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Abstract
Cell-cell communication is critical across an assortment of physiological and pathological processes. Extracellular vesicles (EVs) represent an integral facet of inter-cellular communication largely through the transfer of functional cargo such as proteins, mRNAs, miRNAs, DNAs and lipids. EVs, especially exosomes and shed microvesicles, represent an important delivery medium in the tumour microenvironment through the reciprocal dissemination of signals between cancer and resident stromal cells to facilitate tumorigenesis and metastasis. An important step of the metastatic cascade is the reprogramming of cancer cells from an epithelial to mesenchymal phenotype (epithelial-mesenchymal transition, EMT), which is associated with increased aggressiveness, invasiveness, and metastatic potential.  There is now increasing evidence demonstrating that EVs released by cells undergoing EMT are reprogrammed (protein and RNA content) during this process. This review summarises current knowledge of EV-mediated functional transfer of proteins and RNA species (mRNA, miRNA, lncRNA) between cells in cancer biology and the EMT process.  An in-depth understanding of EVs associated with EMT, with emphasis on molecular composition (proteins and RNA species), will provide fundamental insights into cancer biology.   

[bookmark: _Toc443685193]




1. Introduction 
[bookmark: _Toc443685198]Cell-cell communication is vital during development in a multiplicity of physiological and pathological processes [1] that can be mediated by extracellular vesicles (EVs) [2, 3].  EVs are involved in membrane trafficking and the horizontal transfer of an assortment of constituents such proteins, RNA species (mRNA [4], miRNA [5, 6], lncRNA [7]), DNA [8, 9] and lipids [10] to both local [11] and distal cells [12, 13].  EVs are important mediators facilitating the acquisition of cancer-associated hallmarks in select recipient cells following their uptake [14-17].  Specifically, in the tumour microenvironment (TM), EVs mediate heterotypic interactions between stromal and cancer cells to support fundamental cancer hallmarks such as evasion of growth suppressors, resisting cell apoptosis, sustained proliferative signalling, evasion of immune destruction, and induction of migration, invasion and angiogenesis [18-23]. One of the important hallmarks of tumorigenesis is the process of epithelial-mesenchymal transition (EMT), a morphogenetic process that shifts the plasticity of epithelial cells in favour of a mesenchymal phenotype [24, 25]. EMT mediates motility and invasion of cancer cells to traverse across the extracellular matrix (ECM) and into the blood circulation to facilitate metastasis [26-28].

 More recently, the role of EVs have become increasingly significant in mediating EMT-associated events, inducing the formation of pre-metastatic niches [29, 30] and facilitating metastasis [22].  Here, we summarise the current knowledge of EV-mediated functional transfer of proteins and RNA species (e.g., mRNA, miRNA, lncRNA) between cells in cancer.  We further discuss the emerging contribution of EVs during EMT. In this regard, the majority of experimental studies performed in the context of EMT and EVs have been focused on protein and RNA species. Experimental studies pertaining to EMT at the cellular level will not be covered in this review (see reviews [31, 32]).

2. Defining Extracellular Vesicles

EVs are membranous vesicles that are released by most cell types into the extracellular milieu [33-35]. EVs carry diverse range of cargos that can exert pleotropic effects in recipient cells through distinct signalling cascades via autocrine, paracrine and juxtacrine feedback loops [36]. EVs are broadly categorised into shed microvesicles (sMVs) and exosomes [37, 38]. Whilst sMVs are formed through the direct shedding/blebbing of the plasma membrane, exosomes are produced as intraluminal vesicles (ILVs) through the inward budding of the late endosome (referred to as multivesicular bodies (MVBs)) [2].  MVBs then fuse with the plasma membrane and release their vesicular content as exosomes. Despite the delineation of various ESCRT-dependent and autonomous routes for EVs biogenesis, the precise molecular mechanisms governing these processes remain unclear [2, 39, 40]. In this review, other lesser defined EV types such as apoptotic bodies [41],  migrasomes [42] and oncosomes [11] will not be discussed.

A large body of evidence highlights the ability of cells to release two predominant EV subtypes that can be differentiated via differential ultracentrifugation and vary in biophysical traits (e.g. size, buoyant density) and composition [38, 43-45]. In particular, these EV subpopulations constitute larger heterogeneous sMVs (sediment between ~10,000 – 14,000 g) ranging between ~100 to 1500 nm, and the smaller homogenous exosomes ranging between ~50 to 120 nm (sediment at ~100,000 g) [46-48].

EV subtypes released from MDCK cells and oncogenic H-Ras transformed cells (21D1) display distinct differences in size; sMVs (~100-300 nm) are larger in size in comparison to exosomes (~50-120 nm) (Figure 1). Recently, Simpson and colleagues have identified and clearly demarcated that exosomes and sMVs isolated from human colon cancer cells (CRCs) are biochemically and functionally distinct, displaying 350 proteins uniquely identified in sMVs (e.g. KIF23, CSE1L, RACGAP1) in comparison to exosomes [43].  Such studies are further supported by the isolation of highly-purified EV subtypes (exosomes and sMVs) from the same cellular origin are biochemically and functionally distinct [45, 49]. Evidently, these studies have to be extended to encompass other tissue-specific cell models in conjunction with in vivo validation (biofluids, biopsies) for use in clinical applications. 

3. Extracellular vesicle protein cargo important in cancer
A well-established paradigm involves the ability of resident cell types to influence the cancer cell phenotype through a plethora of extracellular cues [50, 51]. In this regard, EVs form an integral facet of inter-cellular communication particularly through the transfer of functional cargo to recipient cells. Indeed, EVs serve as context-dependent cues that can modify the recipient cell microenvironment [52].  By transporting functional cargo to multiple recipient cell types, EVs modulate various cellular events such as migration, invasion, angiogenesis and EMT in the TM [15, 22].  Recently, prior to metastatic spread, EVs have been shown to prime distant organs (future metastatic sites) towards a conducive microenvironment (i.e., pre-metastatic niche) [12, 13, 30, 53-55] that facilitates survival and outgrowth of incoming tumour cells (i.e., metastatic niche) [29].  EVs encase fundamental protein constituents that exert pleotropic roles in the microenvironment of recipient cells (Table 1). The transfer of exosomal proteins can mediate receptor-ligand interactions and modulate growth signalling cascades in recipient cells [56, 57]. Notably, EV subtypes (exosomes and sMVs) are composed of a distinct repertoire of molecules [38] and can exert diverse biological functionality within the recipient microenvironment [36, 43]. 

3.1 Exosomal cargo 
Seminal research by Rak and colleagues has demonstrated that the oncogenic receptor EGFRvIII can be transferred between glioma cells through exosomes [11]. Notably, MAPK and AKT signalling cascades were induced following treatment of EGFRvIII-positive exosomes and this effect was impeded by the use of pan-erb inhibitor, CI-1033 [58] that blocks constitutively activated EGFRvIII and erbB signalling. Further, employing exosomes derived from a panel of cancer cells (e.g. prostate, mesothelioma, breast), Webber and colleagues determined that exosomes expressing high TGF-β levels induced α-SMA expression in fibroblasts [59]. Betaglycan, a membrane anchored proteoglycan involved in binding to TGF-β, has been identified to be shed through pervandate and membrane type matrix metalloprotease -1 activity [60]. By partially cleaving exosomal betaglycan through pervanadate treatment, diminished exosomal betaglycan expression led to repression of exosomal TGF-β levels and a corresponding decrease in the induction of α-SMA expression in fibroblasts. Importantly, this salient observation highlights the requirement of exosomal betaglycan in the tethering of TGF- onto the exosomal surface to mediate differentiation of fibroblasts. EVs are also able to confer oncogenic cell transforming properties (anchorage-independent growth and survival), as demonstrated by Antonyak et al., whom identified that the oncogenic transfer of tissue transglumtaminase and fibronectin to recipient cells that induced transformation and mitogenic signalling [61]. Higginbotham and colleagues delineated exosome mediate EGFR ligand (AREG, EGF, TGF-α, HB-EGF) [62] signalling in recipient cells [63]. Importantly, AREG exosomes elevated the invasion of recipient breast cancer cells in comparison to TGF-α or HB-EGF exosomes. Moreover, these observations were recapitulated in exosomes isolated from DLD-1 CRCs (mutant KRAS) expressing enhanced AREG levels that exhibited a corresponding increase in invasion. 

In the context of the pre-metastatic niche, Peinado and colleagues elucidated the role of melanoma-derived exosomes implicated in the education of bone marrow cells towards propagating tumour growth and metastasis [12]. The receptor tyrosine kinase MET was identified to be required for pro-metastatic behaviour of primary tumours as a consequence of exosomal-mediated education of bone marrow progenitors. The expression of Rab family members (RAB1A, RAB5B, RAB7 and RAB 27A), a key family known to be involved in the biogenesis of exosomes [64, 65], were elevated in melanoma cells, with silencing of RAB27A resulting in reduced exosome production, tumour growth and metastatic potential. More recently, Hoshino et al., showed that exosomes from lung, liver and brain tumour cells selectively target with recipient cells and prepare the pre-metastatic niche in different regions (liver and lung) [29]. In particular, targeting selective integrin’s α6β4 and αvβ5 attenuated exosome uptake to support lung and liver metastasis, indicating that exosomal integrins could be enlisted in the prediction of organ-specific metastasis. 

The tumour suppressor PTEN was found to be secreted in exosomes and attenuated phosphorylation of AKT and proliferation in recipient cells [66]. Strikingly, the recruitment of PTEN was found to be dependent on Ndfip1, an adaptor protein of the Nedd4 family and the selective packaging of PTEN in exosomes required ubiquitination of PTEN (lysine 13) by Nedd4-1. Luga et al., identified that fibroblasts secrete exosomes that induced Wnt-planar cell polarity (PCP) signalling protrusive activity and motility in breast cancer cells [67]. In particular, injection of both breast cancer cells and fibroblasts augmented metastasis that was dependent upon PCP and CD81. In this regard, fibroblast exosomes were determined to enlist autocrine Wnt-PCP signalling to direct the invasive potential of breast cancer cells. Exosomes containing Delta-like 4 (Dll4), a Notch ligand induced Notch signalling in recipient endothelial cells and decreased sprout formation [68]. In particular, Dll4-positive exosomes were able to traverse 3D collagen matrices and transfer Dll4 to distant tip cells resulting in filopodia and tip cell retraction, thereby ascribing a novel role for exosomal Dll4 in angiogenesis. Further, Beckler and colleagues identified the exosome-mediated transfer of mutant KRAS to recipient non-transformed CRCs led to induction of anchorage-independent growth [69]. Moreover, proteome profiling of exosomes derived from mutant KRAS cells revealed enrichment of numerous oncogenic proteins, including various integrins, KRAS and Src tyrosine kinases.

The tissue inhibitors of metalloproteinases (TIMP) family of protease inhibitors is involved in the regulation of a broad spectrum of matrix metalloproteases (MMPs) that are selectively upregulated in various human cancers [70]. Exosomes isolated from TIMP knockout fibroblasts stimulated cancer cell motility and stem cell markers [71]. Notably, proteome profiling of exosomes derived from TIMP-knockout fibroblasts revealed ADAM10 upregulation, with exosomal ADAM10 shown to elevate aldehyde expression through Notch receptor activation. Critically, exosomes from human cancer-associated fibroblasts (CAFs) exhibited enrichment of ADAM10 and facilitated migration, RhoA activation and Notch signalling. Lyden and colleagues demonstrated that pancreatic ductal adenocarcinoma (PDAC)-derived exosomes induced TGF-β secretion in Kupffer cells and elevated fibronectin levels in hepatic stellate cells [13]. Importantly, PDAC exosomes augmented liver metastatic burden in naïve mice, with macrophage migration inhibitor (MIF) shown to be upregulated in PDAC exosomes using proteome profiling. Of note, when MIF was inhibited, resulted in impeded liver metastatic burden. Prognostic value in identifying the development of PDAC liver metastasis was ascribed towards exosomal MIF, that was corroborated by the recognition of increased exosomal MIF from stage I PDAC patients.  Recently, transfer of integrin αvβ6 via PC3-derived exosomes was identified to facilitate cell adhesion and migration in recipient cells [72]. Exosomal integrin αvβ6 was identified to be transferred to integrin αvβ6-negative cells and found to be localised to the cell surface. Importantly, recipient cells conditioned with exosomes comprising integrin αvβ6 exhibited elevated migration in comparison to recipient cells treated with exosomes exhibiting RNAi-repressed integrin αvβ6, ascribing a role for exosomal integrin αvβ6 during cancer cell migration.

3.2 sMV cargo
An increasing emphasis has been placed towards defining the functional contribution of sMVs in recipient cells (Table 1). The recognition of sMVs as fundamental “delivery vehicles” that facilitate the acquisition and dissemination of multidrug resistance (MDR) represents a pivotal example. Bebaway and co-workers observed that P-glycoprotein (P-gp) could be transferred via sMVs from drug resistant to drug sensitive cells [73]. Importantly, the cell surface P-gp in sMVs could be incorporated in recipient cell and drug accumulation assays further validated this functional transfer of P-gp. In line with this, sMV-mediated functional transfer of multidrug resistance-associated protein 1 (MRP1) was demonstrated in drug-sensitive leukaemia cells [74]. Moreover, a kinetic difference in the sMV-mediated transfer of P-gp and MRP1 was observed. Notably, sMV-mediated transfer of P-gp-positive sMVs induced cellular reprogramming in recipient cells, thereby potentiating the acquisition of MDR.

Recently, Clancy and colleagues found that sorting of MT1-MMP to nascent sMVs was dependent upon on the association between VAMP3 and CD9 [75]. RNAi-mediated silencing of VAMP3 depleted MT1-MMP expression in sMVs and abrogated invasion in collagen matrices. Importantly, sMVs derived from the ascites of ovarian cancer patients were enriched in VAMP3, MT1-MMP and ARF6 and exhibited localised proteolysis in degradation assays, further validating the biological role of VAMP3/MT1-MMP1 in sMVs. Both exosomes and sMVs purified from breast cancer cells were found to upregulate Wnt5a expression and induce invasion in macrophages [76].  The selective packaging of Wnt5a into select EVs was identified to be partially dependent on Evi.  EV-induced invasion was found to be impeded by Dickkopf-1, a Wnt inhibitor and RNAi-mediated silencing further decreased cell invasion, identifying a role for Wnt5a-positive EVs in modulating invasion. 

The glycosylation status of tumour derived sMVs was determined by Menck and colleagues to be important for cell invasion [77]. By employing deglycosylated sMVs, established by peptide N-glycosidase F (PNGaseF) targeting highly glycosylated EMMPRIN (HG-EMP), a specific role for HG-EMP was ascribed towards sMV-mediated invasion. Critically, EMMPRIN-positive sMVs promote invasion through the activation of the p38/MAPK signalling and sMV-induced invasive behaviour required HG-EMP. Recently, exposure of gemcitabine to human pancreatic cancer cells induced sMV release and conversely, inhibition of secretion sensitized cells to gemcitabine exposure [78]. Furthermore, differences between drug resistant and sensitive pancreatic cancer cells were ascribed to the content of influx and efflux proteins in sMVs that permit retention of gemcitabine.

4. Extracellular vesicle RNA cargo important in cancer
Transcriptional regulation involves both protein coding RNAs (mRNAs) and non-coding RNAs (e.g. miRNA and lncRNA) and further represents an additional level of control during EMT [79]. MiRNAs are small non-coding RNAs (18-24 nucleotides) that are involved in the post-transcriptional regulation of gene expression [80]. In particular, mature miRNAs suppress the translation of their target mRNAs, through sequence specific interactions with the 3’ untranslated regions (UTRs) [79, 81]. By coordinating the expression of an assortment of protein coding genes, miRNAs exert pleotropic roles and are implicated in regulating critical cellular process such as differentiation, development and proliferation [82, 83]. Long non-coding RNAs (lncRNAs) (>200 nucleotides), similar to miRNAs, are involved in the regulation of cellular activities via interactions with DNA, RNA, and proteins [84, 85].  We review the accumulating evidence identifying the biological role of EV-derived RNA species (mRNA, lncRNA and miRNA) in recipient cells (Figure 2, Table 2).

4.1 Messenger RNA (mRNA)
Seminal research by Valadi et al., established that exosomes can transfer mouse mRNAs and miRNAs to recipient human mast cells [86]. Furthermore, microarray analysis revealed the presence of 1300 mRNA transcripts in exosomes that represented ~8% of the total detected mRNAs in donor cells and conversely, exosomes contained 270 unique mRNAs. Skog and colleagues demonstrated that glioblastoma-derived exosomes can be taken up by endothelial cells and exosomal mRNA can be further translated [4]. Isolation of exosomes from glioblastoma cells, transduced with a lentivirus vector encoding a secreted luciferase from Gaussia (Gluc), permitted incorporation of an mRNA for a reporter protein into exosomes. The continual synthesis of Gluc in recipient cells following exosome uptake, validated the functional transfer of exosomal mRNA. In addition to exerting autocrine effects on glioblastoma cells (i.e., proliferation), exosomal cargo were enriched in angiogenic-associated proteins and functionally, had the capacity to induce tube formation. Critically, prototypic mRNAs and miRNAs specific for gliomas were detected in microvesicles from glioblastoma patient sera. 

Through the elegant use of the Cre-LoxP system, Zomer and co-workers interrogated EV uptake in vivo, by inducing a colour switch in recipient reporter positive cells that take up exosomes secreted from Cre-positive cells [87]. Notably, tumour-derived exosomes were identified to be composed of mRNAs implicated in migration and metastasis and could be internalised by less malignant cells at both local and distal sites. These perturbed tumour cells exhibited enhanced migratory and metastatic behaviour as determined by intravital imaging. Further, glioma and cancer cells were engineered to express Cre recombinase and EVs isolated from these cells comprised Cre mRNA [88].  Transplantation of these tumour cells into mice with a Cre reporter background led to the recognition of specific target cells such as leukocytes and myeloid derived suppressor cells. In this regard, Cre-lox based tracing of EV-mediated transfer can be enlisted to determine precise target cells in vivo. 

4.2 Long non coding RNA (lncRNA)
Takahashi and colleagues demonstrated that the transfer of linc-RoR, a hypoxia responsive lncRNA, via exosomes to recipient cells augmented cell survival during hypoxia [89]. In particular, linc-RoR was associated with miR-145, a linc-RoR target and HIF-1α signalling. Employing qRT-PCR based assays, the large intergenic non-coding RNA-VLDLR (linc-VLDLR) was determined to be significantly up-regulated in malignant human hepatocytes and enriched in EVs derived from these cells. In particular, lnc-VLDLR was observed to be transferred through exosomes and possessed the capacity to modulate chemotherapeutic response in recipient cells following exosomal transfer [90]. Specifically, lnc-VLDLR was identified to be enriched in exosomes derived from malignant hepatocytes through lncRNA expression profiling. Exosome mediated transfer of lnc-VLDLR to recipient liver carcinoma cells attenuated chemotherapy-induced cell death and elevated lnc-VLDLR expression.  This effect was further corroborated by the absence of lnc-VLDLR (RNAi) transfer in exosomes, resulting in altered recipient cell viability. Furthermore, an increase in ABCC1 expression was detected in EV treated recipient cells, postulating a mechanistic role for ABC transporters in the regulation of chemoresistance.

Liver cancer cells (CD90+) were identified to regulate endothelial cell behaviour via secretion of exosome lncRNA H19 [91]. Employing a lncRNA qPCR array (LncProfiler), RNAs such as Air, Hotair, lincRNA-RoR, Hulc, and H19 related to heptacellular carcinoma were identified to be enriched in CD90+ liver cancer cells. Furthermore, lncRNA H19 was enriched in CD90+ liver exosomes and upregulated in recipient endothelial cells following exosome transfer, and overexpression of H19 enhanced angiogenesis (i.e., endothelial tube number and length). Assessment of serum exosomes from rheumatoid arthritis (RA) patients and blood nuclear cells by Song et al, led to the identification of an enrichment in the expression of lncRNA, Hotair [92]. Critically, RA exosomes induced macrophage migration and diminished expression of Hotair was detected in differentiated osteoclast and rheumatoid synoviocytes, ascribing a potential role for Hotair as a diagnostic biomarker of RA. Recently, exosomes were found to be involved in the acquisition of sunitinib resistance, a significant challenge in the therapy of advanced renal cell carcinoma [93]. In particular, bioactive lncARSR was identified to be selectively sorted into exosomes. Importantly, exosomes from resistant cells were found to transfer sunitinib resistance to sensitive cells through the competitive binding of miR-34/miR-449 that potentiates AXL and c-Met expression. 

4.3 MicroRNA (miRNA)
Xin and co-workers observed that miR-133b level was enhanced in exosomes isolated from multipotent mesenchymal stromal cells (MSC) following exposure to ischemic tissue extracts subjected to occlusions [94]. Importantly, miR-133b was specifically enriched in exosome-treated primary neurons and astrocytes. Furthermore, exosomes enriched in miR-133b induced elevated neurite length and branching in cultured neurones, thereby identifying the role of exosomes in mediating intercellular communication between MSCs and brain parenchymal cells. In the context of pre-metastatic niche formation, Liu and colleagues found that tumour-derived exosomal RNAs were able to support and facilitate lung pre-metastatic niche through TLR3 (Toll-like 3 receptor) [93].  Specifically, tumour-derived exosomal RNAs activated TLR3 in lung epithelial cells to directly promote secretion of chemokines and neutrophil recruitment.

The Akao laboratory determined that CRC cells could communicate with endothelial cells via exosomes [95]. Specifically, enhanced expression of miR-1246 and TGF-β was identified in exosomes derived from CRC cells and these CRC exosomes induced SMAD 1/5/8 signalling and potentiated angiogenic behaviour of endothelial cells. Through the use of an antagomiR targeting miR-1246, exosome induced angiogenesis was abrogated, attributing a specific role for exosomal miR-1246 in angiogenesis. The involvement of exosomes in facilitating the destruction of the blood-brain barrier was recently identified [96]. Specifically, exosomal miRNA-181c induced ectopic actin filament organisation through its target gene, PDPK1. Exosomal miRNA-181c was also identified to be enhanced in the sera of brain metastasis patients. Remarkably, exosomes obtained from brain metastatic cancer cells augmented the brain metastatic capacity of breast cancer cells following systemic injection.

Recently, the regulation of the immune response through exosome mediated communication between immune cells was assessed [5] (exosomal immune cell regulation in cancer reviewed [23]). In particular, miR-155 and miR-146a were detected in exosomes and identified to exert opposing roles in facilitating endotoxin-induced inflammation in mice. Furthermore, the transfer of exosomal miR-155 reduced the expression levels of its target genes, including BACH1 and SHIP1. Critically, the use of exosomes derived from miR-155 knockout models nullified the functional transfer and exosomal miR-155 was found to potentiate inflammatory response (IL-6, TNF-α) in vivo. Cicero and colleagues found that keratinocytes, a principal component of the epidermis, employ exosomes to communicate with melanocytes [97]. Notably, differential expression of miR-3196 was identified by miRNA profiling in the exosomes of irradiated and non-irradiated keratinocytes to determine their involvement in pigmentation. Furthermore, exosomes from keratinocytes transfected anti-miR-3196 exhibited a diminished potential to induce melanin synthesis in melanocytes, ascribing a direct role for exosomal miR-3196 in pigmentation. More recently, the Yu lab demonstrated that the microenvironment modulation of tumour suppressor PTEN by exosomal miRNA facilitates the progression of brain metastasis [6]. In particular, tumour cells distinctively exhibit reduced PTEN expression following dissemination to the brain in comparison to other organs. Importantly, astrocyte-derived exosomes directed the transfer of PTEN-targeting miRNAs to metastatic cells. This salient observation was corroborated by the silencing of PTEN-targeting miRNAs and inhibition of astrocyte-derived exosome release that rescued PTEN silencing and repressed brain metastasis. In light of the plasticity of PTEN expression across different organs, the reprogramming of metastatic cells by exosomes describes an important signalling mechanism. Taken together, these observations substantiate the role of EVs as context-dependent cues that exert pleiotropic effects across various microenvironments.

5. Epithelial-Mesenchymal Transition
EMT represents a morphogenetic cellular program, initially identified to facilitate the formation of intricate embryonic structures during embryogenesis [98-100]. EMT involves a shift in cell plasticity whereby epithelial cells lose traits such as apico-basolateral polarity and a cobblestone morphology in favour of a mesenchymal phenotype with elevated migratory and invasive potential [25, 101] (Figure 3). In this regard, EMT represents a multi-faceted program that is tightly controlled and coordinated by multiple pleotropic factors that target and influence downstream effector molecules and signal transduction pathways [102]. In particular, the orchestrated interplay of inducers (e.g., HGF [103], PDGF [104]), transcriptional factors (e.g., Snail1 [105], Twist [106] and signalling pathways (e.g., TGF-β [107] and Notch [108]) facilitate the shift in plasticity.

Developing tumours recruit an assortment of normal resident cells that aid in the acquisition of cancer-associated hallmarks and facilitate metastatic progression [1]. Metastasis represents a step-wise process whereby a localised primary cancer cells colonise distal secondary sites and develop metastatic lesions [19]. Notably, plasticity of cancer cells occurs at various pivotal points (intravasation, extravasation) in the cascade and remains an important requirement for cells to become metastatic [109]. The plasticity of cells is regulated through processes such as EMT and MET (mesenchymal-epithelial transition) [26, 110, 111].

Simpson and colleagues have extensively assessed cellular and extracellular protein changes during EMT (secretome [112, 113], plasma membrane [114], and exosomes [115]) by employing the EMT model of MDCK (epithelial) cells and oncogenic H-Ras-transformed MDCK (21D1) cells.  Specifically, comparative analysis of MDCK and 21D1 secretome revealed extensive remodelling of the ECM proteins that include diminished expression of basement membrane constituents (e.g., collagen type IV and laminin 5) and proteases (e.g., kallikreins-6,-7 and MMP1) [112]. Proteomic analysis of exosomes revealed that epithelial markers such as E-cadherin and EpCAM were diminished in 21D1 exosomes, whilst mesenchymal markers (e.g., vimentin), proteinases (e.g., MMP-1), integrins, and transcription factors (e.g., YBX1) were increased in 21D1 exosomes.  An in-depth understanding of the extracellular contribution during EMT is required, particularly relating to mechanisms of EV biogenesis, recipient cell uptake and target cell specificity.  To this end, therapeutic windows can be exploited during EMT and metastasis, possibly through pharmacological intervention by targeting EV-associated biogenesis and secretion mechanisms.

6. Extracellular Vesicles in Epithelial-Mesenchymal Transition Biology
Accruing evidence highlights the emerging contribution of EVs released during EMT in facilitating the acquisition of cancer hallmarks. Various studies have identified oncogenic molecules and metastatic niche-associated factors (e.g. integrins, proteases) in EMT-derived EVs [115, 116]. Notably, EVs isolated from diverse cell models have been identified to induce EMT and cancer hallmarks in recipient cells [22, 117]. Given that components of the metastatic niche are closely related with EMT [24], further understanding of the precise parameters governing the biology of these EVs would have significant implications for cancer biology. This section will discuss the capacity for EVs to be reprogrammed during EMT (protein and RNA content) and induce cancer-associated hallmarks in recipient cells (Figure 4).

6.1 Cells Undergoing EMT Reprogram Extracellular Vesicle Protein Content
EVs obtained from various EMT models have been found to be composed of cargo (e.g. protein and RNA) distinct from their parental counterparts (Table 3). For example, Garnier et al identified that human squamous carcinoma A431 and colon epithelial DLD-1 acquire mesenchymal traits following induction of EGFR coupled with the blockade of E-cadherin [118]. Notably, elevated release of EVs was observed from mesenchymal cells in comparison to parental epithelial cells. Elevated expression of Tissue Factor (TF) was observed in mesenchymal EVs and increased transfer of mesenchymal microvesicles was further identified to be transferred to endothelial cells. Proteomic analysis of EVs obtained from EMT-induced A431 cancer cells resulted in the identification of profound qualitative differences in comparison to parental A431 epithelial EVs [119]. Mesenchymal cell-derived exosomes were enriched in integrins (e.g., ITGB1, ITGA2) and cell junction associated proteins (e.g., JUP, DSG3) and pathways associated with cell growth, signalling and motility.

Employing an in vivo metastasis model of human bladder carcinoma cell line T24 and its two isogenic derivative cell lines SLT4 and FL3, Jeppesen et al purified exosomes and examined their membrane and luminal contents via quantitative proteomics [120]. A salient observation of this analysis was the upregulation of EMT-associated proteins (e.g., VIM, HDGF) in membrane fractions and CSNK2A1 and ANXA2 in the luminal fractions of metastatic exosomes.  EVs released by mesenchymal-like cells (MDA-MB-231, SKOV3 and APOCC) were distinctively able to induce endothelial cell activation and AKT phosphorylation in comparison to EVs secreted from epithelial-like cells (OVCAR3 and MCF7) [121]. Elevated expression of angiogenic molecules such as PDGF, IL8 and angiogenin were identified in EVs from mesenchymal-like cells.

Global proteomic profiling of MDCK and 21D1 cell and derived exosomes led to the identification of prototypic expression of EMT hallmark proteins (E-cadherin, EpCAM and vimentin) in both cell and exosomal proteomes [115]. In addition, 21D1 exosomes were enriched with several proteases (e.g., MMP-1, -14, -19, ADAM-10, and ADAMTS1) and integrin’s (e.g., ITGB1, ITGA3, and ITGA6). Notably, the unique presence of key transcriptional regulator (e.g., Y-box binding protein 1, YBX1) and splicing complex components (e.g., SF3B1, SF3B3, and SFRS1) were identified in mesenchymal 21D1 exosomes. Overexpression of YBX1, a pleiotropic transcriptional regulator in MDCK cells (MDCKYBX1) led to the induction of a partial EMT phenotype [122]. In particular, MDCKYBX1 cells displayed cytosolic relocalisation of E-cadherin, increased cell scattering and anchorage-independent growth and formed vascularised tumour xenografts. Mass-spectrometry-based sequencing of the MDCKYBX1 secretome resulted in the identification of secreted factors known to enhance angiogenesis (e.g., CSF-1, NGF, VGF, ADAM9 and ADAM17). These observations identify YBX1 as a fundamental oncogenic enhancer that can promote angiogenesis. We also investigated the functional activity of exosomes derived from MDCKYBX1 cells in inducing angiogenesis [123]. Unlike parental MDCK-derived exosomes, MDCKYBX1 exosomes significantly increased motility and tube formation capacity in endothelial cells. Comparative proteomics analysis revealed that MDCKYBX1 exosomes were enriched with Rac1 and PAK2 whilst 21D1 exosomes contained VEGF-associated proteins. As VEGF is a fundamental inducer of angiogenesis [124], these proteins might potentially be involved in promoting various facets of angiogenesis such as endothelial cell proliferation, migration and infiltration. In this regard, exosomal Rac1/PAK2 can serve as angiogenic promoters that may function during the initial phases of metastasis, providing an avenue for communication with endothelial cells. Recently, Schekman and colleagues identified YBX1 was critical in the selective sorting of miRNAs in HEK293T-derived exosomes and involved in the binding and sorting of miR-223 [125]. Given that miR-223 was found to be sequestered more efficiently than miR-190 into exosomes, it was suggested that the presence of a primary RNA sequence or a secondary structure stabilised by RNA-binding proteins that include YBX1, may be implicated in the selective RNA sorting.

Ectopic expression of the transmembrane glycoprotein podoplanin (PDPN) in MDCK cells was identified to induce EMT [126]. Proteomic analysis of exosomes released by cells overexpressing PDPN (MDCKPDPN) revealed enhanced expression of various oncogenic proteins including semaporins (PLXNB2) and ephrins (EPHB2, EFNB1) involved in tumour angiogenesis, invasion and metastasis, and downregulation of cell adhesion associated molecules (e.g., EPCAM), catenins (e.g., CTNNA1, CTNNB1). The expression of PDPN induced the increased release of exosomes and sMVs that was further recapitulated in HN5 squamous carcinoma cells through an RNAi approach. Functionally, MDCKPDPN exosomes facilitated lymphatic vessel formation in a PDPN dependent manner corroborated by the use of neutralising monoclonal antibody targeting PDPN.

6.2 Cells Undergoing EMT Reprogram Extracellular Vesicle RNA Content
BM mesenchymal stromal cells (BM-MSCs) were identified to release exosomes that were transferred to multiple myeloma (MM) cells [127]. In particular, MM BM-MSC derived exosomes exhibited elevated expression of oncogenic proteins, cell adhesion and cytokines in comparison to parental exosomes. The expression of tumour suppressor miR-15a was diminished in BM mesenchymal stromal exosomes.  Exosomal miR-15a was identified to facilitate the distant cell communication, though EMT associated pathways. MiR-200 family members (miR-200a, miR-200b, miR-200c, miR-429 and miR-141) represent fundamental regulators of EMT that have been linked to influencing Zeb1 and Zeb2 expression [127].  Le et al identified miR-200 in EVs obtained from metastatic mouse and breast cancer cells, and observed increased expression of miR-200 in the sera of mice with metastatic tumours [128]. Moreover, miR-200 was identified to be transferred via metastatic breast cancer EVs to non-metastatic cells, accompanied by changes in gene expression and MET. Strikingly, EVs obtained from miR-200 expressing tumours facilitated metastasis of cells with lowered metastatic potential, thereby endowing them with the capacity to colonise distant tissues. Recently, Xiao et al demonstrated that exosomes obtained from melanoma cells were able to induce EMT in primary melanocytes [129]. Importantly, EMT-derived exosomes mediated this through Let-7i, as evidenced through the use of a Let-7i mimic in invasion assays and immunofluorescence analyses. Moreover, induction of the MAPK pathway was observed following melanoma exosomes induced EMT and EMT-associated miRNAs (miR-191 and Let-7a) was found to be enriched in serum exosomes obtained from melanoma patients in comparison to non-melanoma subjects.

6.3 Extracellular Vesicle Transfer Induces EMT in Target Cells
The shift in plasticity of recipient cells towards a mesenchymal phenotype can be directed by EVs (Table 4). Linoleic acid, a polyunsaturated fatty acid is involved in regulating plasminogen activator inhibitor-1 and the proliferation, motility and invasive potential breast cancer cells [130-132]. Exosomes isolated from MDA-MB-231 cells stimulated with linoleic acid induced a diminution in the expression of epithelial markers (e.g., E-cadherin) and increased expression of mesenchymal markers (e.g., vimentin, N-cadherin, Twist1, Snail1 and Snail2) in MCF-10A cells [133]. Importantly, exosomes facilitated increased release of MMP-2 and MMP-9, invasion, motility and elevated NF-κB-DNA binding. Latent membrane protein 1 (LMP1), a fundamental oncogenic regulator of Epstein-Barr virus (EBV), facilitates tumorigenicity of invasive EBV malignancy and nasopharyngeal carcinoma. Aga et al., identified hypoxia-inducible factor-1α (HIF1α) in exosomes and that LMP1 increased HIF1α expression in exosomes [134]. Treatment of EBV-negative cells with LMP1-positive exosomes enhanced migration motility of nasopharyngeal cells that correlated with an EMT phenotype. Importantly, exosome mediated transfer of HIF1α induced changes in the expression of E- and N-cadherins. Immunohistochemical analysis of nasopharyngeal cancer (NPC) tumour tissues further identify an association between LMP1 expression and exosome marker, CD63. 

MMP13 is most often elevated across various tumours and was identified to overexpressed in NPC cells [135]. Treatment of MMP13-containing exosomes onto NPC cells, increased the invasion and motility of those cells. Conversely, siRNA mediated repression of MMP13-containing exosomes reversed its effects on NPC cells. In addition, expression of prototypic EMT markers (E- and N cadherin) was significantly altered following treatment of NPC cells with MMP-13-containing exosomes and siRNA-repressed derivative.   

Franzen et al., treated urothelial cells with bladder cancer exosomes and identified elevated expression of mesenchymal markers (α-SMA, S100A4) in comparison to untreated cells (PBS-conditioned cells) [136]. Consistent with this, diminished expression of epithelial markers (E-cadherin and β-catenin) was identified in urothelial cells conditioned with bladder cancer exosomes. In addition, bladder cancer exosomes enhanced the invasion and migration of urothelial cells and the treatment of exosomes isolated from patient urine bladder samples induced the expression of mesenchymal markers in urothelial cells. A recent study by Qin et al, treated benign and malignant breast cancer cells with exosomes isolated from human breast milk (transitional, mature and wean samples) [136]. Expression of TGF-β2 was significantly enhanced in breast milk exosomes during weaning and treatment of cancer and benign breast cells with these exosomes led to the induction of EMT. In particular, morphological, cytoskeletal changes coupled with enhanced expression of mesenchymal markers (α-SMA, F-actin and vimentin) was observed, postulating a role for high TGF-β2 expressing exosomes in influencing breast cancer.  

7. Concluding remarks
EVs represent a fundamental delivery vehicle in the TM, largely through the horizontal transfer of signals (proteins and RNA species) between cancer and resident cells to regulate cancer progression and metastasis. Defining the contribution of EV subtypes during distinct phases of cancer is required. An in-depth understanding of EV biology is required in the context of functionality in vitro and importantly, recapitulated in vivo to establish clinical relevance. Recent reports reveal the role of EVs in regulating intercellular communication at both primary and secondary tumour sites, particularly by inducing the formation of the pre-metastatic niche and directing organ tropism. Importantly, targeting EVs released during disease and pathological processes, might serve as fundamental therapeutic avenues aimed at inhibiting various facets of EV biology such as biogenesis, release, cell uptake and/or targeting of specific EV components. By employing a systems biology-based strategy, future applications would involve interrogating cargo (e.g. proteins and RNA species) of EVs isolated from body fluids (e.g. blood, ascites, and urine) that could potentially unveil diagnostic and prognostic biomarkers. Consistent with the notion that EVs can transfer functionally-active cargo, future studies could enlist EVs in delivering therapeutic drugs to cancer cells. An in-depth understanding of EVs released during the EMT would provide key insights into the EMT process and therapeutic opportunities aimed at halting and limiting metastatic spread.
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Figure legends

Figure 1:  Cryo-electron microscopy of EV subtypes from MDCK, MDCKYBX1 and 21D1 cells.
MDCK, MDCKYBX1 and 21D1 cells were cultured in DMEM (containing 10% FBS), washed with DMEM (0% FBS), and cultured in serum-free DMEM for 24 h. Conditioned medium was harvested and centrifuged (480 g, 5 min, 2000 g, 10 min) to sediment floating cells and remove cellular debris. The supernatant was centrifuged at 10,000 g, 30 min to isolate shed microvesicles (sMVs), and the resulting supernatant ultracentrifuged at 100,000 g, 1 h to pellet crude exosomes. Crude exosomes were layered onto OptiPrep density-gradient, and subjected to ultracentrifugation at 100,000 g for 18 h (for a detailed protocol refer [137]). Aliquots of each purified exosome-specific fraction determined by immunoblotting and density, were subjected to cryo-electron microscopy. Electron micrographs of EV subtypes indicate a distinct variance in the size of sMVs (~100-300 nm) and purified exosomes (~50-120 nm) (Scale bar = 100 nm).  

Figure 2: Select EV cargo involved in functional transfer to recipient cells.
EVs are implicated in the functional transfer of protein and RNA components that modulate that activity of recipient cells.  Proteins that include (EGFRvIII [11], AREG [63], MET [12]) are transferred to recipient cells via exosomes and influence migration, invasion and metastatic behaviour of recipient cells. RNA species such as mRNAs (CDC6 [86], GLUC [4], Cre [87]), miRNA (miR-133 [94], miR-1246 [95], miR-181c[96]) and lnc-RNA (Hotair [92] and H19 [91]) are involved in inducing biological activity (migration, angiogenesis) in recipient cells.

Figure 3: Epithelial-Mesenchymal transition (EMT).
EMT is a morphogenetic cellular process where cells lose epithelial traits in favour of mesenchymal features [138]; diminished inter-cell adhesions (i.e., tight junctions, adherens junctions, desmosomes), loss of cell polarity, cytoskeletal rearrangement and increased invasive and migratory potential.  Cells undergoing partial EMT exhibit both epithelial and mesenchymal features [139]. Epithelial cells lose the round cobblestone like shape in contrast to mesenchymal cells that present with loss of apical and basolateral polarity and a spindle-like morphology. During this transition, select soluble secreted and extracellular vesicles are released from these cells to modulate their environment.

Figure 4: Selected proteins identified in exosomes derived from EMT models.
Selected exosomal proteins identified by proteomic profiling (mass spectrometry) from epithelial, partial EMT and mesenchymal models. These models include - epithelial cells (MDCK [123, 126], A431 [119] , T24 [120]) which indicate expression of proteins such as CDH1, EPCAM, AGRN and CTSB; partial EMT models (MDCKYBX1 [123]), which reveal expression of RAC1, PAK2 and HRAS; and mesenchymal models (21D1 [123], MDCKPDPN [126], EMT-induced A431 [119], FL3/SLT4 [120]) indicate expression of VIM, EHD1, RAP2B and ANXA2.


Table 1: Transfer of EV-derived functional proteins
Table 2: Transfer of exosome-derived functional RNA species
Table 3: EVs derived from EMT models
Table 4: Selected applications detailing exosome mediated EMT related changes in recipient cells



References

[bookmark: _ENREF_1]1	Quail, D. F. and Joyce, J. A. (2013) Microenvironmental regulation of tumor progression and metastasis. Nat Med. 19, 1423-1437
[bookmark: _ENREF_2]2	Colombo, M., Raposo, G. and Thery, C. (2014) Biogenesis, secretion, and intercellular interactions of exosomes and other extracellular vesicles. Annu Rev Cell Dev Biol. 30, 255-289
[bookmark: _ENREF_3]3	Yoon, Y. J., Kim, O. Y. and Gho, Y. S. (2014) Extracellular vesicles as emerging intercellular communicasomes. BMB Rep. 47, 531-539
[bookmark: _ENREF_4]4	Skog, J., Wurdinger, T., van Rijn, S., Meijer, D. H., Gainche, L., Sena-Esteves, M., Curry, W. T., Jr., Carter, B. S., Krichevsky, A. M. and Breakefield, X. O. (2008) Glioblastoma microvesicles transport RNA and proteins that promote tumour growth and provide diagnostic biomarkers. Nature cell biology. 10, 1470-1476
[bookmark: _ENREF_5]5	Alexander, M., Hu, R., Runtsch, M. C., Kagele, D. A., Mosbruger, T. L., Tolmachova, T., Seabra, M. C., Round, J. L., Ward, D. M. and O'Connell, R. M. (2015) Exosome-delivered microRNAs modulate the inflammatory response to endotoxin. Nature communications. 6, 7321
[bookmark: _ENREF_6]6	Zhang, L., Zhang, S., Yao, J., Lowery, F. J., Zhang, Q., Huang, W. C., Li, P., Li, M., Wang, X., Zhang, C., Wang, H., Ellis, K., Cheerathodi, M., McCarty, J. H., Palmieri, D., Saunus, J., Lakhani, S., Huang, S., Sahin, A. A., Aldape, K. D., Steeg, P. S. and Yu, D. (2015) Microenvironment-induced PTEN loss by exosomal microRNA primes brain metastasis outgrowth. Nature. 527, 100-104
[bookmark: _ENREF_7]7	Li, C. C., Eaton, S. A., Young, P. E., Lee, M., Shuttleworth, R., Humphreys, D. T., Grau, G. E., Combes, V., Bebawy, M., Gong, J., Brammah, S., Buckland, M. E. and Suter, C. M. (2013) Glioma microvesicles carry selectively packaged coding and non-coding RNAs which alter gene expression in recipient cells. RNA biology. 10, 1333-1344
[bookmark: _ENREF_8]8	Balaj, L., Lessard, R., Dai, L., Cho, Y. J., Pomeroy, S. L., Breakefield, X. O. and Skog, J. (2011) Tumour microvesicles contain retrotransposon elements and amplified oncogene sequences. Nature communications. 2, 180
[bookmark: _ENREF_9]9	Thakur, B. K., Zhang, H., Becker, A., Matei, I., Huang, Y., Costa-Silva, B., Zheng, Y., Hoshino, A., Brazier, H., Xiang, J., Williams, C., Rodriguez-Barrueco, R., Silva, J. M., Zhang, W., Hearn, S., Elemento, O., Paknejad, N., Manova-Todorova, K., Welte, K., Bromberg, J., Peinado, H. and Lyden, D. (2014) Double-stranded DNA in exosomes: a novel biomarker in cancer detection. Cell research. 24, 766-769
[bookmark: _ENREF_10]10	Record, M., Carayon, K., Poirot, M. and Silvente-Poirot, S. (2014) Exosomes as new vesicular lipid transporters involved in cell-cell communication and various pathophysiologies. Biochimica et biophysica acta. 1841, 108-120
[bookmark: _ENREF_11]11	Al-Nedawi, K., Meehan, B., Micallef, J., Lhotak, V., May, L., Guha, A. and Rak, J. (2008) Intercellular transfer of the oncogenic receptor EGFRvIII by microvesicles derived from tumour cells. Nature cell biology. 10, 619-624
[bookmark: _ENREF_12]12	Peinado, H., Aleckovic, M., Lavotshkin, S., Matei, I., Costa-Silva, B., Moreno-Bueno, G., Hergueta-Redondo, M., Williams, C., Garcia-Santos, G., Ghajar, C., Nitadori-Hoshino, A., Hoffman, C., Badal, K., Garcia, B. A., Callahan, M. K., Yuan, J., Martins, V. R., Skog, J., Kaplan, R. N., Brady, M. S., Wolchok, J. D., Chapman, P. B., Kang, Y., Bromberg, J. and Lyden, D. (2012) Melanoma exosomes educate bone marrow progenitor cells toward a pro-metastatic phenotype through MET. Nat Med. 18, 883-891
[bookmark: _ENREF_13]13	Costa-Silva, B., Aiello, N. M., Ocean, A. J., Singh, S., Zhang, H., Thakur, B. K., Becker, A., Hoshino, A., Mark, M. T., Molina, H., Xiang, J., Zhang, T., Theilen, T. M., Garcia-Santos, G., Williams, C., Ararso, Y., Huang, Y., Rodrigues, G., Shen, T. L., Labori, K. J., Lothe, I. M., Kure, E. H., Hernandez, J., Doussot, A., Ebbesen, S. H., Grandgenett, P. M., Hollingsworth, M. A., Jain, M., Mallya, K., Batra, S. K., Jarnagin, W. R., Schwartz, R. E., Matei, I., Peinado, H., Stanger, B. Z., Bromberg, J. and Lyden, D. (2015) Pancreatic cancer exosomes initiate pre-metastatic niche formation in the liver. Nature cell biology. 17, 816-826
[bookmark: _ENREF_14]14	Roberts, C. T., Jr. and Kurre, P. (2013) Vesicle trafficking and RNA transfer add complexity and connectivity to cell-cell communication. Cancer Res. 73, 3200-3205
[bookmark: _ENREF_15]15	Kahlert, C. and Kalluri, R. (2013) Exosomes in tumor microenvironment influence cancer progression and metastasis. J Mol Med (Berl). 91, 431-437
[bookmark: _ENREF_16]16	Ratajczak, J., Wysoczynski, M., Hayek, F., Janowska-Wieczorek, A. and Ratajczak, M. Z. (2006) Membrane-derived microvesicles: important and underappreciated mediators of cell-to-cell communication. Leukemia. 20, 1487-1495
[bookmark: _ENREF_17]17	Pokharel, D., Wijesinghe, P., Oenarto, V., Lu, J. F., Sampson, D. D., Kennedy, B. F., Wallace, V. P. and Bebawy, M. (2016) Deciphering Cell-to-Cell Communication in Acquisition of Cancer Traits: Extracellular Membrane Vesicles Are Regulators of Tissue Biomechanics. Omics : a journal of integrative biology. 20, 462-469
[bookmark: _ENREF_18]18	Mehlen, P. and Puisieux, A. (2006) Metastasis: a question of life or death. Nat Rev Cancer. 6, 449-458
[bookmark: _ENREF_19]19	Hanahan, D. and Weinberg, R. A. (2011) Hallmarks of cancer: the next generation. Cell. 144, 646-674
[bookmark: _ENREF_20]20	Webber, J. P., Spary, L. K., Sanders, A. J., Chowdhury, R., Jiang, W. G., Steadman, R., Wymant, J., Jones, A. T., Kynaston, H., Mason, M. D., Tabi, Z. and Clayton, A. (2015) Differentiation of tumour-promoting stromal myofibroblasts by cancer exosomes. Oncogene. 34, 290-302
[bookmark: _ENREF_21]21	Saleem, S. N. and Abdel-Mageed, A. B. (2015) Tumor-derived exosomes in oncogenic reprogramming and cancer progression. Cellular and molecular life sciences : CMLS. 72, 1-10
[bookmark: _ENREF_22]22	Greening, D. W., Gopal, S. K., Mathias, R. A., Liu, L., Sheng, J., Zhu, H. J. and Simpson, R. J. (2015) Emerging roles of exosomes during epithelial-mesenchymal transition and cancer progression. Semin Cell Dev Biol. 40, 60-71
[bookmark: _ENREF_23]23	Greening, D. W., Gopal, S. K., Xu, R., Simpson, R. J. and Chen, W. (2015) Exosomes and their roles in immune regulation and cancer. Semin Cell Dev Biol. 40, 72-81
[bookmark: _ENREF_24]24	Sleeman, J. P. (2012) The metastatic niche and stromal progression. Cancer Metastasis Rev. 31, 429-440
[bookmark: _ENREF_25]25	Kalluri, R. and Weinberg, R. A. (2009) The basics of epithelial-mesenchymal transition. J Clin Invest. 119, 1420-1428
[bookmark: _ENREF_26]26	Guarino, M. (2007) Epithelial-mesenchymal transition and tumour invasion. The international journal of biochemistry & cell biology. 39, 2153-2160
[bookmark: _ENREF_27]27	Heerboth, S., Housman, G., Leary, M., Longacre, M., Byler, S., Lapinska, K., Willbanks, A. and Sarkar, S. (2015) EMT and tumor metastasis. Clin Transl Med. 4, 6
[bookmark: _ENREF_28]28	Voulgari, A. and Pintzas, A. (2009) Epithelial-mesenchymal transition in cancer metastasis: mechanisms, markers and strategies to overcome drug resistance in the clinic. Biochimica et biophysica acta. 1796, 75-90
[bookmark: _ENREF_29]29	Hoshino, A., Costa-Silva, B., Shen, T. L., Rodrigues, G., Hashimoto, A., Tesic Mark, M., Molina, H., Kohsaka, S., Di Giannatale, A., Ceder, S., Singh, S., Williams, C., Soplop, N., Uryu, K., Pharmer, L., King, T., Bojmar, L., Davies, A. E., Ararso, Y., Zhang, T., Zhang, H., Hernandez, J., Weiss, J. M., Dumont-Cole, V. D., Kramer, K., Wexler, L. H., Narendran, A., Schwartz, G. K., Healey, J. H., Sandstrom, P., Labori, K. J., Kure, E. H., Grandgenett, P. M., Hollingsworth, M. A., de Sousa, M., Kaur, S., Jain, M., Mallya, K., Batra, S. K., Jarnagin, W. R., Brady, M. S., Fodstad, O., Muller, V., Pantel, K., Minn, A. J., Bissell, M. J., Garcia, B. A., Kang, Y., Rajasekhar, V. K., Ghajar, C. M., Matei, I., Peinado, H., Bromberg, J. and Lyden, D. (2015) Tumour exosome integrins determine organotropic metastasis. Nature. 527, 329-335
[bookmark: _ENREF_30]30	Liu, Y., Gu, Y., Han, Y., Zhang, Q., Jiang, Z., Zhang, X., Huang, B., Xu, X., Zheng, J. and Cao, X. (2016) Tumor Exosomal RNAs Promote Lung Pre-metastatic Niche Formation by Activating Alveolar Epithelial TLR3 to Recruit Neutrophils. Cancer cell. 30, 243-256
[bookmark: _ENREF_31]31	Tsai, J. H. and Yang, J. (2013) Epithelial-mesenchymal plasticity in carcinoma metastasis. Genes Dev. 27, 2192-2206
[bookmark: _ENREF_32]32	Lamouille, S., Xu, J. and Derynck, R. (2014) Molecular mechanisms of epithelial-mesenchymal transition. Nat Rev Mol Cell Biol. 15, 178-196
[bookmark: _ENREF_33]33	Kosaka, N., Yoshioka, Y., Fujita, Y. and Ochiya, T. (2016) Versatile roles of extracellular vesicles in cancer. J Clin Invest. 126, 1163-1172
[bookmark: _ENREF_34]34	Pitt, J. M., Kroemer, G. and Zitvogel, L. (2016) Extracellular vesicles: masters of intercellular communication and potential clinical interventions. J Clin Invest. 126, 1139-1143
[bookmark: _ENREF_35]35	Zaborowski, M. P., Balaj, L., Breakefield, X. O. and Lai, C. P. (2015) Extracellular Vesicles: Composition, Biological Relevance, and Methods of Study. Bioscience. 65, 783-797
[bookmark: _ENREF_36]36	Corrado, C., Raimondo, S., Chiesi, A., Ciccia, F., De Leo, G. and Alessandro, R. (2013) Exosomes as intercellular signaling organelles involved in health and disease: basic science and clinical applications. Int J Mol Sci. 14, 5338-5366
[bookmark: _ENREF_37]37	Aatonen, M. T., Ohman, T., Nyman, T. A., Laitinen, S., Gronholm, M. and Siljander, P. R. (2014) Isolation and characterization of platelet-derived extracellular vesicles. J Extracell Vesicles. 3
[bookmark: _ENREF_38]38	Xu, R., Greening, D. W., Zhu, H. J., Takahashi, N. and Simpson, R. J. (2016) Extracellular vesicle isolation and characterization: toward clinical application. J Clin Invest. 126, 1152-1162
[bookmark: _ENREF_39]39	Hurley, J. H. (2015) ESCRTs are everywhere. EMBO J. 34, 2398-2407
[bookmark: _ENREF_40]40	Hanson, P. I. and Cashikar, A. (2012) Multivesicular body morphogenesis. Annu Rev Cell Dev Biol. 28, 337-362
[bookmark: _ENREF_41]41	Atkin-Smith, G. K., Tixeira, R., Paone, S., Mathivanan, S., Collins, C., Liem, M., Goodall, K. J., Ravichandran, K. S., Hulett, M. D. and Poon, I. K. (2015) A novel mechanism of generating extracellular vesicles during apoptosis via a beads-on-a-string membrane structure. Nature communications. 6, 7439
[bookmark: _ENREF_42]42	Ma, L., Li, Y., Peng, J., Wu, D., Zhao, X., Cui, Y., Chen, L., Yan, X., Du, Y. and Yu, L. (2015) Discovery of the migrasome, an organelle mediating release of cytoplasmic contents during cell migration. Cell research. 25, 24-38
[bookmark: _ENREF_43]43	Xu, R., Greening, D. W., Rai, A., Ji, H. and Simpson, R. J. (2015) Highly-purified exosomes and shed microvesicles isolated from the human colon cancer cell line LIM1863 by sequential centrifugal ultrafiltration are biochemically and functionally distinct. Methods. 87, 11-25
[bookmark: _ENREF_44]44	Tauro, B. J., Greening, D. W., Mathias, R. A., Mathivanan, S., Ji, H. and Simpson, R. J. (2013) Two distinct populations of exosomes are released from LIM1863 colon carcinoma cell-derived organoids. Molecular & cellular proteomics : MCP. 12, 587-598
[bookmark: _ENREF_45]45	Kowal, J., Arras, G., Colombo, M., Jouve, M., Morath, J. P., Primdal-Bengtson, B., Dingli, F., Loew, D., Tkach, M. and Thery, C. (2016) Proteomic comparison defines novel markers to characterize heterogeneous populations of extracellular vesicle subtypes. Proc Natl Acad Sci U S A. 113, E968-977
[bookmark: _ENREF_46]46	Muralidharan-Chari, V., Clancy, J., Plou, C., Romao, M., Chavrier, P., Raposo, G. and D'Souza-Schorey, C. (2009) ARF6-regulated shedding of tumor cell-derived plasma membrane microvesicles. Curr Biol. 19, 1875-1885
[bookmark: _ENREF_47]47	Tauro, B. J., Greening, D. W., Mathias, R. A., Ji, H., Mathivanan, S., Scott, A. M. and Simpson, R. J. (2012) Comparison of ultracentrifugation, density gradient separation, and immunoaffinity capture methods for isolating human colon cancer cell line LIM1863-derived exosomes. Methods. 56, 293-304
[bookmark: _ENREF_48]48	Ji, H., Greening, D. W., Barnes, T. W., Lim, J. W., Tauro, B. J., Rai, A., Xu, R., Adda, C., Mathivanan, S., Zhao, W., Xue, Y., Xu, T., Zhu, H. J. and Simpson, R. J. (2013) Proteome profiling of exosomes derived from human primary and metastatic colorectal cancer cells reveal differential expression of key metastatic factors and signal transduction components. Proteomics. 13, 1672-1686
[bookmark: _ENREF_49]49	Willms, E., Johansson, H. J., Mager, I., Lee, Y., Blomberg, K. E., Sadik, M., Alaarg, A., Smith, C. I., Lehtio, J., El Andaloussi, S., Wood, M. J. and Vader, P. (2016) Cells release subpopulations of exosomes with distinct molecular and biological properties. Sci Rep. 6, 22519
[bookmark: _ENREF_50]50	Anderson, A. R., Weaver, A. M., Cummings, P. T. and Quaranta, V. (2006) Tumor morphology and phenotypic evolution driven by selective pressure from the microenvironment. Cell. 127, 905-915
[bookmark: _ENREF_51]51	Boelens, M. C., Wu, T. J., Nabet, B. Y., Xu, B., Qiu, Y., Yoon, T., Azzam, D. J., Twyman-Saint Victor, C., Wiemann, B. Z., Ishwaran, H., Ter Brugge, P. J., Jonkers, J., Slingerland, J. and Minn, A. J. (2014) Exosome transfer from stromal to breast cancer cells regulates therapy resistance pathways. Cell. 159, 499-513
[bookmark: _ENREF_52]52	Zhang, X., Yuan, X., Shi, H., Wu, L., Qian, H. and Xu, W. (2015) Exosomes in cancer: small particle, big player. Journal of hematology & oncology. 8, 83
[bookmark: _ENREF_53]53	Hood, J. L., San, R. S. and Wickline, S. A. (2011) Exosomes released by melanoma cells prepare sentinel lymph nodes for tumor metastasis. Cancer Res. 71, 3792-3801
[bookmark: _ENREF_54]54	Jung, T., Castellana, D., Klingbeil, P., Cuesta Hernandez, I., Vitacolonna, M., Orlicky, D. J., Roffler, S. R., Brodt, P. and Zoller, M. (2009) CD44v6 dependence of premetastatic niche preparation by exosomes. Neoplasia. 11, 1093-1105
[bookmark: _ENREF_55]55	Grange, C., Tapparo, M., Collino, F., Vitillo, L., Damasco, C., Deregibus, M. C., Tetta, C., Bussolati, B. and Camussi, G. (2011) Microvesicles released from human renal cancer stem cells stimulate angiogenesis and formation of lung premetastatic niche. Cancer Res. 71, 5346-5356
[bookmark: _ENREF_56]56	Kourembanas, S. (2015) Exosomes: vehicles of intercellular signaling, biomarkers, and vectors of cell therapy. Annu Rev Physiol. 77, 13-27
[bookmark: _ENREF_57]57	Mincheva-Nilsson, L. and Baranov, V. (2014) Cancer exosomes and NKG2D receptor-ligand interactions: impairing NKG2D-mediated cytotoxicity and anti-tumour immune surveillance. Semin Cancer Biol. 28, 24-30
[bookmark: _ENREF_58]58	Dewji, M. R. (2004) Early phase I data on an irreversible pan-erb inhibitor: CI-1033. What did we learn? J Chemother. 16 Suppl 4, 44-48
[bookmark: _ENREF_59]59	Webber, J., Steadman, R., Mason, M. D., Tabi, Z. and Clayton, A. (2010) Cancer exosomes trigger fibroblast to myofibroblast differentiation. Cancer Res. 70, 9621-9630
[bookmark: _ENREF_60]60	Velasco-Loyden, G., Arribas, J. and Lopez-Casillas, F. (2004) The shedding of betaglycan is regulated by pervanadate and mediated by membrane type matrix metalloprotease-1. The Journal of biological chemistry. 279, 7721-7733
[bookmark: _ENREF_61]61	Antonyak, M. A., Li, B., Boroughs, L. K., Johnson, J. L., Druso, J. E., Bryant, K. L., Holowka, D. A. and Cerione, R. A. (2011) Cancer cell-derived microvesicles induce transformation by transferring tissue transglutaminase and fibronectin to recipient cells. Proc Natl Acad Sci U S A. 108, 4852-4857
[bookmark: _ENREF_62]62	Oliveras-Ferraros, C., Cufi, S., Queralt, B., Vazquez-Martin, A., Martin-Castillo, B., de Llorens, R., Bosch-Barrera, J., Brunet, J. and Menendez, J. A. (2012) Cross-suppression of EGFR ligands amphiregulin and epiregulin and de-repression of FGFR3 signalling contribute to cetuximab resistance in wild-type KRAS tumour cells. Br J Cancer. 106, 1406-1414
[bookmark: _ENREF_63]63	Higginbotham, J. N., Demory Beckler, M., Gephart, J. D., Franklin, J. L., Bogatcheva, G., Kremers, G. J., Piston, D. W., Ayers, G. D., McConnell, R. E., Tyska, M. J. and Coffey, R. J. (2011) Amphiregulin exosomes increase cancer cell invasion. Curr Biol. 21, 779-786
[bookmark: _ENREF_64]64	Hsu, C., Morohashi, Y., Yoshimura, S., Manrique-Hoyos, N., Jung, S., Lauterbach, M. A., Bakhti, M., Gronborg, M., Mobius, W., Rhee, J., Barr, F. A. and Simons, M. (2010) Regulation of exosome secretion by Rab35 and its GTPase-activating proteins TBC1D10A-C. The Journal of cell biology. 189, 223-232
[bookmark: _ENREF_65]65	Ostrowski, M., Carmo, N. B., Krumeich, S., Fanget, I., Raposo, G., Savina, A., Moita, C. F., Schauer, K., Hume, A. N., Freitas, R. P., Goud, B., Benaroch, P., Hacohen, N., Fukuda, M., Desnos, C., Seabra, M. C., Darchen, F., Amigorena, S., Moita, L. F. and Thery, C. (2010) Rab27a and Rab27b control different steps of the exosome secretion pathway. Nature cell biology. 12, 19-30; sup pp 11-13
[bookmark: _ENREF_66]66	Putz, U., Howitt, J., Doan, A., Goh, C. P., Low, L. H., Silke, J. and Tan, S. S. (2012) The tumor suppressor PTEN is exported in exosomes and has phosphatase activity in recipient cells. Sci Signal. 5, ra70
[bookmark: _ENREF_67]67	Luga, V., Zhang, L., Viloria-Petit, A. M., Ogunjimi, A. A., Inanlou, M. R., Chiu, E., Buchanan, M., Hosein, A. N., Basik, M. and Wrana, J. L. (2012) Exosomes mediate stromal mobilization of autocrine Wnt-PCP signaling in breast cancer cell migration. Cell. 151, 1542-1556
[bookmark: _ENREF_68]68	Sharghi-Namini, S., Tan, E., Ong, L. L., Ge, R. and Asada, H. H. (2014) Dll4-containing exosomes induce capillary sprout retraction in a 3D microenvironment. Sci Rep. 4, 4031
[bookmark: _ENREF_69]69	Demory Beckler, M., Higginbotham, J. N., Franklin, J. L., Ham, A. J., Halvey, P. J., Imasuen, I. E., Whitwell, C., Li, M., Liebler, D. C. and Coffey, R. J. (2013) Proteomic analysis of exosomes from mutant KRAS colon cancer cells identifies intercellular transfer of mutant KRAS. Molecular & cellular proteomics : MCP. 12, 343-355
[bookmark: _ENREF_70]70	Kessenbrock, K., Plaks, V. and Werb, Z. (2010) Matrix metalloproteinases: regulators of the tumor microenvironment. Cell. 141, 52-67
[bookmark: _ENREF_71]71	Shimoda, M., Principe, S., Jackson, H. W., Luga, V., Fang, H., Molyneux, S. D., Shao, Y. W., Aiken, A., Waterhouse, P. D., Karamboulas, C., Hess, F. M., Ohtsuka, T., Okada, Y., Ailles, L., Ludwig, A., Wrana, J. L., Kislinger, T. and Khokha, R. (2014) Loss of the Timp gene family is sufficient for the acquisition of the CAF-like cell state. Nature cell biology. 16, 889-901
[bookmark: _ENREF_72]72	Fedele, C., Singh, A., Zerlanko, B. J., Iozzo, R. V. and Languino, L. R. (2015) The alphavbeta6 integrin is transferred intercellularly via exosomes. The Journal of biological chemistry. 290, 4545-4551
[bookmark: _ENREF_73]73	Bebawy, M., Combes, V., Lee, E., Jaiswal, R., Gong, J., Bonhoure, A. and Grau, G. E. (2009) Membrane microparticles mediate transfer of P-glycoprotein to drug sensitive cancer cells. Leukemia. 23, 1643-1649
[bookmark: _ENREF_74]74	Lu, J. F., Luk, F., Gong, J., Jaiswal, R., Grau, G. E. and Bebawy, M. (2013) Microparticles mediate MRP1 intercellular transfer and the re-templating of intrinsic resistance pathways. Pharmacol Res. 76, 77-83
[bookmark: _ENREF_75]75	Clancy, J. W., Sedgwick, A., Rosse, C., Muralidharan-Chari, V., Raposo, G., Method, M., Chavrier, P. and D'Souza-Schorey, C. (2015) Regulated delivery of molecular cargo to invasive tumour-derived microvesicles. Nature communications. 6, 6919
[bookmark: _ENREF_76]76	Menck, K., Klemm, F., Gross, J. C., Pukrop, T., Wenzel, D. and Binder, C. (2013) Induction and transport of Wnt 5a during macrophage-induced malignant invasion is mediated by two types of extracellular vesicles. Oncotarget. 4, 2057-2066
[bookmark: _ENREF_77]77	Menck, K., Scharf, C., Bleckmann, A., Dyck, L., Rost, U., Wenzel, D., Dhople, V. M., Siam, L., Pukrop, T., Binder, C. and Klemm, F. (2015) Tumor-derived microvesicles mediate human breast cancer invasion through differentially glycosylated EMMPRIN. J Mol Cell Biol. 7, 143-153
[bookmark: _ENREF_78]78	Muralidharan-Chari, V., Kohan, H. G., Asimakopoulos, A. G., Sudha, T., Sell, S., Kannan, K., Boroujerdi, M., Davis, P. J. and Mousa, S. A. (2016) Microvesicle removal of anticancer drugs contributes to drug resistance in human pancreatic cancer cells. Oncotarget
[bookmark: _ENREF_79]79	Bartel, D. P. (2009) MicroRNAs: target recognition and regulatory functions. Cell. 136, 215-233
[bookmark: _ENREF_80]80	Martello, G., Rosato, A., Ferrari, F., Manfrin, A., Cordenonsi, M., Dupont, S., Enzo, E., Guzzardo, V., Rondina, M., Spruce, T., Parenti, A. R., Daidone, M. G., Bicciato, S. and Piccolo, S. (2010) A MicroRNA targeting dicer for metastasis control. Cell. 141, 1195-1207
[bookmark: _ENREF_81]81	Ambros, V. (2004) The functions of animal microRNAs. Nature. 431, 350-355
[bookmark: _ENREF_82]82	Kloosterman, W. P. and Plasterk, R. H. (2006) The diverse functions of microRNAs in animal development and disease. Dev Cell. 11, 441-450
[bookmark: _ENREF_83]83	Bushati, N. and Cohen, S. M. (2008) MicroRNAs in neurodegeneration. Curr Opin Neurobiol. 18, 292-296
[bookmark: _ENREF_84]84	Prensner, J. R. and Chinnaiyan, A. M. (2011) The emergence of lncRNAs in cancer biology. Cancer discovery. 1, 391-407
[bookmark: _ENREF_85]85	Mercer, T. R., Dinger, M. E. and Mattick, J. S. (2009) Long non-coding RNAs: insights into functions. Nature reviews. Genetics. 10, 155-159
[bookmark: _ENREF_86]86	Valadi, H., Ekstrom, K., Bossios, A., Sjostrand, M., Lee, J. J. and Lotvall, J. O. (2007) Exosome-mediated transfer of mRNAs and microRNAs is a novel mechanism of genetic exchange between cells. Nature cell biology. 9, 654-659
[bookmark: _ENREF_87]87	Zomer, A., Maynard, C., Verweij, F. J., Kamermans, A., Schafer, R., Beerling, E., Schiffelers, R. M., de Wit, E., Berenguer, J., Ellenbroek, S. I., Wurdinger, T., Pegtel, D. M. and van Rheenen, J. (2015) In Vivo imaging reveals extracellular vesicle-mediated phenocopying of metastatic behavior. Cell. 161, 1046-1057
[bookmark: _ENREF_88]88	Ridder, K., Sevko, A., Heide, J., Dams, M., Rupp, A. K., Macas, J., Starmann, J., Tjwa, M., Plate, K. H., Sultmann, H., Altevogt, P., Umansky, V. and Momma, S. (2015) Extracellular vesicle-mediated transfer of functional RNA in the tumor microenvironment. Oncoimmunology. 4, e1008371
[bookmark: _ENREF_89]89	Takahashi, K., Yan, I. K., Haga, H. and Patel, T. (2014) Modulation of hypoxia-signaling pathways by extracellular linc-RoR. J Cell Sci. 127, 1585-1594
[bookmark: _ENREF_90]90	Takahashi, K., Yan, I. K., Wood, J., Haga, H. and Patel, T. (2014) Involvement of extracellular vesicle long noncoding RNA (linc-VLDLR) in tumor cell responses to chemotherapy. Mol Cancer Res. 12, 1377-1387
[bookmark: _ENREF_91]91	Conigliaro, A., Costa, V., Lo Dico, A., Saieva, L., Buccheri, S., Dieli, F., Manno, M., Raccosta, S., Mancone, C., Tripodi, M., De Leo, G. and Alessandro, R. (2015) CD90+ liver cancer cells modulate endothelial cell phenotype through the release of exosomes containing H19 lncRNA. Mol Cancer. 14, 155
[bookmark: _ENREF_92]92	Song, J., Kim, D., Han, J., Kim, Y., Lee, M. and Jin, E. J. (2015) PBMC and exosome-derived Hotair is a critical regulator and potent marker for rheumatoid arthritis. Clin Exp Med. 15, 121-126
[bookmark: _ENREF_93]93	Qu, L., Ding, J., Chen, C., Wu, Z. J., Liu, B., Gao, Y., Chen, W., Liu, F., Sun, W., Li, X. F., Wang, X., Wang, Y., Xu, Z. Y., Gao, L., Yang, Q., Xu, B., Li, Y. M., Fang, Z. Y., Xu, Z. P., Bao, Y., Wu, D. S., Miao, X., Sun, H. Y., Sun, Y. H., Wang, H. Y. and Wang, L. H. (2016) Exosome-Transmitted lncARSR Promotes Sunitinib Resistance in Renal Cancer by Acting as a Competing Endogenous RNA. Cancer cell. 29, 653-668
[bookmark: _ENREF_94]94	Xin, H., Li, Y., Buller, B., Katakowski, M., Zhang, Y., Wang, X., Shang, X., Zhang, Z. G. and Chopp, M. (2012) Exosome-mediated transfer of miR-133b from multipotent mesenchymal stromal cells to neural cells contributes to neurite outgrowth. Stem Cells. 30, 1556-1564
[bookmark: _ENREF_95]95	Yamada, N., Tsujimura, N., Kumazaki, M., Shinohara, H., Taniguchi, K., Nakagawa, Y., Naoe, T. and Akao, Y. (2014) Colorectal cancer cell-derived microvesicles containing microRNA-1246 promote angiogenesis by activating Smad 1/5/8 signaling elicited by PML down-regulation in endothelial cells. Biochimica et biophysica acta. 1839, 1256-1272
[bookmark: _ENREF_96]96	Tominaga, N., Kosaka, N., Ono, M., Katsuda, T., Yoshioka, Y., Tamura, K., Lotvall, J., Nakagama, H. and Ochiya, T. (2015) Brain metastatic cancer cells release microRNA-181c-containing extracellular vesicles capable of destructing blood-brain barrier. Nature communications. 6, 6716
[bookmark: _ENREF_97]97	Lo Cicero, A., Delevoye, C., Gilles-Marsens, F., Loew, D., Dingli, F., Guere, C., Andre, N., Vie, K., van Niel, G. and Raposo, G. (2015) Exosomes released by keratinocytes modulate melanocyte pigmentation. Nature communications. 6, 7506
[bookmark: _ENREF_98]98	Yang, J. and Weinberg, R. A. (2008) Epithelial-mesenchymal transition: at the crossroads of development and tumor metastasis. Dev Cell. 14, 818-829
[bookmark: _ENREF_99]99	Thiery, J. P. and Sleeman, J. P. (2006) Complex networks orchestrate epithelial-mesenchymal transitions. Nat Rev Mol Cell Biol. 7, 131-142
[bookmark: _ENREF_100]100	Thiery, J. P., Acloque, H., Huang, R. Y. and Nieto, M. A. (2009) Epithelial-mesenchymal transitions in development and disease. Cell. 139, 871-890
[bookmark: _ENREF_101]101	Huber, M. A., Kraut, N. and Beug, H. (2005) Molecular requirements for epithelial-mesenchymal transition during tumor progression. Curr Opin Cell Biol. 17, 548-558
[bookmark: _ENREF_102]102	Peinado, H., Olmeda, D. and Cano, A. (2007) Snail, Zeb and bHLH factors in tumour progression: an alliance against the epithelial phenotype? Nat Rev Cancer. 7, 415-428
[bookmark: _ENREF_103]103	Grotegut, S., von Schweinitz, D., Christofori, G. and Lehembre, F. (2006) Hepatocyte growth factor induces cell scattering through MAPK/Egr-1-mediated upregulation of Snail. EMBO J. 25, 3534-3545
[bookmark: _ENREF_104]104	Kong, D., Wang, Z., Sarkar, S. H., Li, Y., Banerjee, S., Saliganan, A., Kim, H. R., Cher, M. L. and Sarkar, F. H. (2008) Platelet-derived growth factor-D overexpression contributes to epithelial-mesenchymal transition of PC3 prostate cancer cells. Stem Cells. 26, 1425-1435
[bookmark: _ENREF_105]105	Davidson, N. E. and Sukumar, S. (2005) Of Snail, mice, and women. Cancer cell. 8, 173-174
[bookmark: _ENREF_106]106	Yang, J., Mani, S. A., Donaher, J. L., Ramaswamy, S., Itzykson, R. A., Come, C., Savagner, P., Gitelman, I., Richardson, A. and Weinberg, R. A. (2004) Twist, a master regulator of morphogenesis, plays an essential role in tumor metastasis. Cell. 117, 927-939
[bookmark: _ENREF_107]107	Derynck, R. and Zhang, Y. E. (2003) Smad-dependent and Smad-independent pathways in TGF-beta family signalling. Nature. 425, 577-584
[bookmark: _ENREF_108]108	Leong, K. G., Niessen, K., Kulic, I., Raouf, A., Eaves, C., Pollet, I. and Karsan, A. (2007) Jagged1-mediated Notch activation induces epithelial-to-mesenchymal transition through Slug-induced repression of E-cadherin. J Exp Med. 204, 2935-2948
[bookmark: _ENREF_109]109	Vicente-Duenas, C., Gutierrez de Diego, J., Rodriguez, F. D., Jimenez, R. and Cobaleda, C. (2009) The role of cellular plasticity in cancer development. Curr Med Chem. 16, 3676-3685
[bookmark: _ENREF_110]110	Thiery, J. P. (2002) Epithelial-mesenchymal transitions in tumour progression. Nat Rev Cancer. 2, 442-454
[bookmark: _ENREF_111]111	Thompson, E. W. and Haviv, I. (2011) The social aspects of EMT-MET plasticity. Nat Med. 17, 1048-1049
[bookmark: _ENREF_112]112	Mathias, R. A., Chen, Y. S., Wang, B., Ji, H., Kapp, E. A., Moritz, R. L., Zhu, H. J. and Simpson, R. J. (2010) Extracellular remodelling during oncogenic Ras-induced epithelial-mesenchymal transition facilitates MDCK cell migration. Journal of proteome research. 9, 1007-1019
[bookmark: _ENREF_113]113	Mathias, R. A., Wang, B., Ji, H., Kapp, E. A., Moritz, R. L., Zhu, H. J. and Simpson, R. J. (2009) Secretome-based proteomic profiling of Ras-transformed MDCK cells reveals extracellular modulators of epithelial-mesenchymal transition. Journal of proteome research. 8, 2827-2837
[bookmark: _ENREF_114]114	Chen, Y. S., Mathias, R. A., Mathivanan, S., Kapp, E. A., Moritz, R. L., Zhu, H. J. and Simpson, R. J. (2011) Proteomics profiling of Madin-Darby canine kidney plasma membranes reveals Wnt-5a involvement during oncogenic H-Ras/TGF-beta-mediated epithelial-mesenchymal transition. Molecular & cellular proteomics : MCP. 10, M110 001131
[bookmark: _ENREF_115]115	Tauro, B. J., Mathias, R. A., Greening, D. W., Gopal, S. K., Ji, H., Kapp, E. A., Coleman, B. M., Hill, A. F., Kusebauch, U., Hallows, J. L., Shteynberg, D., Moritz, R. L., Zhu, H. J. and Simpson, R. J. (2013) Oncogenic H-ras reprograms Madin-Darby canine kidney (MDCK) cell-derived exosomal proteins following epithelial-mesenchymal transition. Molecular & cellular proteomics : MCP. 12, 2148-2159
[bookmark: _ENREF_116]116	Syn, N., Wang, L., Sethi, G., Thiery, J. P. and Goh, B. C. (2016) Exosome-Mediated Metastasis: From Epithelial-Mesenchymal Transition to Escape from Immunosurveillance. Trends Pharmacol Sci. 37, 606-617
[bookmark: _ENREF_117]117	Kim, J., Kim, T. Y., Lee, M. S., Mun, J. Y., Ihm, C. and Kim, S. A. (2016) Exosome cargo reflects TGF-beta1-mediated epithelial-to-mesenchymal transition (EMT) status in A549 human lung adenocarcinoma cells. Biochemical and biophysical research communications. 478, 643-648
[bookmark: _ENREF_118]118	Garnier, D., Magnus, N., Lee, T. H., Bentley, V., Meehan, B., Milsom, C., Montermini, L., Kislinger, T. and Rak, J. (2012) Cancer cells induced to express mesenchymal phenotype release exosome-like extracellular vesicles carrying tissue factor. The Journal of biological chemistry. 287, 43565-43572
[bookmark: _ENREF_119]119	Garnier, D., Magnus, N., Meehan, B., Kislinger, T. and Rak, J. (2013) Qualitative changes in the proteome of extracellular vesicles accompanying cancer cell transition to mesenchymal state. Exp Cell Res. 319, 2747-2757
[bookmark: _ENREF_120]120	Jeppesen, D. K., Nawrocki, A., Jensen, S. G., Thorsen, K., Whitehead, B., Howard, K. A., Dyrskjot, L., Orntoft, T. F., Larsen, M. R. and Ostenfeld, M. S. (2014) Quantitative proteomics of fractionated membrane and lumen exosome proteins from isogenic metastatic and nonmetastatic bladder cancer cells reveal differential expression of EMT factors. Proteomics. 14, 699-712
[bookmark: _ENREF_121]121	Pasquier, J., Thawadi, H. A., Ghiabi, P., Abu-Kaoud, N., Maleki, M., Guerrouahen, B. S., Vidal, F., Courderc, B., Ferron, G., Martinez, A., Al Sulaiti, H., Gupta, R., Rafii, S. and Rafii, A. (2014) Microparticles mediated cross-talk between tumoral and endothelial cells promote the constitution of a pro-metastatic vascular niche through Arf6 up regulation. Cancer Microenviron. 7, 41-59
[bookmark: _ENREF_122]122	Gopal, S. K., Greening, D. W., Mathias, R. A., Ji, H., Rai, A., Chen, M., Zhu, H. J. and Simpson, R. J. (2015) YBX1/YB-1 induces partial EMT and tumourigenicity through secretion of angiogenic factors into the extracellular microenvironment. Oncotarget. 6, 13718-13730
[bookmark: _ENREF_123]123	Gopal, S. K., Greening, D. W., Hanssen, E. G., Zhu, H. J., Simpson, R. J. and Mathias, R. A. (2016) Oncogenic epithelial cell-derived exosomes containing Rac1 and PAK2 induce angiogenesis in recipient endothelial cells. Oncotarget. 7, 19709-19722
[bookmark: _ENREF_124]124	Hoeben, A., Landuyt, B., Highley, M. S., Wildiers, H., Van Oosterom, A. T. and De Bruijn, E. A. (2004) Vascular endothelial growth factor and angiogenesis. Pharmacological reviews. 56, 549-580
[bookmark: _ENREF_125]125	Shurtleff, M., Karfilis, K. V., Temoche-Diaz, M., Ri, S. and Schekman, R. (2016) Y-box protein 1 is required to sort microRNAs into exosomes in cells and in a cell-free reaction. bioRxiv
[bookmark: _ENREF_126]126	Carrasco-Ramirez, P., Greening, D. W., Andres, G., Gopal, S. K., Martin-Villar, E., Renart, J., Simpson, R. J. and Quintanilla, M. (2016) Podoplanin is a component of extracellular vesicles that reprograms cell-derived exosomal proteins and modulates lymphatic vessel formation. Oncotarget. 7, 16070-16089
[bookmark: _ENREF_127]127	Roccaro, A. M., Sacco, A., Maiso, P., Azab, A. K., Tai, Y. T., Reagan, M., Azab, F., Flores, L. M., Campigotto, F., Weller, E., Anderson, K. C., Scadden, D. T. and Ghobrial, I. M. (2013) BM mesenchymal stromal cell-derived exosomes facilitate multiple myeloma progression. J Clin Invest. 123, 1542-1555
[bookmark: _ENREF_128]128	Le, M. T., Hamar, P., Guo, C., Basar, E., Perdigao-Henriques, R., Balaj, L. and Lieberman, J. (2014) miR-200-containing extracellular vesicles promote breast cancer cell metastasis. J Clin Invest. 124, 5109-5128
[bookmark: _ENREF_129]129	Xiao, D., Barry, S., Kmetz, D., Egger, M., Pan, J., Rai, S. N., Qu, J., McMasters, K. M. and Hao, H. (2016) Melanoma cell-derived exosomes promote epithelial-mesenchymal transition in primary melanocytes through paracrine/autocrine signaling in the tumor microenvironment. Cancer Lett. 376, 318-327
[bookmark: _ENREF_130]130	Espinosa-Neira, R., Mejia-Rangel, J., Cortes-Reynosa, P. and Salazar, E. P. (2011) Linoleic acid induces an EMT-like process in mammary epithelial cells MCF10A. The international journal of biochemistry & cell biology. 43, 1782-1791
[bookmark: _ENREF_131]131	Yonezawa, T., Haga, S., Kobayashi, Y., Katoh, K. and Obara, Y. (2008) Unsaturated fatty acids promote proliferation via ERK1/2 and Akt pathway in bovine mammary epithelial cells. Biochemical and biophysical research communications. 367, 729-735
[bookmark: _ENREF_132]132	Byon, C. H., Hardy, R. W., Ren, C., Ponnazhagan, S., Welch, D. R., McDonald, J. M. and Chen, Y. (2009) Free fatty acids enhance breast cancer cell migration through plasminogen activator inhibitor-1 and SMAD4. Lab Invest. 89, 1221-1228
[bookmark: _ENREF_133]133	Galindo-Hernandez, O., Serna-Marquez, N., Castillo-Sanchez, R. and Salazar, E. P. (2014) Extracellular vesicles from MDA-MB-231 breast cancer cells stimulated with linoleic acid promote an EMT-like process in MCF10A cells. Prostaglandins Leukot Essent Fatty Acids. 91, 299-310
[bookmark: _ENREF_134]134	Aga, M., Bentz, G. L., Raffa, S., Torrisi, M. R., Kondo, S., Wakisaka, N., Yoshizaki, T., Pagano, J. S. and Shackelford, J. (2014) Exosomal HIF1alpha supports invasive potential of nasopharyngeal carcinoma-associated LMP1-positive exosomes. Oncogene. 33, 4613-4622
[bookmark: _ENREF_135]135	You, Y., Shan, Y., Chen, J., Yue, H., You, B., Shi, S., Li, X. and Cao, X. (2015) Matrix metalloproteinase 13-containing exosomes promote nasopharyngeal carcinoma metastasis. Cancer Sci. 106, 1669-1677
[bookmark: _ENREF_136]136	Franzen, C. A., Blackwell, R. H., Todorovic, V., Greco, K. A., Foreman, K. E., Flanigan, R. C., Kuo, P. C. and Gupta, G. N. (2015) Urothelial cells undergo epithelial-to-mesenchymal transition after exposure to muscle invasive bladder cancer exosomes. Oncogenesis. 4, e163
[bookmark: _ENREF_137]137	Greening, D. W., Xu, R., Ji, H., Tauro, B. J. and Simpson, R. J. (2015) A protocol for exosome isolation and characterization: evaluation of ultracentrifugation, density-gradient separation, and immunoaffinity capture methods. Methods in molecular biology. 1295, 179-209
[bookmark: _ENREF_138]138	Mathias, R. A., Gopal, S. K. and Simpson, R. J. (2013) Contribution of cells undergoing epithelial-mesenchymal transition to the tumour microenvironment. Journal of proteomics. 78, 545-557
[bookmark: _ENREF_139]139	Savagner, P. (2010) The epithelial-mesenchymal transition (EMT) phenomenon. Ann Oncol. 21 Suppl 7, vii89-92

28

