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Abstract: The exosomes are a class of multi-vesicular bodies structures that originated from the 

cytoplasmic nucleus endosome, which can be synthesized by different cells and released into the 

extracellular environment. Breast cancer-derived exosomes can promote breast cancer proliferation, 

metastasis, escape and angiogenesis, which plays a significant role in the occurrence and 

development of breast cancer. In this article, we mainly review the roles of breast cancer-derived 

exosomes in tumor progression and immune suppression from the following aspects. Firstly, the 

exosomes are mainly introduced, including structure, formation mechanism and analytics. Then it 

describes the effect of the breast cancer-derived exosomes in the tumor microenvironment, and the 

applications of exosomes in biomedicine. For example, the applications of the breast cancer-derived 

exosomes as a biomarker and the value of exosomes in breast cancer treatment and prognostic. 

Finally, the application potential of the breast cancer-derived exosomes in breast cancer diagnosis 

and treatment is summarized and prospected, which provides a new idea for the accurate treatment 

of breast cancer. 
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1. Introduction 

Global Cancer Statistics 2024 recently reported that in 2022, Female breast cancer is the fourth 

leading cause of cancer mortality worldwide, with 666,000 deaths (6.9% of all cancer deaths). Among 

women, breast cancer is the most commonly diagnosed cancer, and it is the leading cause of cancer 

deaths globally [1]. However, the treatments of breast cancer have shown high success rates, but 

many cases of recurrence and drug resistance are still reported [2]. Currently, the main treatments 

for breast cancer include surgery, radiation therapy, chemotherapy, targeted therapy, gene therapy, 

and immunotherapy. Regardless of the treatment method, the tumor microenvironment plays a key 

role in the treatment of breast cancer. It is a source of nutrition for tumor cells and is closely related 

to cancer growth, metastasis, immune escape and drug resistance [3].  

To realize the early detection and treatment of tumors and improve the cure rate of patients, 

researchers have done a lot of research in the early diagnosis and prognosis evaluation of tumors and 

found a variety of diagnostic biomarkers, such as exosomes [4,5]. Exosomes are produced and 

released by almost all types of cells. They are widely distributed in body fluids such as extracellular 

fluid, blood and cerebrospinal fluid [6]. Researchers found that exosomes can participate in the 

transmission of information between cells through autocrine, paracrine and endocrine mechanisms 
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to transmit the genetic information to the recipient cells, and then affect the protein expression level 

of the receptor cells [7,8]. Their function depends on the kind of cells from which it originates, and 

they participate in the physiological and pathological processes of the body by mediating cell signal 

transduction, regulating cell homeostasis, participating in immune response and inflammatory 

reaction, etc. [9,10]. They are of great significance to study the occurrence, development, diagnosis 

and treatment of tumors, neurodegenerative diseases and cardiovascular diseases [11,12].  

Tumor-derived exosomes of nanometer size have the characteristics of easy passage through the 

blood-brain barrier, natural homing property, stability of bilayer lipid structure and high 

biocompatibility [13]. Therefore, these exosomes are becoming an ideal carrier for tumor-targeted 

therapy, especially the engineered exosomes show excellent effects of tumor-targeted intervention 

and enhanced drug therapy [14,15]. Last several years, breast cancer-derived exosomes have made 

great progress in breast cancer diagnosis, treatment, targeted drug design and vaccine application.  

In this review, we review the current understanding of breast cancer-derived exosomes, and also 

summarize the progress of breast cancer-derived exosomes in tumor progression and immune 

suppression in recent years.  

2. Structure and biological function of exosomes 

In 1983, researchers at the University of Washington discovered a vesicle-like structure secreted 

and released by sheep reticulocytes. A few years later, the researchers successfully isolated and 

extracted it by ultracentrifugation, and officially named it "exosome" [16,17]. Extracellular vesicles 

(EVs) can be divided into three main types: exosomes, microvesicles and apoptotic bodies, according 

to the formation pathway, size and membrane surface markers [18,19]. Exosomes are formed by the 

fusion of multi-vesicular bodies(MVBs) containing intraluminal vesicles (ILVs) and the plasma 

membrane [20]. The diameter is between 30 and 100nm. Big EVs are called microvesicles (MVs), also 

known as microparticles (MPs) or extracellular bodies. The diameter is 100-1000nm and exfoliates 

directly from the cell surface. Apoptotic bodies are formed during apoptosis, with diameters ranging 

from 1000 to 5000nm. The exosome showed a round bilayer membrane structure under a frozen 

electron microscope, and the concentration was between 1.13~1.19g/ml [21]. 

Almost all cells could secrete exosomes, including saliva, urine, blood, semen, amniotic fluid, 

ascites, bronchioalveolar lavage fluid, milk, joint synovial fluid and cerebrospinal fluid [22]. It can be 

synthesized and released into the extracellular environment by different types of cells, which can 

promote tumor proliferation, angiogenesis, invasion of adjacent normal tissue structure, distant 

metastasis, formation of chemotherapy resistance and so on [23,24]. 

2.1. The structure of exosomes 

According to the latest updated list of exosomes database (http://www.exocarta.org), exosomes 

are made up of a variety of substances. They contain 9769 kinds of proteins, 3408 kinds of mRNAs, 

2838 kinds of miRNAs and 1116 kinds of lipids. They also contain DNA, for example, single-stranded 

DNA, double-stranded DNA, genomic DNA and mitochondrial DNA and so on [25,26]. A variety of 

bioactive substances in exosomes, such as proteins, mRNA and non-coding RNA (such as circ-RNA, 

miRNA, lncRNA) (Figure 1), play a variety of biological roles by transmitting internal active 

substances to mediate cellular communication [27,28]. 
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Figure 1. The structure of exosomes. The lipid bilayer membrane with many transmembrane proteins of 

different classes. The components include flotillins, enzymes, nucleic acids, mRNA, miRNA, LncRNA, 

cytoskeletal proteins, proteins for vesicular biogenesis and signaling molecules and so on. 

Proteins are a vital constitution. It has been found that more than 4000 proteins can be isolated 

from exosomes. Some of these proteins are evolutionarily conserved and have nothing to do with the 

source cells, and the other part varies with different source cells. Exosomes contain proteins including 

membrane transport and fusion proteins such as GTP enzyme, annexins, rab, flotillin [29]. Proteins 

involved in MVEs syntheses, such as Tsg101 and Alix. Alix is a marker protein of exosomes, which 

plays a momentous effect in the biogenesis of exosomes [30]. In addition, there are four 

transmembrane proteins (such as CD9, CD81, CD82, CD83, CD63) and heat shock proteins(such as 

Hsp60, Hsp90) [31]. Besides, cytoskeleton proteins, lipid-related proteins, antigen presentation-

related proteins (MHCⅠ, Ⅱ, etc.) and cellular signaling pathway proteins are also widely present in 

exosomes [32]. Four transmembrane proteins (Alix, Flotillin, Tsg101 and Rab56) were used as 

molecular markers of exosome specificity [33,34]. It has been shown that the proteolipid protein is 

transferred to ILV in an ESCRT-independent manner from the lipid-rich parts of the intima, such as 

cholesterol, ceramide and sphingomyelin [35]. 

Exosomes can transfer extracellular RNAs (exRNAs) to other cells and tissues. RNAs in 

exosomes are promising components in tumor therapy and diagnosis. One study described exosomes 

as capable of carrying and transferring mRNA and microRNA between cells, and established their 

role as carriers of intercellular communication [36]. The exosomes of tumor cells are rich in a variety 

of carcinogenic miRNAs, including miR-21, miR-23a, miR-23a, miR-221, miR-451 and so on [37]. The 

exosomes carry carcinogenic miRNAs between malignant tumor cells, which may be the mechanism 

of regulating tumor growth and invasion [36]. Exosomal non-coding RNAs (exo-ncRNAs) and 

exosomal microRNAs (exo-miRNAs) as natural carriers of long noncoding RNAs (lncRNAs) and 

microRNAs have attracted more and more attention through the programming process [38]. A recent 

study has shown that exosomal miR-21-5p inhibits the expression of cyclin-dependent kinase 6 

(CDK6) by targeting the 3'- untranslated region (3'- UTR) of CDK6 at the mRNA and protein levels 

[39]. MiR-138-5p was delivered from breast cancer cells to tumor-associated macrophages through 

exosomes to downregulate KDM6B expression, restrain M1 polarization, and accelerate M2 

polarization [40]. Exosomal miR-138-5p may be a potential target for the treatment of breast cancer. 

Lipids can be used as carriers and can also participate in the synthesis of exosomes. The 

difference in protein content in exosomes mainly depends on the source of cells, which is rich in a 

variety of lipids and can be used as lipid carriers to transport a variety of bioactive lipids to recipient 
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cells [41]. Exosomes are rich in sphingomyelin, cholesterol, phosphatidylserine, phosphatidylinositol, 

phosphatidic acid, ceramide and other components, mainly similar components of the plasma 

membrane and special lipids that change with different source cells [42]. Among them, bone 

morphogenetic protein, cholesterol, oxysterols, ceramide, phosphatidic acid and adenosine 

triphosphate-binding cassette (ABC) transporter are involved in the formation mechanism of 

exosomes [43]. The recognition of exosomes by target cells is related to the participation of lipid 

receptors. In addition, exosomes carry bioactive lipid molecules between cells, which play a certain 

role in regulating cellular lipid metabolism [44]. 

2.2. The formation mechanism and analytics of exosomes 

Compared with other extracellular vesicles in vivo, exosomes have a special process of 

formation. First of all, cytoskeletal proteins (such as actin and tubulin) interact with grid protein to 

make the cell membrane invagination, forming vesicles covered with grid protein. These vesicles are 

called endosomes after removing the grid protein coating. Subsequently, the early endosomes 

sprouted in reverse and formed small molecular substances to form intraluminal vesicle exosomes. 

The late endosomes gradually matured and evolved into the multi-vesicular body (MVB) containing 

exosomes, and then MVB released the exosomes into the microenvironment by plasma membrane 

fusion to form exosomes [20,38]. The protein sorting of intraluminal vesicles (ILV) is a highly 

regulated mechanism, which in most cases depends on the endosomal sorting complexes required 

for transport (ESCRT). ESCRT-0、ESCRT-I、ESCRT-II and ESCRT-III are the four complexes that 

make up the ESCRT device [45]. At the beginning of the ESCRT-dependent pathway, it is determined 

by the protein ubiquitin (UB) checkpoint. In the UB dependent pathway, all ESCRT subunits are 

involved [31,46]. It is essential to understand the biogenesis and release of exosomes (Figure 2), which 

will help researchers to develop new treatment strategies. 

 

Figure 2. The formation mechanism of exosomes. Exosomes are produced as intraluminal vesicles by inward 

budding of early endosomes (EE), forming a multivesicular body (MVB). MVBs can either fuse with lysosomes 

or with the cell membrane, thereby releasing exosomes into the extracellular milieu. 

According to the structural characteristics of the exosomes, their isolation and detection methods 

are as follows. The separation techniques of exosomes include ultracentrifugation, ultrafiltration, 

immunoaffinity capture, microfluidic control, size exclusion chromatography and polymer-based 

precipitation separation [47,48]. Although each method gives priority to different characteristics in 

the separation of exosomes, a common requirement is that their structural and biological activities 

should remain unchanged after separation [49]. The detection methods of exosomes include scanning 

electron microscope (SEM), transmission electron microscope (TEM), atomic force microscope 

(AFM), enzyme-linked immunosorbent assay (ELISA), dynamic light scattering (DLS), nanoparticle 
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tracking analysis (NTA), atomic force microscopy measurements (AFMM), flow cytometry–like 

analytics and single-particle interferometric reflectance (SPIR) and so on [31,50]. These methods can 

detect the shape, size, quantity and surface protein content of exosomes. With the rapid development 

of microfluidic technology, it has been widely used in exosome detection. It is helpful to realize the 

detection of exosomes with high throughput and high precision [50]. A recent study developed a 

microfluidic device for one-step detection of breast cancer-derived exosomal mRNA in blood using 

signal-amplifiable 3D nanostructure [51]. Based on accelerated, rapid and localized in situ deposition 

of dopamine by HRP, a highly sensitive and selective colorimetric aptasensor was developed for the 

detection of cancer-derived exosomes [52]. At present, many exosome detection techniques have been 

widely used in the prediction and treatment of various diseases. 

3. Exosomes in cancer development 

3.1. Growth and proliferation 

The bioactive components contained in the exosome of breast cancer cells enter the tumor 

microenvironment with the exosome, which will lead to changes in the downstream signal pathway, 

and then affect the growth, proliferation and invasion of tumor cells, making it more conducive to 

the development of tumor [16,53]. Survivin and heat shock proteins contained in tumor exosomes 

can inhibit apoptosis and promote tumor proliferation [54]. For example, Survivin in breast cancer-

derived exosomes upregulates SOD1 expression and then converts them into myofibroblasts, whose 

feedback promotes cancer proliferation and metastasis [55]. To sum up, the proteins and RNAs 

contained in tumor exosomes play an essential function in regulating tumor growth and proliferation. 

When tumor cells reach a new metastatic site, exosomes derived from tumor cells can enhance the 

formation of new blood vessels and promote the growth of tumor cells at the metastatic site [56]. 

Mesenchymal stem cell-derived exosomes shuttled exosomal miR-100 inhibits angiogenesis in vitro 

by modulating the mTOR/HIF-1α/VEGF signaling axis in breast cancer cells [57]. Therefore, 

exosomes secreted by tumor cells push forward an immense influence on promoting angiogenesis in 

the tumor microenvironment (TME). 

3.2. Migration and invasion 

Exosomes produced by tumors can promote tumor invasion and metastasis by regulating a 

variety of signal pathways. Distant invasion and metastasis are important features of the tumor [58]. 

Exosomes produced by tumors can promote tumor invasion and metastasis by regulating a variety 

of signal pathways. Wang et. al found that the different macrophage balance fraction (MBF) 

environments can affect the migration and invasion ability of breast cancer cells. And the mechanism 

of MBF changes in breast cancer may be affected via breast cancer-derived exosomes [59]. A study 

showed that cancer-derived exosomal miR-7641 can promote breast cancer progression and 

metastasis by intercellular communication [60]. Breast cancer-derived exosomes promote the 

activation of CAFs via miR-146a that inhibit thioredoxin interacting protein and then activate the Wnt 

pathway, thereby enhancing migration and invasion of breast cancer cells [61]. Studies have shown 

that breast cancer-derived miR-122 can reprogram glucose metabolism to promote cancer cell 

metastasis [62]. Transfection of exogenous miR-223 into breast cancer cells can reduce the expression 

of MEF2C protein, facilitate the translocation of β-catenin, and eventually lead to cell invasion [63]. 

A recent study has shown that exosomes derived from human umbilical cord mesenchymal stem 

cells inhibit the migration and invasion of breast cancer cells through miR-21-5p/ZNF367 pathway. 

ZNF367 participates in the regulation of hucMSC-exos-mediated miR-21-5p on the metastasis of 

breast cancer cells, which may become a new intervention method for the clinical treatment of breast 

cancer [64]. In addition, the exosomes can carry functional proteins and nucleic acid molecules to 

release towards serum, urine, cerebrospinal fluid, saliva and other body fluids, and even the 

exosomes of the central nervous system can release to the blood circulation through the blood-brain 
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barrier [65]. It is reasonable to speculate that exosomes play a major function in the process of tumor 

invasion and metastasis. 

3.3. Immune evasion 

Immune escape of breast cancer cells contributes to breast cancer pathogenesis. Exosomes can 

affect the development, maturation and antitumor activity of immune cells by transmitting inhibitory 

proteins. Tumor-derived exosomes can induce tumor cells to produce immunosuppressive function 

and transmit genomic DNA, mRNA and miRNA through immune cells, so that response cells have 

the role of reprogramming and promoting tumor progression [66]. Tumor-derived exosomes can not 

only cause T and NK cells dysfunction by blocking the activation, proliferation or apoptosis, but also 

inhibit antigen-presenting cells and anti-tumor immune response [67]. The main mechanism of tumor 

cell immune escape is the change in the antigen presentation mechanism. In addition, tumor-derived 

exosomes adjust host immunity by changing the behavior of macrophages [56]. Heat shock protein 

70-80 and MHC-1 molecules derived from tumor antigens and tumor exosomes can interact with 

dendritic cells to induce mouse tumor T cells to produce an effective CD8+-dependent antitumor 

effect [68]. Tumor exosome-derived miR-9 and miR-181a activated the Janus Kinase (JAK)/Signal 

Transducer and Activator of Transcription (STAT) signaling pathway by targeting suppressor of 

cytokine signaling 3 (SOCS3) and protein inhibitors of activated STAT3 (PIAS3), respectively 

promoted the expansion of early-stage myeloid-derived suppressor cells (eMDSCs) which may 

provide a potential therapeutic target for high IL-6 breast cancer treatment [69]. Tumors can evade 

immune attack by upregulating the expression of programmed death-ligand 1 (PD-L1), which 

interacts with receptors on T cells to activate immunosuppressive signals. A result demonstrates that 

the TME can induce bone marrow-derived cell-exosomes to carry PD-L1, which effectively inhibits 

CD8+ T cell responses in vitro and in vivo. PD-L1 on bone marrow-derived cell-exosomes contributes 

to tumor immunosuppression and tumor growth [70]. Exosomal miR-27a-3p promotes immune 

evasion through membrane-associated guanylate kinase inverted 2 (MAGI2) / phosphatase and 

tensin homolog (PTEN) / phosphoinositide 3-kinase axis upregulating PD-L1 in breast cancer [71]. 

This mechanism of action may provide ideas and directions for the development of new breast cancer 

therapeutic targets in the future. 

3.4. Drug resistance 

Resistance is not only caused by genetic and phenotypic changes in the tumor itself, but may 

also be caused by the surrounding microenvironment that prevents drug internalization [72]. 

Exosomes promote drug resistance in donor cells by reducing intracellular drug concentrations and 

treating pro-apoptotic proteins. Exosomes from the drug-resistant cells are released into the 

extracellular medium that ultimately confers drug resistance in the recipient cells [73]. Recent studies 

indicate that exosomal miR-567 reverses trastuzumab resistance via inhibiting autophagy-related 5 

(ATG5) in breast cancer. It may help develop more effective strategies to reverse chemotherapy 

resistance [74]. Exosomal miR-4443 can promote resistance to cisplatin and facilitate tumor growth 

through iron deficiency mediated by FSP1 m6A [75]. 

4. The immune suppression of breast cancer-derived exosomes in the tumor 

microenvironment 

TME is a special biological environment formed by tumor cells, infiltrating immune cells, 

stromal cells, blood vessels, extracellular matrix, secretory factors and so on [76]. On the one hand, 

TME provides a suitable environment for tumor growth and malignant progression, on the other 

hand, it interferes with the function of immune cells in the environment to help tumors escape host 

immune surveillance and promote tumor metastasis and drug resistance [77]. 

Breast cancer-derived exosomes are considered to be specific signal carriers in TME, which can 

induce malignant phenotypic transformation and invasion and metastasis of tumors [78]. They can 
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mediate the phenotypic transformation of stromal cells in TME and reshape the tumor 

microenvironment through epithelial-mesenchymal transition (EMT), extracellular matrix (ECM) 

degradation and neovascularization [79]. Studies have shown that breast cancer-derived exosomes 

secreted by normal cells can transfer tumor suppressor genes to cancer cells and inhibit the growth 

of tumor cells by inhibiting the expression of oncogenes. But tumor cell-derived exosomes secreted 

by tumor cells can affect the local microenvironment of proximal tumor cells and stromal cells, and 

regulate tumor neovascularization, pre-metastasis microenvironment, therapeutic drug resistance 

and metastasis diffusion [80]. 

Breast cancer-derived exosomes can transport proteins, mRNAs, and miRNAs, and act as hubs 

between the tumor microenvironment and stromal cells. They can be absorbed by cancer-associated 

fibroblast (CAF). CAF promotes the progression and metastasis of breast cancer through exosomal 

miR-500a-5p [81]. CAF is the main cell group on TME in most cancers, changing its biological activity 

and reprogramming energy metabolism [82]. In most cases, breast cancer-derived can induce the 

polarization of M2 macrophages. Some studies have confirmed that TDE can induce the polarization 

of M1 macrophages [83]. Overexpression of miR-130 and miR-33 in exosomes can reduce tumor 

progression by polarizing macrophages from an M2 to an M1 phenotype [84]. 

As communication between tumor and microenvironment, breast cancer-derived exosomes 

regulate the signal pathway and functional state of stromal cells in TME by delivering tumor-derived 

bioactive substances, thus remodeling TME. They can induce stromal cells to differentiate into tumor-

associated cells. The exosomes of tumor-associated stromal cells trigger each other's EMT of tumor 

cells. It is worth noting that TDE has a different affinity with various types of stromal cells in TME 

[78]. In the normal microenvironment, phenotypic and functional changes occur after stromal cells 

absorb TDE. It provides support for the malignant development of tumors in the aspects of 

stimulating angiogenesis and lymphatic vessel formation, reprogramming energy metabolism, 

mediating inflammatory cell infiltration, inducing immunosuppression, etc. [8,19]. Therefore, 

blocking drugs and antibodies against specific bioactive substances of TDE is a new strategy for 

tumor therapy (Figure 3). 

 

Figure 3. Breast cancer-derived exosomes and their implications in cancer immunity. Exosomes-mediated 

signaling secreted by breast cancer interferes with the function of immune cells at multiple levels, and this 

communication network is entirely tumor-driven and aims to participate in the development, growth, 

metastasis, angiogenesis, and drug tolerance of tumors by suppressing antitumor immune responses. miRNA, 

microRNA; NK cells, natural killer cell; MDSCs, Myeloid-derived suppressor cells; IL-6, Interleukin-6; TGF-β, 

transforming growth factor-β; Treg cells, regulatory T cells. 

5. Applications of breast cancer-derived exosomes in biomedicine 
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5.1. Breast cancer-derived exosomes as a biomarker 

Exosomes are more and more widely used in tumor diagnosis. MiRNAs released from exosomes 

were found to be resistant to freeze-thaw cycles. The high stability of exo-miRNAs makes it a 

promising biomarker for disease monitoring. The expression of CD82 in breast cancer tissues is 

significantly lower than that in healthy and benign breast diseases, b ut it is highly expressed in 

exosomes extracted from peripheral blood [85]. The level of serum exosomal miR-1910-3p from breast 

cancer patients was expressively higher than that of healthy controls. ROC curve analysis showed 

that serum exosomal miR-1910-3p had higher sensitivity, specificity and diagnostic efficiency than 

traditional tumor biomarker CA153 [86]. The level of serum exosomal miR-148a decreased 

significantly in breast cancer patients, which was closely related to the poor clinical results such as 

tumor lymph node metastasis, TNM staging and differentiation of breast cancer [87]. Therefore, 

CD82, miR-1910-3p, miR-148a, miR-21 and miR-200c can be used as biomarkers for breast cancer 

diagnosis. A recent study showed that breast cancer-derived exosomes may contribute to impaired 

neurodevelopment in brain organoids [88]. The identification and analysis of biomolecules in specific 

pathogenic states in exosomes make them an attractive diagnostic marker. 

5.2. The value of breast cancer-derived exosomes in cancer treatment and prognostic 

The fluidity of exosomes provides an opportunity for them to develop as therapeutic agents and 

nanoparticles drug carriers [89]. The exosomes containing the anti-inflammatory drug curcumin have 

been shown to increase bioavailability, and the preparation protects mice from lipopolysaccharide-

induced shock [90]. The use of exosomes to deliver doxorubicin to the mouse tumor tissue model 

showed that doxorubicin containing exosomes accumulated in the target organs and led to the 

inhibition of tumor growth [91]. At present, the application of exosomes in the tumor is mainly used 

in immunomodulatory therapy, as a carrier or therapeutic target for the delivery of chemotherapy 

drugs. As a drug delivery carrier, exosomes have their natural advantages: exosome has the 

characteristics of stability, permeability, low immunogenicity, low toxicity and good biocompatibility 

[92]. Exosomes have a small molecular weight, inherent cell targeting, stability in the circulatory 

system, can freely pass the blood-brain barrier and come from the human body, so they can 

successfully avoid immune rejection. Similar to the nanoparticles currently used in drug delivery 

systems, they have been used as drug carriers [93]. The combination of exosomes and nanomaterials 

has become a research hotspot in the field of nanoparticle therapy. Targeting exosomes may disrupt 

cell-to-cell communication, so exosomes can be considered therapeutic targets. 

6. Summary and prospect 

The exosome is a kind of vesicle with potential in diagnosis, treatment and drug delivery. 

Exosomes exert an enormous function in communication between tumor cells and the tumor 

microenvironment. Exosomal RNAs and proteins are the main groups involved in cancer diagnosis. 

These RNAs and proteins molecules are involved in the formation of the tumor microenvironment, 

tumor metastasis and angiogenesis. This review also introduces the application of exosomes as 

biomarkers in biomedicine. These exosomes can be used as cancer treatment tools because they are 

good candidates for cancer diagnosis and therapy, such as biomarker and drug carriers. It is 

necessary to deeply understand the mechanism of bidirectional crosstalk between tumor and 

microenvironment for discovering new treatment strategies. Although breast cancer-derived 

exosomes have been studied in tumor-related fields, more detailed molecular mechanisms are 

needed to clarify their internal relationship. 

Despite numerous studies and literature reports on exosomes as a potential tool in the diagnosis 

and treatment of tumors, the mechanism of their intercellular communication needs to be further 

studied. First, how to identify exosomes accurately? We need a wider understanding of how 

exosomes develop at every stage of cancer. In addition, how to apply the isolated exosomes for 

diagnosis or treatment of cancer patients? Besides, how to reduce exosome resistance also faces more 
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and more challenges. Although exosomes have been identified as drug carriers or target molecules 

in clinical studies, we are still far from fully understanding the therapeutic effects of these vesicles. If 

the formation and release of exosomes are regulated, it will not only provide a new target for 

improving the chemotherapy effect of the tumor, but also provide a new idea for the development of 

precise treatment of the tumor. Importantly, it is still a great challenge to transform these basic 

scientific researches into clinical applications. We firmly believe the exosome-based cancer treatment 

strategy will make great progress to benefit the majority of cancer patients in the future. 
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Abbreviations 

EVs Extracellular vesicles 

MVBs multi-vesicular bodies 

ILVs intraluminal vesicles 

MPs microparticles 

MVs microvesicles  

exRNAs extracellular RNAs 

exo-ncRNAs Exosomal non-coding RNAs  

exo-miRNAs exosomal microRNAs 

lncRNAs long noncoding RNAs 

CDK6 cyclin-dependent kinase 6 

3'- UTR 3'- untranslated region 

MVB multi-vesicular body 

ILV intraluminal vesicles 

ESCRT endosomal sorting complexes required for transport 

UB ubiquitin 

SEM scanning electron microscope 

TEM transmission electron microscope 

AFM atomic force microscope 

ELISA enzyme-linked immunosorbent assay 

DLS dynamic light scattering 
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NTA nanoparticle tracking analysis 

AFMM atomic force microscopy measurements 

SPIR single-particle interferometric reflectance 

EE early endosomes 

MVB multivesicular body 

TME  tumor microenvironment 

MBF macrophage balance fraction 

JAK Janus Kinase 

STAT Signal Transducer and Activator of Transcription 

SOCS3 suppressor of cytokine signaling 3 

PIAS3 protein inhibitors of activated STAT3 

eMDSCs early-stage myeloid-derived suppressor cells 

PD-L1 programmed death-ligand 1 

MAGI2 membrane-associated guanylate kinase inverted 2 

PTEN phosphatase and tensin homolog 

ATG5 autophagy-related 5  

EMT epithelial-mesenchymal transition 

ECM extracellular matrix 

CAF cancer-associated fibroblast 
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