cancerous cells, it includes fibroblasts, immune cells,
inflammatory cells, blood vessels, and the extracellular matrix. As tumor develops,
malignant cells actively communicate with their microenvironment by sending out signals in
the form of cytokines, signaling proteins, and extracellular vesicles. After sensing tumor-
derived signals, the non-malignant cells in the microenvironment are reprogrammed to
perform functions that support tumor growth. More recently, several non-malignant
components of the TME have also been found to secrete soluble factors and extracellular
vesicles. This contributes to the dynamic bidirectional communication between cancer and
stromal cells. EVs are an essential mode of communication between components of the
TME. Their versatile cargo carrying capacity, longer half-lives compared to other secreted
factors, and ability to travel to distant regions in the tumors makes them ideal candidates for
intercellular communication (Figure 4). CD81-positive EVs derived from fibroblasts have
been shown to enhance the motility, protrusion, and invasion of breast cancer cells via the
Whnt-PCP signaling pathway [45]. EVs derived from bone marrow mesenchymal stem cells
(MSCs) have been shown to enhance tumor growth /77 vivo by enhancing VEGF and CXCR4
expression through ERK1/2 and p38 MAPK signaling pathways [28]. A recent study by
Zhao et al., showed that EVs derived from cancer-associated fibroblasts (CAFs) enhanced
growth of prostate cancer cells in nutrient-deprived environment by regulating metabolism in
a K-ras independent manner [36]. These EVs inhibited mitochondrial metabolism,
upregulated glycolysis and reductive glutamine carboxylation in PDAC cells. In a follow-up
study by Achreja et al., it was shown that EVs could substantially supply free metabolite to
the TCA cycle [62]. These discoveries are especially important in the context of metastasis,
where EVs could regulate metabolism of metastatic or circulating tumor cells that can
survive in nutrient-stressed environments.
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One study found that platelets secreted microvesicles that could chemoattract lung cancer
cells by upregulating expression of MT1-MMP in the cells [133]. MT1-MMP has been
shown to be essential for cancer cell invasion and acts via multiple mechanisms including
catalysis of extracellular matrix components, activation of proMMP-2, cleavage of the
multifunctional adhesion molecule CD44, and integrin-binding adhesion receptors (Figure
4) [134,135]. Notably, platelet-derived microvesicles (PMVs) showed the strongest
chemoattraction to highly metastatic lung cancer cells. PMVs were also found to stimulate
MAPK p42/44 and PI-3K-AKT signaling pathway to promote proliferation of lung cancer
cells. Furthermore, mRNA for cyclin D2 was observed to be upregulated in A549 (lung
cancer line) cells after internalizing PMV. Cyclin D2 is associated with enhanced
invasiveness in breast cancer cells, and testicular germ tumors [136]. PMVs were also found
to enhance the metastatic potential of lung cancer cells by increasing adhesion of cancer
cells to endothelial cells and fibrinogen via surface expression of platelet-derived integrins
like CD41. This phenomenon is also responsible for organotropic affinity of tumor cells to
the bone marrow [133]. PMVs are also known to upregulate multiple genes involved in
tumor vascularization, such as VEGF, 1L-8, HGF, MMPs [133]. It is especially important to
note that cells acquire functional proteins, which were not constitutively expressed, by
internalizing extracellular microvesicles. PMVs have been demonstrated to transfer CXCR4
onto the surface of human lung cancer cell lines, which do natively express CXCR4, to bind
to the SDF-1 domain in bone marrow cells [137-140].

Immune cells in the TME also play critical roles in tumor migration. FasL* EVs derived
from CD8+ T-cell lymphocytes were observed to activate c-FLIPI, ERK, and NF-kB
signaling pathways to increase MMP9 expression, subsequently increasing tumor invasion
potential (Figure 4) [141]. This mechanism potentially explained the phenomenon of
diverting immune systems from tumor inhibition to tumor promotion. One study found that,
T-cells secreted bioactive EVs were taken up by dendritic cells (DCs) and induced
cytotoxicity by activating the Fas/FasL pathway, thereby weakening the overall immune
activity of DCs against tumor growth and enhancing tumor metastasis. Notably, another
study reported that T-cell-secreted EVs decreased pMHC | expression in DCs, resulting in a
diminished antitumor immune response [142].

5. Biomarker discovery and therapeutic improvement with EVs

The level of circulating EVs in the body has been found to vary in response to diseased
states and can potentially indicate progression of diseases, such as cancer. A much higher
level of circulating EVs (2.85 mg/ml) was found in patients with lung adenocarcinoma
compared to the control group of healthy individuals (0.77 mg/ml) [143]. Remarkably, the
average concentration of EV-derived miRNA was significantly higher in the same group of
patients with lung adenocarcinoma (158.6ng/ml) as compared to the control group (68.1
ng/ml) [143]. However, since the study only observed 27 patients in the diseased group and
9 in the control group it is necessary to validate this observation by performing similar
studies with larger patient cohorts. These studies will be essential to justify the use of levels
of circulating EVs or exosomal miRNAs as diagnostic marker for cancers.
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Recent studies have indicated that profiling EV cargo could also help characterize or identify
disease stages. For example, the circulating miR-122 levels, largely found enriched in
cancer-derived EVs, were also associated with metastatic progression. Specifically, higher
miR-122 levels were observed during later stages (Stages I1-111) of breast cancer progression
as compared to the earlier stages [144]. Furthermore, a related study has identified
differential expression of proteins on membrane or lumen of EVs isolated from isogenic
bladder cancer cells lines with increasing metastatic capacities. Particularly, vimentin,
hepatoma derived growth factor, annexin 2, moesin and other EMT-related proteins were
upregulated in EVs derived from cancer cells with highest metastatic capacities [145].
Similarly, ITGA3 and ITGB1 were identified by proteomics analysis to be highly expressed
in EVs isolated from urine samples of patients with metastatic prostate cancer patients but
not in samples of patients without metastasis [146]. Furthermore, systematic analysis of
miRNA and protein profiles showed that miR-210 and fibronectin were preferentially
enriched in EVs derived from breast cancer and melanoma cancer cells with the propensity
to form brain metastases [147]. Recently, long non-coding RNAs (IncRNAs) have also been
found to play important roles in gene regulation [148]. When the abundance of INCRNAs
was measured in EVs derived from plasma of a cohort of 217 patients diagnosed with
hepatocellular carcinoma (HCC), RP11-160H22.5, XLOC_014172 and LOC149086 were
discovered to be enriched in cancer patients as compared to healthy subjects. Remarkably,
the elevated levels of XLOC 014172 and LOC149086 were found to be indicators for HCC
cell lines with higher metastatic potential [149]. These studies indicate that IncRNA in EVs
could prove to be of diagnostic assistance in HCC patients. Similarly, double stranded DNA
fragments observed in tumor-derived EVs were found to be a representation of the genome
of the donor cancer cells. Therefore, DNA fragments were proposed to be employed as
biomarkers to detect mutations in parental cells without performing tissue biopsies [36,148].
Specifically, mutations in KRAS and p53 were detected using genomic DNA from EVs
isolated from serum of pancreatic cancer patients and pancreatic cancer cell lines [150].

In addition to be used as diagnostic markers, EVs can be leveraged to develop cancer
therapy. In this regard, RAB27A was found to be positively correlated with EV production
in a panel of 39 human-derived melanoma cell lines [19]. Similarly, the levels of nSMase2
also correlated with the rate of EV secretion. nSMase? is, therefore, thought to affect EV
secretion via ceramide signaling. However, the purview of studying these mechanisms needs
to be expanded by exploring additional types of cancers to obtain actionable information for
cancer therapeutics [68]. Despite these challenges, the therapeutic applications of EVs have
been demonstrated in recent studies. EVs are triggering an interest in cancer therapeutics
due to their property to deliver either in normal or disease states a great deal of molecules,
including proteins, lipids, nucleic acids, but also chemical compounds. This shuttling ability
may occur by interaction of EVs with target cells following its fusion with the target plasma
membrane [128] or through ligand-receptor interaction [87,151]. The Fais group and others
have reported that EVs may deliver fully active drugs, such as Cisplatin [27], Curcumin
[152], Doxorubicin and Acridine Orange [153,32]. These studies clearly showed that EVs of
human melanoma origin deliver a bioactive anti-tumor drug in its native form, and therefore
totally functioning (i.e. Cisplatin), improving its cytotoxic activity at the disease site [27].
Moreover, very recently, it has been shown that an acidophilic dye with a strong tumoricidal
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action (i.e. Acridine Orange) may be delivered through the EVs [32], leading to an extended
drug delivery time to cancer cells and improving the cytotoxicity of the dye [32][4], but also
suggesting that EV may be the ideal delivery system for photodynamic molecules [33]. The
tumor-released EVs may also participate in the tumor escape from the immune response,
since they express the death ligands, FasL or TRAIL, that kill lymphocytes activating the Fas
or TRAIL-mediated apoptotic pathway [87,151]. This property of EVs to deliver ligands for
death receptors able to trigger death receptor-mediated apoptosis have also pointed to the
possible future use of EVs in cancer immunotherapy [52,154]. Furthermore, EVs with anti-
tumor antigen were reported to be more effective in activating T-cells than soluble antigens
[155]. Most importantly, it was possible to obtain a large yield of EVs directly from tumor
tissues without having to construct purified tumor cell lines. These nanovesicles were found
to be a more effective source of tumor-specific antigen to trigger anti-tumor immune
response compared antigens from whole cell lysate [83,156,157]. The tumor-derived NVs
incorporated with the Toll-like receptor 3 agonist, polyl:C, showed increased efficacy in the
treatment compared to NVs alone, indicating a promising strategy in cancer therapy [156].
Furthermore, it has been reported that DCs that were pre-loaded with tumor-derived EVs
could be stimulated to gain anti-tumor effects. This suggested that DCs pre-treated with
tumor-derived EVs can be injected into patients for improved therapeutic effect [158,159].

In summary, identification of exosomal biomarkers to non-invasively characterize cancer
progression can greatly improve diagnostic accuracy and reduce the physical and economic
burden on patients as compared to traditional biopsies. However, their use in cancer
therapies has both advantages and limitations. EVs derived from specific cells, tissue, or
body fluid are resistant to immune rejection because of they are sourced from the same
patient. EVs can be tailor-made to carry a multitude of cargo including siRNA, miRNA,
protein, catalase, therapeutic compounds, and intracellular metabolites by (1) chemical-
based transfection; (2) incubation; (3) electroporation; (4) transfection of EV-producing cells
[160,161]. In addition to the diversity of cargo content, therapeutic delivery of EVs can be
improved by binding tumor-specific peptides onto their surface, thereby enhancing
selectivity and reducing side-effects [160]. However, there are limitations that challenge the
widespread use of EVs for anti-tumor treatment. First, the low yield of EVs from cells is a
bottleneck for scaling up EV production. Second, there are no studies documenting the
potential side-effects of using EVs in a clinical setting. EVs, therefore, have strong potential
to be diagnostic markers, but will require significant effort until they can be used for
treatment.

6. Conclusion

From the very beginning of the work in experimental oncology, it appeared reasonable that
the metastatic process was due to the circulation of cancer cells through either lymphatic or
blood vessels. These circulating cells would ultimately metastasize to the target organs by
seeding themselves in these organs and forming secondary tumors. However, this simple
concept raises many questions. The first question is: Why does metastasis occur in a selected
few organs, regardless of the primary tumor site? The answer can’t be simply because the
target organs are filters of the venous blood. In fact, while liver, lungs, brain, surrenal gland
and bones are common metastatic organs, kidneys are never observed as the place of blood
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metastasis, and the kidney is a filtration organ by definition. The other question is: Why does
the same primary tumor give rise to metastatic tumors that differ in nature and behavior
depending on the target organs: e.g. prostate and breast cancer give liver and bone metastasis
but while liver metastasis are solid neoplasms, the bone metastases are holes called
“osteolytic lesions”. Furthermore, an interesting observation is that we know that a tumor
cells with average diameter of 12 microns, which means that only 50 cells can form a 1 mm
solid formation. However, this would suggest that a lung embolism may occur even before
metastatic formation. Moreover, metastatic lesions, with an exception of few common
features, are histologically different from the primary tumors. Based on these thoughts it is
difficult to accept that metastatic lesions are entirely due to circulating tumor cells.
Investigation of extracellular vesicles, including those of a nanosize (i.e. exosomes) is still
on the tip of the visible part of the “iceberg”. However, recent evidence suggests that EVs
may play a key role in the metastatic process not only in the early steps, such as the
formation of a niche, but most conceivably in the entire process. This may or may not
involve the participation of circulating tumor cells that form the tumor after an initial
seeding into the target organs. In fact, EVs per se have transforming capacity on resident
cells with a high differentiation potential, such as mesenchymal stem cells. Of course, EVs
have shown to participate to the invasion of the tumor cells into the surrounding tissues as
well, but the ability of EVs to transform MSC into tumor-like cells would be irrefutable
evidence that proves a central role of these nanovesicles in defining the metastatic process.

This review focused on a series of groundbreaking findings, most importantly, the role of
EVs in shuttling cargo of biomolecules that control the metastatic process. For example, a
series of MRNAs encoding for tumor-related or expressed factors that may well have a role
in the tumor-niche formation; however, tumor EVs may deliver nucleic acid of various
origins, including virus-related mi- and m-RNAs [162], but have also shown to be able to
transfer their content into target cells, favored by the different electrostatic charges [128].
Moreover, tumor EVs are able to transfer reporter genes to the germline in /n vivo setting
[163], indicating the high capacity of these nanovesicles to transfer any kind of cargo into
target cells, including the tumor-related factors. There is also compelling evidence that the
microenvironment plays a key role in the participation of EVs in the metastatic process. For
example, extracellular acidity that has shown to induce both an increase of EV release
[27,128] and changing composition of lipids and proteins in EV membranes. EV's seem to
exert a prominent role in both these cancer phenotypes; in as much as they have all the
potentiality to transfer malignant factors in a paracrine way through a cell-to-cell
communication within the primary tumors, but also to transfer their contents in the
metastatic organs with participations in multiple activities, including the setting of the pre-
metastatic and metastatic niche, but also in inducing a tumor-like transformation in normal
cells with high differentiating potential, such as stem cells. In supporting this, that is to date
more than a hypothesis, there is the clinical evidence that cancer patients of different
histology show a paramount EV cargo in their blood as compared to non-tumor conditions
or healthy individuals [47,131]. This has recently suggested that the high plasmatic levels of
EV in cancer patients may represent a sort of “circulating tumor mass” [130].

Despite these discoveries, there still lies a gap in our knowledge of the dynamics of EV-
mediated metastatic processes: from the formation of the pre-metastatic niches, to the
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metastatic niches to the actual formation of the metastatic lesion. This is due to the
challenges involved in monitoring the niche formation as there are no reliable biomarkers
specific to this phenomenon. We also lack pre-clinical or clinical validation of the
phenomenon, such as the observation of vascular leakiness or stromal tumor-like
modification in metastatic sites. Furthermore, observation of molecular targets such as
stromal fibronectin, LOX, S100 proteins, MIF; exosomal targets such as CD81; or cellular
targets such as VEGFR1+ myeloid cells, MDSC, activated fibroblasts and EPC, has not been
reliable substitute. Unfortunately, the pre-metastatic modifications are very difficult to
identify by immunohistochemistry as well. This is partly due to the concept of tumor
dormancy, which is a huge challenge in clinical oncology. The pre-metastatic niche
formation is often a sudden phenomenon that can be missed during a long-term follow-up of
tumor patients. The complexity of pre-metastatic and metastatic niches with respect to its
architecture, in addition to the unknown mechanisms of interplay between secreted factors
and cellular components present a serious challenge in recapitulating the dynamics of
metastatic niche formation, both, in vitroand in vivo models. Consequently, making it hard
to define the real role of EVs in this process.

In summary, EVs either from cancer cell or TME play multiple roles in cancer metastasis
through the interactions between different cells (Table 1). However, all the involved
mechanisms remain to be elaborated. As EVs contain miRNAS, proteins, free metabolites
and other molecules, the study of any single component is insufficient to justify the
overarching function of EVs in metastasis. If clear mechanisms of the functional
components of EVs are understood, EVs can be engineered to pharmacologically modify the
effects of their cargo, or modify their cargo altogether. However, methods to engineer EVs
remains challenging, as new discoveries uncover novel functions of EVs. EVs are now not
only known to carry metabolites as cells but also active enzymes responsible for biochemical
reactions [164,165]. Furthermore, functions such as the maturation of miRNAs are also
possible within EVs [166]. Further exploration of functionality of EVs could lead to notion
of EVs as independent units capable of functions that typically occur in cells. As of now
EVs have proven to be useful as biomarkers because of their diverse cargo and stability in
body fluids. These features can be leveraged to profile cancer patients at distinct stages of
the disease and to identify the possibility of metastatic occurrences. With regards to
therapeutic application, EVs have been used in clinical trials in a very limited manner
because of the lack of understanding of side-effects. However, there remains a prominent
level of enthusiasm about the clinical use of EVs for anti-tumor therapies [132]. Most
importantly, we have to carefully consider the role of EVs in favoring the development of
cancer while developing non-mainstream strategies [167] aimed at controlling the release
and circulation of EVs as means to impair cancer metastasis.
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Figure 1. Premetastatic niche formation
Extracellular act as emmisaries for primary tumors that metastasize to distant organs. PDAC

cells secrete EVs enriched in Macrophage migration inhibitory factor (MIF) that trigger
TGF-p secretion by Kupffer cells in the liver. TGF-p enhances fibronectin (FIN) expression
by hepatocytes, which helps recruit bone-marrow derived cells and initiates PMN formation.
CD105+ Renal carcinoma cells release EVs containing pro-angiogenic miRNAs and
MRNAs that upregulate angiogenesis in healthy lung epithelial cells, thereby initiating blood
vessel formation for secondary tumors. Melanoma cells secrete EVs that carry small nuclear
RNASs (snRNAs) known to upregulate toll-like receptor (TLR3) expression on the surface of
lung endothelial cells, leading to neutrophil recruitment. PDAC cells that are CD44v-
positive secrete EVs that are enriched in hepatocyte growth factor (HGF). These EVs act as
triggers for activation of leukocytes, fibroblasts and endothelial cells leading to PMN
formation within the lungs. However, their action is dependent on CD44v-positive
extracellular matrix.
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Figure 2. Role of EVsreleased from cancer cellsin tumor-like transformation of mesenchymal
stem cells

EVs released from cancer cells in acidic conditions enter the endothelial vessels,
subsequently reaching target organs like liver and bones, where they act on mesenchymal
stem cells to induce a tumor-like transformation.
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Figure 3. Cargo in cancer-derived EVsregulate metastasis
Epithelial-mesenchymal transition (EMT). tumor derived exosomal proteins such as C4.4A,

MMP13 are involved in EMT, a process known to initiate metastasis; Heterogeneity. highly
metastatic melanoma cells enhance the metastatic propensity of primary tumor cells by
transferring their exosomal tyrosine kinase receptor to less metastatic melanoma cells;
Immune response. tumor derived EVs express tumor antigens that suppress the activation of
immune cells; Organotropism:tumor derived EVs play critical roles in premetastatic niche
formation of secondary tumors due to their organotropic properties; Mesenchymal-epithelial
transition (MET).: Tumor derived EVs carry proteins that modulate MET, a final step in
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formation of secondary tumors during the late stage of metastasis; Angiogenesis. tumor
derived EVs induce blood vessel formation by secreting miRNAs, proteins such as VEGF,
IL-6 at secondary tumor sites; Extracellular matrix (ECM) modulation: EVs secrete heat
shock protein to recondition the ECM near tumor sites to support invasion and metastasis.
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Figure 4. TME-secreted EVsmodulate cancer cell metastasis
CD81-positive EVs secreted by cancer-associated fibroblasts (CAFs) enhance motility,

protrusion and invasion in breast cancer cells via the autocrine Wnt-PCP signaling pathway.
EVs from mesenchymal stem cells (MSCs) enhance tumor growth /77 vivo and promote
VEGF and CXCR4 expression in tumor cells via the ERK1/2 and p38 MAPK pathway. EVs
derived from CAFs enhance viability of prostate cancer cells in nutrient-deprived condition
by regulating their metabolism via miRNAs. Similarly, EVs from CAFs enhance growth in
pancreatic cancer cells in nutrient-stressed microenvironment by supplying free metabolites
that are incorporated into the central carbon metabolism. Platelets derived microvesicles
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chemoattract lung cancer cells by upregulating mRNA expression of MT1-MMP in cancer
cells. MT1-MMP has is essential for reconditioning extracellular matrix components,
activation of proMMP-2, cleaving a multifunctional adhesion molecule CD44, and cleaving
integrin-binding adhesion receptor, subsequently enhancing cancer cell invasion. T-cells
secrete bioactive EVs that induce cytotoxicity in dendritic cells (DCs) by activating the Fas/
FasL pathway. These EVs also decrease pMHC1 expression on the surface of DCs, resulting
in diminished antitumor immune response. FasL-positive EVs derived from CD8+ T-cell
lymphocytes activate c-FLIPI, ERK, and NF-kB signaling pathways to increase the MMP9
expression in cancer cells, enhancing the invasive potential of tumors.
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Table 1

Summary of papers demonstrating exosomes/EVSs role in tumour metastasis
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Cancer Type Target Molecules Type of study References
involved
Bladder Cancer Urothelial cells ~ --------- In vitro [95] Franzen et al., 2015.
Oncogenesis
Breast Cancer CAFs Wntl1l In vivo [5] Hoffman et al., 2013. Breast
Cancer Res
Breast hsp90a In vitro [75] McCready et al., 2010. BMC
Cancer
Lung e Invitroand invivo  [17] Suetsugu et al., 2013. Adv Drug
Deliv Rev
Lung Annexin 11 Invitroand in vivo  [102] Maji et al., 2017. Mol Cancer
Res
Lung miRNAs Invitroand invivo  [66] Kosaka et al., 2013. J. Biol
Chem
In vitro [6] Zhou et al., 2014. Cancer Cell
Lung cytokine Ex-vivo [7] Gorczynski et al., 2016 Cancer
. Med
Liver
Lymph nodes mRNAs Invitroand ex-vivo  [171] Rodriguez et al., 2015.
Oncotarget
Lung
Brain
Colorectal Cancer Liver CXCR4 Invitroand in vivo  [172] Wang et al., 2015. Oncol Rep
Endothelial cells  mRNA In vitro [173] Hong et al., 2009. BMC
Genomics
————————— proteins In vitro [174] Choi et al., 2012. J Extracell
Vesicles
Duodenal Cancer ~ --meemee- PABP1 In vitro [68] Ohshima et al., 2014.
Proteomics
Esophageal Carcinoma esophagus ~ -------- In vitro [175] Min et al., 2017. Pathol Oncol
Res
GastricCancer ~ emeemeee- let-7 miRNA family In vitro [8][65] Ohshima et al., 2010. PLoS
ONE
Liver EGFR Invivoand ex-vivo  [176] Zhang et al., 2017. Nat
Commun
Lymph node CD97 In vitro [177] Liu et al., 2016. Gastric Cancer
Glioma e miR-21 Ex-vivo [178] Shi et al., 2015. Oncotarget
Hepatocellular Carcinoma Hepatocyte Proteins RNAs In vitro [179] He et al., 2015. Carcinogenesis
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Cancer Type Target Molecules Type of study References
involved
Lung Bone miRNAs Invitroand in vivo  [180] Valencia et al., 2014. Mol
Oncol.
Lung Small nuclear RNA Ex-vivo [181] Liu et al., 2016. Cancer Cell
Lymph node periostin In vitro [182] Vardaki et al., 2016.
Oncotarget
Meanoma 00000 e In vitro [126] Parolini et al., 2009. J Biol
Chem.
--------- miRNAs Ex-vivo [183] Pfeffer et al., 2015. J Clin Med
Bone marrow  --------- EXx-vivo [19] Peinado et al., 2012. Nat Med
Lung Met 72 Invitroand ex-vivo  [184] Hao et al., 2006. Exp Oncol
Met Invitroand /n vivo  [185] Adachi et al., 2016. Oncotarget
Lymph nodes miRNAs Invitroand ex-vivo  [101] Hood et al., 2011. Cancer Res
HIF-1a Ex-vivo [186] Hood et al., 2016. Med
Hypotheses
Nasopharyngeal Carcinoma ~ ---—----- HIFla In vitro [187] Aga et al., 2014. Oncogene
Stromal cells MMP13 In vitro [97] You et al., 2015. Cancer Sci
Non-small cell lung cancer bone AREG Invitroand ex-vivo  [188] Taverna et al., 2017. Sci Rep
Oral Squamous Lymph node miR-21 Invitroand invivo  [189] Li et al., 2016. Cancer Res
Cell Carcinoma
Pancreatic ductal adenocarcinoma  Liver MIF Invivoand invivo  [190] Costa-Silva et al., 2015. Nat
Cell Biol
Prostate Cancer Prostate miRNAs In vitro [191] Sé&nchez et al., 2016.
Oncotarget
Prostate avpé In vitro [192] Fedele et al., 2015. J Biol
Chem
Rat pancreatic adenocar cinoma Lymph nodes CD44v6 Invitroand in vivo  [37] Jung et al., 2009. Neoplasia
Lung Invitroand invivo  [193] Wang et al., 2013. Int J Cancer
Lymph nodes mRNAs Invitroand invivo  [194] Rana et al., 2013. Neoplasia
N.Y.
miRNAs
Renal Carcinoma Lung CD105 Invitroand invivo  [39] Grange et al., 2011. Cancer Res
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