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Extracellular vesicles from cancer cells are key players of
metastatic cell phenotype induction
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Wei and colleagues highlight an important health issue associated with colorectal cancer (CRC)
management, common to other tumors, that is the high risk of metastases development, especially liver
metastases [1]. CRC is the third most frequent cancer worldwide and represents the third most deadly
tumor [2]. In fact, it is accepted that approximately 15-25% of patients present metastasis in the moment
of diagnosis, being the liver the most common site of metastatic disease. Moreover, it is observed that
approximately 50% of the CRC patients develop liver metastases during the course of the disease, which
will present a negative impact in patients’ overall survival. The literature reports that patients with liver
metastases present a poor prognosis, presenting a 5-year survival rate of 12% [3]. Thus, the metastatic
disease represents a huge challenge in patient’s management, being crucial to understand the molecular
mechanisms driving to metastatic disease establishment in CRC, since this issue is the high contributor
for cancer-related mortality. A deeper understand of the underlying mechanisms behind the
metastization process will create new opportunities for new predictive biomarkers identification, such
as circulating biomarkers, that could be quantified through minimally invasive methods and ultimately
aid in an improved management of these patients.

The metastatic process is a multistep process, involving invasion, vasculature intravasation,
survival in circulation, extravasation, and adaption/growth in secondary site. Nowadays, it is known that
tumor cells and multiple elements of the tumor microenvironment (TME) will establish a complex
crosstalk that will be essential for the metastatic dissemination. TME is composed by cancer and
noncancerous cells, immune cells, mesenchymal stem cells, endothelial cells, niche cells, cancer-
associated fibroblasts, and adipocytes that will be involved in cell survival and growth regulation,
providing a key niche for cancer progression [4,5]. In TME, cancer cells orchestrated a crosstalk among
surrounding stromal and inflammatory cells in order to be established an inflammatory
microenvironment that support tumorigenesis, tumor growth and distant metastasis establishment. CRC
liver metastasis are typically associated with the interaction between CRC cells and the TME in liver. In
fact, in TME occurs a constant cell communication driven by cytokines, chemokines, growth factors,
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inflammatory enzymes and extracellular vesicles (EVs) that support tumor growth and inflammation
among other elements [6].

Actually, it is accepted that cell-to-cell communication through EVs is one of the most relevant
communication mechanisms in the TME, being involved in the crosstalk among the different cell
types—cancer, normal, immune, endothelial stromal [7]. During the recent decades, EVs gained
attention since they are major intercellular players of the cell communication being involved in
physiological and pathological processes. EVs are nano-sized lipid bilayer encapsulated membranes
carrying proteins, lipids, nucleic acids and sugars that are shed by the cells in all the three domains of
life, representing the first form of cell cell-tocell communication [8,9]. EVs consist of a mixed population
of microvesicles with different sizes, shed by cells, that enable cell-to-cell communication through the
transport of active biomolecules from one cell to another, with the ability to change the receptor cells [10].
EVs can be released from primary tumor cells, transporting biomolecules that can modulate the biology
and the phenotype of neighbor cells, moreover, they can modulate distant organ niches to support the
seeding and growth of metastatic cells [11,12]. In fact, they can circulate to distant organ and induce
changes in microenvironment to potentiate the future metastatic spread in consequence of their ability
to horizontally transfer information, such as nucleic acids or proteins.

Interestingly, EVs application surpass the oncology field as effective vehicles that modulate cellular
processes. For example, pioneer works performed by Rozmyslowicz et al. described that CD4+/CXCR4-
null cell lines ‘acquired” CXCR4 receptor after exposure to EVs from platelets and became infected by
human immunodeficiency virus (HIV) [13]. More recently, it has been described that EVs are also
involved in HIV latency which is a huge challenge to the success of antiretroviral therapies [14]. On the
other hand, Gram-positive and Gram-negative bacteria can also secrete EVs being involved in
acquisition of nutrients, adhesion to hosts, delivery of virulence factors and immune modulation [15].
Bacteria EVs can carry p-lactamases resulting in enhanced antibiotic resistance to [3-lactam antibiotics
[15-18]. Moreover, EVs secreted by Staphylococcus aureus are enriched in penicillin-binding proteins,
which bind to B-lactam antibiotics and contribute to methicillin resistance [15-17]. Thus nowadays
scientists from basic and clinical research areas look at EVs with great enthusiasm due to their potential
to be used as clinical biomarkers useful for disease diagnosis, prognosis, patient’s follow-up or even as
therapeutic agents.

It is now known that EVs could promote several processes involved in CRC metastases formation
affecting cell proliferation, invasion and migration capacity, epithelialmesenchymal transition, tumor
angiogenesis, premetastatic niche establishment, inflammation and immunosuppression status,
organotropism, treatment resistance, among others [19].

Interestingly, Wei et al., found that CRC-derived EVs presented the ability to activate NOD1 in
macrophages and initiate the secretion of inflammatory cytokines and chemokines, being these
activated- macrophages involved in the promotion tumor cell migration [1]. In fact, the authors show
that CRC-derived EVs carry a high cargo of CD42, that were transported to macrophages and mediate
the NOD1 activation, triggering downstream nuclear factor-kB (NF-«B) and p38-mitogen-activated
protein kinase (MAPK)-dependent inflammatory cytokines and chemokines, which ultimately promote
tumor cell migration. Therefore, tumor cells induce IL-6, CCL1 and CCL2 macrophages production
creating a TME favorable to tumor cell migration and metastasis formation. On the other hand, the
authors found that patients with liver metastases CRC present higher expression of EVs-related CDC42
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than heathy individuals, being these EVs involved in NOD1 activation in human blood mononuclear
cells. Taken together, the authors suggested the NOD1 as a potential target for CRC liver metastases
treatment.

Several works have shown the ability of tumor cells to secrete EVs with different cargo types that
when uptaked by surrounding cells, induce a change in their phenotype and affect the metastatic
microenvironment modeling. For example, Shao and co-workers showed that CRC-EVsrelated-
microRNA-21 (miR-21) is essential for establish a proinflammatory liver microenvironment, through
TLR7 activation in macrophages, being this step crucial for liver metastases [20]. Recently, Zhao et al.
found that metastatic CRC cells release high levels of EVs-relatedmiR-181a-5p than low metastatic cells.
In fact, the EVsrelated-miR-181a-5p can activated the hepatic stellate cells and consequently the IL6-
STAT3. Moreover, activated hepatic stellate cells could secrete CCL20 and also activate a
CCL20/CCR6/ERK1/2/Elk-1/miR-181a-5p positive feedback loop, resulting in reprogramming of the
TME and the formation of pre-metastatic niches in liver [21]. Zhang et al. identified that CRC-EVs
cause HSPC11 upregulation in hepatic stellate cells affecting lipid metabolism in cancerassociated
fibroblasts via up-regulation of acetyl-CoA, which ultimately lead to CXCL5 expression [22]. Recently,
we also observed that the mRNA LAT1 (amino acid transporter) can be transported by CRC-EVs and is
able to modulate the cellular phenotype of recipient cells in vitro, inducing a higher cell migration
capacity and proliferation in liver and kidney cell lines as well as to induce changes in the transcriptome
and protein levels of these cells, suggesting that this MRNA could be an interesting biomarker but also
opening a new idea to develop a new therapeutic approach to target the LAT1 mRNA [23]. Regarding
the application of EVs in cancer treatment approaches, our research group is currently studying a new
strategy to block the expression of an onco-RNA involved CRC progression using microRNAs mimics
delivery by EVs, that present the advantages to cross natural barriers with prolonged circulation time
with less toxicity and less immunogenicity [24].

The application of EVs analysis could open a new field for CRC diagnosis and tumor progression
monitoring through minimally invasive strategies allowing the real application of the liquid biopsy
concept. The analysis of EVs-cargo associated with CRC could allow early diagnosis, as well as a real-
time patient monitoring, with a positive impact in the early detection of tumor progression and
metastases development. The EVs could allow the analysis of multiple types of material that can be
submitted to genomic, transcriptomic, proteomic and lipidomic analysis.

In fact, one of the most exciting possibilities of EVs applications is their use as treatment agents,
due to their compatibility with the host immune system and their ability to be engineered as targeted
drug delivery systems or vaccines, which was the case of COVID-19 mRNA vaccines. In the future,
anti-cancer drugs, small RNAs and antiinflammatory agents could be loaded and delivery through EVs,
EVs from stem cells could be used to direct repair damage tissues and EV's from bacteria could be applied
for vaccine development due to their immunogenicity and adjuvanticity.
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