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Abstract: Extracellular vesicles transport variable content and have crucial functions in cell-cell
communication. The role of extracellular vesicles in cancer is a current hot topic, and no bibliometric
study has ever analyzed research production regarding their role in breast cancer and indicated the
trends in the field. In this way, we aimed to investigate the trends in breast cancer management
involved with extracellular vesicle research. Articles were retrieved from Scopus, including all the
documents published concerning breast cancer and extracellular vesicles. We analyzed authors,
journals, citations, affiliations, and keywords, besides other bibliometric analyses, using R Studio
version 3.6.2. and VOSviewer version 1.6.0. A total of 1151 articles were retrieved, and as the
main result, our analysis revealed trending topics on biomarkers of liquid biopsy, drug delivery,
chemotherapy, autophagy, and microRNA. Additionally, research related to extracellular vesicles
in breast cancer has been focused on diagnosis, treatment, and mechanisms of action of breast
tumor-derived vesicles. Future studies are expected to explore the role of extracellular vesicles on
autophagy and microRNA, besides investigating the application of extracellular vesicles from liquid
biopsies for biomarkers and drug delivery, enabling the development and validation of therapeutic
strategies for specific cancers.
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1. Introduction

Cancer is a disease characterized by the rapid growth and division of abnormal cells [1]
and is considered a public health concern for being one of the major causes of death and
the second among non-communicable diseases worldwide (8.2 million deaths) [2]. Among
all cancer types, breast cancer is the most common among women and is also associated
with the highest mortality rate [3]. In 2020, it was estimated that breast cancer may be
accountable for 11.7% of new cases and 6.9% of cancer deaths [4]. Moreover, the mortality
of this type of cancer increases when it progresses and becomes metastatic, reducing the
chances of survival to 10% [5].

Metastasis is the main cause of death related to tumor progression and constitutes a
great challenge in cancer treatment. Currently, the main steps of the metastatic cascade are
well described [6,7]. It starts from the detachment of single tumor cells or clusters, which
migrate in the solid tissue until they reach the lymphatic vessels. Then, the cells enter
the bloodstream or directly penetrate a distant tissue from the lymphatic system. After
crossing the endothelial barrier, extravasation, the survival cells establish themselves in a
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pre-metastatic niche [8]. Breast cancer cells have tropism for visceral organs, such as the
lungs, bones, liver, and brain [9]. However, the metastatic cascade is highly inefficient, with
an estimated loss of 99.99% of tumor cell viability during the process [10].

However, some details of the metastatic cascade remain unclear, and uncovering them
are the goals of many research groups worldwide [11,12], for example, those researching
the signaling process between the pre-metastatic niche and the primary tumor, as well as
the interaction between the microenvironment and the circulating tumor cells [13,14]. It
is believed that extracellular vesicles (EVs) may be involved in this communication. The
vesicles are continuously released by all kinds of cells and exert a role in intercellular com-
munication [15]. To date, tumor-derived EVs have been the subject of many investigations.

EVs carry RNAs, DNA, proteins, lipids, and other different cargos [15]. Their classifi-
cation is mainly based on size and biogenesis: (1) apoptotic bodies are the largest, ranging
from 50 to 5000 nm, and are shed from dying cells; (2) microvesicles range from 100 to
1000 nm and originate from the budding of the cytoplasmic membrane; exosomes are the
smallest, ranging from 30 to 100 nm, and are released from multivesicular bodies [16-18].

The literature shows extracellular vesicle contributions to tumor growth and cell
dissemination from a primary breast tumor. It has been observed that breast tumor
cells under chemotherapy alter the released extracellular vesicular content and generate
phenotypic changes in resident lung macrophages, providing an inflammatory profile
and sharply increasing the formation of metastases by chemotaxis to circulating tumor
cells [19]. Additionally, a study analyzed if the impairment of extracellular vesicle release
could exert influence on the formation of metastases. The authors used a model of breast
cancer transplanted in an animal knockout to neutral sphingomyelinase 2 (nSMase 2) and
observed a significant reduction in the extracellular vesicle release and a correlation with
the decrease in metastases formation [20].

Moreover, it has been reported that breast cancer extracellular vesicles are able to
transfer miR-122 to brain and lung tissues, inhibiting the expression of the enzyme pyruvate
kinase, from the glycolytic pathway, consequently decreasing the supply of glucose to
cells that composes these organs. Thus, facilitating the installation of metastatic foci in
these tissues due to the high availability of local glucose, favoring tumor metabolism,
is partly dependent on glycolytic metabolism [21]. Extracellular vesicles have also been
observed to be able to carry miR-181c from breast tumor cells that form brain metastasis and
influence the leakage of metastatic cells into the brain parenchyma crossing the blood-brain
barrier [22].

Notably, there is an increasing number of articles being published each year on breast
cancer and extracellular vesicles [23]. Therefore, keeping a constant and appreciable update
of its state of the art may be challenging. A method to solve this issue is to perform a biblio-
metric analysis on the current literature. Bibliometric analysis is a well-accepted statistical
tool that gives an overview of a research field and may help the scientific community by
providing concise results from the increasing number of published papers [24,25].

Bibliometric analysis produces objective and subjective results from massive data
(hundreds of thousands) [26,27]. This technique is useful for deciphering and mapping
the scientific knowledge accumulated throughout years of publications, revealing evolu-
tionary nuances in well-established fields by rigorous statistical analysis [28]. Therefore,
bibliometric studies can predict, in a highly reliable way, the advances in a research field,
identify knowledge gaps, and indicate novel ideas for impactful investigations [29].

In this way, since Scopus is the largest science database regularly updated, besides
being commonly accepted by other authors in impactful studies [30-32], we performed a
bibliometric analysis on this database of all the articles that have been published regarding
extracellular vesicles and breast cancer. Our study aimed to present the current scenario of
the research on this theme and predict the next hotspots concerning it.
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2. Materials and Methods
2.1. Literature Search

A literature search was performed in the Scopus Database, as we consider it a reliable
source of bibliometric indicators, such as title and abstracts, citations, keywords, and other
data mostly used in biomedical and biological studies based on this technique [33,34].
Two independent authors (R.H.G.T and R.S.Y.) conducted a search using the following
keywords and Boolean operators: (“Exosomes” OR “Extracellular Vesicles” OR “Microvesi-
cles”) AND “Breast Cancer”. All the documents published were analyzed, without filtering
by year, language, or source (article, book, etc.), aiming to include everything that has
been published on the theme, different from the approaches adopted in other bibliometric
studies [35,36]. All data were retrieved in the same period (March, 2021) to avoid bias due
to updates of documents in the database.

2.2. Statistical Analysis

The raw data were retrieved in files compacted in Bibtex, RIS, and CVS formats and
analyzed in the software VOSviewer (version 1.6.0; Leiden University, Leiden, the Nether-
lands), allowing the creation of a keyword network and its clustering. Statistical analyses
were performed both on R Studio (version 3.6.2), using the Bibliometrix package [37], and
on GraphPad Prism (version 8), enabling the development of charts and a historical direct
citation network.

3. Results
Bibliometric Findings

The search resulted in 1151 documents, in which the first article involving exosomes
and breast cancer was published in 1998; however, the first use of the term “exosomes’
was in 1970 [38]. These documents accounted for 785 experimental and clinical articles
and 295 reviews; the other 71 included different document types, such as entire books
or individual chapters, conference papers, and editorial notes. The documents were
published in 451 different sources, cited 41,363 times in total, and written by 5599 authors
from 57 countries (Table 1).

7

Table 1. General information from the articles analyzed.

Documents Components Indexes

Articles, reviews 1157

Journals, books 451
Author’s keywords 7924

Period 1998-2021
Average citations per document 35.75
Authors

Authors 5599
Author appearances 8141

Authors of single-authored documents 38
Authors of multi-authored documents 5561

Single-authored documents 43
Documents per author 0.206

Colaborations

Authors per document 4.84

Co-Authors per document 7.07

Collaboration index 5.02

An increasing number of publications can be observed (Figure 1, Table S1, and Figure S1),
wherein one article was published in 1998—the first one—and the curve reached its peak of
318 articles in 2020, with 276 more published articles until the moment of the data update
(October 2021). The mean of the total citations per year normalized by the citable years
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is shown in Figure S1. It evidences some of the peaks of the citations that are correlated
with the important articles published on the theme, which had a great impact and directed
the research in the field, also making it possible to create a historiographic map to retrieve

these impactful articles (Figure 2 and Table 2).
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Table 2. Historical direct citation network studies.
Author Article Year Total Citations Ref.
MicroRNA
Hannafon B.N., Breast Plasma exosome microRNAs are indicative of breast cancer 2016 257 [39]
Cancer Res.
]I;I/I;(a;r?cflpn B.N., Int. . Intercellular communication by exosome-derived microRNAs in cancer 2013 375 [40]
Yang M., Mol. Cancer M}Crove51Cle.s secreted by macrophages shuttle invasion-potentiating 2011 603 [41]
microRNAs into breast cancer cells
Ratajczac J., Leukemia. Merr.\brane—derlved m1cr0V651cle§: important and underappreciated 2006 1336 [42]
mediators of cell-to-cell communication.
Protein
Eichelser C., Oncotarget Increased serum levels of c1rculat1n‘g exosomal microRNA-373 in 2014 251 [43]
receptor-negative breast cancer patients
Rupp A K, Loss of EpCAM expression in breast cancer derived serum exosomes:
. 2011 212 [44]
Guynecol. Oncol. role of proteolytic cleavage
Galindo-Hernandez O., Elevated concentration of microvesicles isolated from peripheral blood
. . 2013 90 [45]
Arch. Med. Res. in breast cancer patients
Exosomes Derived from Mesenchymal Stem Cells Suppress
Lee ].K., PLoS ONE Angiogenesis by Down-Regulating VEGF Expression in Breast Cancer 2013 379 [46]
Cells
Ohno S.I, Mol. Ther. Systemlcally injected exosomes targeted to EGFR deliver antitumor 2013 981 [47]
microRNA to breast cancer cells
Cell comunication
II;I/;?I;fion B.N., Int. . Intercellular communication by exosome-derived microRNAs in cancer 2013 375 [40]
O'Brien K., Eur. J. Cancer Exosomes. frorr} trlple-nega.twe brejast cancer c.ellls can transfer 2013 173 [48]
phenotypic traits representing their cells of origin to secondary cells
Ciravolo V. J. Cell Physiol. Potential role of HER2-overexpressing exosomes in countering 2012 350 [49]
trastuzumab-based therapy
Biomarker
Melo S.A., Nature Glypican-1 identifies cancer exosomes and detects early pancreatic 2015 1561 [50]
cancer
. Exosomes from bone marrow mesenchymal stem cells contain a
Ono M., Sci. Signal microRNA that promotes dormancy in metastatic breast cancer cells 2014 433 511
Melo S.A., Cancer Cell Cancer exosomes perf.orm cell-independent microRNA biogenesis and 2014 1074 [52]
promote tumorigenesis
Luga HW,, Cell E.xosopnes. mediate stromal mob}hzat.lon of autocrine Wnt-PCP 2012 939 [53]
signaling in breast cancer cell migration
Drug delivery
Donnarumma E., Cancer-associated fibroblasts release exosomal microRNAs that dictate
. : 2017 165 [54]
Oncotarget an aggressive phenotype in breast cancer
Singh R., Mol. Cancer Exosome-mediated transfer of miR-10b promotes cell invasion in breast 2014 274 [55]
cancer.
Chen W.X., Turmor Biol. Exosomes from docetaxgl-re:mstan.t breast cancer cells alter 2014 140 [56]
chemosensitivity by delivering microRNAs
Tian Y., Biomaterials A doxorubicin delivery platform using engineered natural membrane 2014 854 [57]

vesicle exosomes for targeted tumor therapy
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Table 2. Cont.
Author Article Year Total Citations Ref.
Yang M., Mol. Cancer M}crove51cle.s secreted by macrophages shuttle invasion-potentiating 2011 603 [41]
microRNAs into breast cancer cells
Intermediary
Eichelser C., Oncotarget Increased serum levels of c1rculat1n.g exosomal microRNA-373 in 2014 251 [43]
receptor-negative breast cancer patients
II;I/I?;I?C?H BN., Int. ] Intercellular communication by exosome-derived microRNAs in cancer 2013 375 [40]
O'Brien K., Eur. J. Cancer Exosomes' fI'OII'l trlple—negaFlve bre.ast cancer c'el‘ls can transfer 2013 173 [48]
phenotypic traits representing their cells of origin to secondary cells
King HW., BMC Cancer ~ Hypoxic enhancement of exosome release by breast cancer cells 2012 650 [58]
Cho.A., Int. J. Oncol. Exosomes from breast cancer cells can convert adipose tissue-derived 2012 339 [59]

mesenchymal stem cells into myofibroblast-like cells

In the historiographic map, different groups of articles are observed indicating a
scientific path throughout the years of publications on the theme, as indicated in Figure 2.
Thus, the major path, meaning from the last impactful publication on the theme (in 2017)
until the first one (in 2006), is constituted by five minor paths (MicroRNA, Protein, Cell
communication, Biomarker, and Drug delivery), with some articles contributing to more
than one minor path or presenting content of transition, respectively nominated as “Com-
mon source” and “Intermediary” paths. The studies identified by this analysis are listed in
Table 2.

The most relevant source regarding the number of articles published (Table S2) was the
International Journal of Molecular Sciences (38 documents, IF: 4.556), followed by Oncotarget
(37 documents, IF: 5.168 in 2016) and Scientific Reports (32 documents, IF: 3.998). Taken
together, these three journals represented 9.2% of all the publications on the theme.

However, the number of publications was not correlated with the citation number
(Table S3). Thus, four journals (Oncotarget, Plos One, Scientific Reports, and Cancer Research)
can be found in different positions in both tables, indicating that a higher citation number
is not correlated with the higher impact of publications and citations of a journal. The top
three most cited sources were “Cancer Research” (2116 citations, IF: 9.727), “Nature” (1491
citations, IF: 42.779), and “Oncotarget” (1447 citations, IF: 5.168 *). Coincidently, 8 out of
10 journals listed were also among the 50 journals that contributed the most, accounting for
the top 100 most cited articles in extracellular vesicles and cancer [23]. “Cancer Research”,
“Plos One”, “Nature”, and “Cell and Nature Biology” were the top 10 in both ranks. The top
10 journals comprise 27.5% of all citations.

The most cited article was “Glypican-1 identifies cancer exosomes and detects early
pancreatic cancer”, written by Sonia A. Melo [50], published in “Nature”, and cited
1561 times. In this paper, a cell surface proteoglycan (glypican-1) was identified as being
specifically enriched on cancer cell-derived exosomes, serving as a potential non-invasive
diagnostic and screening tool to detect the early stages of pancreatic cancer (Table 3). More-
over, it is directly involved in the historical direct citation network (Figure 2), contributing
to guiding other studies throughout the research on this theme. Yet, other important studies
can be found through the career of the Top 10 most productive authors, which has Takahiro
Ochiya leading the rank (Table S4).
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Table 3. Top 10 most cited articles.

Document Title Main Finding Author Source Cited By
. . - Glypican-1-enriched exosomes
Glypican-1 identifies cancer 0o pecific Nature, 2015, 523(7559),
exosomes and detects early . . Melo, S.A. et al. 1561
. biomarkers for early detection pp. 177-182
pancreatic cancer [50] of pancreatic cancer.
Circulating microRNA in body  Review of microRNA as a
fluid: A new potential promissing non-invasive tool Kosaka, N., Iguchi, Cancer Science, 2010, 922
biomarker for cancer diagnosis  for prediction, prognosis, and H., Ochiya, T. 101(10), pp. 20872092
and prognosis [60] diagnosis of early cancer.
Insights into different aspects
Membrane-derived of m1croves1§le roles in
microvesicles: Important and d1ff§rent topics, such as . Leukemia, 2006, 20(9)
. ) carcinogenesis, coagulation, Ratajczak, J. et al. ! ! ! 910
underappreciated mediators of communication between cells pp- 1487-1495
cell-to-cell communication [42] immune response, and !
modulation.
Cancer exosomes can
modulate the cell
Cancer exosomes perform transcriptome via miRNAs
cell-independent microRNA associated with RISC loading Cancer Cell, 2015, 26(5),
biogenesis and promote complex. They can also Melo, SA. etal. pp. 707-721 801
tumorigenesis [52] process pre-miRNAs into
miRNAs independently of
cells.
Engineering exosomes as a
Systemically injected exosomes S;;f;giggﬁ;i;;geiilggzs
targeted to EQFR deliver with let-7a miRNA (tumor Ohno, S.. et al. Molecular Therapy, 2013, 779
antitumor microRNA to breast S 21(1), pp. 185-191
cancer cells [47] suppressor) to specifically
target EGRP, which is generally
high in tumor epithelial cells.
Exosomes derived from
cancer-associated fibroblasts
Exosomes mediate stromal and L-cells have an autocrine
mobilization of autocrine influence on Wnt-PCP Cell, 2012, 151(7), pp-
Wnt-PCP signaling in breast signaling, a factor that Luga, V. etal. 1542-1556 728
cancer cell migration [53] regulates and assists breast
cancer cells in the motility and
metastasis process.
Engineering of the exosome
A doxorubicin delivery memb.r ane from tmmature
latform using engineered dendritic cells by fusion with
Ea tural membrane vesicle the iRGD-targeting peptide for Tian. Y.. ot al Biomaterials, 2014, 35(7), 680
oV integrin, thereby creating a T ’ pp- 2383-2390
exosomes for targeted tumor i for th
therapy [57] drug delivery system for the
chemotherapeutic doxorubicin
to tumor tissue.
Insights into various
tumor-derived materials that
TR can b(? the fa rget of liquid Siravegna, G., Nature Reviews Clinical
Integrating liquid biopsies into  biopsies, with the focus on Marsoni. S.. Siena. S Oncology, 2017, 14(9) 644
the management of cancer [61] ¢tDNA, and the potential use T, T 3y, ’ !
& P Bardelli, A. pp. 531-548

of this screening to improve
diagnostic performance and
the treatment choice.
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Table 3. Cont.
Document Title Main Finding Author Source Cited By

The condition of hypoxia leads
to an increase in an exosome

Hypoxic enhancement of that is enriched with miR-210 . .

exosome release by breast released by breast cancer cells. King, HW.,, Michael, BMC Cancer, 2012, 486
This factor could lead to M.Z., Gleadle, ]. M. 12,421

cancer cells [58] . . .
promotion of tumour invasion,
progression, angiogenesis, and
endothelial activation.
A higher level of miR-122
secreted by breast cancer

Breast-cancer-secreted miR-122  mediates a decrease in glucose

reprograms glucose metabolism  uptake by healthy normal cells Fong, M.Y, et al Nature Cell Biology, 477

in premetastatic niche to
promote metastasis [62]

in the premetastatic niche,
which favors the uptake of this
nutrient by cancer cells during
the metastasis process.

2015, 17(2), pp. 183-194

e,
s

S RS, 3

v
Canada 44 . .J

The institution presenting the highest production regarding the number of publica-
tions was “Cornell University”, USA, accounting for 36 publications, followed by “The
University of California”, USA, with 35 publications and “Shahid Beheshti University of
Medical Sciences”, Iran, with 33 publications. The top 10 most productive institutions are
from the USA, Iran, and China, representing a closely distributed production (Table S5).
Concerning the most productive country, the USA ranked as the first, in which all its
institutions published 355 articles, followed by China, which published 311 articles, and
Italy, which published 83 articles (Table S6 and Figure 3).
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Figure 3. Countries that published most on the theme.

A total of 2146 author keywords were retrieved, and 45 met the threshold of a mini-
mum number of occurrences at 10 times cited (Table S7). These keywords were grouped
into six clusters (Figure 4), presenting a different average of citation (Figure 5) and dif-
ferent years of appearance in the articles on the theme (Figure 6). The keywords with
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at least 10 occurrences, in the top 100 most cited articles in cancer and extracellular vesi-
cles [23], roughly coincided with those we found. For instance, “microRNA”, “diagnostic
biomarker” /“diagnosis” and “biomarker”, “proteomic analysis” /“proteomics”, “angio-
genesis”, and “metastasis”. Interestingly, “chemotherapy” and “drug delivery”, included
in our keyword network with approximately 40 citations, were not found in the mentioned
previous study. This suggests that the research in breast cancer and extracellular vesicles

may have been following an additional path for the last 4 years.

@ Cluster
O 1 - Biomarker
ﬁ . 2 - Cell adaptation

W . 3 - Central cluster

Cj 4 - Biological processes

ﬁ ﬁ . 5 - Intermediate cluster

§ .,,‘I 6 - Drug resistance

liquid biopsy

[ circulating tumor cells ]

(extraceliularvesicles u ‘ = ﬁ' | J

(iovside.) —

drug delivery

[ triple-negative breast cM]

Figure 4. Main keyword clusters related to extracellular vesicles and breast cancer.

In Figure 4, the clusters are grouped by colors. From the cluster “1—Biomarker”, the
keywords point to the microRNA of extracellular vesicles being used as biomarkers, mainly
from the serum. The cluster “2—Cell adaptation” presents the process of autophagy and
cell migration as being associated with a hypoxic microenvironment, probably having an
influence on mesenchymal stem cells in colorectal cancer progression, and that could be
treated with immunotherapy; additionally, miRNA is pointed as a strategy to be used in
the diagnosis of colorectal cancer, as well as breast cancer. In cluster “6—Drug resistance”,
an association between cancer-associated fibroblasts (CAFs) and microRNAs in the drug
resistance process of the tumor microenvironment can be observed. The cluster “4—
Biological processes” shows that drug delivery can be a strategy in the treatment of HER-2
and triple-negative breast cancer, and to improve the diagnosis accuracy, a liquid biopsy
analyzing circulating tumor cells or using extracellular vesicles as biomarkers can constitute
the next scientific direction on the theme. The cluster “5—Intermediate cluster” is an
intermediate between the “6—Drug resistance” and the “4—Biological processes” clusters,
in which the association between the tumor microenvironment and biological processes,
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(aniogr)
(eiomarkers )

such as angiogenesis, being mediated by microvesicles and not exclusively by exosomes,
is displayed. Moreover, microvesicles and exosomes seem to influence other scenarios in
cancer treatment, for example, the multidrug resistance to chemotherapeutics classically
used in breast cancer, such as doxorubicin. In the final cluster, “3—Central cluster”, the
main keywords are grouped, which are linked with all the clusters.

(Biemarker)

( mesenchymal stem cells ( hypoxia ] i i

(emt)  (immuneiberapy)

[ tumor microenvironment ]

invasion
L)

W .‘
LY

(exosomes )
cance

@ ) SR ‘

microvesicles

micrornas

chemotherapy
drug delivery

e |

I

10 20 30 40
Number of citations

Figure 5. Average number of citations of the main keywords related to extracellular vesicles and breast cancer.

Based on these findings, it is reasonable to assume that exosomes might play a great
role in the breast cancer microenvironment and metastasis development. Likewise, the
chemoresistance process can be facilitated by these particles, representing a negative impact
on the clinical setting. Proteomics was the methodology mostly used; it is associated with
cytokine analysis, which is also linked with epithelial-mesenchymal transition, known to
be essential to tumor progression and metastasis development.

Analyzing the clusters by average citation (Figure 5), the keywords most cited are
related to drug delivery, in this case, doxorubicin, as well the influence of microRNAs on the
tumor microenvironment, participating in the angiogenic process or even drug resistance.
Moreover, hypoxia and mesenchymal stem cells showed an association with the tumor
microenvironment, the invasion process, and metastasis. Exosomes and microvesicles were
not often cited but are both in the center of the map as well as in each cluster, indicating
their relevance in different scenarios regarding breast cancer.
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Figure 6. Average year of appearance of the main keywords related to extracellular vesicles and breast cancer.

Analyzing the year of appearance (Figure 6), the classic keywords on the theme,
presenting themselves as the oldest, are “microvesicles”, “multidrug resistance”, and
“microenvironment”. As the research was directed toward biological processes, other key-
words were evidenced, such as “apoptosis”, “hypoxia”, and “angiogenesis”. Following the
advances in the field, the next steps in treatment approaches were observed, for instance,
“drug delivery”, “doxorubicin”, and “chemoresistance”. In recent years, a mixture of
themes is present, with current hotspots “autophagy”, “liquid biopsy”, “cancer-associated
fibroblasts”, and “triple-negative breast cancer”. The keywords and their different inter-
actions in each map cannot be analyzed alone; it is important to consider all the links
around each hotspot. In this manner, a general idea can be constructed around the newest
keywords (Figure 6).

The keyword “autophagy” is linked to “extracellular vesicle”, “migration”, “tumor
microenvironment”, and “miRNA”. Autophagy is a conserved catabolic process, in which
cells degrade defective cytoplasmic molecules and organelles through lysosomal activity.
This process is triggered by the communication of the cell with its microenvironment, being
a response to external stress factors and an attempt to reach homeostasis [63]. Its vesicular
machinery is involved in the exocytosis of extracellular vesicles through the fusion of

the membrane of late endosomes with the cell membrane [64], establishing a route of
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communication between autophagic cancer cells and its milieu [63]. Autophagy can have
a dual effect on cancer cells, suppressing (e.g., inhibit tumor growth) or promoting (e.g.,
maintenance of stem properties on cancer stem cells) tumorigenesis [65]. Hamurcu et al.
(2017) observed that the triple-negative breast cancer cell line MDA-MB-231 has a higher
rate of autophagy and expression of autophagy-related proteins LC3 and Beclin. Moreover,
the downregulation of those proteins led to the suppression of autophagy, migration,
proliferation, and colony formation potential and increased apoptosis [66]. Regarding the
relation between “autophagy” and “miRNA”, the inhibitory potential of miRNA has been
studied in this process. For example, the delivery of miRNA-376b through nanoparticles
on breast cancer cells led to a reduction in tumor mass in a xenograft mice model and
presented an even stronger effect when used in combination with cisplatin [67].

The keyword “cancer-associated fibroblasts” is linked to “metastasis”, “microvesicles”,
“cancer”, and “microRNAs”. The tumor microenvironment is rich in stromal cells, such
as fibroblasts, and those cells can be re-programmed due to the endocytosis of tumor-
derived extracellular vesicles containing TGF-B1, TGF-B2, IL-6, MMP-2, and MMP-9 [68].
There is increasing evidence that these cancer-associated fibroblasts (CAFs) contribute
to tumor progression and metastasis, placing it in the spotlight for novel anti-tumoral
therapies [69]. CAF-derived EVs have different contents when compared with normal
fibroblasts, for example, presenting the downregulation of miR-1-3p (a miRNA can inhibit
the cell viability, invasion, migration, and epithelial-mesenchymal transition of breast
cancer cells) when compared with normal fibroblasts. Then, Tao et al. (2020) transfected a
miR-1-3p mimic into CAF-derived EVs, showing the potential of those cells in the delivery
of the antineoplastic miRNA [70]. On the other hand, CAFs may modulate healthy and
neoplastic cells through EVs, such as exosomes and microvesicles. For example, CD81+
exosomes are shed by CAFs and can be internalized by breast cancer cells, altering Wnt
pathway molecules, which may contribute to an increase in cell protrusions and motility,
favoring the metastasis cascade [71]. Moreover, exosomes seem to be involved in epithelial—-
mesenchymal transition, a key process in metastasis [72]. Sansone et al. (2017) showed
the contribution of CAF-derived microvesicles in the acquisition of stemness properties of
luminal breast cancer cells through the transference of miR-221, promoting resistance to
hormonal therapies [73].

The keyword “triple-negative breast cancer” is linked to “extracellular vesicles”,
“angiogenesis”, “drug delivery”, and “doxorubicin”. The classification of breast cancer
can be based on the expression of the receptors for estrogen, progesterone, and HER2. The
triple-negative (TN) subtype has a low expression of those hormone receptors and does
not respond to hormone-based therapies, presenting a highly invasive nature, commonly
evolving to metastatic disease [74]. Our group has demonstrated that the human TN cell
line MDA-MB-231-derived EVs are more internalized by fibroblasts, and vice versa, than
EVs derived from MCF-7, a luminal human cancer cell line [75]. TN breast cancer EVs
can also interact with other cell types, such as endothelial cells, contributing to tumor
progression [76]. In another study, it was observed that the association of breast cancer
EVs and annexin 2A plays an important role in angiogenesis and the formation of a pre-
metastatic niche through the activation of macrophages [77]. In a later publication of
the same group, they correlated the previous association with the high incidence and
aggressiveness of TN breast cancer in African American women [78]. EVs also show a
promising antitumoral effect if employed as a drug delivery system. Gong et al. (2019)
developed a delivery system using EVs secreted by human monocyte cells rich in a modified
version of disintegrin and metalloproteinase-15 (A15), which binds to the integrin av33
present in TN breast cancer cells. They tested the co-delivery of the chemotherapeutic
agent doxorubicin and microRNA-159 and observed synergic anticancer effects both in
in vitro and in vivo models of TN breast cancer [79]. In a similar study, Haney et al. (2019)
demonstrated that monocyte EVs loaded with doxorubicin and paclitaxel induced the
accumulation of those drugs inside of TN breast cancer cells in vitro and in vivo, increasing
cytotoxicity and suppressing tumor formation, respectively [80].
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Finally, the keyword “liquid biopsy” seems to be the most relevant among the newest
keywords since it has many links, which are “breast cancer”, “biomarkers”, “diagnosis”,
“extracellular vesicles”, “exosomes”, and “circulating tumor cells”. A liquid biopsy consists
of a less invasive strategy for the detection of cancer relying on the molecular identification
of the contents released from tumor cells, such as DNA, miRNA, and other biomarkers
present in the blood, serum, and plasma [81]. Those molecules can be found free in those
fluids or in circulating cancer cells or EVs. It has been demonstrated by several studies
that EVs shed by breast cancer cells may contain stable miRNAs, such as miR-21 and
miR-1246 in exosomes, constituting a potential tool in the future of breast cancer detection
and diagnosis [39]. However, there is still no consensus in the scientific community
about which specific miRNAs could be used for this purpose [82]. Hence, a liquid biopsy
could allow the detection of cancer, prognosis, and could even guide therapy taking into
account the molecular pattern of the tumor content present in the plasma of patients [82].
The growing research on non-coding RNA carried by extracellular vesicles goes beyond
miRNAs, including ncRNAs, tRNA and tRNA fragments, Y RNA, piRNA, rRNA, and
IncRNA [83], and requires a separate bibliometric study.

4. Strengths and Limitations

Our study provides a wide overview of the current literature regarding the influence of
EVs on metastatic breast cancer, including not only information about authors, publishers,
publication year, and number of citations but also the current hot topics and the trends
predicted from them. However, since the data were collected only from Scopus, which
contains a high degree of features that improved our analysis and constitutes the biggest
repository of articles, other databases were not considered, which may represent a slight
difference (but not significant) in the number of documents or other metrics.

5. Conclusions

Here, we quantitatively described the published literature related to extracellular
vesicles and breast cancer and used these metrics to predict the future paths in the research
on the oncology field. The journal with the highest number of publications on the subject
was the “International Journal of Molecular Sciences” (n = 38), but the most cited was “Cancer
Research” (n = 2116). The most productive author on this theme was “Melo, S.A.” (1561 cita-
tions), and the most cited article was by “Melo, et al.” (2015) [50] (n = 1561). The keyword
networks revealed that researchers have been focusing not only on the mechanisms of
action of breast tumor-derived vesicles but also on their implications in cancer treatment.
Future studies are expected to explore the role of extracellular vesicles on autophagy and
microRNA and the applications of extracellular vesicle knowledge from liquid biopsies for
the development of better breast cancer biomarkers, contributing to personalized medicine.
Additionally, the specificity of these vesicles could be explored as treatment, using them in
biohybrid systems for precise drug delivery.
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