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Abstract 

Exosomes are a new means of intercellular information exchange that have aroused 

great research interest. Long neglected in research, exosomes were deemed 

nonfunctional cellular components to be discarded. However, it has been gradually 

revealed that exosomes are an important tool for the exchange of intercellular 

information and material. Exosomes contain specific repertoires of non-coding RNAs 
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(ncRNAs, including microRNA and lncRNA), indicating that a specific RNA sorting 

mechanism may exist. Correspondingly, intracellular multivesicular bodies (MVBs) 

are produced after fusion with the cell membrane to release exosomes rather than 

inducing autophagy, which reveals that there may be a specific regulatory mechanism 

for MVB secretion. Cells can trigger cancer-related disorders after the recognition and 

uptake of circulating exosomal ncRNAs, providing indications for early tumor biopsy 

and treatment. The use of exosomes as a biological carrier in targeted therapy 

has been demonstrated. However, there may be a specific, unknown switch for 

loading drugs. This review focuses on the mechanisms of exosome biogenesis, release, 

and uptake. We also review the promotion of tumor development by exosomal 

ncRNAs including chemotherapy resistance，metastasis and the prospective use of 

exosomes in cancer diagnosis and treatment. 
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Abbreviations: 

ncRNAs, non-coding RNAs 

TD-exosomes, tumor-derived exosomes  

TME, tumor and microenvironment 

DCs, dendritic cells 

MHC, major histocompatibility complex  

hnRNPA2B1, heterogeneous ribonucleoprotein A2B1 
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SYNCRIP, synaptotagmin-binding cytoplasmic RNA-interacting protein 

MVBs, multivesicular bodies 

SNARE, soluble N-ethylmaleimide–sensitive factor attachment protein receptor 

SM, Sec1/Munc18 

Rab11FIPs, Rab11 family of interacting proteins 

ctDNA, circulating cell-free tumor DNA 

CTCs, circulating tumor cells 

OSCC, oral squamous cell carcinoma 

 

1. Introduction 

In recent years, the tumor and microenvironment (TME) exchange of information 

in particular significantly affects tumor occurrence and development, as well as 

invasion, metastasis, and other malignant biological behavior [1]. Mainly, malignant 

phenotypic changes in solid tumors occur not only through direct contact and the 

secretion of soluble factors, but also through the secretion of exosomes, effecting the 

phenotype of malignant changes via microenvironment nourishment [2, 3]. 

Remarkably, exosomes, a new discovery in the intercellular communication medium, 

reveal important cell–cell communication, and tumor cells secrete many exosomes to 

exchange information between local and distant cells. 

Exosomes are lipid vesicles that are 100 times smaller than cells and contain 

nucleic acids (genes, non-coding RNAs [ncRNAs], DNA), proteins, and lipids. 

Almost all cells secrete exosomes, which range 30–100 nm in diameter [4-6]. In 1981, 
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Trams et al. found that shedding vesicles with an average diameter of 40 nm and 

ranging 500–1000 nm in diameter could be isolated from various normal and tumor 

cells; this was the first description of exosomes [7]. In 1983, Pan and Johnstone and 

Harding et al. discovered and defined exosomes [6, 8]. Exosomes were long 

considered an important metabolic pathway for cellular efflux, until it was shown that 

dendritic cells (DCS) play an important regulatory role by secreting exosomes 

containing major histocompatibility complex (MHC) and T cell costimulatory 

molecules [9]. In 2007, Valadi found that exosomes can carry mRNAs and 

microRNAs (miRNAs) to transfer genetic material among cells to exchange 

information between close and distant cells [10]. This discovery sparked research 

interest in the field of exosomes. 

The intensified study of exosomes has revealed that they act as bridges for 

important information exchange between cells, carrying nucleic acids, proteins, and 

lipids to the target recipient cells [11, 12]. Tumor cells can treat exosomes as 

“garbage”, releasing them to promote tumor progression [13, 14]. Overall, tumor cells 

can collectively release exosomes to achieve this aim. Here, we briefly outline some 

of the current knowledge on the mechanisms of exosome biogenesis, release, and 

uptake. We also highlight the critical effects exerted by exosomal ncRNAs on tumor 

progression and drug resistance, and the prospect of using exosomes in tumor 

diagnosis and treatment. 

 

2. ncRNA loading into exosomes 
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The transfer of ncRNA-loaded exosomes plays a key role in cell–cell 

communication in many cancers [15, 16]. Given the crucial function of Argonaute 

(AGO) proteins in ncRNAs, they are considered fundamental ncRNA carriers and 

may be involved in ncRNA loading into exosomes. However, Gibbings et al. found 

that purified exosomes only contained single-stranded, mature miRNAs, high levels 

of GW182 (trinucleotide repeat–containing 6A), and low levels of AGO2 protein, and 

detected neither P-body components nor miRNA-repressible mRNA in the exosomes 

[17]. This suggests that miRNA loading into exosomes takes place in a miRISC 

(miRNA-induced silencing complex)-independent manner[18]. Consistent with this, 

Ostenfeld et al. did not observe any miRNA-processing proteins or 

miRISC-associated proteins in exosomes [14]. In their study, AGO2 was only 

detected in one of three replicates. Moreover, immunoblotting revealed no detectable 

AGO2. In addition, most AGO2 miRNAs were independent of exosomes [19, 20]. 

These findings indicate that there may be other regulatory mechanisms for ncRNA 
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loading into exosomes.

 
Fig.1. The mechanism of communication between cells by exosomes. ncRNAs contained different RNA motifs can be loaded 

into multivesicular bodies (MVBs) by different RNA-binding proteins. MVBs can either follow a degradation pathway fusing 

with lysosomes or release the ILVs as exosomes to the extracellular space. Recipient cells can uptake exosomes by three 

pathways: exosomal fusion,endocytosis and juxtacrine signaling. 

  Recent studies have shown that some ncRNAs are enriched in exosomes while 

others are barely present, suggesting a potential regulatory mechanism for the sorting 

of specific sets of miRNAs into exosomes（Fig.1）. In T cells, miRNAs enriched in 

exosomes share the same specific sequence (GGAG), which has been identified as an 

EXOmotif. EXOmotifs are specifically recognized by hnRNPA2B1 (heterogeneous 

ribonucleoprotein A2B1) and hnRNPA1, thereby controlling the selective loading of 

such miRNAs into exosomes. Interestingly, hnRNPA2B1 is mostly sumoylated in 

exosomes, and sumoylated hnRNPA2B1 is essential for the sorting of miRNAs into 

exosomes [21]. In hepatocytes, another common extra-seed sequence (GGCU, a 
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hEXO motif) of miRNAs enriched in exosomes mediates direct binding to the 

RNA-binding protein SYNCRIP (synaptotagmin-binding cytoplasmic 

RNA-interacting protein; also known as hnRNP Q or NSAP1) and controls the sorting 

of such miRNAs into exosomes [22]. SYNCRIP knockdown impairs the exosomal 

loading of specific exosome-enriched miRNAs. Different from EXOmotifs, hEXO 

motifs play a positive role in regulating miRNA localization. Embedding a hEXO 

motif into a miRNA, which is poorly present in exosomes, can enhance its loading 

into exosomes. Furthermore, although both hnRNPA2B1 and SYNCRIP can interact 

with a common exosome-sorting motif, they display sequence-specific exosomal 

sorting capacity in the loading of selected miRNAs [22]. YBX1 (Y-box–binding 

protein 1) is another protein that might bind specific RNA structural motifs, i.e., 

ACCAGCCU, CAGUGAGC, and UAAUCCCA of mRNAs, and long ncRNAs 

(lncRNAs) enriched in exosomes, and control specific ncRNA sorting into exosomes 

[16] , shown in Fig.1. 

Therefore, ncRNAs are selectively loaded into exosomes. Specific proteins act in 

coordination with specific ncRNA sequences to control ncRNA sorting into exosomes. 

However, the regulatory mechanisms of ncRNA sorting into exosomes are unknown, 

so further research is warranted to determine the involvement of other RNA-binding 

proteins and RNA motifs. 

 

3. Exosome release 
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The intracellular generation of multivesicular bodies (MVBs) containing 

intraluminal vesicles (ILVs) is both ESCRT (endosomal sorting complex required for 

transport)-dependent and ESCRT-independent [15, 23, 24]. After intracellular 

generation, how MVBs bind to a specific cell membrane region and through plasma 

membrane fusion ultimately achieve exosome release may involve a series of specific 

mechanisms of secretion. The mechanisms involved in secretory MVBs have been 

extensively studied. 

Exosome release involves several crucial factors and the synergistic effect of these 

factors is that MVBs bind to the cell membrane and is a key factor in achieving 

exosome release after plasma membrane fusion as shown in Fig.2. The most important 

factor is the small GTPases, including the Rab and RAL GTPases [25-27]. The 

relatively in-depth study of the Rab GTPase family has found more than 70 subtypes 

located on different membranes of the surface. Rab GTPases respectively play related 

roles in vesicle budding, uncoating, motility, tethering, and fusion to coordinate the 

regulation of vesicle traffic [27]. 

In general, the role of Rab is indispensable to the regulator and effector proteins 

[28, 29]. Effector proteins, such as Sl272 and Slb2-b, are also required in 

Rab27-mediated vesicle transport and fusion [29, 30]. The mechanism of Rab 

localization in various vesicles after intracellular synthesis is uncertain [28, 31], but 

the localization of Rab in the vesicles and its recruitment of differently interacting 

effector proteins confers different biological functions on the vesicles [27]. For 

example, the transition between early and late endosomes can be achieved by 
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switching SAND-1, or Mon1, in the Rab conversion process, and the loss of Rab5 is 

accompanied by the formation of inclusion bodies, marking the obtainment of late 

endosomal Rab7 [32]. 

So far, nine small GTPases are associated with secretion (Rab2B, Rab5, Rab7, 

Rab9A, Rab11, Rab27A, Rab27B, Rab35, RAL). The Rab effect is inseparable from 

regulators and effectors, as shown by Rab35 and Rab27 [29, 33]. TBC1D10A-C 

(TBC1 domain family member A–C) regulate the secretion of PLP-EGFP (proteolipid 

protein 1–enhanced green fluorescent protein)-related exosomes by screening the Rab 

GAP library in exosome-secreting oligodendrocytes [33], and Rab27 binds to the 

corresponding effector proteins (Slp4-a, Slac2-b, Munc13-4) to regulate secretory 

vesicle transport and fusion [29]. 

Rab mediates MVB transport and plasma membrane fusion by two categories of 

Rab effector proteins, respectively [29, 34]. Obviously, in mediating exosome 

secretion first, Rab is in the subcellular position of MVB directional transport, 

followed by the MVB and plasma membrane docking fusion [35]. Within the cell, the 

actin and microtubule cytoskeleton is not randomly distributed, and exhibits 

significant polarity distribution [36, 37]. Actin and Rab in granule secretion have been 

studied extensively [36, 38]. Correspondingly, the targeted transport of MVBs is 

associated with the actin and microtubule cytoskeleton, being directly or 

indirectly bound to the actin and microtubule cytoskeleton, achieving polarized 

delivery of MVBs via mediation by Rab and the corresponding effector on the MVB 

membrane and with the aid of a kinetic protein [29, 35] (Fig.2). Interestingly, Rab11 
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and the Rab11 family of interacting proteins (Rab11FIPs) assist in vesicle transport 

with actin and kinetic proteins [39], which is defined as juxtanuclear recycling 

endosomes. Moreover, it has long been confirmed that Rab27A interacts with the 

corresponding effector (Slac2-a) and the actin-based motor myosin to transport 

melanosomes along actin filaments [29]. In addition, invadopodia, actin-rich 

subcellular structures formed by invasive cancer cells that protrude and degrade 

extracellular matrix (ECM), are specific for Rab27a, CD63-positive MVBs, and key 

docking and secretion sites; cortactin has a stabilizing effect on invadopodia, and can 

further enhance the MVB docking site to promote exosome secretion. On the contrary, 

inhibiting cell-formation invadopodia significantly reduced exosome secretion, all of 

which indicates the pivotal role of actin in exosome secretion [40, 41]. 

MVBs not only require the kinetic action of motor proteins in plasma membrane 

directional transport, but also cannot be separated from the microtubule cytoskeleton 

“railroad”, MVBs move along the microtubule network to the microtubule plus ends 

to ultimately achieve MVB and plasma membrane docking fusion [36, 42]. 

Nevertheless, the specific mechanism spanning MVB and plasma membrane docking 

fusion to the final release of exosomes is not clear. However, it is currently believed 

to involve the following steps shown in Fig.2. 
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Fig.2.Transport and membrane fusion of the secretory MVBs. Rab GTPases can mediate MVBs transport along actin 

cytoskeleton (cytoskeletal tracts). When the secretory MVBs close to the plasma membrane, Rab GTPases can promote MVBs 

adhering by recruiting tethering factors in the target membrane. Meanwhile, the SM protein-bound t-SNAREs is assembled with 

v-SNAREs to activate membrane fusion. 

Small GTPases and the exocyst complex mediate MVB membrane docking to 

directly or indirectly initiate SNARE complex assembly [43] as shown in Fig.2. 

Rab27 and the corresponding effector complex play a key role in MVB plasma 

membrane docking [29]. In addition, Rab27A knockout cells have excessive cortactin 

expression and unaltered exosome secretion; therefore, Rab27A may be associated 

with cortactin in mediating MVB docking [29, 41]. At the same time, the exocyst 

complex is critical for the assembly and control of SNARE complexes [43]. Sec3 

(exocyst complex component 1, belonging to the exocyst complex) interacts directly 

with the target membrane SNARE (t-SNARE, SYX-5) protein Sso2 to initiate 

t-SNARE assembly plasma membrane fusion [44]. However, RAL1-mediated MVB 

membrane mating and fusion are often independent of the exocyst complex, and the 
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active form of RAL1 can activate or recruit SYX-5 at the top plasma membrane to 

promote MVB fusion, thereby promoting exosome release. Furthermore, when 

SYX-5 is absent, MVBs accumulate under the plasma membrane [25]. 

Vesicular SNARE (v-SNARE) and t-SNARE proteins catalyze the fusion of the 

two membranes (Fig.2), and the ATPase NSF (N-ethylmaleimide sensitive factor) and 

its adapter proteins disassemble the SNARE complex to recycle SNARE for another 

round of fusion [45-47]. In K562 cells, VAMP7 (vesicle-associated membrane 

protein 7, a v-SNARE protein) is involved in MVB plasma membrane fusion and 

exosome release [47]. In mammals and nematodes, SYX-5 is also involved in MVB 

fusion to promote exosome release [25]. Tumor cells are usually aerobic glycolytic, 

and the key enzyme PKM2 (muscle pyruvate kinase) can further stabilize the SNARE 

complex through SNAP-23 (synaptosome-associated protein 23, t-SNARE) Ser95 

phosphorylation to promote exosome release [48]. More interestingly, invadopodia 

are a key exosome docking site [40]. Additionally, invadopodia formation and 

maintenance requires the pairing of VAMP7 and SNAP23, and syntaxin 4 (t-SNARE) 

mediates MMP (matrix metalloproteinase) trafficking to the invadopodia [49]. In 

summary, these findings show that SNARE is at least partially involved in 

invadopodia formation, which indirectly affects exosome secretion and suggests that 

SNARE is involved in plasma membrane docking fusion [40, 49]. The ATPase NSF 

and its adapter protein, which dismantle the SNARE complex to recycle SNARE, are 

also necessary for plasma membrane fusion [45, 47, 50]. 
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As shown in Fig.2, SM protein is a soluble factor that may interact with 

SNARE before and after vesicle attachment. The hook-shaped SM binds to the cell 

membrane during SNARE-mediated membrane fusion, where it binds to the 

trans-SNARE complexes to guide fusion [45]. Vps33 (an SM family protein) is also 

involved in coordinating SNARE complex assembly [51]. In arthrogryposis–renal 

dysfunction–cholestasis (ARC) syndrome, there is a correlation between vesicular 

secretion abnormalities associated with VPS33B (VPS33B, late endosome- and 

lysosome-associated) mutations, affecting the SNARE-related pathways [52]. In 

hepatic stellate cells (HSCs), VPS33B interacts with Rab27A to mediate MVB 

transport, thereby promoting exosome secretion, which is important for the 

development of hematopoietic cells and leukemias [53]. This suggests that the SM 

protein family may be involved in MVB transport, coordinating SNARE to promote 

multiple roles in MVB and plasma membrane fusion. The vacuolar H+-ATPase 

(v-ATPase) V0 complex does not depend on ATPase activity (which may act 

downstream of SNARE) [54, 55]. In flies, VHA100-1 (v-ATPase V0 subunit a1) may 

act as a modulator of synaptic vesicle fusion efficiency downstream of the 

SNARE-dependent vesicles [54]. In Caenorhabditis elegans, the V0 fraction of 

V-ATPase mediates the secretion of exosomes containing Hedgehog-related proteins, 

and the mutation of VHA-5 (the largest subunit of the V0 complex) causes 

abnormally expanded MVB accumulation, indicating that the complex controls the 

final step of MVB docking and plasma membrane fusion [55]. 
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4. Exosome ncRNA uptake 

Exosome uptake by the recipient cells is an important means of communication in 

cell–cell interaction. To deliver RNAs or other proteins into recipient cells, exosomes 

may bind directly to the cell surface and fuse with the cell membrane or be 

internalized by endocytic pathways (Fig.1). Given the specific recipient cell types, 

exosomes can be internalized by clathrin- or caveolae-mediated endocytosis, 

phagocytosis, or macropinocytosis [56]. A recent study has shown that exosome 

fusion with the recipient cell membrane is more likely to occur in a low pH 

environment [57]. Interestingly, an acidic extracellular environment can also induce 

exosome rupture before binding to the recipient cells, and the released RNAs or other 

material affects the recipient cells in a paracrine manner [58]. 

In addition, recipient cells can also uptake exosomes via direct exosome binding 

to cognate receptors on the recipient cell membrane, such as heparan sulfate 

proteoglycans (HSPGs) and integrin, subsequently activating specific signaling 

pathways. Christianson et al. found that HSPGs act as true internalizing exosome 

receptors rather than as cell surface attachment sites; exosome uptake depends on 

intact HSPG synthesis and HS 2-O-sulfation and N-sulfation in recipient cells [59]. 

Furthermore, syntenin can affect HSPGs to enhance complete exosome uptake in the 

recipient cells [60]. Chen et al. identified integrin αvβ3, integrin α5β1, and HSPG as 

important receptors and portals for HSC-derived exosome uptake. Exosomes bound to 

integrin αvβ3 or α5β1 to deliver regulatory miRNAs into HSCs, and then inhibited the 

expression of activation- and fibrosis-associated genes in the recipient cells [61]. 
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Furthermore, Hoshino et al. have shown that integrins on tumor exosome membranes 

can be used to predict organ-specific metastasis. For example, the exosomal integrins 

α6β4 and α6β1 are associated with lung metastasis, while exosomal integrin αvβ5 

has been linked to liver metastasis. Targeting integrins α6β4 and αvβ5 decreased 

exosome uptake [62]. Based on the molecular binding partners of exosomes and the 

recipient cell membrane, exosomes may be exploited for delivering targeted 

therapeutic drugs. 

 

5. Exosomes in tumor progression 

In the past several years, numerous studies have indicated that ncRNAs play a 

significant role in tumor progression[63-65]. The influence of ncRNAs on tumor cells 

involves many aspects. Recently, an increasing number of studies have confirmed that 

ncRNAs, including miRNAs and lncRNAs[66], can be derived by exosomes or affect 

tumor cell development, i.e., proliferation, apoptosis, metastasis, chemoresistance, 

and energy metabolism, through multiple modes[12, 67-70]. A study has found that 

these exosomal lncRNAs sometimes are enriched for miRNA seed regions for one 

miRNA family[71]. The non-coding genes transmitted by exosomes can promote 

tumor cell adaptation to the tumor environment and the obtainment of survival 

skills[70]. In the following sections, we summarize the influence of autophagy, 

chemotherapy resistance, and metastasis by ncRNAs, the cargo of exosomes 

excreted by cancer cells or other stromal cells, on tumor progression. 
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5.1. Exosomes and autophagy in cancer 

Current research shows that autophagy is significantly enhanced in tumor cells, 

especially in hypoxic conditions, where tumor cells adapt to hypoxia by enhancing 

autophagy [72, 73]. Interestingly, tumor extracellular release is also significantly 

increased, especially in hypoxia, exposure to chemotherapy drugs, and other stress 

situations, while tumor invasion, metastasis, and chemical resistance are promoted 

[69, 74]. Specifically, hypoxia can promote oral squamous cell carcinoma (OSCC) 

cell invasion and metastasis by releasing miR-21–rich exosomes [69]. Under the same 

conditions, lung cancer cells tend to produce exosomes richer in miR-23a, promoting 

angiogenesis and increasing vascular permeability, which is conducive to tumor cell 

growth and metastasis [75]. 

However, in physiological conditions, there is often a dynamic balance between 

autophagy and exosome secretion in normal cells, that is, intracellular MVB 

generation, lysosome and autophagosome fusion degradation of digestion, or cell 

membrane fusion and exosome release are balanced [76] , which process are shown in 

Fig.1. A more recent study also shows that in the coordination relationship between 

autophagy and exosome secretion in mouse astrocytes, prion protein (PRNP) 

regulation of caveolin-1 (CAV1) inhibition of autophagy prevents autophagylase 

fusion of MVBs, thereby promoting exosome release [77]. Correspondingly, 

ISGylation of the MVB protein TSG101 (tumor susceptibility gene 101, an ESCRT 

subunit) in HEK293T cells facilitates lysosomal fusion and degradation of MVBs, 
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thereby inhibiting exosome secretion [78]. Subsequently, intercellular communication 

maintains intracellular homeostasis, achieving intracellular balance of material [76]. 

From the above, what is the relationship between exosome secretion and autophagy in 

tumor cells? How can exosome secretion and autophagy be mediated? Clearly, much 

related further experimental research is needed. 

 

5.2. Exosomes and chemotherapy resistance in cancer 

Sunitinib resistance is a therapeutic problem for patients with advanced renal cell 

carcinoma (RCC). Qu et al. found that lncARSR (lncRNA activated in RCC with 

sunitinib resistance), which is modulated by the AKT/FOXO (forkhead box O) axis, 

was abundantly expressed in sunitinib-resistant RCC cells compared to parental cells, 

and demonstrated that lnARSR is required for sunitinib resistance of RCC [12]. 

Interestingly, lncARSR could be packed into exosomes and transferred sunitinib 

resistance to recipient cells. This indicates that cancer cells can disseminate survival 

skills to other recipient cells via exosomes containing lncRNAs. The same 

phenomenon has been demonstrated in research on pancreatic ductal adenocarcinoma 

(PDAC). Cancer-associated fibroblasts (CAFs), which form the majority of PDAC 

tumor bulk, are intrinsically resistant to gemcitabine, the chemotherapeutic standard 

of care for PDAC [70]. However，gemcitabine-treated pancreatic cancer (PC) cells 

transfer exosome- delivered miR-155 to recipient cells, which leads to pc cells 

resistance by downregulating DCK gemcitabine-metabolising gene(DCK)[79]. 
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Exosome-mediated transfer of the lncRNA UCA1 increased tamoxifen resistance 

in breast cancer cells [80]. CAFs exposed to gemcitabine had significantly increased 

exosome release. These exosomes increased the chemoresistance-inducing factor, 

Snail, in recipient epithelial cells and promoted proliferation and drug resistance. 

Therefore, CAFs can also disseminate survival skills to neighboring cancer cells. In 

recent years, it has been found that several exosome-transferred miRNAs are related 

with chemoresistance. Lung cancer studies have reported that exosomal miR-100-5p 

and miR-96 are involved in cisplatin (DDP) resistance [81, 82]. And studies have 

shown in non-small cell lung cancer (NSCLC) treatment, A549-gemcitabine-resistant 

(GR)–derived exosomes were internalized by parental sensitive cells, which can allow 

the transfer of miR-222-3p enhanced the proliferation, gemcitabine resistance, 

migration and invasion of receipt cells [83]. Interestingly, in the process of 

cisplatin-induced drug resistance, the miR-146a-5p significantly decreased 

in A549/DDP cells and exosomes than A549,And the new biomarker by serum 

exosomal miR-146a-5p can predict the efficacy of cisplatin for NSCLC patients and 

real-time monitor drug resistance[84]. What's more, the upregulation of miR-146a-5p 

could reverse the resistance of A549/DDP. [84]. Zheng et al. found that exosomal 

transfer of miR-21 derived from tumor-associated macrophages confers DDP 

resistance in gastric cancer [85]. Mikamori et al. revealed that, in PDAC cells, 

miR-155 was increased with long-term exposure to gemcitabine, and miR-155 could 

increase exosome secretion. Subsequently, the exosome-delivered miR-155 could 

induce chemoresistance in other PDAC cells [86]. In breast cancer cells, exosomes 
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from adriamycin-resistant breast cancer cells could transmit drug resistance partly by 

delivering miR-222 [87]. As stated above, these studies suggest an important role for 

exosomes in drug resistance in several tumor types via ncRNA transfer，which were 

shown in Table 1. 

 

5.3. Exosomes and metastasis in cancer 

Cancer-derived exosomal miRNAs play a key role in the cancer metastatic 

process. Exosomal miR-105, which is secreted by metastatic breast cancer cells, 

promotes endothelial cells migration by downregulating tight junctions and destroying 

the barriers integrity of endothelial monolayers through targeting ZO-1 protein [88]. 

Li et al. have shown that miR-21 is one of the most upregulated miRNAs in exosomes 

derived from hypoxic OSCC cells [69], where exosomal miR-21 markedly increased 

OSCC cell migration and invasion in a hypoxia-inducible factor (HIF)-1α and 

HIF-2α–dependent manner. Breast cancer cells can reprogram glucose consumption 

in niche tissues and promote metastasis by secreting vesicles that carry high levels of 

miR-122 [68]. Zhang et al. found that astrocyte-derived exosomal miRNA 

primes brain metastasis outgrowth via functional cross-talk between disseminated 

tumor cells and the brain metastatic microenvironment by losing PTEN expression 

[89]. In breast cancer, exosomes bearing miR-126a released from myeloid-derived 

suppressor cells (MDSCs) induced by doxorubicin treatment promote lung metastasis 

[90]. In addition, cancer-derived exosomal miRNAs can also function as ligands, 
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then bind and activate Toll-like receptors in recipient immune cells to trigger a 

prometastatic inflammatory response mediated by TLRs and finally lead to tumor 

growth and metastasis.[91]. The expression of lncRNA MALAT-1 has been found 

highly expressed in NSCLC patients, and in vitro studies demonstrated that serum 

exosome-derived long noncoding RNA MALAT-1 promoted the tumor migration. 

[67]. The above studies are showed in Table1. 

Table 1．．．．Exosome ncRNAs promoted drugs resistance and metastasis in different cancers. 

ncRNAs Donor cells Recipient cells Function in cancer cells References 

lncARSR Renal carcinoma cells Renal carcinoma cells sunitinib resistance 12 

lncRNA 

UCA 

Breast cancer cells ER+ breast cancer 

cells 

tamoxifen resistance 80 

miR-21 TAMs gastric cancer cells cisplatin resistance 85 

miR-155 PDAC cells PDAC cells gemcitabine resistance 86 

miR-100-5

p 

A549/DDP cells A549 cells cisplatin resistance 81 

 

miR-96 Lung cancer cells Lung cancer cells cisplatin resistance 82 

miR-222 MCF-7/Adr MCF-7/Sss adriamycin resistance 87 

miR-155 Gemcitabine-treated 

pancreatic cancer 

pancreatic cancer gemcitabine resistance 79 

miR-222-3

p 

A549-gemcitabine-resist

ant 

A549- parental cells gemcitabine resistance, migration and invasion 83 

miR-146a-5

p 

A549/DDP cells A549 cells increasing chemosensitivity to cisplatin 84 

miR-21 hypoxic OSCC normoxic OSCC migration and invasion 69 

 

miR-122 Breast cancer cells premetastatic niche 

cells 

reprogrammed glucose metabolism and metastasis 78 

miR-17-92 

cluster 

Astrocyte cells Disseminated tumor 

cells 

Recruits Iba1+ myeloid cells metastasis outgrowth 89 

 

miR-126a MDSCs Breast tumor cells lung metastasis 90 

miR-105 Breast cancer cells Endothelial cells migration and destroy the barriers integrity of 

endothelial monolayers 

88 
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MALAT1 Non-small cell lung 

cancer  

Non-small cell lung 

cancer 

migration 67 

 
  

6. The prospects of exosomes 

Noninvasive early detection of cancer is a perennial hot topic in tumor research. 

With the clinical progress of global liquid biopsy, clinical trials related to circulating 

tumor cells (CTCs), circulating cell-free tumor DNA (ctDNA), and exosomes are 

progressing quickly; the information is available at https://clinicaltrials.gov/. The 

in-depth study of liquid biopsy detection technology, including that for ctDNA, CTCs, 

and exosomes [92, 93], has gradually opened the door to early individual treatment. 

Exosomes have clear advantages: First, they are more easily enriched than CTCs. 

Second, secretory vesicles can effectively prevent nucleic acid substances from being 

degraded easily in body fluids [94, 95]. Accordingly, exosomes have indefinite 

prospects in clinical applications. The cancer treatment prospects of exosomes mainly 

include the following aspects. 

 

6.1. Blocking biogenesis and circulating elimination of exosomes 

The biogenesis of malicious exosomes is blocked by intervening factors or by 

increasing their metabolic excretion [96]; in this context, it mainly involves inhibiting 

the exosome biogenesis mechanism. Naturally, the reduction of exosomes will reduce 

the interference of ESCRT complexes when MVBs are produced with ILVs [23]. 

VPS4A is involved in the circulatory regulation of the ESCRT complex [24]; silencing 
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the helper protein VPS4A/B on MCF-7 cells reduced exosome release [97]. In human 

hepatocellular carcinoma cells, VPS4A is involved in regulating the secretion and 

uptake of exosome-derived miRNAs [98]. Many of the abovementioned key factors 

mediating MVB release, i.e., the knockdown of small GTPases, the actin and 

microtubule cytoskeleton, cortactin, SNARE, SM protein, and V0-ATPase, cause the 

accumulation or distribution of MVB abnormalities, eventually decreasing exosome 

release; RNA interference (RNAi) silencing of Rab27A and Rab27B is respectively 

caused by the accumulation or distribution of MVB abnormalities [34, 40]. 

Furthermore, n-WASp (neural Wiskott-Aldrich syndrome protein) and Tks5 

intervention of invadopodia significantly reduces tumor cell exosome secretion [40]. 

Several studies have evaluated the selective targeted elimination of circulating 

exosomes for treating cancer. Malicious exosome biomarkers, including lipids, 

proteins, and glycoproteins located at the exosome surface, can be used to achieve this. 

Gold nanoparticle targeting of the construction of specific exosomes provides the 

option of selective targeted elimination for curing cancer [96]. 

 

6.2. Exosome-based carriers 

Compared with conventional targeting vectors, exosomes have higher safety 

and bioavailability, and exhibit lower systemic toxicity and immunogenicity. 

Furthermore, exosomes improve the therapeutic effect significantly compared to 

direct drug chemotherapy [99, 100]. Exosomes can not only be loaded with small 
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interfering RNA (siRNA) and chemotherapy drugs for targeted therapy [101, 102], but 

can also carry immunoadjuvant–mediated immunotherapy [103]. However, how 

efficient are exosomes as carriers in actual targeted therapy? Caponnetto et al. have 

shown that exosome absorption efficiency is significantly size-dependent, where 

exosomes of different sizes showed different uptake rates [104]. Agrawal et al. 

demonstrated significant drug efficacy using milk-derived exosomes loaded with 

paclitaxel [102]. Notably, researchers have sought to identify the best delivery 

conditions by systematically assessing the impact of key parameters, including 

incubation time, volume, temperature, and extracellular vesicle:cholesterol-conjugated 

(EV:cc)-siRNA ratios [101]. Moreover, the use of the evolutionarily conserved 

late-domain (L-domain) pathway as a mechanism for loading exogenous proteins into 

exosomes has been reported, where Ndfip1 (Nedd4 family interacting protein 1) 

expression acts as a molecular switch for exosomal packaging of WW-Cre [105]. 

Furthermore, exosome-mimetic nanovesicles can be used as an efficient platform for 

RNAi delivery to the cytoplasm and have been validated in exosomes loaded with 

siRNA against c-Myc [106, 107]. 

 

7. Conclusions 

Exosomes are a new means of exchanging information between cells, and also 

play a significant role in tumor cell development. Tumor-derived exosomes 

(TD-exosomes) contain specific protein and RNA repertoires. As nanoscale biological 
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vesicles, exosome content is well-protected and is not degraded. Interestingly, 

targeted ncRNA delivery can contribute to the communication and exchange of 

genetic material and exert a significant impact on cell biological behavior. We have 

focused on discussing the molecular mechanisms of exosomal ncRNA loading, and 

exosome secretion and uptake, which aids understanding and manipulation of 

exosomes in intercellular information exchange. Furthermore, the exploration of how 

cellular uptake of exosomal ncRNAs can lead to proliferation, invasion, metastasis, 

resistance, and other behavioral changes, and even whether exosomes can serve as 

potential early fluid biopsy specimens in tumors, continues. The prospect of treatment 

using exosomes primarily involves controlling the exchange of cell–cell extracellular 

information and the targeted delivery of pharmaceuticals. Efforts to reveal the specific 

mechanism of exosome secretion should continue; on the other hand, exosome 

delivery efficiency requires improvement. Many attempts to this effect have been 

made, but the existence of doubts and challenges should be acknowledged. However, 

as studies become more in-depth, we believe they will yield gratifying progress in 

tumor diagnosis and targeted treatment. 
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Highlights 

 

1.We summarize mechanisms for the biogenesis,release and uptake of exosomes 

 

2. MVBs fate may contain a specific regulatory mechanism on autophagy and exosomes secretory 

 

3.Exosomal ncRNAs play a vital role in cell to cell communication to promote tumor progression 

4.Exosomes may be a promisng application in cancer diagnosis and treatment 

 


