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Exosomes are extracellular vesicles produced by various cell types and extensively distributed in physiological fluids. Because of their significant role in cancer progression, they have been a focal point for the novel cancer therapy approach. Exosomes are highly efficient at transporting proteins, RNAs, and small drugs into cancer cells for therapeutic purposes. In addition to their prominent role as potential biomarkers for transporting targeted information from their progenitor cells, exosomes have also emerged as a new avenue for developing more effective clinical diagnostics and therapeutic techniques, also known as exosome theranostics. Lipids, proteins, and nucleic acids transported by exosomes were investigated as potential biomarkers for cancer diagnosis, prognosis, and future cancer treatment targets. The unique mechanism of exosomes and their therapeutic as well as diagnostic uses, also known as theranostic applications of exosomes in malignancies, are discussed in this review.
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INTRODUCTION
Cancer emerged as a severe hazard to humankind, with rising death rates worldwide (Zhao et al., 2019a). The tumor microenvironment (TME) plays a crucial role in cancer start and progression (Ragusa et al., 2017). Cell interaction is also vital in several diseases. To exist, reproduce, and spread, cancer cells require interaction with other health and immune cells (Wang et al., 2019a). Exosomes gained a lot of interest due to their cell-to-cell interaction property. The TME is altered by tumor-exosome interaction, promoting tumor progression, longevity, immune invasion, and evasion (Darband et al., 2018).
Exosomes, being the significant portion of TME, have shown to bear specific activities regarding tumor formation, angiogenesis, progression as well as drug resistance (Wang et al., 2019a). Exosome-related growth factors and cytokines may stimulate or inhibit lymphoid and immune cells of the TME, leading to immunodeficiency and the formation of tumors (De Visser et al., 2006; Yang et al., 2020a). Furthermore, exosomes have been successfully utilized in medication delivery (Zhao et al., 2020; H. Rashed et al., 2017). Also, exosomes’ drug carrier capacity (Srivastava et al., 2018a; Zhang et al., 2019) makes them ideal drug delivery vehicles. They were invented to give various medications, including tiny molecules, nucleic acids, and proteins, to animal models for cancer treatment. Exosomes are also secreted by a variety of cells which can be used as preclinical biomarkers in various cancers (Maji et al., 2017; He et al., 2018a; Farooqi et al., 2018; Das et al., 2019; Doyle and Wang, 2019; Mannavola et al., 2019; Yu et al., 2020). Alternative treatment techniques, such as inhibiting exosome synthesis and blocking exosome absorption to particular receptors, have also been considered potential cancer therapies (Qiu et al., 2020). Overall, the extensive applicability shows that several prospective therapeutic techniques involving the inhibition of tumor-derived exosome synthesis, release, or absorption are attractive avenues for the future development of cancer theranostics (Tai et al., 2018; Wang et al., 2020).
According to mounting evidence, exosomes can be released by various cells, including lymphocytes and fibroblasts. Exosomes generated from various cells have distinct properties (Cheng et al., 2020; Li et al., 2020). Cancer cell exosomes and MSC-derived exosomes are used to diagnose and treat various cancers, such as liver cancer, pancreatic cancer, etc., as demonstrated in murine experiments (Aqil et al., 2019; Nakamura et al., 2019; Qiu et al., 2020). Exosomes, irrespective of where they come from, can influence tumor development or suppression through various signaling channels (Pinheiro et al., 2018).
This review seeks to give an insight into exosome dynamics and progression in cancer theranostics, including their relationships, exosome uses, and exosome roles derived from different origins. The latest innovations in exosome technology will aid in developing cancer treatment applications shortly.
Biogenesis of Exosomes
Extracellular Vesicles (EVs) are Nano-scale membrane vesicles that are actively released by cells. They occur through the outward budding of the plasma membrane or microvesicle pathway or inward budding by the inner body membrane or exosomal pathway. The vesicle formed through outward sprouting of the plasma membrane is called Multivesicular bodies (MVBs). Exosomes are vesicles of endocytic origin. The early endosome is formed by the intrusion of the plasma membrane inwardly, and the limiting layer of the subsequent endosome grows further to produce tiny vesicles, resulting in the development of MVBs. The MVB is distinguished by the formation of Intraluminal Vesicles following invagination of the inner body membrane (ILVs). During their development, cytoplasmic inclusions, transmembrane, and peripheral proteins are incorporated into ILVs. ILVs collected in the MVB lumen have two possible outcomes: a) fusion with lysosomes, causing the contents of the vesicles to break down [Multivesicular Endosomes or Bodies (MVBs or MVEs)], or b) fusion with the plasma membrane, releasing ILVs into the extracellular space as exosomes. On the other hand, direct budding from the plasma membrane forms microvesicles, which sequester sections of the cytoplasm (Figure 1). Microvesicle production is calcium-dependent and related to membrane asymmetry loss and cytoskeleton instability.
[image: Figure 1]FIGURE 1 | Process of formation of Exosomes: describes the formation of exosomes which is done by invagination of late endosomal membranes within large MVBs, resulting in the development of intraluminal vesicles (ILVs). Specific proteins are integrated into the invaginating membrane during this process, whereas cytosolic components are absorbed and confined inside the ILVs. When ILVs fuse with the plasma membrane, they are discharged into the extracellular region, known as “exosomes.” While microvesicles result from direct budding from the plasma membrane.
More specifically, the role of various proteins varies in different processes and origins of the exosomes. Leading cargo into ILV involves the ESCRT and other related proteins. ESCRRT includes PDCD6IP (also known as ALIX), TSG101, HRS, CD9, and CD82, etc., Other proteins include PLG2, DGKα, etc., After MVBs fuse with the cell membrane, exosomes are secreted. This process relies on small GTPases such as RAB27A and RAB27B. RAB7, RAB11, RAB31, and RAB35 in some cells or SNARES family proteins like YKT6, VAMP7, etc., Microvesicles (MVs) represent a relatively heterogeneous population of vesicles formed on the outward germination fission of cell membrane lipid microdomains and regulatory proteins such as ADP ribosylation factor 6 (ARF6). MVs participate in immune modulation by assisting in antigen presentation and transmitting MHC molecules and antigens (Figure 2). It is also possible to directly activate cell surface receptors through proteins and biologically active lipid ligands, transfer cell surface receptors, transcriptional factors, oncogenes, etc., Various RNAs, including mRNA, and miRNA, are contained in extracellular vesicles (EVs) and are functionally delivered to recipient cells.
[image: Figure 2]FIGURE 2 | Biogenesis of exosomes: Exosome biogenesis, cargo, and secretion are depicted schematically. Exosomes are generated when the endocytic membrane is invaginated and ILV is created inside the cell. The payloads (RNAs, proteins, and lipids) are integrated into ILV via ESCRT-dependent or ESCRT-independent pathways during maturation, and MVBs are formed by the maturation of early endosomes. MVBs can be sent to lysosomes for breakdown or migrate along microtubules to fuse with the plasma membrane and release exosomes into the extracellular environment. MVB fusion with the cellular membrane is a delicate process that necessitates the presence of numerous key components such as Rab GTPases and SNARE complexes. Endocytosis, direct membrane fusion, and receptor-ligand interaction can all be used to transfer exosomal payloads from a source cell to target cells.
EXOSOME AND CANCER PROGRESSION
Exosomes are produced in greater quantities (approximately 10 times) by tumor cells than normal cells, resulting in higher exosome concentrations in the blood of cancer patients (Liu et al., 2018). Due to paracrine subversion of microenvironments, Tumour-derived Exosomes (TEXs) regulate TME structuring, immune escape, and many more (Datta et al., 2018). As TEXs interact with various cells and deliver a large number of biomolecules, including oncogenic features, these organelles play a significant role in multiple malignancies through induction of angiogenesis, tumor metastasis, and aberrant metabolism, tumor progression, immune dysfunction, and drug resistance.
Exosome- Angiogenesis and Tumour Metastasis
Neovascularization is a well-known biochemical phase in the progression of tumors and metastasis. Both stromal and tumor cells control tumor angiogenesis by producing numerous signaling molecules and proteins (Kerbel, 2008; Weis and Cheresh, 2011). Proangiogenic factors discovered in TEXs include angiogenin, TGF and many more (Webber et al., 2010; Kucharzewska et al., 2013; Wang et al., 2016).
Exosomal VEGF regulates angiogenesis through several pathways (Bryan et al., 2010; Weddell et al., 2018; Yang et al., 2020b). Mesenchymal Stem Cells derived exosomes increased VEGF expression in tumor cells by ERK1/2 and p38 MAPK pathways activation, which led to increased tumor development and angiogenesis (Zhu et al., 2012). MMP-2 and MMP-9 break down matrix proteins to structure the basement membrane of vessels and detach pericytes, while PDGF increases pericyte recruitment in the new tube (Guo et al., 2003; Webb et al., 2017).
Tumor metastasis begins with tumor cells splitting from the primary neoplasm and traveling to a distant organ location, which entails complicated biological processes. Exosomes promote metastasis by interfering with various cellular pathways (Jafari et al., 2021). Exosomes containing HSP90 have been shown to aid cancer cell migration and invasion by boosting the degradation of plasminogen and E-cadherin (Mccready et al., 2010).
Exosomes derived from metastatic breast cancer cells drive signaling pathways for PI3K/AKT mitogen-activated protein kinase (MAPK), which stimulate migration and invasion of cancer cells by degrading ECM components (Hendrix et al., 2010). Moreover, cancer invasion simultaneously requires invadopodia biogenesis and exosome secretion (Hoshino et al., 2013). Rab27a-dependent exosome secretion, in conjunction with cytokines and metalloproteinases, is thought to cause neutrophil aggregation, which contributes to the development of metastatic breast carcinoma (Bobrie et al., 2012).
According to several studies, exosomes, via modulating Wnt/β-catenin and ERK signaling pathways promote EMT (Hu et al., 2019). Exosomal miR-21 also reduces apoptosis in GC cells (Zheng et al., 2017) while also downregulating the PTEN tumor suppressor gene (Han et al., 2012). In BC cells, exosome IL-6 promotes tumor development (Yu et al., 2019), exosome HSP70 promotes tumor progression in cells of MSC (Li et al., 2016), and exosome TGF- promotes tumor growth in cells of LAMA84 (Raimondo et al., 2015). Exosomes miR-222 help stimulate the signaling pathway of NF-B and cause cancer cell motility and invasion (Ding et al., 2018).
Exosomes and Cancer Immuno-Editing
The ability of the tumor to suppress the host immune system against cancer is the primary factor responsible for hampering immune surveillance. Additionally, TEXs mediate the communication between cancer and TME cells, which is critical for developing an immune-suppressive pro-tumor microenvironment. They limit the activation and function of helper and cytotoxic T cells, activating Tregs, inhibiting the cytotoxicity of NK cells, and decreasing leukocyte adhesion. Ye et al. (2014); Moloudizargari et al. (2018).
The PTEN/PI3K signaling pathway is activated by exosomes containing miR-301a-3p, leading macrophages to polarize from M1 to M2. By producing VEGF, TGF-b, and other soluble chemicals, M2 macrophages are important in angiogenesis, immunological suppression, tumor formation, and metastasis. In studies, it was observed that exosomes containing PD-L1 inhibited IFN production and activated apoptosis in T-cells. Exosomes can travel further and have a lower influence on immune cell activation than exosomes without PD-L1 (Kim et al., 2019). As a result, TEXs facilitate immune evasion and, as a result, tumor development via the PD-L1/PD-1 pathway Wang et al. (2018); Babajani et al. (2020).
Since the discovery of the Warburg effect, many attempts have been made to investigate metabolic reprogramming in cancer cells from oncogene acquisition to metastatic growth and treatment response. Malignancies have been shown to contain mutations, deletions, and variations in the number of copies of mitochondrial DNA (mtDNA), notably in response to therapy (Cormio et al., 2015; Kong et al., 2015; Dang et al., 2016). These changes might be unintended consequences of treatment-induced cancer cell selection. A recent study has shown that mitochondria and mtDNA might migrate across mammalian cells via dynamic intercellular organelle highways or nanotubes, proving that they are not exclusively located and propagated in somatic cells of higher species (Pasquier et al., 2013; Jackson et al., 2016).
Exosomes and Their Role in Cancer Metabolism
Alterations in cell metabolism are one of the hallmarks of cancer. Exosomes have long been thought to be essential mediators in cancer progression, regulating extracellular communication with cancer cells (Barros et al., 2018). It is well-established that Tumour Microenvironment (TME) development is essential for cancer progression. Exosome-mediated metabolic reprogramming is observed in cancer cells and stromal cells in the TME, implying that exosome-mediated metabolic reprogramming plays a significant role in the progression of aggressive cancers (Yang et al., 2020c). The cancer cells affect stromal cell metabolic remodeling, which operates as a feedback loop to help cancer cells grow faster (Tan et al., 2020).
Cancer-Associated Fibroblasts (CAFs), a bulk of TME cell types, are characterized by the conversion to a synthetic phenotype which could be ascertained by the expression of markers such as α-smooth muscle actin (α-SMA), fibroblast-specific protein-1 (FSP1/S100A4), and fibroblast activation protein (FAP) (Östman and Augsten, 2009). Cancer development can cause normal fibroblasts to act as a precursor of CAFs. CAFs promote tumor growth and progression by inflammatory and growth factor production, among other mechanisms (Xing et al., 2010).
The Warburg effect is defined as cancer cells’ reliance on aerobic glycolysis even in normoxia, a frequent feature of many cancer types. This causes glucose to be diverted to lactate, resulting in low pH circumstances that affect TME (Warburg et al., 1927; Salimian Rizi et al., 2015). CAF glycolysis can be aided by cancer cells. CAFs can then feed cancer cells with metabolites and aid cell growth via the TCA cycle and OXPHOS. This phenomenon is known as the “Reverse Warburg Effect” (Martinez-Outschoorn et al., 2011). Lactate export in CAFs and lactate uptake by cancer cells has recently been proven to aid the turnover rates in cancer metabolism (Diehl et al., 2018). MCT1 and MCT4 are lactate symporters that play a crucial role in building a lactate shuttle system. MCT4 promotes lactate export, whereas MCT1 promotes cellular lactate uptake. This lactate is utilized as fuel by various cancer cells under complete aerobic conditions, as it can be converted into glucose in the liver by the Cori cycle. Caveolin-1 (Cav-1, a membrane-bound scaffolding protein involved in endocytosis, signaling, cell motility, and cholesterol distribution) may also contribute to cancer progression by controlling the metabolism of CAFs, according to more recent research (Nwosu et al., 2016).
Incremental evidence suggests an explicit role of exosomes in metabolic reprogramming between CAFs and cancer cells. Cancer cells cultivated with exosomes have been shown to have lower OXPHOS and increased glycolysis, as evidenced by increased glucose absorption and lactate production (Zhao et al., 2016). CAF-derived Exosomes (CEDs) induce a hypoxia-like environment in cancer cells, resulting in an increase in glutamine reductive carboxylation, which is a crucial mechanism for tumor cells to develop low-oxygen environments. Cancer cells rely on this reductive glutamine carboxylation when stromal exosomes are present. According to a study, exosomes from pancreatic and prostate CAFs were shown to include intact intracellular metabolite pool components such as amino acids, acetate, stearate, palmitate, and lactate. Exosomes can fuel the TCA cycle in a similar way as macropinocytosis in prostate cancer, and the metabolite enrichment resulting from exosomes is independent of Kras mutation (Zhao et al., 2016). Furthermore, the critical involvement of exosomes produced by cancer cells in modifying fibroblast metabolism and increasing glycolysis was established in breast cancer cells (Yan et al., 2018; Sung et al., 2020). Exosomes produced from cancer cells may also trigger the expression of MCT4 in CAFs, allowing the cancer cells to export β-HB and lactate, and cancer cells expressing MCT1 use lactate to increase OXPHOS levels (Yan et al., 2018; Wu et al., 2020).
Exosomes and Drug Resistance
Exosomes act as a barrier to drug permeation and impart drug resistance by transporting cargo from resistant cells to susceptible ones (Sansone et al., 2017). According to numerous studies, exosomes are thought to play a role in modulating chemosensitivity to recipient cells by delivering the resistant phenotype (Qin et al., 2017). The trafficking of ncRNAs such as miRNAs and lncRNAs by exosomes is a good approach for cancer cells to gain treatment resistance. In ovarian cancer, the exosomal transmission of miR-433, for example, can promote cellular senescence and hence increase paclitaxel resistance (Sousa et al., 2015).
The capacity of cancer cells to adapt to a stressful environment is one of their most essential characteristics (Weiner-Gorzel et al., 2015). Exosomes retain CSC self-renewal as property by carrying these cargos, increasing resistance to numerous cancer therapies (Luga et al., 2012; Gradilla et al., 2014; Ayob and Ramasamy, 2018).
By upregulating PI3K/Akt signaling via miR-21, exosomes from M2-macrophages decreased apoptosis and cisplatin resistance in GC cells (Chairoungdua et al., 2010). The lncRNA urothelial cancer associated-1 (UCA1) can increase tamoxifen resistance in estrogen receptor-positive MCF-7 cells via the mTOR signaling pathway (Fan et al., 2014). By activating the Wnt signaling pathway, exosomal transfer of the lncRNA UCA1 can increase bladder cancer cell chemoresistance (Liao et al., 2016). Exosomes derived from MSCs helped transmit the lncRNA PSMA3-AS1, which provides resistance to proteasome inhibitors (Xu et al., 2016).
Another method of acquired drug resistance in cancer is proto-oncogene transmission via exosomes, which activates the PI3K/Akt signaling pathway. Anti-apoptotic signaling cascades are stimulated by the penetration of proteins such as Ras, Src, and MAPK families into recipient cells, resulting in a rise in drug-resistant cells (Xu et al., 2019). Exosome-mediated drug transporter molecules have been linked to the spread of treatment resistance in various cancer types (Dutta et al., 2015). Exosome trans locates chloride channel one enhanced GC cell line SGC-7901, conferring vincristine resistance (Sinha et al., 2021).
CLINICAL APPLICATION OF EXOSOMES
Exosomes have emerged as a new avenue in developing more effective clinical diagnostics and therapeutic techniques.
Exosome as Biomarkers
Exosomes are suitable biomarkers for cancer diagnosis in a non-invasive manner. For example, Exosomal caveolin-1 and CD63 are the non-invasive markers for melanoma (Zhao et al., 2019b). In numerous cancer types, exosomal lncRNA was linked to tumor classification (III/IV), tumor stage, and lymph node/distant metastases, either in combination with miR-21 or on its own (Peinado et al., 2012). Within TEXs, pancreatic ductal adenocarcinoma cells produce a type II transmembrane protein called cytoskeleton-associated protein 4 (CKAP4). CKAP4 can be employed as a biomarker for pancreatic ductal adenocarcinoma diagnosis, staging, and targeted treatment, according to a study of patient blood samples (He et al., 2018b). Exosomes extracted from glioblastoma patients’ plasma also included TrkB (Tropomyosin receptor kinase B) expression, suggesting that this receptor might be employed as a biomarker for glioblastoma diagnosis (Kimura et al., 2019).
Exosomes have recently been discovered to have DNA and RNA sources in circulation (Pinet et al., 2016). Exosome DNA (exoDNA) was significantly predictive of the outcome of cancer therapy and progression in patients with metastatic malignancy (San Lucas et al., 2016). MicroRNAs, in addition to DNA, are valuable indicators of cancer diagnosis and progression. MiR-21 and miR-155, for example, have been reported to be considerably elevated in recurrent tumors compared to original tumors in lung cancer (Sohn et al., 2015; Bernard et al., 2019).
Exosomes can also be utilized to track how well a patient responds to treatment. In NSCLC patients and melanoma treated with an antibody’s combination of PD1/PD-L1, there was an essential link between exosomal PD-L1 mRNA expression levels and therapeutic response. Exosomes derived from plasma exhibited greater PD-L1 mRNA levels, indicating a stronger reaction (Hornick et al., 2015).
Exosomes in Immunotherapy
Despite clinical advancements, cancer remains the leading cause of death globally. Researchers are also working on a new technique to use exosomes to modify immune responses against cancer: cell-free vaccinations. Exosomes produced from DCs are loaded with a tumor-specific antigen in a classic strategy to re-establish anticancer immunity; miRNAs or exosomes alone are used to induce an immune response in the recipients. After a tumor peptide pulse, André et al. isolated exosomes from DCs and gave them to mice with preexisting tumors, resulting in tumor rejection mediated by T-cell activation (Munoz et al., 2013). Exosomes expressing modified IL-2 were later discovered to be capable of causing a considerable regression of a preexisting tumor by targeting the antigen-specific Th1-polarized immune response and cytotoxic T lymphocytes (CTL) with exosomes expressing modified IL-2 (André et al., 2004). Because DCs have a lot of lactadherin on their surfaces, which enhances exosome absorption, exosomes produced from DCs are beneficial in treatment (del Re et al., 2018). The functional moieties of exosomes contribute in the induction of antitumor immune responses, both innate and adaptive (Yang et al., 2007).
IFN and polycytidylic acid were used as adjuvants to create mature exosomes formed from DC with increased capacity for Th1 cell activation (Viaud et al., 2011; Syn et al., 2017). MS-275, a histone deacetylase inhibitor, and Hsp70 release increased lymphocyte proliferation and NK cytotoxicity (Pitt et al., 2016). Exosomes formed from heat shock tumors were discovered to have higher immune-stimulating capabilities due to increased MHC expression and cytokine quantities (Xiao et al., 2013). After being pre-incubated with HSP70 surface-positive exosomes, NK cells promote apoptosis in colon cancer cells by releasing granzyme B (Chen et al., 2006). Extracellular HSP70 was later discovered to activate macrophages, and this immunological modulator effect depended on HSP70’s capacity to translocate into the plasma membrane from the cell surface (Gastpar et al., 2005).
Exosomes and Delivery of Drugs
Exosomes are non-toxic, non-immunogenic, and have a greater penetration rate through tumor cells than conventional drug delivery methods. Exosomes, due to their stable load capacity, can carry proteins, miRNAs, small interfering RNAs (siRNAs), and other therapeutic compounds (Figure 3) (Vega et al., 2008). Exosomes also have the advantage of crossing biological barriers such as the blood-brain barrier (BBB) and settling in specific areas (Brannon-Peppas and Blanchette, 2004; Hood et al., 2011; Zhao et al., 2018).
[image: Figure 3]FIGURE 3 | Precisely targeting the tumor with engineering exosomes as a delivery carrier. Exosomes are carriers with natural delivery ability, which have the characteristics of precisely targeting and high bioavailability. After being loaded into exosomes, anticancer drugs and/or extrinsic ncRNA can directly target cancer cells or CSCs specific pathways and prevent the further development of tumors. Additionally, the surfaces of exosomes can also be modified with the ligands corresponding to receptors overexpression on cancer cell surfaces, which improves the cellular uptake efficiency of exosomes by cancer cells. ncRNA noncoding RNA, CSCs cancer stem cells.
The modified exosomes have significant anti-neoplastic effects in pancreatic adenocarcinoma cells of humans (Tominaga et al., 2015). Exosomes carrying paclitaxel derived from human prostate adenocarcinoma cells, which are androgen-sensitive, were found to negatively affect the cancer cells’ viability (Pascucci et al., 2014). In BC cells, exosomes expressing anticancer action was demonstrated when cholesterol-modified miRNA 159 and doxorubicin were administered along with metalloproteinase 15 (ADAM15) (A15-Exo) and disintegrin (Saari et al., 2015).
Exosomes might be used to deliver anticancer proteins to cancer cells with pinpoint accuracy. TNF-related apoptosis-inducing ligand (TRAIL) activates death receptors in cancer cells, causing them to perish Gong et al. (2019). Tumor cells lacking LATS1/2, a Hippo pathway kinase, have produced exosomes rich in nucleic acid boosting tumor immunogenic behavior (Rivoltini et al., 2016).
Because clinical use of nucleic acid medications is limited due to insufficient delivery methods, exosomes may be a good vehicle for delivering therapeutic nucleic acids. RNAs (siRNA and miRNA) have been delivered to tumor cells using exosomes. Exosomes derived from adipose stem cells were utilized to provide miR-122, making hepatocellular carcinoma chemoresistant (Lou et al., 2015; Moroishi et al., 2016). Exosomes were also utilized to transport siRNA against RAD51, which reduced RAD51 expression in cervical and fibrosarcoma cancer cells, resulting in significant cell death in the recipients (Zhang et al., 2020).
Clinically, nanotechnology-based drug delivery systems are among the most promising tools to achieve this goal. Compared with liposome nanomaterials, metal nanomaterials, and polymer nanomaterials, exosomes as carriers can overcome the shortcomings of poor bioavailability and reduce non-targeted cytotoxicity and immunogenicity (Sun et al., 2010; Srivastava et al., 2018b). And exosomes contain transmembrane and membrane anchoring proteins, which enhance endocytosis and thus promote the transfer of their contents (Blanco et al., 2015). For instance, Kim et al. found that paclitaxel-loaded macrophage-derived exosomes significantly increased cell uptake in 3LL-M227 mouse Lewis lung cancer cell line compared to paclitaxel-loaded liposomes (Kamerkar et al., 2017; Luan et al., 2017).
Scientists developed a new technique for decreasing drug resistance traits using vesicles derived from tumor cells packed with antitumor drugs. Chemotherapeutic medications were bundled into tumor cell-derived vesicles to improve medication access into the nucleus. TRCs preferentially absorbed these vesicles, allowing antitumor medications to be released and assisting in reversing treatment resistance in TRCs in vitro (Shtam et al., 2013). According to research, curcumin stimulates myeloid cells through exosomes, resulting in anti-inflammatory effects and monocyte death (Ma et al., 2016). Moreover, compared with free drugs, exosome-based delivery platforms can significantly reduce side effects. The use of engineered exosomes containing miR-21 sponge constructs could downregulate the expression of miR-21 in glioma cell lines U87-MG and C6, thereby upregulating the target genes PDCD4 and RECK of miR-21 and preventing their malignant behavior (Kim et al., 2016).
Recent studies have shown that exosome surface modification is performed using oligonucleotide binding methods. Such cargo may potentially alter cell function and alter cell-to-cell transport (Monfared et al., 2019). Triple-negative breast cancer is one subtype of breast cancer with the most metastatic and recurrent characteristics. A study by Li et al. (Yerneni et al., 2019) modified the surface of the exosomes with a peptide targeting the mesenchymal-epithelial transition factor gene (c-Met), for hepatocyte growth factor, which is overexpressed on triple-negative breast cancer cell surfaces Li et al. (2018).
Since exosomes can also affect CSCs by targeting CSC-specific signaling pathways, such as Wnt, Notch, Hippo, Hedgehog, NF-κB, and TGF-β pathways, selective targeting of CSCs via the above pathway using exosome loading inhibitors (miRNA or siRNA) is considered to be achievable. Existing results have shown that exosomal Wnt from fibroblasts could induce dedifferentiation of cancer cells to promote chemotherapy resistance in CRC, suggesting that interference with exosomal Wnt signaling could help improve chemosensitivity and treatment window. Exosomes are projected to be beneficial in treating cancer as a whole, with uses in biomarker detection, tumor immunology, and drug delivery. They might potentially alter medicine as a significant participant in theranostic oncology.
Antitumour Vaccine Using Exocrine System
TEXs have a dual effect on the immune system, i.e., immunosuppressive or immunostimulatory effects. Numerous research has shown that TEXs can interfere with the maturation of DCs, weaken the activation of NK cells, induce suppressor cells of myeloid origin, and transform macrophages into tumor-promoting phenotypes (Raghav et al., 2012; Whiteside, 2016; Chen et al., 2017). The activated CD8+ effector T cells in the circulation system of cancer patients were induced apoptosis by TEXs, which was one of many immunoinhibitory mechanisms of TEXs and suppressed the patient’s general immune system. As a carrier for delivery products, exosomes can initiate antitumor immune responses with significant therapeutic effects on tumor progression (Olejarz et al., 2020). In a mouse model with melanoma, mice were treated with α-galactosylceramide/ovalbumin-loaded exosomes, which induced an early T cell response and eventually slowed tumor growth compared to the control group. Abundant alpha-fetoprotein in exosomes produced by in vitro cultured HCC could stimulate the antigen-presenting function of DCs, stimulate the proliferation of CD8+ T cells, regulate the secretion of inflammatory cytokines (reducing IL-10 and TGF-β secretion and increase the secretion of IFN-γ and IL-2), and enhance immune-induced apoptosis (Rao et al., 2016; Huang et al., 2018; Wang et al., 2019b). According to Xie et al. (2010), a vaccine developed by exosomes was effective in antitumor immunity. Their study used exosomes from MM (multiple myeloma) cells to stimulate antitumor immune responses and generate prophylactic immunity in MM cell lines (Shi et al., 2018; Li et al., 2019). TEXs recovered and enriched from patient sera may provide an optimized, individual-specific antigen source for DCs vaccination (Xie et al., 2010). How to make full use of the advantages of TEXs, and bypass their disadvantages to regulate tumor immunity needs further research, which has great potential in the application of cancer targeted therapy (Gu et al., 2015; Liu et al., 2015).
CONCLUSION AND FUTURE PROSPECTS
We believe that the intricate nuances associated with the biogenesis as well as the prospecting of exosomes as a theranostic target for aggressive cancers is yet to be exploited to its fruition as cumulative evidence from populations with heterogeneous genetic makeup are yet to be documented. Systematic studies concentrating on evaluating the theranostic potential of exosomes are being conducted in the western hemisphere equipped with a well-nuanced healthcare ecosystem and in resource-limited healthcare ecosystems prevalent in Low-And-Middle-Income Countries (LMICs) as India. Exosomes could have prospected as plausible biomarkers of aggressive cancers as they play an intrinsic role in the etiopathogenesis as well as clinical prognosis. Based upon the origin of the exosomes, we hypothesize that it could be prospected as an attractive theranostic target to create novel immune-surveillance strategies to enable large-scale screening of aggressive cancers at the community level, taking into account the wide variation in the host genetics along with socio-cultural norms. This will help predict the emergent cancer hotspots, which could be seamlessly visualized on digital platforms such as Google Earth. Such a strategy will enable administrators/policy decision-makers at local, regional, national, and global levels to seamlessly allocate the clinical resources to mitigate the lurking epidemic of various cancer at the community level. This kind of community-driven strategy for cancer screening would form the rationale for developing comprehensive cancer management/mitigation strategies which will use computational platforms to develop fruganomic, cutting-edge, niche-specific cancer control strategies intrinsic to the health status of the populace subsisting in a particular area.
AUTHOR CONTRIBUTIONS
RG, DN, and KS designed the review article. RJ along with PR and PV designed the concept of the article. KR provided technical assistance to refine the content of the article.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 André, F., Chaput, N., Schartz, N. E. C., Flament, C., Aubert, N., Bernard, J., et al. (2004). Exosomes as Potent Cell-free Peptide-Based Vaccine. I. Dendritic Cell-Derived Exosomes Transfer Functional MHC Class I/Peptide Complexes to Dendritic Cells. J. Immunol. 172 (4), 2126–2136. doi:10.4049/jimmunol.172.4.2126
 Aqil, F., Munagala, R., Jeyabalan, J., Agrawal, A. K., Kyakulaga, A.-H., Wilcher, S. A., et al. (2019). Milk Exosomes - Natural Nanoparticles for siRNA Delivery. Cancer Lett. 449, 186–195. doi:10.1016/j.canlet.2019.02.011
 Ayob, A. Z., and Ramasamy, T. S. (2018).Cancer Stem Cells as Key Drivers of Tumour Progression. J. Biomed. Sci . 25. doi:10.1186/s12929-018-0426-4
 Babajani, A., Soltani, P., Jamshidi, E., Farjoo, M. H., and Niknejad, H. (2020). “Recent Advances on Drug-Loaded Mesenchymal Stem Cells with Anti-neoplastic Agents for Targeted Treatment of Cancer,”Front. Bioeng. Biotechnol (Lausanne), 8. doi:10.3389/fbioe.2020.00748
 Barros, F. M., Carneiro, F., Machado, J. C., and Melo, S. A. (2018). Exosomes and Immune Response in Cancer: Friends or Foes?Front. Immunol. 9, 730. doi:10.3389/fimmu.2018.00730
 Bernard, V., Kim, D. U., San Lucas, F. A., Castillo, J., Allenson, K., Mulu, F. C., et al. (2019). Circulating Nucleic Acids Are Associated with Outcomes of Patients with Pancreatic Cancer. Gastroenterology 156 (1), 108–118. e4. doi:10.1053/j.gastro.2018.09.022
 Blanco, E., Shen, H., and Ferrari, M. (2015). Principles of Nanoparticle Design for Overcoming Biological Barriers to Drug Delivery. Nat. Biotechnol. 33, 941–951. doi:10.1038/nbt.3330
 Bobrie, A., Krumeich, S., Reyal, F., Recchi, C., Moita, L. F., Seabra, M. C., et al. (2012). Rab27a Supports Exosome-dependent and -Independent Mechanisms that Modify the Tumor Microenvironment and Can Promote Tumor Progression. Cancer Res. 72 (19), 4920–4930. doi:10.1158/0008-5472.CAN-12-0925
 Brannon-Peppas, L., and Blanchette, J. O. (2004). Nanoparticle and Targeted Systems for Cancer Therapy. Adv. Drug Deliv. Rev. 56 (11), 1649–1659. doi:10.1016/j.addr.2004.02.014
 Bryan, B. A., Dennstedt, E., Mitchell, D. C., Walshe, T. E., Noma, K., Loureiro, R., et al. (2010). RhoA/ROCK Signaling Is Essential for Multiple Aspects of VEGF‐mediated Angiogenesis. FASEB J. 24 (9), 3186–3195. doi:10.1096/fj.09-145102
 Chairoungdua, A., Smith, D. L., Pochard, P., Hull, M., and Caplan, M. J. (2010). Exosome Release of β-catenin: a Novel Mechanism that Antagonizes Wnt Signaling. J. Cell Biol. 190 (6), 1079–1091. doi:10.1083/jcb.201002049
 Chen, W., Jiang, J., Xia, W., and Huang, J. (2017). Tumor-related Exosomes Contribute to Tumor-Promoting Microenvironment: an Immunological Perspective. J. Immunol. Res. 2017, 1073947. doi:10.1155/2017/1073947
 Chen, W., Wang, J., Shao, C., Liu, S., Yu, Y., Wang, Q., et al. (2006). Efficient Induction of Antitumor T Cell Immunity by Exosomes Derived from Heat-Shocked Lymphoma Cells. Eur. J. Immunol. 36 (6), 1598–1607. doi:10.1002/eji.200535501
 Cheng, J., Meng, J., Zhu, L., and Peng, Y. (2020). Exosomal Noncoding RNAs in Glioma: Biological Functions and Potential Clinical Applications. Mol. Cancer. 19, 66–80. doi:10.1186/s12943-020-01189-3
 Cormio, A., Cormio, G., Musicco, C., Sardanelli, A. M., Gasparre, G., and Gadaleta, M. N. (2015). Mitochondrial Changes in Endometrial Carcinoma: Possible Role in Tumor Diagnosis and Prognosis (Review). Oncol. Rep. 33 (3), 1011–1018. doi:10.3892/or.2014.3690
 Dang, C. van., Reznik, E., Miller, M. L., Lu, Y. S. E., Riaz, N., Sarungbam, J., et al. (2016). Mitochondrial DNA Copy Number Variation across Human. Cancer Med. 4. doi:10.7554/eLife.10769.001
 Darband, S. G., Mirza-Aghazadeh-Attari, M., Kaviani, M., Mihanfar, A., Sadighparvar, S., Yousefi, B., et al. (2018). Exosomes: Natural Nanoparticles as Bio Shuttles for RNAi Delivery. J. Control. Release 289, 158–170. doi:10.1016/j.jconrel.2018.10.001
 Das, C. K., Jena, B. C., Banerjee, I., Das, S., Parekh, A., Bhutia, S. K., et al. (2019). Exosome as a Novel Shuttle for Delivery of Therapeutics across Biological Barriers. Mol. Pharm. 16, 24–40. doi:10.1021/acs.molpharmaceut.8b00901
 Datta, A., Kim, H., McGee, L., Johnson, A. E., Talwar, S., Marugan, J., et al. (2018). High-throughput Screening Identified Selective Inhibitors of Exosome Biogenesis and Secretion: A Drug Repurposing Strategy for Advanced Cancer. Sci. Rep. 8 (1), 8161. doi:10.1038/s41598-018-26411-7
 De Visser, K. E., Eichten, A., and Coussens, L. M. (2006). Paradoxical Roles of the Immune System during Cancer Development. Nat. Rev. Cancer 6, 24–37. doi:10.1038/nrc1782
 del Re, M., Marconcini, R., Pasquini, G., Rofi, E., Vivaldi, C., Bloise, F., et al. (2018). PD-L1 mRNA Expression in Plasma-Derived Exosomes Is Associated with Response to Anti-PD-1 Antibodies in Melanoma and NSCLC. Br. J. Cancer 118 (6), 820–824. doi:10.1038/bjc.2018.9
 Diehl, K., Dinges, L.-A., Helm, O., Ammar, N., Plundrich, D., Arlt, A., Röcken, C., Sebens, S., and Schäfer, H. (2018). Nuclear Factor E2-Related Factor-2 Has a Differential Impact on MCT1 and MCT4 Lactate Carrier Expression in Colonic Epithelial Cells: a Condition Favoring Metabolic Symbiosis between Colorectal Cancer and Stromal Cells. Oncogene 37 (1), 39–51. doi:10.1038/onc.2017.299
 Ding, J., Xu, Z., Zhang, Y., Tan, C., Hu, W., Wang, M., et al. (2018). Exosome-mediated miR-222 Transferring: An Insight into NF-Κb-Mediated Breast Cancer Metastasis. Exp. Cell Res. 369 (1), 129–138. doi:10.1016/j.yexcr.2018.05.014
 Doyle, L., and Wang, M. (2019). Overview of Extracellular Vesicles, Their Origin, Composition, Purpose, and Methods for Exosome Isolation and Analysis. Cells 8, 727. doi:10.3390/cells8070727
 Dutta, S., Reamtong, O., Panvongsa, W., Kitdumrongthum, S., Janpipatkul, K., Sangvanich, P., et al. (2015). Proteomics Profiling of Cholangiocarcinoma Exosomes: A Potential Role of Oncogenic Protein Transferring in Cancer Progression. Biochimica Biophysica Acta (BBA) - Mol. Basis Dis. 1852 (9), 1989–1999. doi:10.1016/j.bbadis.2015.06.024
 Fan, Y., Shen, B., Tan, M., Mu, X., Qin, Y., Zhang, F., et al. (2014). Long Non-coding RNA UCA1 Increases Chemoresistance of Bladder Cancer Cells by Regulating Wnt Signaling. Febs J. 281 (7), 1750–1758. doi:10.1111/febs.12737
 Farooqi, A. A., Desai, N. N., Qureshi, M. Z., Librelotto, D. R. N., Gasparri, M. L., Bishayee, A., et al. (2018). Exosome Biogenesis, Bioactivities and Functions as New Delivery Systems of Natural Compounds. Biotechnol. Adv. 36, 328–334. doi:10.1016/j.biotechadv.2017.12.010
 Gastpar, R., Gehrmann, M., Bausero, M. A., Asea, A., Gross, C., Schroeder, J. A., et al. (2005). Heat Shock Protein 70 Surface-Positive Tumor Exosomes Stimulate Migratory and Cytolytic Activity of Natural Killer Cells. Cancer Res. 65 (12), 5238–5247. doi:10.1158/0008-5472.CAN-04-3804
 Gong, C., Tian, J., Wang, Z., Gao, Y., Wu, X., Ding, X., et al. (2019). Functional Exosome-Mediated Co-delivery of Doxorubicin and Hydrophobically Modified microRNA 159 for Triple-Negative Breast Cancer Therapy. J. Nanobiotechnol 17 (1). doi:10.1186/s12951-019-0526-7
 Gradilla, A.-C., González, E., Seijo, I., Andrés, G., Bischoff, M., González-Mendez, L., et al. (2014). Exosomes as Hedgehog Carriers in Cytoneme-Mediated Transport and Secretion. Nat. Commun. 5. doi:10.1038/ncomms6649
 Gu, X., Erb, U., Büchler, M. W., and Zöller, M. (2015). Improved Vaccine Efficacy of Tumor Exosome Compared to Tumor Lysate Loaded Dendritic Cells in Mice. Int. J. Cancer 136, E74–E84. doi:10.1002/ijc.29100
 Guo, P., Hu, B., Gu, W., Xu, L., Wang, D., Huang, H.-J. S., et al. (2003). Platelet-Derived Growth Factor-B Enhances Glioma Angiogenesis by Stimulating Vascular Endothelial Growth Factor Expression in Tumor Endothelia and by Promoting Pericyte Recruitment. Am. J. Pathology 162 (4), 1083–1093. doi:10.1016/S0002-9440(10)63905-3
 Han, M., Liu, M., Wang, Y., Chen, X., Xu, J., Sun, Y., et al. (2012). Antagonism of miR-21 Reverses Epithelial-Mesenchymal Transition and Cancer Stem Cell Phenotype through AKT/ERK1/2 Inactivation by Targeting PTEN. PLoS ONE 7 (6), e39520. doi:10.1371/journal.pone.0039520
 He, C., Zheng, S., Luo, Y., and Wang, B. (2018). Exosome Theranostics: Biology and Translational Medicine. Theranostics 8, 237–255. doi:10.7150/thno.21945
 He, C., Zheng, S., Luo, Y., and Wang, B. (2018). “Exosome Theranostics: Biology and Translational Medicine,” in Theranostics (Sydney, NSW: Ivyspring International Publisher), 8, 237–255. doi:10.7150/thno.21945
 Hendrix, A., Braems, G., Bracke, M., Seabra, M., Gahl, W., de Wever, O., et al. (2010). The Secretory Small GTPase Rab27B as a Marker for Breast Cancer Progression. Oncotarget 1 (Issue 4), 304–308. doi:10.18632/oncotarget.100809
 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 (11), 3792–3801. doi:10.1158/0008-5472.CAN-10-4455
 Hornick, N. I., Huan, J., Doron, B., Goloviznina, N. A., Lapidus, J., Chang, B. H., et al. (2015). Serum Exosome MicroRNA as a Minimally-Invasive Early Biomarker of AML. Sci. Rep. 5 (1), 11295. doi:10.1038/srep11295
 Hoshino, D., Kirkbride, K. C., Costello, K., Clark, E. S., Sinha, S., Grega-Larson, N., et al. (2013). Exosome Secretion Is Enhanced by Invadopodia and Drives Invasive Behavior. Cell Rep. 5 (5), 1159–1168. doi:10.1016/j.celrep.2013.10.050
 H. Rashed, M., Bayraktar, E., K. Helal, G., Abd-Ellah, M., Amero, P., Chavez-Reyes, A., et al. (2017). Exosomes: From Garbage Bins to Promising Therapeutic Targets. Ijms 18, 538. doi:10.3390/ijms18030538
 Hu, J. L., Wang, W., Lan, X. L., Zeng, Z. C., Liang, Y. S., Yan, Y. R., et al. (2019). CAFs Secreted Exosomes Promote Metastasis and Chemotherapy Resistance by Enhancing Cell Stemness and Epithelial-Mesenchymal Transition in Colorectal Cancer. Mol. Cancer 18 (1). doi:10.1186/s12943-019-1019-x
 Huang, Y., Liu, K., Li, Q., Yao, Y., and Wang, Y. (2018). Exosomes Function in Tumor Immune Microenvironment. Adv. Exp. Med. Biol. 1056, 109–122. doi:10.1007/978-3-319-74470-4_7
 Jackson, M. v., Morrison, T. J., Doherty, D. F., McAuley, D. F., Matthay, M. A., Kissenpfennig, A., et al. (2016). Mitochondrial Transfer via Tunneling Nanotubes Is an Important Mechanism by Which Mesenchymal Stem Cells Enhance Macrophage Phagocytosis in the In Vitro and In Vivo Models of ARDS. Stem Cells 34 (8), 2210–2223. doi:10.1002/stem.2372
 Jafari, A., Babajani, A., Abdollahpour-Alitappeh, M., Ahmadi, N., and Rezaei-Tavirani, M. (2021). Exosomes and Cancer: from Molecular Mechanisms to Clinical applicationsMedical Oncology. Med. Oncol. 38 (Issue 4). doi:10.1007/s12032-021-01491-0
 Kamerkar, S., LeBleu, V. S., Sugimoto, H., Yang, S., Ruivo, C. F., Melo, S. A., et al. (2017). Exosomes Facilitate Therapeutic Targeting of Oncogenic KRAS in Pancreatic Cancer. Nature 546, 498–503. doi:10.1038/nature22341
 Kerbel, R. S. (2008). Tumor Angiogenesis. N. Engl. J. Med. 358 (19), 2039–2049. doi:10.1056/NEJMra0706596
 Kim, D. H., Kim, H., Choi, Y. J., Kim, S. Y., Lee, J.-E., Sung, K. J., et al. (2019). Exosomal PD-L1 Promotes Tumor Growth through Immune Escape in Non-small Cell Lung Cancer. Exp. Mol. Med. 51 (8), 1–13. doi:10.1038/s12276-019-0295-2
 Kim, M. S., Haney, M. J., Zhao, Y., Mahajan, V., Deygen, I., Klyachko, N. L., et al. (2016). Development of Exosome-Encapsulated Paclitaxel to Overcome MDR in Cancer Cells. Nanomedicine Nanotechnol. Biol. Med. 12, 655–664. doi:10.1016/j.nano.2015.10.012
 Kimura, H., Yamamoto, H., Harada, T., Fumoto, K., Osugi, Y., Sada, R., et al. (2019). CKAP4, a DKK1 Receptor, Is a Biomarker in Exosomes Derived from Pancreatic Cancer and a Molecular Target for Therapy. Clin. Cancer Res. 25 (6), 1936–1947. doi:10.1158/1078-0432.CCR-18-2124
 Kong, B., Tsuyoshi, H., Orisaka, M., Shieh, D.-B., Yoshida, Y., and Tsang, B. K. (2015). Mitochondrial Dynamics Regulating Chemoresistance in Gynecological Cancers. Ann. N.Y. Acad. Sci. 1350 (1), 1–16. doi:10.1111/nyas.12883
 Kucharzewska, P., Christianson, H. C., Welch, J. E., Svensson, K. J., Fredlund, E., Ringnér, M., et al. (2013). Exosomes Reflect the Hypoxic Status of Glioma Cells and Mediate Hypoxia-dependent Activation of Vascular Cells during Tumor Development. Proc. Natl. Acad. Sci. U.S.A. 110 (18), 7312–7317. doi:10.1073/pnas.1220998110
 Li, M., Li, S., Du, C., Zhang, Y., Li, Y., Chu, L., et al. (2020). Exosomes from Different Cells: Characteristics, Modifications, and Therapeutic Applications. Eur. J. Med. Chem. 207, 112784. doi:10.1016/j.ejmech.2020.112784
 Li, M., Xia, B., Wang, Y., You, M. J., and Zhang, Y. (2019). Potential Therapeutic Roles of Exosomes in Multiple Myeloma: a Systematic Review. J. Cancer 10, 6154–6160. doi:10.7150/jca.31752
 Li, X., Wang, S., Zhu, R., Li, H., Han, Q., and Zhao, R. C. (2016). Lung Tumor Exosomes Induce a Pro-inflammatory Phenotype in Mesenchymal Stem Cells via NFκB-TLR Signaling Pathway. J. Hematol. Oncol. 9 (1). doi:10.1186/s13045-016-0269-y
 Li, Z., Yanfang, W., Li, J., Jiang, P., Peng, T., Chen, K., et al. (2018). Tumor-released Exosomal Circular RNA PDE8A Promotes Invasive Growth via the miR-338/MACC1/MET Pathway in Pancreatic Cancer. Cancer Lett. 432, 237–250. doi:10.1016/j.canlet.2018.04.035
 Liao, J., Liu, R., Shi, Y.-J., Yin, L.-H., and Pu, Y.-P. (2016). Exosome-shuttling microRNA-21 Promotes Cell Migration and Invasion-Targeting PDCD4 in Esophageal Cancer. Int. J. Oncol. 48 (6), 2567–2579. doi:10.3892/ijo.2016.3453
 Liu, H., Chen, L., Peng, Y., Yu, S., Liu, J., Wu, L., et al. (2018). Dendritic Cells Loaded with Tumor Derived Exosomes for Cancer Immunotherapy. Oncotarget 9 (Issue 2), 2887–2894. doi:10.18632/oncotarget.20812
 Liu, Y., Gu, Y., and Cao, X. (2015). The Exosomes in Tumor Immunity. Oncoimmunology 4, e1027472. doi:10.1080/2162402x.2015.1027472
 Lou, G., Song, X., Yang, F., Wu, S., Wang, J., Chen, Z., et al. (2015). Exosomes Derived from MIR-122-Modified Adipose Tissue-Derived MSCs Increase Chemosensitivity of Hepatocellular Carcinoma. J. Hematol. Oncol. 8 (1). doi:10.1186/s13045-015-0220-7
 Luan, X., Sansanaphongpricha, K., Myers, I., Chen, H., Yuan, H., and Sun, D. (2017). Engineering Exosomes as Refined Biological Nanoplatforms for Drug Delivery. Acta Pharmacol. Sin. 38, 754–763. doi:10.1038/aps.2017.12
 Luga, V., Zhang, L., Viloria-Petit, A. M., Ogunjimi, A. A., Inanlou, M. R., Chiu, E., et al. (2012). Exosomes Mediate Stromal Mobilization of Autocrine Wnt-PCP Signaling in Breast Cancer Cell Migration. Cell 151 (7), 1542–1556. doi:10.1016/j.cell.2012.11.024
 Ma, J., Zhang, Y., Tang, K., Zhang, H., Yin, X., Li, Y., et al. (2016). Reversing Drug Resistance of Soft Tumor-Repopulating Cells by Tumor Cell-Derived Chemotherapeutic Microparticles. Cell Res. 26 (6), 713–727. doi:10.1038/cr.2016.53
 Maji, S., Matsuda, A., Yan, I. K., Parasramka, M., and Patel, T. (2017). Extracellular Vesicles in Liver Diseases. Am. J. Physiology-Gastrointestinal Liver Physiology 312, G194–G200. doi:10.1152/ajpgi.00216.2016
 Mannavola, F., D’Oronzo, S., Cives, M., Stucci, L. S., Ranieri, G., Silvestris, F., et al. (2019). Extracellular Vesicles and Epigenetic Modifications Are Hallmarks of Melanoma Progression. Ijms 21, 52. doi:10.3390/ijms21010052
 Martinez-Outschoorn, U. E., Pavlides, S., Howell, A., Pestell, R. G., Tanowitz, H. B., Sotgia, F., et al. (2011). Stromal-epithelial Metabolic Coupling in Cancer: Integrating Autophagy and Metabolism in the Tumor Microenvironment. Int. J. Biochem. Cell Biol. 43 (7), 1045–1051. doi:10.1016/j.biocel.2011.01.023
 Mccready, J., Sims, J. D., Chan, D., and Jay, D. G. (2010). Secretion of Extracellular Hsp90alpha via Exosomes Increases Cancer Cell Motility: a Role for Plasminogen Activation. BMC Cancer 10, 294. doi:10.1186/1471-2407-10-294
 Moloudizargari, M., Asghari, M. H., and Abdollahi, M. (2018). Modifying Exosome Release in Cancer Therapy: How Can it Help?Pharmacol. Res. 134, 246–256. doi:10.1016/j.phrs.2018.07.001
 Monfared, H., Jahangard, Y., Nikkhah, M., Mirnajafi-Zadeh, J., and Mowla, S. J. (2019). Potential Therapeutic Effects of Exosomes Packed with a miR-21-Sponge Construct in a Rat Model of Glioblastoma. Front. Oncol. 9, 782. doi:10.3389/fonc.2019.00782
 Moroishi, T., Hayashi, T., Pan, W.-W., Fujita, Y., Holt, M. v., Qin, J., et al. (2016). The Hippo Pathway Kinases LATS1/2 Suppress Cancer Immunity. Cell 167 (6), 1525–1539. e17. doi:10.1016/j.cell.2016.11.005
 Munoz, J. L., Bliss, S. A., Greco, S. J., Ramkissoon, S. H., Ligon, K. L., and Rameshwar, P. (2013). Delivery of Functional Anti-miR-9 by Mesenchymal Stem Cell-Derived Exosomes to Glioblastoma Multiforme Cells Conferred Chemosensitivity. Mol. Ther. - Nucleic Acids 2, e126. doi:10.1038/mtna.2013.60
 Nakamura, K., Sawada, K., Kobayashi, M., Miyamoto, M., Shimizu, A., Yamamoto, M., et al. (2019). Role of the Exosome in Ovarian Cancer Progression and its Potential as a Therapeutic Target. Cancers 11, 1147. doi:10.3390/cancers11081147
 Nwosu, Z. C., Ebert, M. P., Dooley, S., and Meyer, C. (2016). Caveolin-1 in the Regulation of Cell Metabolism: a Cancer Perspective. Mol. Cancer 15 (1), 71–12. doi:10.1186/s12943-016-0558-7
 Olejarz, W., Dominiak, A., Żołnierzak, A., Kubiak-Tomaszewska, G., and Lorenc, T. (2020). Tumor-derived Exosomes in Immunosuppression and Immunotherapy. J. Immunol. Res. 2020, 6272498. doi:10.1155/2020/6272498
 Östman, A., and Augsten, M. (2009). Cancer-associated Fibroblasts and Tumor Growth–Bystanders Turning into Key Players. Curr. Opin. Genet. Dev. 19 (1), 67–73.
 Pascucci, L., Coccè, V., Bonomi, A., Ami, D., Ceccarelli, P., Ciusani, E., et al. (2014). Paclitaxel Is Incorporated by Mesenchymal Stromal Cells and Released in Exosomes that Inhibit In Vitro Tumor Growth: A New Approach for Drug Delivery. J. Control. Release 192, 262–270. doi:10.1016/j.jconrel.2014.07.042
 Pasquier, J., Guerrouahen, B. S., al Thawadi, H., Ghiabi, P., Maleki, M., Abu-Kaoud, N., et al. (2013). Preferential Transfer of Mitochondria from Endothelial to Cancer Cells through Tunneling Nanotubes Modulates Chemoresistance. J. Transl. Med. 11 (1), 94. doi:10.1186/1479-5876-11-94
 Peinado, H., Alečković, M., Lavotshkin, S., Matei, I., Costa-Silva, B., Moreno-Bueno, G., et al. (2012). Melanoma Exosomes Educate Bone Marrow Progenitor Cells toward a Pro-metastatic Phenotype through MET. Nat. Med. 18 (6), 883–891. doi:10.1038/nm.2753
 Pinet, S., Bessette, B., Vedrenne, N., Lacroix, A., Richard, L., Jauberteau, M.-O., et al. (2016). TrkB-containing Exosomes Promote the Transfer of Glioblastoma Aggressiveness to YKL-40-Inactivated Glioblastoma Cells. Oncotarget 7 (31), 50349–50364. doi:10.18632/oncotarget.10387
 Pinheiro, A., Silva, A. M., Teixeira, J. H., Gonçalves, R. M., Almeida, M. I., Barbosa, M. A., et al. (2018). Extracellular Vesicles: Intelligent Delivery Strategies for Therapeutic Applications. J. Control. Release 289, 56–69. doi:10.1016/j.jconrel.2018.09.019
 Pitt, J. M., André, F., Amigorena, S., Soria, J.-C., Eggermont, A., Kroemer, G., et al. (2016). Dendritic Cell-Derived Exosomes for Cancer Therapy. J. Clin. Investigation , 1261224–1232. doi:10.1172/JCI81137
 Qin, X., Yu, S., Zhou, L., Shi, M., Hu, Y., Xu, X., et al. (2017). Cisplatin-resistant Lung Cancer Cell&ndash;derived Exosomes Increase Cisplatin Resistance of Recipient Cells in Exosomal miR-100&ndash;5p-dependent Manner. Ijn 12, 3721–3733. doi:10.2147/IJN.S131516
 Qiu, J., Yang, G., Feng, M., Zheng, S., Cao, Z., You, L., et al. (2020). Extracellular Vesicles as Mediators of the Progression and Chemoresistance of Pancreatic Cancer and Their Potential Clinical Applications. Mol. Cancer. 17, 2. doi:10.1186/s12943-017-0755-z
 Raghav, K. P., Wang, W., Liu, S., Chavez-MacGregor, M., Meng, X., Hortobagyi, G. N., et al. (2012). cMET and Phospho-cMET Protein Levels in Breast Cancers and Survival Outcomes. Clin. Cancer Res. 18, 2269–2277. doi:10.1158/1078-0432.ccr-11-2830
 Ragusa, M., Barbagallo, C., Cirnigliaro, M., Battaglia, R., Brex, D., Caponnetto, A., et al. (2017). Asymmetric RNA Distribution Among Cells and Their Secreted Exosomes: Biomedical Meaning and Considerations on Diagnostic Applications. Front. Mol. Biosci. 4, 66–80. doi:10.3389/fmolb.2017.00066
 Raimondo, S., Saieva, L., Corrado, C., Fontana, S., Flugy, A., Rizzo, A., et al. (2015). Chronic Myeloid Leukemia-Derived Exosomes Promote Tumor Growth through an Autocrine Mechanism. Cell Commun. Signal 13 (1). doi:10.1186/s12964-015-0086-x
 Rao, Q., Zuo, B., Lu, Z., Gao, X., You, A., Wu, C., et al. (2016). Tumor‐derived Exosomes Elicit Tumor Suppression in Murine Hepatocellular Carcinoma Models and Humans In Vitro. Hepatology 64, 456–472. doi:10.1002/hep.28549
 Rivoltini, L., Chiodoni, C., Squarcina, P., Tortoreto, M., Villa, A., Vergani, B., et al. (2016). TNF-related Apoptosis-Inducing Ligand (TRAIL)-Armed Exosomes Deliver Proapoptotic Signals to Tumor Site. Clin. Cancer Res. 22 (14), 3499–3512. doi:10.1158/1078-0432.CCR-15-2170
 Saari, H., Lázaro-Ibáñez, E., Viitala, T., Vuorimaa-Laukkanen, E., Siljander, P., and Yliperttula, M. (2015). Microvesicle- and Exosome-Mediated Drug Delivery Enhances the Cytotoxicity of Paclitaxel in Autologous Prostate Cancer Cells. J. Control. Release 220, 727–737. doi:10.1016/j.jconrel.2015.09.031
 Salimian Rizi, B., Caneba, C., Nowicka, A., Nabiyar, A. W., Liu, X., Chen, K., Klopp, A., and Nagrath, D. (2015). Nitric Oxide Mediates Metabolic Coupling of Omentum-Derived Adipose Stroma to Ovarian and Endometrial Cancer Cells. Cancer Res. 75 (2), 456–471. doi:10.1158/0008-5472.can-14-1337
 San Lucas, F. A., Allenson, K., Bernard, V., Castillo, J., Kim, D. U., Ellis, K., et al. (2016). Minimally Invasive Genomic and Transcriptomic Profiling of Visceral Cancers by Next-Generation Sequencing of Circulating Exosomes. Ann. Oncol. 27 (4), 635–641. doi:10.1093/annonc/mdv604
 Sansone, P., Savini, C., Kurelac, I., Chang, Q., Amato, L. B., Strillacci, A., et al. (2017). Packaging and Transfer of Mitochondrial DNA via Exosomes Regulate Escape from Dormancy in Hormonal Therapy-Resistant Breast Cancer. Proc. Natl. Acad. Sci. U.S.A. 114 (43), E9066–E9075. doi:10.1073/pnas.1704862114
 Shi, S., Rao, Q., Zhang, C., Zhang, X., Qin, Y., and Niu, Z. (2018). Dendritic Cells Pulsed with Exosomes in Combination with PD-1 Antibody Increase the Efficacy of Sorafenib in Hepatocellular Carcinoma Model. Transl. Oncol. 11, 250–258. doi:10.1016/j.tranon.2018.01.001
 Shtam, T. A., Kovalev, R. A., Varfolomeeva, E. Y., Makarov, E. M., Kil, Y. v., and Filatov, M. v. (2013). Exosomes Are Natural Carriers of Exogenous siRNA to Human Cells In Vitro. Cell Commun. Signal. 11 (1), 88. Availableat: http://www.biosignaling.com/content/11/1/88.
 Sinha, D., Roy, S., Saha, P., Chatterjee, N., and Bishayee, A. (2021). Trends in Research on Exosomes in Cancer Progression and Anticancer Therapy. Cancers 13 (2), 326–331. doi:10.3390/cancers13020326
 Sohn, W., Kim, J., Kang, S. H., Yang, S. R., Cho, J.-Y., Cho, H. C., et al. (2015). Serum Exosomal microRNAs as Novel Biomarkers for Hepatocellular Carcinoma. Exp. Mol. Med. 47 (9), e184. doi:10.1038/emm.2015.68
 Sousa, D., Lima, R. T., and Vasconcelos, M. H. (2015). Intercellular Transfer of Cancer Drug Resistance Traits by Extracellular Vesicles. Trends Mol. Med. 21 (10), 595–608. doi:10.1016/j.molmed.2015.08.002
 Srivastava, A., Amreddy, N., Razaq, M., Towner, R., Zhao, Y. D., Ahmed, R. A., et al. (2018). Exosomes as Theranostics for Lung Cancer. Adv. Cancer Res. 139, 1–33. doi:10.1016/bs.acr.2018.04.001
 Srivastava, A., Amreddy, N., Razaq, M., Towner, R., Zhao, Y. D., Ahmed, R. A., et al. (2018). Exosomes as Theranostics for Lung Cancer. Adv. Cancer Res. 139, 1–33. doi:10.1016/bs.acr.2018.04.001
 Sun, D., Zhuang, X., Xiang, X., Liu, Y., Zhang, S., Liu, C., et al. (2010). A Novel Nanoparticle Drug Delivery System: The Anti-inflammatory Activity of Curcumin Is Enhanced when Encapsulated in Exosomes. Mol. Ther. 18 (9), 1606–1614. doi:10.1038/mt.2010.105
 Sung, J. S., Kang, C. W., Kang, S., Jang, Y., Chae, Y. C., Kim, B. G., et al. (2020). ITGB4-mediated Metabolic Reprogramming of Cancer-Associated Fibroblasts. Oncogene 39 (3), 664–676. doi:10.1038/s41388-019-1014-0
 Syn, N. L., Wang, L., Chow, E. K.-H., Lim, C. T., and Goh, B.-C. (2017). Exosomes in Cancer Nanomedicine and Immunotherapy: Prospects and Challenges. Trends Biotechnol. 35 (7), 665–676. doi:10.1016/j.tibtech.2017.03.004
 Tai, Y. L., Chen, K. C., Hsieh, J. T., and Shen, T. L. (2018). Exosomes in Cancer Development and Clinical Applications. Cancer Sci. 109, 2364–2374. doi:10.1111/cas.13697
 Tan, S., Xia, L., Yi, P., Han, Y., Tang, L., Pan, Q., et al. (2020). Exosomal miRNAs in Tumor Microenvironment. J. Exp. Clin. Cancer Res. 39 (1), 67–15. doi:10.1186/s13046-020-01570-6
 Tominaga, N., Kosaka, N., Ono, M., Katsuda, T., Yoshioka, Y., Tamura, K., et al. (2015). Brain Metastatic Cancer Cells Release microRNA-181c-Containing Extracellular Vesicles Capable of Destructing Blood-Brain Barrier. Nat. Commun. 6. doi:10.1038/ncomms7716
 Vega, V. L., Rodríguez-Silva, M., Frey, T., Gehrmann, M., Diaz, J. C., Steinem, C., et al. (2008). Hsp70 Translocates into the Plasma Membrane after Stress and Is Released into the Extracellular Environment in a Membrane-Associated Form that Activates Macrophages. J. Immunol. 180 (6), 4299–4307. doi:10.4049/jimmunol.180.6.4299
 Viaud, S., Ploix, S., Lapierre, V., Théry, C., Commere, P.-H., Tramalloni, D., et al. (2011). Updated Technology to Produce Highly Immunogenic Dendritic Cell-Derived Exosomes of Clinical Grade. J. Immunother. 34 (1), 65–75. doi:10.1097/CJI.0b013e3181fe535b
 Wang, H., Lu, Z., and Zhao, X. (2019). Tumorigenesis, Diagnosis, and Therapeutic Potential of Exosomes in Liver Cancer. J. Hematol. Oncol. 12, 133. doi:10.1186/s13045-019-0806-6
 Wang, J., de Veirman, K., Faict, S., Frassanito, M. A., Ribatti, D., Vacca, A., et al. (2016). Multiple Myeloma Exosomes Establish a Favourable Bone Marrow Microenvironment with Enhanced Angiogenesis and Immunosuppression. J. Pathol. 239 (2), 162–173. doi:10.1002/path.4712
 Wang, S., Wang, J., Wei, W., and Ma, G. (2019). Exosomes: The Indispensable Messenger in Tumor Pathogenesis and the Rising Star in Antitumor Applications. Adv. Biosyst. 3, e1900008. doi:10.1002/adbi.201900008
 Wang, X., Luo, G., Zhang, K., Cao, J., Huang, C., Jiang, T., et al. (2018). Hypoxic Tumor-Derived Exosomal miR-301a Mediates M2 Macrophage Polarization via PTEN/PI3Kγ to Promote Pancreatic Cancer Metastasis. Cancer Res. 78 (16), 4586–4598. doi:10.1158/0008-5472.CAN-17-3841
 Wang, Y., Zhang, M., and Zhou, F. (2020). Biological Functions and Clinical Applications of Exosomal Long Non‐coding RNAs in Cancer. J. Cell. Mol. Med. 24, 11656–11666. doi:10.1111/jcmm.15873
 Warburg, O., Wind, F., and Negelein, E. (1927). The Metabolism of Tumors in the Body. J. general physiology 8 (6), 519–530. doi:10.1085/jgp.8.6.519
 Webb, A. H., Gao, B. T., Goldsmith, Z. K., Irvine, A. S., Saleh, N., Lee, R. P., et al. (2017). Inhibition of MMP-2 and MMP-9 Decreases Cellular Migration, and Angiogenesis in In Vitro Models of Retinoblastoma. BMC Cancer 17 (1). doi:10.1186/s12885-017-3418-y
 Webber, J., Steadman, R., Mason, M. D., Tabi, Z., and Clayton, A. (2010). Cancer Exosomes Trigger Fibroblast to Myofibroblast Differentiation. Cancer Res. 70 (23), 9621–9630. doi:10.1158/0008-5472.CAN-10-1722
 Weddell, J. C., Chen, S., and Imoukhuede, P. I. (2018). VEGFR1 Promotes Cell Migration and Proliferation through PLCγ and PI3K Pathways. npj Syst. Biol. Appl. 4 (1). doi:10.1038/s41540-017-0037-9
 Weiner-Gorzel, K., Dempsey, E., Milewska, M., Mcgoldrick, A., Toh, V., Walsh, A., et al. (2015). Overexpression of the microRNA miR-433 Promotes Resistance to Paclitaxel through the Induction of Cellular Senescence in Ovarian Cancer Cells. Cancer Med. 4 (5), 745–758. doi:10.1002/cam4.409
 Weis, S. M., and Cheresh, D. A. (2011). Tumor Angiogenesis: Molecular Pathways and Therapeutic Targets. Nat. Med. 17 (11), 1359–1370. doi:10.1038/nm.2537
 Whiteside, T. L. (2016). Exosomes and Tumor-Mediated Immune Suppression. J. Clin. Investig. 126, 1216–1223. doi:10.1172/jci81136
 Wu, X., Zhou, Z., Xu, S., Liao, C., Chen, X., Li, B., et al. (2020). Extracellular Vesicle Packaged LMP1-Activated Fibroblasts Promote Tumor Progression via Autophagy and Stroma-Tumor Metabolism Coupling. Cancer Lett. 478, 93–106. doi:10.1016/j.canlet.2020.03.004
 Xiao, W., Dong, W., Zhang, C., Saren, G., Geng, P., Zhao, H., et al. (2013). Effects of the Epigenetic Drug MS-275 on the Release and Function of Exosome-Related Immune Molecules in Hepatocellular Carcinoma Cells. Eur. J. Med. Res. 18 (1), 61. doi:10.1186/2047-783X-18-61
 Xie, Y., Bai, O., Zhang, H., Yuan, J., Zong, S., Chibbar, R., et al. (2010). Membrane-bound HSP70-Engineered Myeloma Cell-Derived Exosomes Stimulate More Efficient CD8+ CTL- and NK-Mediated Antitumour Immunity Than Exosomes Released from Heat-Shocked Tumour Cells Expressing Cytoplasmic HSP70. J. Cell. Mol. Med. 14, 2655–2666. doi:10.1111/j.1582-4934.2009.00851.x
 Xing, F., Saidou, J., and Watabe, K. (2010). Cancer Associated Fibroblasts (CAFs) in Tumor Microenvironment. Front. Biosci. 15, 166. doi:10.2741/3613
 Xu, C. G., Yang, M. F., Ren, Y. Q., Wu, C. H., and Wang, L. Q. (2016). Exosomes Mediated Transfer of lncRNA UCA1 Results in Increased Tamoxifen Resistance in Breast Cancer Cells. Eur. Rev. Med. Pharmacol. Sci. 20, 4362–4368.
 Xu, H., Han, H., Song, S., Yi, N., Qian, C. A., Qiu, Y., et al. (2019). Exosome-transmitted PSMA3 and PSMA3-AS1 Promote Proteasome Inhibitor Resistance in Multiple Myeloma. Clin. Cancer Res. 25 (6), 1923–1935. doi:10.1158/1078-0432.CCR-18-2363
 Yan, W., Wu, X., Zhou, W., Fong, M. Y., Cao, M., Liu, J., et al. (2018). Cancer-cell-secreted Exosomal miR-105 Promotes Tumour Growth through the MYC-dependent Metabolic Reprogramming of Stromal Cells. Nat. Cell Biol. 20 (5), 597–609. doi:10.1038/s41556-018-0083-6
 Yang, E., Wang, X., Gong, Z., Yu, M., Wu, H., and Zhang, D. (2020). Exosome-Mediated Metabolic Reprogramming: The Emerging Role in Tumor Microenvironment Remodeling and its Influence on Cancer Progression. Sig. Transduct. Target Ther. 5, 242. doi:10.1038/s41392-020-00359-5
 Yang, W. J., Yan, J. B., Zhang, L., Zhao, F., Mei, Z. M., Yang, Y. N., et al. (2020). Paxillin Promotes the Migration and Angiogenesis of HUVECs and Affects Angiogenesis in the Mouse Cornea. Exp. Ther. Med. 20 (2), 901–909. doi:10.3892/etm.2020.8751
 Yang, Y., Xiu, F., Cai, Z., Wang, J., Wang, Q., Fu, Y., et al. (2007). Increased Induction of Antitumor Response by Exosomes Derived from Interleukin-2 Gene-Modified Tumor Cells. J. Cancer Res. Clin. Oncol. 133 (6), 389–399. doi:10.1007/s00432-006-0184-7
 Ye, S. B., Li, Z. L., Luo, D. H., Huang, B. J., Chen, Y. S., Zhang, X. S., et al. (2014). Tumor-derived Exosomes Promote Tumor Progression and T-Cell Dysfunction through the Regulation of Enriched Exosomal microRNAs in Human Nasopharyngeal Carcinoma. Oncotarget 5 (Issue 14), 5439–5452. doi:10.18632/oncotarget.2118
 Yerneni, S. S., Lathwal, S., Shrestha, P., Shirwan, H., Matyjaszewski, K., Weiss, L., et al. (2019). Rapid On-Demand Extracellular Vesicle Augmentation with Versatile Oligonucleotide Tethers. ACS Nano 13, 10555–10565. doi:10.1021/acsnano.9b04651
 Yu, H., Sun, T., An, J., Wen, L., Liu, F., Bu, Z., et al. (2020). Potential Roles of Exosomes in Parkinson's Disease: From Pathogenesis, Diagnosis, and Treatment to Prognosis. Front. Cell Dev. Biol. 8, 86. doi:10.3389/fcell.2020.00086
 Yu, X., Zhang, Q., Zhang, X., Han, Q., Li, H., Mao, Y., et al. (2019). Exosomes from Macrophages Exposed to Apoptotic Breast Cancer Cells Promote Breast Cancer Proliferation and Metastasis. J. Cancer 10 (13), 2892–2906. doi:10.7150/jca.31241
 Zhang, Q., Zhang, H., Ning, T., Liu, D., Deng, T., Liu, R., et al. (2020). Exosome-Delivered C-Met siRNA Could Reverse Chemoresistance to Cisplatin in Gastric Cancer. Ijn 15, 2323–2335. doi:10.2147/IJN.S231214
 Zhang, Y.-F., Shi, J.-B., and Li, C. (2019). Small Extracellular Vesicle Loading Systems in Cancer Therapy: Current Status and the Way Forward. Cytotherapy 21, 1122–1136. doi:10.1016/j.jcyt.2019.10.002
 Zhao, C., Wang, H., Xiong, C., and Liu, Y. (2018). Hypoxic Glioblastoma Release Exosomal VEGF-A Induce the Permeability of Blood-Brain Barrier. Biochem. Biophysical Res. Commun. 502 (3), 324–331. doi:10.1016/j.bbrc.2018.05.140
 Zhao, H., Yang, L., Baddour, J., Achreja, A., Bernard, V., Moss, T., et al. (2016). Tumor Microenvironment Derived Exosomes Pleiotropically Modulate Cancer Cell Metabolism. elife 5, e10250. doi:10.7554/eLife.10250
 Zhao, K., Wang, Z., Li, X., Liu, J.-l., Tian, L., and Chenqiang, J.-q. (2019). Exosome-mediated Transfer of CLIC1 Contributes to the Vincristine-Resistance in Gastric Cancer. Mol. Cell Biochem. 462 (1–2), 97–105. doi:10.1007/s11010-019-03613-9
 Zhao, W., Shan, B., He, D., Cheng, Y., Li, B., Zhang, C., et al. (2019). Recent Progress in Characterizing Long Noncoding RNAs in Cancer Drug Resistance. J. Cancer 10, 6693–6702. doi:10.7150/jca.30877
 Zhao, X., Wu, D., Ma, X., Wang, J., Hou, W., and Zhang, W. (2020). Exosomes as Drug Carriers for Cancer Therapy and Challenges Regarding Exosome Uptake. Biomed. Pharmacother. 128, 110237. doi:10.1016/j.biopha.2020.110237
 Zheng, P., Chen, L., Yuan, X., Luo, Q., Liu, Y., Xie, G., et al. (2017). Exosomal Transfer of Tumor-Associated Macrophage-Derived miR-21 Confers Cisplatin Resistance in Gastric Cancer Cells. J. Exp. Clin. Cancer Res. 36 (1). doi:10.1186/s13046-017-0528-y
 Zhu, W., Huang, L., Li, Y., Zhang, X., Gu, J., Yan, Y., et al. (2012). Exosomes Derived from Human Bone Marrow Mesenchymal Stem Cells Promote Tumor Growth In Vivo. Cancer Lett. 315 (1), 28–37. doi:10.1016/j.canlet.2011.10.002
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Gulati, Nandi, Sarkar, Venkataraman, Ramkumar, Ranjan and Janardhanan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fmolb-09-890768-g003.gif
e

b ok






OPS/xhtml/nav.xhtml
Contents

		Cover

		Exosomes as Theranostic Targets: Implications for the Clinical Prognosis of Aggressive Cancers		Introduction		Biogenesis of Exosomes





		Exosome and Cancer Progression		Exosome- Angiogenesis and Tumour Metastasis

		Exosomes and Cancer Immuno-Editing

		Exosomes and Their Role in Cancer Metabolism

		Exosomes and Drug Resistance





		Clinical Application of Exosomes		Exosome as Biomarkers

		Exosomes in Immunotherapy

		Exosomes and Delivery of Drugs

		Antitumour Vaccine Using Exocrine System





		Conclusion and Future Prospects

		Author Contributions

		Publisher’s Note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Molecular Biosciences






OPS/images/fmolb-09-890768-g001.gif





OPS/images/fmolb-09-890768-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers in Molecular Biosciences





