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Editorial on the Research Topic

Extracellular vesicles as modulators of cancer cell adaptive responses
linked to therapy resistance
Cancer still ranks as the leading cause of death, with approximately 20 million new

cases per year worldwide (1). The main obstacle to cancer eradication is that anticancer

approaches are often hindered by innate or acquired resistance to treatments (2). Cancer

cells escape toxicity of therapeutics via genetic heterogeneity, enhanced pro-survival

signals, metabolic reprogramming and improved detoxification and antioxidant

scavenging, among other mechanisms (3–5). The crosstalk between tumor cells and

the surrounding tumor microenvironment (TME) through the extracellular vesicle (EV)-

based communication system plays a major role in influencing the behavior and

phenotype of cancer cells through a wide array of molecular cargoes, such as proteins,

nucleic acids, lipids, and metabolites (6, 7).

Unfortunately, a comprehensive view of the molecular mechanisms through which

EVs affect resistance to anticancer treatments is yet to be depicted. Some evidence

suggests that key roles might be played by regulatory RNAs (namely, lncRNAs and

miRNAs) and drug efflux pumps (8, 9), metabolism reprogramming in cancer cells and in

the TME (10), changes in mitochondrial function, bioenergetics, reactive oxygen species

production and disposal, as well as in genomic stability and epigenetic control of gene

expression (11–13).

The aim of this Research Topic was to collect contributions focused on how EVs

affect molecular phenotype and behavior of cancer cells, in terms of their response to

anticancer interventions.
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Pompili et al. summarized the current state of knowledge on

the most important cellular pathways involved in the

cytoprotective effects of EVs in cancer cells, which can gain

resistance to chemotherapy via EV-dependent extrusion of

therapeutics, or even through the uptake of diverse molecular

cargoes, including ABC transporter proteins, inhibitors of

apoptosis, phase II detoxification enzymes, proliferation

enhancers and non-coding RNAs. Similarly, Palazzolo et al.

reviewed how EV molecular cargoes can change the response

profile of cancer cells to chemotherapeutics, for example by

inducing epithelial-mesenchymal transition (EMT) and cancer

stem cell (CSC) phenotypes, by stimulating the expression of

ATP-dependent efflux pumps, such as P-gp, or even impairing

caspase 3-dependent apoptosis. Pompili et al. and Palazzolo et al.

also discussed how natural or modified EVs may serve as drug

delivery systems, and how the EV-dependent cell-to-cell

communication may be targeted to reduce chemoresistance

in cancer.

Studies provided evidence for an EV-mediated cell-to-cell

transmission of drug-resistance traits in malignancies (14–16).

The ability of EVs to transfer resistance to recipient cells was

investigated by Lombardi et al., who observed that (TMZ)-

sensitive glioblastoma multiforme cells became less responsive

to TMZ after internalization of cyclooxygenase-2-containing

EVs derived from TMZ-resistant cancer cells.

The involvement of the redox milieu in the EV-dependent

modification of cancer cell behavior was investigated by some of

us. Ponzetti et al. showed that osteoblast-derived EVs (OB-EVs)

reduced osteosarcoma cells’ aggressiveness and viability by

impairing the redox balance of glutathione, a critical

endogenous antioxidant molecule with key functions in

detoxification and reactive oxygen species (ROS) scavenging

within cells (17). Interestingly, OB-EVs did not alter the

energy-related metabolic balance or mitochondrial dynamics.

NF-kB plays a major role in the execution of redox cellular

responses. As reviewed by Di Vito Nolfi et al., NF-kB, whose
expression governs key pro-survival pathways, is positively

regulated by the EV-dependent release of specific tumor-

promoting factors in the TME. A reciprocal regulation exists

between EVs and NF-kB signaling, with NF-kB being directly

involved in EVs trafficking and EVs-mediated chemoresistance,

along with EVs playing a role in the activation of NF-kB. The
authors discussed also how other proteins, molecules, molecular

mechanisms and pathways possibly play a role in chemoresistance.

The EV-mediated intercellular communication contributes to

pathway activation, immune escape, and drug resistance Di Vito

Nolfi et al. Beyond its important role in the redox response, NF-kB
regulates an array of genes involved in immune and inflammatory

responses (18). Mezzasoma et al. summarized how EVs and the

pro-inflammatory TME could lead to cancer drug resistance, for
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example by modulating the activity of the NLRP3-dependent

cascade, thus altering the inflammasome activation in cancerous

recipient cells, as well as stimulating immune-escape or immune-

stimulation, depending on the nature of the EV-releasing and

-receiving cells. The authors also discussed how potential inhibitors

of the inflammasome machinery could be effectively exploited to

develop new anti-cancer strategies. Simón et al. also discussed how

the proinflammatory TME elicits pro-survival effects through EV

release. These authors summarized the role of hypoxia and

chemotherapy in promoting release of EVs. Moreover, they

described how macrophages and adipocytes, main contributors

to pro-inflammatory disorders, can also induce release of EVs

eventually leading to increased chemoresistance. Finally, the

authors also provided an interesting picture of the pro-survival

molecular pathways activated by CSC- and cancer associated

fibroblast (CAF)-derived EVs. CAFs promote cancer progression

by facilitating metastasization, angiogenesis, immunosuppression

and drug resistance (19). In this context, Giusti et al. clearly

demonstrated that tumor-derived EVs activate fibroblasts into a

CAF-like phenotype, supporting their proliferation, motility,

invasiveness and enzyme expression.

Increasing evidence underlines a crucial role for EVs within

the TME as one of the main determinant for the immune

function of neutrophils in malignancies (20). Zippoli et al.

reviewed how tumor-derived EVs promote the differentiation

of a pro-tumoral immune-suppressive sub-population of tumor

associated neutrophils (TANs) and suppress T cell-mediated

immunity by increasing the expression of programmed death-

ligand 1 (PD-L1) in neutrophils. Interestingly, the authors

reviewed also literature that suggests that neutrophil-derived

EVs may serve as predictors of cancer outcome.

Lu et al. experimentally demonstrated that exosomes (EXOs)

from dendritic cells infected with Toxoplasma gondii inhibited

tumor growth in a mouse model of colorectal cancer (CRC), thus

providing insights of how parasite-based anticancer strategies

may achieve interesting results. Further research should identify

the specific components of the exosomes involved in this effect.

The regulatory RNAs shuttled by EXOs may be involved in

modulating the response to anticancer drugs (21). Wu et al.

described the role of circRNAs shuttled by EVs as either

suppressors or promoters of resistance to radiation in various

cancer models. Accordingly, circRNAs could serve as novel

clinical radiosensitizers, and as biomarkers to predict the effect

of radiotherapy on tumors, thus providing a basis for targeted

precision treatment in the future. In addition to the direct effect

of radiation on irradiated cells, the authors also observed a

process known as the radiation-induced bystander effect (RIBE),

in which non-irradiated cells are also indirectly affected by

radiation. RIBE appears to play a major role in determining

the success of cancer radiotherapy. Further research is needed to
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identify if circRNAs can also induce RIBE through EXOs. As

discussed in the mini-review from Zelli et al., exosomal miRNAs

are highly biocompatible, scarcely immunogenic, and have the

ability to cross the blood-brain barrier, thus representing

potential therapeutic delivery agents to suppress or prevent

further tumor progression.

EVs cargo also include lipids, such as cholesterol, ceramide,

sphingomyelin, and phosphatidylserine. Interestingly, in the

original article from Chen et al. atorvastatin was found to

reduce the release of EVs and their lipid content in ovarian

adenocarcinoma cells, while promoting the release of

cholesterol-enriched EVs. These effects were linked to reduced

cell proliferation, migration, invasion, and to an increase in

chemosensitivity to paclitaxel.

Acquired resistance to drugs is a major cause for hepatocellular

carcinoma (HCC) being a highly relapsing disease and a leading

cause of cancer mortality (22). Wang et al. reviewed how specific

HCC-derived cargoes promote the conversion of hepatic stellate

cells to CAFs, induce a pro-angiogenic effect and reduce endothelial

integrity, eventually promoting tumor invasion. In addition, the

authors discussed how specific EVs-associated miRNAs could be

used as valuable biomarkers for HCC diagnosis.

This guest editorial board hopes that the contributions here

collected offer innovative and interesting mechanistic insights on

the decisive role of EVs as key regulators of critical aspects of

cancer cell phenotype and behavior, in terms of their capacity to

stimulate the cellular stress response upon treatment, as well as

in terms of their ability to enable cancer cells to escape death

upon exposure to antitumor agents.
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