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Abstract: Cancer is a complex and heterogeneous disease, influenced by various factors that affect its 

progression and response to treatment. Although histopathological diagnosis is crucial for identifying and 

classifying cancer, it may not accurately predict the disease's development and evolution in all cases. To 

address this limitation, liquid biopsy has emerged as a valuable tool, enabling a more precise and non-invasive 

analysis of cancer.  Liquid biopsy offers the ability to detect tumor DNA fragments, circulating tumor cells, 

and exosomes released by cancer cells into the bloodstream. Exosomes, in particular, have attracted significant 

attention in cancer research due to their specific protein composition, which can provide valuable insights into 

the disease.  The protein profile of exosomes often differs from that of normal cells, reflecting the unique 

molecular characteristics of cancer. Analyzing these proteins can help identify cancer-associated markers that 

play critical roles in tumor progression, invasion, and metastasis. Ongoing research and clinical validation are 

essential to advance and effectively utilize protein biomarkers in cancer. Nevertheless, their potential to 

improve diagnosis and treatment is highly promising. This review discuss several exosome proteins of interest 

in breast cancer, particularly focusing on studies conducted in mammary tissue and cell lines in humans and 

experimental animals. Unfortunately, the studies conducted in the canine species are scarce. This emphasis 

sheds light on the limited research available in this field. Additionally, we present a curated selection of studies 

that have explored exosomal proteins as potential biomarkers, aiming to achieve the aforementioned benefits 

in breast cancer diagnosis, prognosis, monitoring, and treatment. 
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Introduction 

In the realm of cancer research, protein biomarkers have emerged as powerful tools that unlock 

a deeper understanding of this complex disease. These molecular signposts found in the body offer 

invaluable insights into cancer detection, diagnosis, prognosis, and treatment. Their great importance 

relies on their ability to revolutionize personalized medicine, to enhance patient outcomes, and to 

pave the way for targeted therapies. In this review, we delve into the mammary cancer protein 

biomarkers described for human and dogs through a proteomic standpoint. 

In most of the past four decades and during the most recent years (2010-2019) mammary cancer 

incidence rates have risen by 0.5% annually[1]. Female breast cancer (BC) has surpassed lung cancer 

as the most commonly diagnosed cancer in the vast majority of countries, with an estimated 2.3 

million new cases yearly, accounting for 1 in 4 cancer cases and for 1 in 6 cancer deaths[2].  

In veterinary medicine, canine mammary tumors (CMT) are the most common cancer in female 

dogs[3], although it occurs mainly in those countries where early female sterilization is not a current 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 September 2023                   doi:10.20944/preprints202309.1434.v1

©  2023 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202309.1434.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

practice. Due to the high similarity of CMT to human breast cancers, it represents an excellent 

experimental model to BC. Also, human BC biomarkers are frequently detectable in cases of CMT[4].  

The history of BC is full of attempts to understand the wily nature of this hormone-responsive 

cancer [5]. A hereditary predisposition may influence screening and follow-up recommendations for 

high-risk patients, but a specific predisposing gene is identified in less than 30% of cases[6]. On the 

other hand, there is an important role for microenvironmental and epigenetic changes as well [7]. 

Traditional methods of cancer detection such as tissue biopsy are not comprehensive enough to 

capture the entire genomic landscape of breast tumors. However, with the introduction of novel 

techniques, the application of liquid biopsy has been enhanced, enabling the improvement of various 

aspects of breast cancer management [8].  

Liquid biopsy can be defined as the sampling of components of tumor cells that are released 

from a tumor and/or metastatic deposits into the biological substances, such as the blood. Such 

components include circulating tumor cells (CTCs), circulating tumor DNA (ctDNA) or circulating 

tumor RNA (ctRNA), platelets, and exosomes [9]. Relative to direct tumor biopsies, the easy-to-obtain 

nature of bioliquids makes them an attractive alternative source and exosomes released from 

heterogeneous cancer cells in biofluids could provide the potential information of tumors [10]. 

Therefore, liquid biopsies in breast cancers have yielded promising results, especially in the areas of 

monitoring treatment response and predicting disease progression or relapse [11]. 

As one of the most prevalent and devastating diseases affecting women worldwide, early 

detection and accurate diagnosis of mammary cancer are crucial for improving patient outcomes and 

implementing effective treatment strategies. Therefore, extensive research efforts have been 

dedicated to identifying reliable biomarkers that can aid in the early detection, monitoring and 

treatment. 

Breast Cancer biomarkers 

The diagnosis and prognosis of the metastatic potential of mammary cancer is currently based 

on histopathology after surgical excision. However, no reliable histological criteria for metastatic 

potential are available before metastasis actually occurs and there are major discrepancies between 

the histological prognosis and the actual outcome of the disease [12]. The enormous heterogeneity of 

breast cancer represents the major hurdle for accurate diagnosis and curative therapy. Currently, a 

number of molecular biomarkers have been used in standard clinical practice, including the hormone 

receptors for breast cancer subtyping and several genes involved in genome maintenance for 

prediction of breast cancer susceptibility [13,14].  

Blood-based biomarkers may offer an alternative non-invasive strategy to improve cancer 

screening [15]. Promising candidate biomarkers such as proteins, autoantibodies, miRNAs, nucleic 

acid methylation, metabolites, lipids and extracellular vesicles have shown great potential for 

detecting BC, including detection at the pre-invasive and early stages of the disease [15]. 

More recently, clinical cancer proteomics aims at the identification of biomarkers and has 

resulted in a wealth of information and in the discovery of several new potential tumor biomarkers 

[16]. Also, as the early identification, diagnosis and treatment of breast cancer evolve, we will move 

to a time when each patient and their cancer can be assessed to determine unique patient-specific 

(personalized) approaches to therapy [17].  

Extracellular vesicles in cancer intercellular communication 

Extracellular vesicles (EVs) derived from cancer cells have received a good deal of attention 

because of their ability to participate in the horizontal transfer of signaling proteins between cancer 

cells and to contribute to their invasive activity [18]. EVs, also called exosomes, are small membrane 

nanoparticles released by tissue cells that contribute to cancer progression and metastases by 

transporting biologically significant nucleic acids and proteins, including microRNA, mRNA, non-

coding RNA, DNA, transcription factors, integrins, signaling molecules and growth factors [18,19]. 

Small EVs from tumor cells, were demonstrated to fuse preferentially with their resident destination, 

preparing the niche for metastasis in a process that has been intensely investigated by cancer 
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researchers and seems to be highly related to exosomal integrins. Clinical data have indicated that 

exosomal integrins could be used to predict organ-specific metastasis [20,21](Figure 1). 

 

Figure 1. Diverse cellular signalig of exosomes (EVs) are described to influence the establishment and 

spread of cancer. EV-mediated effects may occur at tumor site (eg. persistent migration, invadopodia 

formation, ECM remodeling, induction of protrusive activity and drug resistance and differentiation 

of tumor-promoting stromal cells) and at distant sites (eg. high vascular permeability, induction of 

ECM remodeling and increased BMDC recruitment) [19]. EV- extracellular vesicle; MVB – 

multivesicular bodies; ECM – extracellular matrix; BMDC – bone marrow-derived cell. 

EVs shuttle cargo proteins that regulate tumorigenesis and show diagnostic and prognostic 

potential. 

Proteins are among EVs cargo molecules, and they can regulate many processes like the tropism 

of cells to receive the vesicles, binding and activation of receptors on recipient cells and also the 

promotion of some reactions inside the EVs [22]. However, EVs do not contain a random array of 

cargo proteins, but rather a specific array. The range of the EVs biocargo so far reported in the 

literature has been cataloged in EVpedia (http://evpedia.info), Vesiclepedia 

(http://www.microvesicles.org), and ExoCarta (http://www.exocarta.org) [23]. 

Mammary canine EVs proteomic studies are scarce 

The identification of exosomal proteins involved in tumor signaling through proteomics has 

recently been a promising field of research. Despite the growing number of studies on exosomal 

proteomics in humans, particularly in in vitro studies using cell lines, research on proteomics of 

exosomes in the canine species is still scarce, especially in mammary carcinoma. So far, the literature 

has reported proteins found in tissues and body fluids, but not specifically inside extracellular 

vesicles. 

For example, using 2D-DIGE and MALDI-TOF-MS, Klopfleisch and colleagues (2010) [24] 

identified 21 proteins with significant changes in protein expression between metastasizing and non-

metastasizing canine mammary carcinomas. Up-regulated proteins in metastatic carcinomas 

included proliferating cell nuclear antigen (PCNA), ferritin light chain (FTL), bomapin, tropomyosin 

3 (TPM3), thioredoxin-containing domain containing 5 (TXNDC5), adenosin deaminase (ADA), 

ornithine aminotransferase (OAT), coronin 1A (CORO1A), (RANBP1) RAN-binding protein 1,3-

phosphoglycerate dehydrogenase, and eukaryotic translation elongation factor 1 (eEF1).  
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One year later, Suárez-Bonnet and colleagues (2011) [25] examined the expression of 14-3-3 σ, a 

protein related to cell cycle regulation, in normal, dysplastic and neoplastic canine mammary tissue, 

to assess the capacity of this protein to act as marker of myoepithelial cells (MECs). The findings 

indicated that 14-3-3 σ protein is present in both normal and neoplastic canine mammary tissue, with 

high expression of this antigen in MECs. These results suggested this protein may have a role in 

enhancing the spreading capacity of canine mammary tumors and can be considered both a 

prognostic biomarker and a therapeutic target. 

Later, Jagarlamudi and colleagues (2014) [26] analyzed another cell cycle-related protein, 

specifically serum thymidine kinase 1 (sTK1). Its activity and protein levels were significantly higher 

in CMT than in healthy dogs.  

Four years later, Jena and colleagues (2019) [27] reported the detection of Baculoviral inhibitor 

of apoptosis repeat containing-5 (BIRC5 or survivin) protein biomarker in dog serum, in primary 

culture of canine mammary tumor cells, as well as in REM-134 canine mammary cancer cell line. They 

found that serum BIRC5 levels, a protein that inhibits cell death, were 109.83 ± 8.10 pg/mL in dogs 

with CMT as compared to 44.71 ± 2.61 pg/mL and 30.23 ± 1.32 pg/mL, respectively, in case of dogs 

with non-cancerous diseases and healthy subjects. 

Fortunately, study attendance seemed to improve afterwards. Fhaikrue and colleagues (2020) 

[28] designed a study to identify protein expression on canine mammary tumors (CMTs) using 

primary cell culture from benign mixed tumor, simple carcinoma, complex carcinoma, and normal 

mammary gland through a proteomic approach. Cytokeratin 5 (CK5) and transketolase (TKT), an 

enzyme that connects pentose phosphate pathway to glycolysis, were identified in benign mixed 

tumor cells and complex carcinoma cells. In contrast, cytokeratin 18 (CK18) and pyruvate kinase 

(PKM), the enzyme from last step of glycolysis, were identified in simple carcinoma cells. Moreover, 

alpha-2-HS-glycoprotein tumor antigen was identified specifically in complex carcinoma cells, while 

ATP-dependent 6-phosphofructokinase platelet type and elongation factor 2 proteins were observed 

in benign cells. Such alterations in metabolism-related genes indicate that CMTs undergo metabolic 

reprogramming from benign to malignant tumors which supplies the demands of proliferating cells, 

a phenomenon commonly describe in several cancer, including breast cancer [29]. 

In the same year, Park and colleagues (2020) [30] published their study focused on discovering 

aggressiveness biomarkers of canine mammary tumors using proteomics on canine normal and 

cancer plasma samples. They identified 54 proteins more elevated in cancer than in normal plasma, 

including SERPING1, SERPINA6, and LCAT (lecithin-cholesterol acyltransferase). This study 

revealed the plasma protein LCAT, a plasma enzyme that esterifies cholesterol, as a biomarker for 

advanced breast cancer as well as mammary tumors undergoing metastasis. 

A little while later, through the comparison of the proteomic profile of canine intratumor cell 

populations in different degrees of differentiation, Cordeiro and colleagues (2021) [31] demonstrated 

that the malignant phenotype may have arisen as a consequence of alterations in the expression of 

key proteins such as FNDC1, A1BG, CANX, HSPA5, and PDIA3 and that most of these variations 

might be involved in tumor evasion against inflammatory cells, thus facilitating cancer spreading.  

Also, the study of Yuan and colleagues (2021) [32] revealed that anterior gradient protein 2 

(AGR2), a chaperone and p53 inhibitor involved in cell migration, transformation and metastasis, is 

overexpressed in canine mammary malignant tumor (MMT) tissues, and elevated levels of 

extracellular AGR2 in sera of MMT dogs are significantly associated with progression and remote 

metastasis of MMT and an unfavorable overall patient’s survival rate. Hence, they concluded serum 

eAGR2 level is significantly associated with an adverse outcome of MMT dogs and holds a predictive 

potential in MMT prognosis. 

As previously documented, research on mammary tumor proteins in the exosomes of dogs is 

currently non-existent. As a result, there is a pressing need for further investigation in this area. 
Despite the extensive research conducted on mammary tumors in dogs, there has been relatively little 

focus on the proteins present in the exosomes derived from these tumors. Therefore, the 

comprehensive characterization and exploration of the protein cargo within dog mammary tumor 

exosomes remain largely unexplored. 
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EVs proteomics may identify novel breast cancer biomarkers 

Extensive efforts have been dedicated to identifying reliable biomarkers that can aid in the early 

detection and monitoring of human mammary cancer. Proteomic analysis of exosomes has gained 

significant attention in mammary cancer research due to the abundance and diversity of proteins 

encapsulated within these vesicles. By characterizing the protein composition of exosomes derived 

from mammary cancer cells, researchers can uncover unique molecular signatures specific to 

cancerous cells.  

In recent decades, advances in proteomic analysis present the main objective of discovering 

molecular biomarkers for the cancer early detection, characterization of the tumor profile and 

identification of new therapeutic targets [33]. A particular advantage of the proteome is that not only 

tissues but also body fluids such as blood, urine and saliva can be used to investigate the molecular 

correlation of disease and drug action [34,35]. 

For example, in the study of Khan and colleagues (2014) [36] they demonstrated that survivin 

and the survivin splice variants are exosomally packaged in the breast cancer patients' sera, 

mimicking the survivin splice variant pattern that they also report in breast cancer tissues. They 

concluded that differential expression of exosomal-survivin, particularly survivin-2B, might serve as 

a diagnostic and/or prognostic marker in early breast cancer patients (Table 1).  

Proteomic profiling on exosomes released from three breast cancer cell lines (MCF-7, MDA-MB-

231 and Rab27b) identified 85 differentially expressed proteins. In metastatic tumor-derived 

exosomes, they observed up-regulation of unique set of adhesion proteins (vimentin, galectin-3-

binding protein, annexin A1, plectin, protein CYR61, EGF-like repeat and discoidin I-like domain 

containg protein, filamin-B, protein-glutamine gamma-glutamytransferase 2) [37].  

Using proteomic analysis, Blomme and colleagues (2016) [38] validated a novel exosomal protein 

termed myoferlin, which is related with angiogenesis, metabolism reprogramming and epithelial 

mesenchymal transition in cancer [39], and demonstrated that myoferlin depletion in cancer cells 

leads to a significantly modulated exosomes that were functionally deficient; for instance, they had a 

significantly reduced ability to induce migration and proliferation of those cells. 

Vardaki and colleagues (2016) [40] documented significant differences not only in the number 

of secreted exosomes but most importantly in the protein content of exosomes secreted from 

metastatic versus non-metastatic tumors. They identified periostin, a protein that on cancer cells 

seems to bind to integrins triggering Akt/PKB and FAK signaling pathways and increases 

angiogenesis, invasion, metastasis and cell survival [41].It was found enriched in exosomes secreted 

by metastatic cells and validated its presence in a pilot cohort of breast cancer patient samples with 

localized disease or lymph node metastasis. 

Hurwitz and colleagues (2016) [42] used sixty National Cancer Institute (NCI-60) cell lines to 

provide the largest proteomic profile of extracellular vesicles in a single study, identifying a total of 

6071 proteins. Only tetraspanin CD81, Alix and HSC70 were found in all samples. Another protein, 

periostin, was confirmed in both metastatic breast cancer cell lines (MDA-MB-231 and HS 578T) but 

was not detected in other non-metastatic breast cancer EVs. Despite not composing a canonical 

pathway, additional proteins including raftilin, fibulin-7 and plasminogen activator inhibitor 1 were 

found exclusively in EVs from metastatic breast cancer. The great similarity of molecular profiles 

suggested that EVs reliably represent their progenitor cells and are therefore excellent candidates for 

biomarkers for clinical strategies to fight cancer. 

In the study by Moon and colleagues (2016) [43], fibronectin (FN), a protein that mediates the 

interation of cells with extracellular matrix (ECM) and downstream factor that promotes metastasis 

[44], was selected as a biomarker candidate, due to its presence in the surface of EVs secreted from 

human BC cell lines. FN levels were significantly elevated at all stages of BC and returned to normal 

after tumor removal. At early stages of BC, another study conducted by Lee and colleagues (2017) 

[45] reported Developmental Endothelial Locus-1 (DEL-1) as a possible diagnostic tool to distinguish 

from benign tumors and healthy breast.  

Gangoda and colleagues (2017) [46] conducted a comparative proteomic analysis of exosomes 

isolated from several genetically related mouse breast tumor lines with different metastatic 
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propensity. They observed that metastatic cell-derived exosomes contained proteins capable of 

promoting cell migration, proliferation, invasion and angiogenesis, while the non-metastatic cell-

derived exosomes contained proteins involved in cell-cell/cell-matrix adhesion and polarity 

maintenance. The metastatic exosomes revealed a distinct set of membrane proteins including 

ceruloplasmin and metadherin which could presumably aid in targeting the primary cancer cells to 

specific metastatic sites.   

Exosome Annexin A2 was demonstrated by Maji and colleagues (2017) [47] to be an important 

component of the breast cancer microenvironment signaling by promoting angiogenesis and 

vascularization via tPA dependent increase in plasmin generation. Additionally, it also induced 

macrophage activation to create a pre-metastatic aiding for distant organ-specific breast cancer 

metastasis. The authors concluded exosome-associated Annexin A2 can be exploited as a potential 

biomarker as well as a therapeutic target for diagnosis and treatment of metastatic breast cancer.  

Rontogianni and colleagues (2019) [48] focused on defining EV subtype-specific signatures that 

could play a role in non-invasive diagnostic testing. To this end, they profiled the proteomes of EVs 

secreted by BC cell lines and patient serum, with a special emphasis on the TNBC and HER2 

subtypes.  Some representative TNBC-signature proteins included ephrin type-A receptor 2, DnaJ 

homolog subfamily A member 1, polyadenylate-binding protein 1, and neuropilin-1, which showed 

higher expression levels in the patient’s EVs compared with the EVs of HER2-positive patients. 

Similarly, receptor tyrosine-protein kinase erbB-2, growth factor receptor-bound protein 7, eukaryotic 

translation initiation factor 3 subunit H and brefeldin A-inhibited guanine nucleotide-exchange 

protein 2 were the most discriminative protein markers for the HER2-positive patient serum-derived 

EVs. Their data revealed very distinct proteomic profiles across the different cell line-derived EVs, 

thus reflecting the unique biology of its breast cancer subtype.  

Distinct proteomic content of EVs was also demonstrated in invasive breast cancer cell lines, 

compared to non-invasive breast cancer cells. EVs produced by the invasive MDA-MB231 cells were 

significantly enriched for proteins involved in vesicle formation, protein synthesis, proteolysis, and 

glycolysis. Conversely, EVs produced by MCF10 were significantly enriched by membrane proteins, 

adhesion molecules, proteins involved in cellular migration, and components of the extracellular 

matrix (ECM). Based on these differences, the most abundant proteins uniquely identified in MDA-

MB231 EVs were those involved in transcriptional regulation (spliceosome, transcription factors, 

ribosomal proteins, tRNA ligases), proteolysis (proteasome units, pyrophosphatase), EV formation 

(annexin and vesicle markers LAMP-1 and EEA1), cell cycle (NUMA1), and cell motility and 

adherence to extracellular matrices (vitronectin, collagen, filamin proteins, and EDIL3) [20]. 

Dalla and colleagues (2020) [49] also examined the protein contents of EVs derived from three 

well-known breast cancer cell lines, MCF-7, MDA-MB-231, and T47D. They found seven proteins to 

be most commonly abundant across the three cell-line-derived EVs. They were actin cytoplasmic 1, 

pyruvate kinase, glyceraldehyde-3-phosphate dehydrogenase, mitochondrial 60 kDa heat shock 

protein, mitochondrial ATP synthase subunit alpha, sodium/potassium-transporting ATPase subunit 

beta-3 and voltage-dependent anion-selective channel protein 2. Interestingly, most of them are 

metabolism-related protein involved with mitochondrial processes which supports the hypothesis of 

EVs’ role on metabolic reprogramming. 

Furthermore, Risha and colleagues (2020) [50] studied EVs proteomes of MDA-MB-231 and 

MCF-10A cell lines. While 87 proteins were predicted to be relevant to breast cancer, a total of 16 

proteins were mainly involved with cancer metastasis. Three exosomal membrane/surface proteins, 

glucose transporter 1 (GLUT-1), glypican 1 (GPC-1), disintegrin and metalloproteinase domain-

containing protein 10 (ADAM10), were identified as potential breast cancer biomarkers and indicate 

that distinct molecular mechanisms can be mediated in cancer via EVs, like glucose uptake and ECM 

remodeling.  

Vinik and colleagues (2020) [51] isolated small EVs-enriched fractions from plasma of healthy 

controls and BC patients at different disease stages before and after surgery. Proteomic analysis of 

sEV-enriched fractions revealed a signature of seven proteins that differentiated BC patients from 

healthy individuals, named fibronectin, FAK, MEC1, B-actine, p90RSK_pT573, N-Cadherin and C-
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Raf, of which FAK and fibronectin displayed high diagnostic accuracy and are related with cell 

adhesion. 

More recently, Li and colleagues (2021) [52] studied the proteomic landscape of serum exosomes 

derived from ten patients with TNBC and 17 healthy donors. Interestingly, they found that the 

tetraspanin CD151 expression levels in TNBC-derived serum exosomes were significantly higher 

than those exosomes from healthy subjects, and they validated their findings with samples from 16 

additional donors. Furthermore, they observed that exosomal CD151 facilitated secretion of 

ribosomal proteins via exosomes while inhibiting exosome secretion of complement proteins. 

Notably, CD151-deleted exosomes significantly decreased the migration and invasion of TNBC cells.  

In a different approach, Patwardhan and colleagues (2021) [53] studied the mechanisms by 

which ECM stiffening drives breast cancer invasion, demonstrating the role of exosomes in ECM 

stiffness triggered breast cancer invasiveness. Proteomic analysis of exosomal lysates revealed an 

enrichment of cell adhesion and cell migration proteins in exosomes from stiff ECM cultures 

compared to that of soft ones; in these cultures, thrombospondin-1 (THBS1) was identified as a 

prospective regulator of stiffness-dependent cancer invasion by engaging matrix metalloproteinase 

and focal adhesion kinase.  

Taken together, these data may support the development of new diagnostic tools, but further 

investigation is still required (Table 1). 

Table 1. List of the main EVs-associated proteins as potential  biomarkers for BC. 

Author Proteins 

Khan et al. (2014) [36] Survivin and splice variants 

Harris et al. (2015) [37] 

Vimentin, galectin-3-binding protein, annexin A1, plectin, protein 

CYR61, EGF-like repeat and discoidin I-like domain containg protein, 

filamin-B, protein-glutamine gamma-glutamytransferase 2 

Blomme et al. (2016) [38] Myoferlin 

Vardaky et al. (2016) [40] Periostin 

Hurwitz et al. (2016) [42] 

Periostin, raftilin (lipid-raft regulating protein), fibulin-7 (adhesion 

molecule), and plasminogen activator inhibitor 1 (serine protease 

inhibitor) 

Moon et al. (2016) [43] Fibronectin 

Lee et al. (2017) [45] Del-1 

Gangoda et al. (2017) [46] Ceruloplasmin, metadherin 

Maji et al. (2017) [47] Anexin A2 

Rontogianni et al. (2019) 

[48] 

EPHA2, DNAJA1, PABPC1, and NRP1, 

ERBB2, GRB7, EIF3H and ARFGEF2 

Jordan et al. (2020) [20] 

Spliceosome, transcription factors, ribosomal proteins, tRNA ligases, 

proteasome units, pyrophosphatase, annexin and vesicle markers 

LAMP-1 and EEA1, NUMA1, vitronectin, collagen, filamin proteins, 

and EDIL3 

Dalla et al. (2020) [49] 

Actin cytoplasmic 1, pyruvate kinase, glyceraldehyde-3-phosphate 

dehydrogenase, mitochondrial 60 kDa heat shock protein, 

mitochondrial ATP synthase subunit alpha, sodium/potassium-

transporting ATPase subunit beta-3 and voltage-dependent anion-

selective channel protein 2 

Risha et al. (2020) [50] 
Glucose transporter 1 (GLUT-1), glypican 1 (GPC-1), and disintegrin 

and metalloproteinase domain-containing protein 10 (ADAM10) 

Vinik et al. (2020) [51] 
Fibronectin, FAK, MEC1, B-actine, p90RSK_pT573, N-Cadherin and C-

Raf 

Li et al. (2021) [52] CD151 
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Patwardhan et al. (2021) 

[53] 
Thrombospondin-1 (THBS1) 

Concluding Remarks and Perspectives 

In view of the possibility of performing early diagnosis and longitudinal prognostic evaluation, 

studies focusing on exosomal proteomics of patients diagnosed with breast tumor has grown. Also, 

one of the most promising applications of cancer protein biomarkers relies on the development of 

targeted therapies. By identifying specific proteins that drive tumor growth, metastasis, or resistance 

to treatment, researchers can design drugs or treatment strategies that specifically target these 

biomarkers. Also, the identification of a group of proteins allows to clarify what type of biological 

processes are deregulated due to EVs. In the present review, is clear that metabolic reprogramming 

at distinct points occurs, but also several proteins that mediates cell interaction with ECM, suggesting 

the key role of EVs on metastasis. This could improve the advances in personalized approach, known 

as precision medicine, maximizes treatment effectiveness while minimizing side effects on healthy 

tissues. For obvious reasons, research in the canine species is still scarce, albeit important, since CMT 

is considered an excellent experimental model for BC. Due to the shorter lifespan of dogs and the 

rapid progression of CMTs, researchers can gain insights into tumor development, metastasis, and 

therapeutic responses in a relatively shorter timeframe compared to human studies. On the other 

hand, liquid biopsy has several advantages over traditional tissue biopsy in the context of breast 

cancer, since it enables the identification and characterization of tumor-specific genetic alterations 

and mutations, even at early stages when traditional imaging techniques may not detect the disease. 

Its non-invasive nature makes it an attractive option for serial sampling, reducing patient discomfort 

and facilitating longitudinal studies. Therefore, unveiling biomarker proteins carried by the 

exosomes through liquid biopsy can provide precious information. Indeed, if the biomarker detection 

occurs before they carry out their tumor signaling, there is a chance to interrupt the pathogenesis of 

the disease. Biomarker proteins could be modulated at various levels, such as silencing genes, 

affecting their transcription or even the protein signaling pathway. It would be possible, for example, 

to block the signaling effect of exosomal metastasis-inducing proteins or even to modulate this effect 

by introducing protective signaling proteins into the vesicles. Cancer protein biomarkers have 

revolutionized cancer research and patient care, ushering in a new era of precision medicine. As 

researchers continue to unravel the intricate landscape of cancer biology, protein biomarkers will 

remain invaluable in the fight against cancer, bringing hope for improved outcomes, enhanced 

quality of life, and ultimately, a world free from the burden of this devastating disease. 
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