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Tumor cells present many strategies for survival and dissemination in the tumor
environment. Extracellular vesicles are a vital pathway used in crosstalk between tumor
and non-malignant cells. They carry different types of molecules that, when internalized by
target cells, can activate signaling pathways and molecular processes that will promote
and disseminate neoplastic cells. Proteins, nucleic acids, and different cytokines, such as
interleukins, are the main classes of molecules carried by extracellular vesicles and are
being studied to understand the molecular mechanisms present in the tumor
microenvironment. In particular, although poorly understood, the association between
EVs and interleukins has revealed potential approaches to the diagnosis and therapeutics
of several neoplasms.
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INTRODUCTION

Cell-cell communication is an event coordinated and critical in all biological processes, such as
proliferation, differentiation, and apoptosis. Thus, abnormal cell-cell interaction can result in
tumorigenic events (1). The primary forms of communication between cells include cell-to-cell
contact signaling and the secretion of several soluble regulatory factors such as hormones, growth
factors, cytokines, and chemokines. Recently, extracellular vesicles (EVs) have been considered the
third mechanism of intercellular communication (2–6). EVs are a heterogeneous groups of
membrane-bounded vesicles containing different molecular components, such as nucleic acids,
proteins, lipids, and metabolites, which can be internalized by recipient cells, triggering biological
changes (3, 5, 7).

The biogenesis of EVs can occur in two main ways: released by external budding from the cell’s
plasma membrane, and fusion of multivesicular bodies of endosomal origin with the plasma
membrane. EVs released by cells vary in size and are classified based on the process of biogenesis
as: apoptotic bodies, exosomes, ectosomes, microvesicles and large oncossomes (8–14). Apoptotic
bodies are vesicles usually released during programmed cell death and have a size between 50 to 5000
nm in diameter (15, 16). This vesicle can carry spliceosomal proteins and promote alterations in RNA
splicing in recipient cells. For instance, in glioblastoma, the exogenous RBM11 protein present in
apoptotic vesicles is able to change the splicing of the MDM4 gene and cyclin D1 to oncogenic
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isoforms (17). Exosomes, despite having a smaller size, between 40
to 160 nm in diameter, can also transfer molecules with the ability
to stimulate tumorigenesis. In vitro studies with cancer cell lines,
and in vivo analyzes with biological fluids show a significant
increase in the release of exosomes by neoplastic cells (18, 19).
Furthermore, tumor cell-derived exosomes are involved in many
biological events related to the development and promotion of
cancer, such as tumorigenesis, mesenchymal epithelial transition,
drug resistance and metastasis (20–23). Ectosomes, as well as
microvesicles are formed by direct budding of the plasma
membrane. These vesicles are larger than exosomes (250–1000
nm) and can be released by different cells, including tumor cells (6,
12). Finally, studies have demonstrated the existence of vesicles
derived from tumor cells with an atypical size between 1-10 mm in
diameter, called large oncosome, directly associated with cancer
progression (13, 24). Despite the different existing classifications
for the set of EVs released by cells, there is still no consensus on the
nomenclature of the extracellular vesicles secreted by cancer cells.
Thus, according to the guidelines of the International Society of
Extracellular Vesicles (ISEV) to avoid misinterpretation, herein,
we adopt the term ‘EVs’ to address any vesicle subtype (25).

Almost all cells can secrete different types of EVs; however,
the cargo of each vesicle will depend on the cell type and
physiological state that cell finds itself during EVs biogenesis
(26, 27). Tumors present a constant communication between
their cells, and EVs may contribute to this intercellular crosstalk
by establishing a favorable microenvironment for malignant
transformation since the content present in each EV can
reprogram events such as angiogenesis and modulate the
immune. However, the molecular signatures of EVs derived
from the tumor vary according to the type and degree of
aggressiveness (28–31).

In personalized medicine, EVs have been approached as tools
for performing liquid biopsy applied to detect diseases such as
cancer and monitoring of therapeutic responses. Therefore, EVs
have being considered potential biomarkers in cancer (32, 33).
On the other hand, the EVs produced by cancer cells or immune
cells may drive the regulation of immunity by transducing
different signals, contributing, for example, to cytokine
production and consequently favoring tumor growth,
metastasis, and immune activation and suppression during the
tumorigenesis (28, 34). Targeting those EV effects could open
opportunities for new treatments.

Cytokines are proteins that regulate the growth and
differentiation of immune cells and the activation of the immune
system. They are commonly released in response to cellular stress,
such as in situations of carcinogen injury, to control inflammatory
or infectious processes (35). However, there are cases where there is
continuous production of these molecules, characterizing a picture
of chronic inflammation, impacting several processes that favor the
tumor microenvironment. Among the cytokine family, several
interleukins can be considered essential for cancer development
and progression since activation of some interleukins after the
oncogenic event can become a pathological mechanism that
contributes to tumor growth and metastatic dissemination (28,
36, 37). The interleukins are a family of several molecules (IL-1 to
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IL-36), synthesized mainly through leukocytes. Like other
cytokines, the mechanism of action in cancer is specific for each
interleukin that activates a subset of cells with the corresponding
receptor (37).

In this review, we highlight the ability of the content present
in EVs to regulate important cytokines and present association
studies between EVs and cytokines used in cancer investigations
and therapeutic approaches.
THE ROLE OF EVs IN
DELIVERING INTERLEUKINS

Most secreted proteins, including cytokines, carry an N-terminal
signal peptide and/or a transmembrane domain that directs these
proteins to their extracellular destination. However, cytokines
and chemokines can reach the extracellular space being packaged
in EVs, thus facilitating the delivery and targeting of these
molecules to distant cells (38). Furthermore, EVs can be
targeted to target cells through the binding of surface cytokines
of EVs to cells that express specific cytokine receptors (39).
Likewise, MHC I and II receptors, transferrin receptors and
tetraspanins present in the membrane structure of EVs can
promote their targeting and the engineering of EVs for
therapeutic purposes (40, 41). In this regard, it is possible to
consider the technological advances of engineering EVs to
provide therapeutic tools for the treatment of diseases such as
cancer. For instance, in lung cancer, 3LL tumor cells were
genetically modified to release exosomes with CD40L
overexpression and high levels of interleukin-12, promoting
the maturation of dendritic cells, and consequently the increase
in T cell proliferation and antitumor activity in vivo (39).
However, cytokine packaging by EVs is also present in cells in
their normal state. Recently, Fitzgerald et al. showed that the
cytokine secretion process from tonsillar tissue, placental villous
explants, whole blood, amniotic fluid and, platelet poor plasma
are heterogeneous, varying between free and EV-encapsulated
forms and that the proportion of cytokines encapsulated with
EVs is dependent on its origin. Among the 33 cytokines
evaluated, ten interleukins (IL-2, IL-4, IL-10, IL-12, IL-15,
IL-16, IL-18, IL-21, IL-22, IL-33) were more frequently
associated in the surface or internal to EVs (42). This
association contributes to the delivery and targeting of these
molecules to distant target cells since delivery is mediated by
cytokine receptors present in target cells. Also, EVs may improve
the production of interleukins and chemokines by stimulating
cell resistance under cytotoxic stress conditions to facilitate
tumor progression and protect cytokines from degradation by
encapsulation (42, 43).

EVs Cargo Controls Interleukins Function
To achieve efficient communication, EVs can interact with
receptor cells through different pathways, including the release
of the EVs cargo in the extracellular environment and interaction
with cell membrane receptors in the process of fusion or
endocytosis. The possibility of interaction with cell receptors
March 2022 | Volume 13 | Article 836922
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allows EVs to address the content of these vesicles to specific
cells, generating different biological responses in the recipient cell
(44–47). For instance, in the immunological scenario, the
alteration of different cytokines can be driven by molecules
present in tumor-derived EVs or released by immune cells in a
tumor environment (Table 1). For example, some miRNAs in
EVs can inhibit gene expression and consequently alter
interleukin levels. miR-23a-3p, miRNA present in EVs of
hepatocellular carcinoma, are responsible for directing the
inhibition of PTEN expression and increased phosphorylation
of AKT and PD-L1 expression in macrophages, which leads to
decreased IL-2 levels and CD8+ T cells in microenvironment
(49). Cancer-derived EVs may also activate the tumor-associated
macrophages and consequently activate the secretion of vascular
endothelial growth factor (VEGF), IL-6, miRNAs, and
transcription factors, which together promote angiogenesis,
contributing to tumor progression. The participation of
cancer-derived EVs with macrophages is one of the main
pathways related to cytokine production in different tumor
microenvironments (56, 57).

For instance, in colorectal cancer (CRC), a study showed that
SW620 (CRC cell line)-derived EVs could induce the secretion of
IL-6, CXCL10, IL-23, and IL-10 in M0 macrophages (34). These
results suggest that CRC cell line-derived EVs may reprogram
immune cells’ immunophenotype and secretory profile (34).
From this scenario of cell reprogramming conducted by EVs,
cytokines such as IL-6 can induce phosphorylation events of
transcriptional factors such as STAT3, contributing to tumor
growth and metastasis of breast cancer (58). In melanoma, EVs
can induce upregulation of markers to macrophages’ M1 and M2
polarization phenotypes such as CCL22, IL-12B, IL-1b, IL-6, i-NOS,
and TNFa, promoting a protumor environment (48). Furthermore,
EVs can induce angiogenic phenotypes, which can activate signal
transduction in endothelial cells and thus lead to the release of IL-8
in the extracellular environment and the induction of an angiogenic
phenotype (4). Therefore, the EVS can mediate key interactions in
the microenvironmental tumor acting on immune cells by
activating interleukin-related mechanisms in cancer.

Similarly, our group found that EVs released from the
primary culture of prostatic tumor cells may promote the
secretion of IL-8 in the extracellular environment (23). This
event may contribute to the malignant transformation of non-
tumor cells in vitro (23). Moreover, leukemia-derived exosomes
Frontiers in Immunology | www.frontiersin.org 3
may also active the IL-8 production in bone marrow stromal
cells, protecting acute myeloid leukemia cells from apoptotic
events resulting from chemotherapeutic treatments (51).

EV-Associated Interleukins as a
Diagnostic Tool
For many types of tumors, diagnosis can be invasive and
uncomfortable process for the patient. Furthermore, late
diagnosis can compromise the response to antitumor therapies.
However, studies with EVs have shown that liquid biopsy can
accelerate and improve approaches to diagnostic for many
cancer types. Indeed, the evaluation of molecules such as
mRNA, dsDNA, miRNA, protein, or cytokines isolated from
EVs has been used in studies to detect cancer or correlation with
metastatic events (59, 60). In pancreatic cancer, the serum levels
of exosome miR-17-5p is higher in patients with this neoplasm
than in healthy participants, suggesting the use of this EV-
derived miRNA as a potential biomarker for pancreatic cancer
(61). On the other hand, nanotechnology tools were used to
demonstrated that the use of EVs-associated interleukins can be
easily combined and coupled to nanoparticles in a tumor cell
detection system (54). Thus, the authors reported that from
the expression of the IL-13 receptor in EVs derived from
glioblastoma, it was possible to build a detection system for
this tumor by connecting IL-13 to quantum dots (IL13QD) (54).
This complex can serve as a marker for glioma stem cells, and
exosomes can inform the diagnosis and prognosis of patients
with malignant disease. This interaction between EVs and
cytokines enables the development of novel detection methods
for cancer and the understanding of mechanisms associated with
the tumor microenvironment. For instance, a recently study have
showed that cytokines present in the tumor microenvironment
could be conjugated to tumor-derived EVs and used to
determine the uptake and biodistribution of EVs by cells
expressing the cytokine receptor (62). In this study, the
researchers also report that this conjunction between cytokines
and EVs may be crucial for tumor promotion, altering the
immune landscape (54, 62).

EVs-Associated Interleukins as a
Therapeutic Tool
The cargo of EVs, released in the cytoplasm of the target cell is
presented as a potential source for discovering biomarkers,
TABLE 1 | Interleukins in cancer and their association with EVs.

Interleukin Function EV-secreting cell type Effect of EVs on interleukins expression Ref.

IL-1 Required for tumor invasion and angiogenesis Melanoma cells IL-1b upregulation (48)
IL-2 Antitumoral Hepatocellular carcinoma cells Decreased (49)
IL-3 Promotes hematological malignancies CML cells Drug delivery (50)
IL-6 Protumoral: activates carcinogenesis Colorectal cancer/melanoma cells Upregulation (34)
IL-8 Protumoral CML, prostate cancer cells Upregulation (51, 52)
IL-10 Promotes cytotoxicity Colorectal cancer cells Upregulation (34)
IL-12 Antitumoral Melanoma/Colorectal cancer cells Upregulation (48, 53)
IL-13 Protumoral Glioblastoma cells Detection system IL-13 to quantum dots (54)
IL-23 Protumoral Colorectal cancer cells Upregulation (34)
IL-26 Protumoral via TH17 cells Pancreatic cancer cells Inhibition by miR-3607 (55)
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including cytokines and proteins. In addition, the association of EVs
with cytokines, mediated or not by receptors, represents an exciting
communication pathway between tumor and non-tumor cells that
may be important for the development of therapeutic strategies
(Figure 1). The therapeutic potential of EVs is significant in
precision medicine for drug delivery (63, 64). Thus, despite the
known role of EVs in tumorigenesis, some approaches have been
explored to use these vesicles for therapeutic purposes. EVs fused
with interleukin have been promising approaches for drug delivery
systems and acquire antitumor potential as demonstrated in a study
that evaluated the overexpression of the IL-3 receptor (IL3R), in
chronic myeloid leukemia (CML) through the genetically
Frontiers in Immunology | www.frontiersin.org 4
engineering of HEK293T cells to produce IL-3 fused EVs. With
that in mind, a delivery system was developed for the drug Imatinib
for leukemic cells that overexpressed IL3R. The results obtained
suggest that this Imatinib delivery system could be a novel tool for
the treatment of CML since there was inhibiting tumor growth in
vivo and in vitro (50). A study involving genetic modification of cell
lines also showed potential for inhibiting tumor growth. In this
research, MC38 cells were modified to overexpress IL-12, a
proinflammatory interleukin, which was also overexpressed in
EVs derived from these engineered cells. Thus, these EVs were
used in vivo and in vitro studies to assess the antitumor immune
response of this cytokine delivered via EVs (53). Similarly, another
A

B

C

D

FIGURE 1 | Biogenesis, uptake and role of EVs: (A) Different cell types can release different types of EVs under normal physiological or pathological conditions.
(B) The EVs produced may contain several important molecules for cell communication, such as DNA, miRNA, Cytokines, proteins and metabolites that can trigger
different biological responses in recipient cells. (C) Uptake of EVs: the mechanisms of extracellular vesicles-mediated transfer may be via target receptors present in
the cytoplasmic membrane or direct fusion with the membrane. Interaction with membrane receptors can activate signaling pathways triggering cellular changes.
Likewise, EVs, when fusing with the membrane, can release its content and generate cellular changes. Biogenesis: EVs can be produced by cells in different ways:
Multivesicular bodies can develop from early endosomes and fuse with the plasma membrane releasing vesicles (exosomes) or, EVs can form by budding from the
outer plasma membrane of the cell, with release of microvesicles to the extracellular environment. (D) In studies on the association of EVs with cancer, the potential
of content carried by EVs to be used as a tool for new diagnostic strategies and therapeutic targets has been investigated.
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work showed that EVs released by renal cancer cells modified to
express GPI-IL-12 (glycolipid-anchored-IL-12) could incorporate
GPI-IL-12. This EV modification induces cytotoxic T lymphocytes,
resulting in significant cytotoxic effects in vitro (65). These data
suggest that EVsmay have potential application in immunotherapy,
emphasizing the production of vaccines based on EVs conjugated to
antitumor interleukins for the treatment of renal cell carcinoma. In
addition to this approach, EVs derived from immune cells can also
inhibit tumor growth. A promising investigation showed that miR-
3607-3p presents in EVs derived from NK cells can inhibit the
malignant transformation and suppresses proliferation, migration,
and invasion of pancreatic tumor cells, probably through the target
IL-26 (55).
CONCLUSION

Accumulated evidence suggests that EVs have immunotherapeutic
potential, and their specific association with interleukins has
enabled new approaches to the diagnosis of different types of
cancer. Furthermore, with the advancement of personalized
medicine, liquid biopsy has gained a prominent place in the
clinical scenario with the use of genetically modified EVs as
drug carriers, due to their non-toxic and non-immunogenic
nature. However, despite the important studies presented here,
the biological aspects that coordinate the migratory itinerary and
Frontiers in Immunology | www.frontiersin.org 5
the uptake of EVs by recipient cells, as well as the impact of genetic
modification of EVs for therapeutic purposes, are still not fully
understood. In addition, for an effective approach to EVs in
clinical practice, large-scale production of these vesicles is
necessary, as current isolation methods have low yields. In this
sense, new efforts are needed to develop protocols that allow
obtaining better yields of EVs isolated from biological fluids, as
well as studies that make it possible to understand the biology of
EVs both in the tumor microenvironment and their interaction
with the host’s immune system. Altogether, future studies will be
necessary to overcome those limitations before applying EVs in
clinical practice.
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Sánchez-Madrid F, et al. The Intracellular Interactome of Tetraspanin-
Enriched Microdomains Reveals Their Function as Sorting Machineries
Toward Exosomes. J Biol Chem (2013) 288:11649–61. doi: 10.1074/
Frontiers in Immunology | www.frontiersin.org 6
JBC.M112.445304/ATTACHMENT/25F1D8B7-272B-4BEF-84FA-DC3FA
8148E3F/MMC1.ZIP

42. Fitzgerald W, Freeman ML, Lederman MM, Vasilieva E, Romero R. Margolis
L. A System of Cytokines Encapsulated in Extracellular Vesicles. Sci Rep
(2018) 8:89–73. doi: 10.1038/s41598-018-27190-x

43. Aiello A, Giannessi F, Percario ZA, Affabris E. An Emerging Interplay
Between Extracellular Vesicles and Cytokines. Cytokine Growth Factor Rev
(2020) 51:49–60. doi: 10.1016/j.cytogfr.2019.12.003

44. Junker K, Heinzelmann J, Beckham C, Ochiya T, Jenster G. Extracellular
Vesicles and Their Role in Urologic Malignancies. Eur Urol (2016) 70:323–33.
doi: 10.1016/j.eururo.2016.02.046
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