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Exosomes are nanosized vesicles, derived from the endolysosomal compartment of cells
and can shuttle diverse biomolecules such as nucleic acids, proteins, lipids, amino acids,
and metabolites, which can reflect their origin cells. Delivery of these cargoes to recipient
cells enables exosomes to influence diverse cellular functions. As one of the most
abundant immune cells in the tumor microenvironment, tumor-associated
macrophages (TAMs) are educated by the tumor milieu, which is rich in cancer cells
and stroma components, to exert functions such as the promotion of tumor growth,
immunosuppression, angiogenesis, and cancer cell dissemination. Herein, we focus on
exosomes-mediated intercellular commmunication between tumor cells and TAM in the
tumor microenvironment, which may provide new targets for anti-tumor treatment. In this
review, we highlight the most recent studies on the effect of tumor/macrophage-derived
exosomes on macrophage/tumor function in different cancer types.
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INTRODUCTION

Although the study of extacellular vesicles (EVs) is continuously evolving, they generally divide into
two major categories, exosomes (40-160 nm) and ectosomes (50 nm-1 pm in diameter, including
microvesicles, microparticles and large vesicles) (Meldolesi, 2018; Kalluri and LeBleu, 2020). Unlike
ectosomes that fall off the surface of the plasma membrane via outward budding, exosomes are
membrane-derived vesicles with a size range of —40-160 nm (average —100 nm) in diameter with an
endosome origin that can be released by all types of cells. Depending on the cell of origin, exosomes
contain many constituents of a cell, including DNA, RNA, lipids, metabolites, and cytosolic and
surface proteins (Kalluri and LeBleu, 2020). It has been demonstrated that exosomes are associated
with immune response and cancer progression (Li Z. et al., 2020; Ma et al., 2021; Schwarzenbach and
Gahan, 2021). The components delivered by exosomes to recipient cells result in the alteration of
biological response, which can be disease-promoting or restraining. These specific cellular
components in exosomes have been indicated that they have a crucial role in regulating
intercellular communication (Colombo et al., 2014; Devhare and Ray, 2018; Maia et al., 2018).
The efficient delivery of certain components through exosomes can provide novel strategies in
designing exosome-based therapeutics.

The tumor microenvironment (TME) plays a crucial role in tumor progression and metastasis.
Macrophages, as one of the most abundant immune cells in the TME, exhibit noticeable phenotypic
switch responding to divergent environmental conditions. The presence of macrophages across
malignancies are in line with the established role of macrophages in tumorigenesis in vivo, from
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angiogenesis initiation to universal metastasis (Cortés et al,
2017). In addition, their phenotypes are defined as two
polarized types based on the in vitro polarization of MO
macrophages, which are classically activated M1 macrophages
and alternately activated M2 macrophages (the alternately
activated macrophages are further subdivided into M2a, b, ¢
and d). The macrophage activation is induced by many cytokines,
including classical activation by LPS and IFN-y, alternative
activation by IL-4 and oxidized lipids (Mox)-induced
phenotype (Orecchioni et al, 2019). Other cytokines such as
IL-10 and TGF-p are also associated with macrophage
polarization. Thus, these two phenotypes can be identified by
their specific markers, metabolic features, and gene expression
profiles (Garzetti et al., 2014; Wu et al., 2020). M1 macrophages
exert anti-tumor effects, while M2 macrophages have anti-
inflammatory and tumor-promoting properties (Garzetti et al.,
2014). Those macrophages infiltrating tumor tissues or
populating in the TME are termed tumor-associated
macrophages (TAMs), including both resident macrophages
and circulating monocytes recruited to the TME. TAMs,
activated by IL-10 or TGF-p, display mostly M2 phenotype
features and discharge pro-tumorigenic factors, chemokines
and cytokines (Wu et al., 2020). Pathways and molecules
involved in polarizing TAM are diverse in different tumors,
including: IL-4 and IL-13, eosinophils (Eos) and basophils
(Bas); cytokines and metabolites from cancer cells; antibodies
(Ab) from B cells and immune complex; stromal cell-derived
factors (IL-1, LT) (Mantovani et al., 2017). The presence of TAM
infiltration in TME is crucial in promoting tumor development
and metastasis by stimulating angiogenesis, tumor growth,
migration and invasion, as well as in EMT and tumor
resistance (Zhang et al., 2018). High level of TAMs infiltration
is associated with cancer progression and poor overall survival
rate of cancer patients (Zhang et al., 2018; Lin et al., 2019; Zhao Y.
et al, 2019). Recent studies are emerging to identify novel
therapeutic interventions targeting the destructive tumor-
infiltrating myeloid cells, and the possible breakthrough lies
probably in the crosstalk between tumor cells and TAMs, in
which macrophages are induced to M2-like polarization and in
turn support tumor growth.

Cancer immunotherapy is generally divided into two types:
active and passive immunotherapy. Active immunotherapy
involves decreasing cancer cells by activating the immune
system, while passive immunotherapy involves the passive
acceptance of antibodies, cytokines, or transformed immune
cells that can directly act on the tumor (Zhang Z. et al., 2021).
In addition, based on their capabilities to transfer molecules from
their origin cells to peripheral circulation, increasing studies are
considering exosomes as tumor biomarkers (Lan B. et al., 2019).
Importantly, both natural and modified EVs offer the possibility
of delivering the therapeutic immunology components for the
control and destruction of tumor cells (Schwarzenbach and
Gahan, 2021). Exosomes are less toxic and immunogenic than
the other nano-carriers. Due to the presence of CD47 on their
surface, exosomes can effectively avoid phagocytosis by the
circulating monocytes, thus facilitating the transfer of the
cargos (Kamerkar et al, 2017). Therefore, it is a promising

Tumor and TAM-Derived Exosomes

and inspiring idea to use exosomes as vehicles, and modify
exosomes for clinical applications through artificially
optimizing the integration of specific loadings such as tumor
drugs and targeting siRNA (Naseri et al., 2020; Zhan et al., 2020).

Tumor cells and tumor-associated cells, acting as either host
cells or recipient cells, can transport biomolecules and cell
components through exosomes (Schwarzenbach and Gahan,
2021). These exosomes are considered as new participants in
the mechanism of tumor growth, invasion, angiogenesis,
inflammation  response, immunologic remodeling, and
therapeutic effects, strongly supporting the significance of
exosome-mediated host-recipient communication. Herein, we
summarize important findings on the part of exosomes play in
the communication between tumors and macrophages in
different cancer types, emphasizing the crucial modulating role
of this process in TME of tumor initiation, progression,
metastasis and response to chemotherapy.

THE CLOSE RELATIONSHIP BETWEEN
TUMOR-ASSOCIATED MACROPHAGES
AND TUMOR PROGRESSION

As immunosuppressive factors, TAMs express an M2-like
phenotype, and they are recognized as important participants
in fostering pre-metastatic niches, tumor progression and
chemoresistance, as well as in providing soluble mediators for
cells proliferation, metastasis, survival, and genetic instability
(Mantovani et al., 2017; Petty and Yang, 2017; Lin et al,
2019), and in directly and indirectly suppressing the activity of
cytotoxic T cells (Ruffell et al., 2012). TAM-derived neuropilin-2
(NRP2) stimulates tumor growth by regulating efferocytosis of
apoptotic tumor cells and coordinating immune suppression
(Roy et al,, 2018). In addition, TAM-derived IL-10 promotes
cancer stem cell (CSC)-like characteristics of non-small cell lung
cancer (NSCLC) cells through JAKI1/STAT1/NF-kB/Notchl
signaling (Yang L. et al., 2019).

Both tumor cells and TAMs undergo changes in cellular
metabolism, shaping their functional phenotype in a way of
mutual influence. As we know, tumor cells along with various
components within the TME, and complex crosstalk between
them, are closely involved in tumor development and metastasis
(Figure 1). It is generally believed that tumor cells secrete diverse
exosomes that contain several types of molecules and transport
these molecules through the blood or surrounding cells in the
TME (Nabet. et al, 2017; Devhare and Ray, 2018). These
mediators, unlike cytokines that are directly secreted by
macrophages, are also contained in macrophage-derived
exosomes and can also be transmitted to recipient tumor cells,

thereby facilitating tumor biological functions, such as
proliferation,  invasion, vascularization, and exerting
appreciable influence on the tumor development and

metastasis (Figure 1). Similarly, tumor-derived exosomes alter
the phenotype of macrophages, triggering a polarized M1 or M2
phenotype (Ham et al, 2018) (Figure 1). The polarization of
macrophages, being associated with tumor progression, also
provides cancer treatment strategies concentrating on
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FIGURE 1 | Systematic representation of the exosome-mediated crosstalk between TAMs and tumor within the TME. Exosomes can be released by TAMs and

tumor cells, and transfer information to the recipient cells. Exosomes derived from TAMs can transfer their cargo proteins (B2, hnRNPs), nucleic acids (miR-21-5p,
miR-21 and HISLA), and lipids (TBXAS1) to TME by tumor cells, affecting tumor biology, including cell proliferation, angiogenesis, metastasis, and T-cell cytotoxic activity.
Tumor cells-derived exosomes cargo proteins (Rab22a-NeoF 1, CMTM6, PRPS2), nucleic acids (miR-203, TU339 and circASAP1), and lipids (AA), and educate the

polarization and differentiation of macrophages into the cancer-inhibiting M1 (proinflammatory) and cancer-promoting M2 phenotype (anti-inflammatory). The activation
of M1 type macrophages occurs through signal transduction of IFN-y, TNF and Toll-like receptors (TLR). M1 cells produce nitric oxide (NO), reactive oxygen species
(ROS) and pro-inflammatory cytokines such as interleukin (IL)-1p, IL-6, IL-12, IL-23, CXCL9, CXCL10, TNF-a, and MHC molecules. Genetic markers related to M1
polarization include IL1a, IL1b, IL6, NOS2, TLR2, TLR4, CD80 and CD86. The activation of M2 macrophages is mediated by various cytokines. M2 cells tend to express
an immune suppressive phenotype, and produce anti-inflammatory cytokines, such as IL-10, TGF-B, CCL17, CCL18, CCL22, and CCL24. Surface proteins include

CD115, CD206, PPARG, ARG1, CD163, CD301, Dectin-1, PDL2 and Fizz1.

TME * Proteins: }?:TV[ID‘I%Ia%—’;eROPFSZ * Proteins: aMp2, hnRNPs
~~Nucleic acids: mih-203, ~~ Nucleic acids: m?R-21-5p_
IncRNA TU339, miR-21,
CircRNA ASAP1 HISLA
~~ Lipids: Arachidonic Acid ~~ Lipids: TBXAS1
[
[
Macrophage
[ ]
@
©
[
[}
®
IFN-y, TNF-a IL10, TGF-B
GM-CSF
4 X
M1 polarization M2 polarization

marker: marker:
CD68/80/86 CD204/206/163
NOS2, TLR2/4 ARG1, CD301, PDL2

Secretionl Secretion l

l

Antitumorigenic/
proinflammatory

Tumor progression/
anti-inflammatory

macrophages to improve long-term survivall The Ml
macrophages are activated through signal transduction and
then encourage inflammation response against invading
pathogens and tumor cells. In contrast, the M2 macrophages
are activated by several cytokines, express an immune suppressive
phenotype and produce anti-inflammatory cytokines, thereby
contributing to tumor-related immune dysfunction and
progression (Mantovani et al, 2002; Biswas et al, 2013;
Shapouri-Moghaddam et al., 2018) (Figure 1). Furthermore, it
is worth noting that the transform of M1 and M2 phenotypes is
continuous, so macrophages in the middle stage can express some
of the M1 or M2 markers at the same time. TAMs represent a
promising and effective target for cancer therapy, and strategies

have been proposed to suppress TAM recruitment, to deplete
their number, to switch M2 TAMs into antitumor M1 phenotype
and to inhibit TAM-associated molecules.

EXOSOMES: BIOGENESIS, COMPOSITION,
FUNCTION AND ISOLATION

Biogenesis

The biogenesis of EVs depends on the endocytic membranes for
exosomes and local microdomains in the plasma membrane for
ectosomes, which control the accumulation of proteins and
various types of RNA associated with their cytosolic surface.

Frontiers in Molecular Biosciences | www.frontiersin.org

October 2021 | Volume 8 | Article 764222


https://www.frontiersin.org/journals/molecular-biosciences
www.frontiersin.org
https://www.frontiersin.org/journals/molecular-biosciences#articles

Chen et al.

The biogenesis processes can be observed in immune cells,
mesenchymal stem cells, fibroblasts, endothelial cells (ECs)
and epithelial cells. In addition to the difference in size, there
are only partial differences in the assembly, composition and
release of each type of EVs (Meldolesi, 2018). Unlike ectosomes,
exosomes are formed firstly by the membrane invagination of
early endosomes. The formed intracellular multivesicular bodies
(MVBs) contain intraluminal vesicles, where their contents can
be fused and degraded (Jurj et al., 2020), and can be released into
the extracellular space (Figure 1). However, ectosomes released
immediately after generation. A core component of exosome
biogenesis involves the endosomal sorting complexes required for
transport complexes (ESCRT complexes), which composed of
ESCRT-0, -I, -II, and -III, and also there is an ESCRT-
independent pathway involving ceramides. The multiprotein
complexes participate in recruiting deubiquitinating enzymes
and further sort proteins into intraluminal vesicles (ILVs)
(Maia et al., 2018; Lan B. et al,, 2019). In addition, argonautes
(Agos) are important miRNA-processing proteins, but cells
secrete  Agos independently of exosomes. It has been
demonstrated that miRNAs and argonautes remain hardly
detectable in common isolates of EVs (Makarova et al., 2021).
It is worth noting that Agos sorting miRNA in exosome are not
associated with classical pattern displaying exosomal marker
CD63/CD81/CD9 (Jeppesen et al., 2019). Multiple studies have
reported that other RBPs like Ago2, human antigen R (HuR) (Gu
et al, 2021), and hnRNPK (Xu et al, 2019) are present in
exosomes with possible roles for sorting of RNA. It has been
shown that Ago2 binds and sorting miRNA into EV's through the
KRAS-MEK-ERK signaling pathway. The KRAS-MEK-ERK
pathway-dependent phosphorylation of Ago2 has been shown
to exert some specific control over the sorting of let-7a, miR-100,
and miR-320a into exosomes (Arroyo et al., 2011; McKenzie et al.,
2016).

Composition

Proteins enriched in exosomes contain membrane trafficking
proteins (Rab proteins, ARFs and Annexins), as well as other
transmembrane proteins such as lysosomal associated membrane
proteins (LAMPs) and TfR; also enriched are surface biomarkers
include tetraspanins (CD9, CD63, CD81), ceramide, flotillin;
major histocompatibility complex (MHC) molecules for
antigen presentation; adhesion molecules such as integrins,
ICAM1 and surface peptide (Steinbichler et al, 2019)
(Figure 1). Some of these molecules, such as MHC I
molecules and tetraspanins, are ubiquitously expressed, but
their abundance varies in different cell types, activation status
and community microenvironment (Leone et al., 2018). The
nucleic acids in exosome isolates include mRNA, miRNA, long
non-coding RNA (IncRNA), circRNA, mtRNA, transfer RNA
(tRNA), snRNA, snoRNA, and piRNA (Maia et al., 2018;
Meldolesi, 2018). The lipid component of exosomes comprises
ceramide, cholesterol, phosphatidylserine, sphingomyelin,
hexosylceramides, saturated fatty acids, and other surface
proteoglycans. The membrane lipid lysobisphosphatidic acid,
which is absent in other cellular membranes, leads to the
accumulation of cholesterol (Colombo et al., 2014).

Tumor and TAM-Derived Exosomes

Similar to exosomes, ectosome membranes have high levels of
cholesterol, sphingomyelin, and ceramide, but low levels of
tetraspanins and a few receptors. Some of these proteins, such
as the matrix metalloproteinase MT1-MMP, two glycoprotein
receptors (GP1lb and GPIIb/GPIIa), the adhesion protein
P-selectin, and the integrin Mac-1, are only present in the
subpopulations of ectosomes (Colombo et al, 2014; Chen
et al,, 2016). For both exosomes and ectosomes, the surface
and luminal cargoes are heterogeneous when comparing
vesicles released by different cell types or by single cells in
different functional states (Crescitelli et al,, 2013). Together
with luminal proteins, the ILVs, via mechanisms including a
cooperation between ESCRTs and tetraspanins, accumulate
RNAs, such as miRNAs, and proteins that modulate RNA
function, such as RNA-binding proteins. non-coding RNAs
and DNA sequences have also been found among cargoes of
the exosome lumen (Klinge, 2018; Kumar et al., 2020) (Figure 2).
In terms of specific cytosolic proteins, in ectosomes lumen it is
similar to that in exosomes, most of which have cytoskeletal
functions. The ESCRT mechanism drives several proteins that are
active in ectosome assembly (Meldolesi, 2018). Other proteins
directly interact with the plasma membrane. RNAs are also
enriched within ectosomes mostly miRNAs, but also mRNAs
and ncRNAs (Crescitelli et al., 2013).

Function

It is worth noticing that exosomes released from the host cell
surface are able to fuse with the plasma membranes of recipient
cells and deliver their contents into the cytoplasm. Moreover, the
contents of exosomes are determinant factors and are capable of
TME modulation through stimulating cellular receptor signaling
and regulating cell mortality (Sung et al, 2015). Exosomes
derived from specific types of tumor cells and other cells
surrounding the TME can facilitate tumor microenvironment
by binding with receptors on the cell membrane, thereby
facilitating tumor proliferation, invasion, metastasis, and
chemoresistance. Therefore, functional molecules representing
oncogenic signatures could cause TME alteration, expansion of
the target recipient cells and activation of tumor-promoting
signaling pathways. Such molecules contained in the exosomes
are considered as diagnostic and prognostic biomarkers, and
targets for cancer treatment (Lan B. et al, 2019). Due to the
transfer and presentation of antigenic peptides, delivery of
signals, gene-expression manipulation by exosomal miRNA,
and induction of different signaling pathways by surface
ligands present on the exosomes, the function of exosomes in
immune regulation is specifically expressed as eliciting adaptive
and innate immune reactions, supporting their application for
therapy development and a potential role in regulating immune
reactions in response to infectious agents or cancer (Kalluri and
LeBleu, 2020).

Isolation

Exosome Isolation Techniques

Techniques for exosome isolation have only been developed in
the past few decades. For different purposes and applications,
different isolation methods are selected, the techniques can be
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broadly classified based on their key mechanism: centrifugation
techniques (ultracentrifugation (UC) and density gradient (DG)
centrifugation), size-based isolation techniques (ultrafiltration
and size exclusion chromatography), capture-based techniques,
polymer precipitation, and microfluidics techniques (size-based
microfluidics, immunoaffinity capture (IAC), and microfluidic
separation)[]. The size similarity between exosomes and other
EVs, which include ectosomes and MV, has deeply impeded the
development of isolation processes (Zhang et al., 2020; Zhu et al.,
2020).

UC is currently the most widely used isolation technique. DG
centrifugation is a derivative of UC, and is used to separate
exosomes based on differences in size and density between the
exosomes and other components, which usually require different
centrifugation forces and times for pelleting. So it is considered
the “gold standard” for exosome extraction and separation (Iwai
et al., 2016). This method avoids cross-contamination, but it is
time-consuming, costly, structurally damaged, easy to aggregate
into clumps, which is not conducive to downstream analysis.
Differential centrifugation and flow cytometry are the commonly
used isolation and detection methods for microvesicles isolation

(Zhao etal., 2021). Size-based isolation techniques mainly refer to
ultrafiltration and size exclusion chromatography (SEC).
Compared with UC, ultrafiltration techniques provide a higher
particle yield, and also show the highest recovery of particles of
less than 100 nm. The application of SEC is quick, easy, and low-
cost. The isolated exosomes have complete structure and uniform
size, and no significantly adversely effects on their biological
characteristics, but they may be low purity due to the
incorporation of other particles of similar size (Xu et al,
2015). Compared to ultracentrifugation, the IAC methodology,
which involves specific immunoaffinity and magnetic bead
capture mechanisms, is the most efficient technique for
exosome enrichment with strong specificity, high sensitivity,
high purity and high yield. It also can be used for qualitative
and quantitative determination of exosomes. Nevertheless, the
storage conditions of exosomes obtained by immunoaffinity
chromatography are relatively harsh and are not suitable for
large-scale separation of exosomes (Amrollahi et al., 2019). The
method of polymer precipitation usually uses polyethylene glycol
(PEG) as a medium to harvest exosomes under the centrifugation
condition by reducing the solubility of the exosomes. Modified
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polymer co-precipitation (ExtraPEG) is more costly effective in
terms of purity and recovery than ultracentrifugation and
commercially available commercial kits (Yang X.-X. et al,
2019). Precipitation-based methods are the most attractive due
to their simplicity and rapidity, no exosomal damage, and the low
demand for equipment condition. However, it has been revealed
that these methods are affected by the co-separation of various
contaminants in the sample, including non-exosomal proteins
and other particles. In addition, isolated exosomes might contain
biopolymers that can further made sample analysis complicated
(Zhu et al., 2020). Microfluidics-based techniques are known for
their unique characteristics, including low cost and low time
requirements. Microfluidics systems are ideal tools for separating
exosomes from other nanometer-sized particles since they
support cost-efficient, high-speed, and precise isolation
processes. At present, the widespread use of microfluidics tools
is fully integrated with size-based separation, immunoaffinity-
based separation, and dynamic separation. Although it has
numerous advantages such as high purity, controllability,
isolation specificity, and high efficiency, there are still some
problems, including the need for complicated equipments for
isolation and the limitations of high immunoaffinity [57].

Although a variety of methods have been developed for the
isolation and purification of exosomes, there exist specific
advantages and disadvantages in terms of efficiency,
reproducibility, and impact on functional outcomes. The
combination of different isolation methods may be better than
the single techniques. Unfortunately, these methods may not be
able to completely obtain purified specific subpopulations, and
probably obtain the EVs heterogeneous populations include
exosomes (Kalluri and LeBleu, 2020). Furthermore, methods
for exosome characterization are divided into two types:
external characterization (mainly morphology and particle size
detection) and inclusion characterization (like membrane
protein, lipid raft). In general, the identification of isolated
exosomes is recognized from three levels, including TEM
identification of exosome morphology, NTA identification of
exosome size and Western Blot identification of exosome
surface protein markers (Yang X.-X. et al,, 2019).

Exosomal RNA Methods

In the downstream analysis of exosomal content, a number of
alternative exosomal RNA (exoRNA) extraction methods have
been used, including phenol-based techniques (TRIzol) and
combined phenol and pure column-based techniques
(miRNeasy and HiPure Liquid RNA/miRNA kit (HLR)). In
addition, commercial kits (SeraMir™ Exosomes RNA
Amplification kit (SeraMir), Total Exosomes RNA and Protein
Isolation kit (TER)) have been designed specifically for the
isolation of RNA and protein from a single enriched exosome
preparation. Moreover, the exoRNeasy Serum/Plasma kits isolate
exoRNA directly from serum or plasma using a membrane-based
affinity binding step. ExoRNA was further assessed using
NanoDrop, Bioanalyzer 2100, quantitative polymerase chain
reaction and RNA sequencing. It has been found that
combinations of the TEI and TER methods resulted in high
extraction efficiency and purity of small RNA obtained using

Tumor and TAM-Derived Exosomes

CCM. ExoRNA isolated from serum by exoRNeasy showed high
yield and narrow size distribution pattern of small RNA. In RNA
profile analysis, the composition ratio of small RNAs, the content
and quantity of miRNAs vary due to methodological differences
(Tang et al., 2017).

TUMOR-DERIVED EXOSOMES IN THE
REGULATION OF MACROPHAGES
POLARIZATION

Many studies have attempted to illustrate a novel crosstalk
between tumor and immune cells among TME. They have
demonstrated that tumor-derived exosomes play a vital role in
the conversion of monocyte-derived macrophages into regulatory
macrophages and the mediation of cancer-related inflammation
and tumor development (Lawrence and Natoli, 2011; Garzetti
et al., 2014) through transferring their cargoes (Seo et al., 2018;
Baig et al., 2020), including proteins, nucleic acids, and lipids, to
recipient cells, such as macrophages in the TME, thus exhibiting
antitumorigenic or tumorigenic effects (Figure 1; Table 1).
Therefore, depletion of exosomal cargoes and interrupt the
communication between tumor and macrophages can reverse
some of the detrimental effects on tumor progression and restore
drug sensitivity to chemotherapy.

Exosomal Protein

Macrophages M2 Polarization and Tumor Metastasis
It has been shown that some therapeutic fusion proteins can be
taken up by surrounding cells to affect tumor progression. A new
fusion protein Rab22a-NeoF1 can be sorted into exosomes with
its binding partner PYK2, promotes M2 polarization to facilitate
the pulmonary premetastatic niche formation and consequently
promotes lung metastasis of recipient osteosarcoma cells. In
detail, Rab22a-NeoF1 in the exosomes promotes cell migration
and invasion through activation of RhoA by PYK2. In addition,
the exosomal PYK2 induces the signal transducer and activator of
transcription 3(STAT3)/RhoA activation in its recipient
macrophages to increase M2 phenotype (Zhong et al., 2021).
These findings provide a novel therapeutic strategy to interrupt
metastasis by iRGD peptide to abolish the association of Rab22a-
NeoF1 with its binding protein.

Macrophages M2 Polarization and Tumor Progression
Exosomes derived from tumor cells contain immunomodulatory
and  pro-angiogenic  proteins, which can  enhance
immunosuppression and angiogenesis ability, thereby making
recipient cells more aggressive and more prone to metastasis
(Ekstrom et al, 2014). For example, exosomal cytoskeleton-
centric proteins derived from CRC cells can be functionally
transported to bone marrow-derived macrophages, and promote
cancer-associated inflammation in exosome-educated macrophages
through cathepsin B activity, pro-inflammatory cytokine secretion
and the proportion of polarized cells (Chen et al., 2016). Coculture
with apoptotic prostate cancer cells increases the expression of milk
fat globule EGF factor 8 (MFG-E8) in macrophages, which of high
expression in tissues and serum exosomes, finally suppresses the pro-
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TABLE 1 | Tumor-derived exosomal cargoes stimulate polarization of macrophages.

Exosomal cargo

Cytoskeleton-Centric
Proteins
Rab22a-NeoF1

MFG-E8

CMTM6

HMGB1

gp130

Chondroitin Sulfate
Proteoglycan 4/a-2-
Macroglobulin/Lactadherin/
EGFR/Integrins
EIF2/mTOR/Ephrin B
Serglycin

PRPS2

miR-203

miR-145

miR-29a-3p

miR-301a-3p

miR-155/miR-125b-2

miR-21/miR-155

Cancer type

Colorectal cancer
Osteosarcoma

Prostate cancer

0OSCC
Esophageal
squamous cell
carcinoma
Breast Cancer
Glioblastoma
multiforme
Glioblastoma
Myeloma
NSCLC

Colorectal cancer

Colorectal cancer
cells

Oral squamous cell
carcinoma
Hypoxic pancreatic
cancer cells

Panc-1 cells

Neuroblastoma

Recipients

Macrophages
Macrophages

Macrophages

Macrophages

Macrophages

Macrophages

Monocytes

Macrophage
Target cell
Macrophages
Monocytes

Macrophage-like
cells

Macrophages

Macrophages

M1 macrophages

M2 macrophages

Unpolarized
monocytes
(prevalent M2)

Role/Mechanism

Activate cathepsin B/pro-
inflammatory cytokine secretion
M2 polarization/STAT3/RhoA
activation

M2 polarization/Increase
efferocytosis/Suppress
proinflammatory response
M2 polarization/ERK1/2
signaling

M2 polarization/Trigger clonal
expansion of PD1+ TAM

Activate IL-6/STATS signaling

Increase phagocytic capacity/
Mediate monocytes
differentiation into M2
macrophages

M2 phenotype/Increase PD-L1
expression

Reprogram target cells/
Increase the migration of
macrophage

M2 polarization

M2 polarization/Promote the
expression of M2 markers
M2-like phenotype/
Downregulate histone
deacetylase 11

M2 polarization/Activate
SOCS1/STATS signals

M2 polarization/Activate the
PTEN/PI3K signaling pathway

Trigger M1 to M2 polarization/
increase M2 markers/decrease
M1 markers

Repolarize from M2 to M1/high
iNOs/Arg1 and IL-1p/Arg1 ratio
Mixed polarization/exosomic
mir-21/TLR8-NF-kB/exosomic
mir-155/TERF1 signaling
pathway

Tumor and TAM-Derived Exosomes

Major outcomes

Promote inflammation
Promote lung metastasis

Promote tumor progression

Facilitate proliferation,
migration and invasion
Promote tumor development

Establish a pro-tumorigenic
cancer microenvironment
Resemble the tumor
supportive phenotypes

Induce immunosuppressive
microenvironment

Promote proliferation and
invasion

Promote DDP resistance
Distant metastasis

Modulate M2-like
macrophage polarization
and tumor progression
Promote tumor growth

Facilitate the invasion,
migration and EMT; increase
metastatic ability

Enhance antigen
presentation/T-cell
activation/tumor destruction
Tumor invasion and
metastasis

Development of drug
resistance

References

Chen et al. (2016)
Zhong et al. (2021)

Soki et al. (2014)

Pang et al. (2021)

Li et al. (2019)

Ham et al. (2018)

de Vrij et al. (2015)

Gabrusiewicz et al. (2018)

Purushothaman et al.
(2017)

Liu et al. (2021)
Takano et al. (2017)
Shinohara et al. (2017)

Cai et al. (2019)

Wang et al. (2018)

(Su et al., 2016)

Challagundla et al. (2015)

miR-146a-5p Hepatocellular Macrophages M2 polarization/activate NF-xB  Promote HCC progression Yin et al. (2019)
carcinoma signaling/pro-inflammatory
factors
miR-16 4T1 cells/Myeloma  Macrophages Inhibit TAM infiltration and M2~ Suppress tumor growth Jang et al. (2013); Khalife
polarization/IKKa suppression et al. (2019)
and I-xB accumulation
miR-125b-5p Melanoma Macrophages TAM phenotype/target LIPA Induce inflammation and Gerloff et al. (2020)
angiogenesis; cell
recruitment and survival
miR-222-3p Epithelial ovarian Macrophage M2 polarization/Inhibit SOCS3/  Increase tumor size, Ying et al. (2016)
cancer activate STAT3 microvessels, and lymphatic
vessels
miR-940 Ovarian Cancer Macrophages M2 polarization Promote proliferation and Chen et al. (2017)
migration
miR-21-3p/miR-125b-5p/ Ovarian Cancer Undifferentiated M2 polarization/Suppress Tumor progression Chen et al. (2018)
miR-181d-5p macrophages SOCS4/5/STAT3 pathway
miR-1246 Ovarian Cancer Macrophages M2 polarization/Target Confer chemoresistance and ~ Kanlikilicer et al. (2018)
Cav1/p-gp tumor progression
GOF Mutp53 Macrophages M2 polarization/TGF-B Promote cancer progression  Cooks et al. (2018)
Colon Cancer Cells activation and metastasis
(Continued on following page)
Frontiers in Molecular Biosciences | www.frontiersin.org 7 October 2021 | Volume 8 | Article 764222


https://www.frontiersin.org/journals/molecular-biosciences
www.frontiersin.org
https://www.frontiersin.org/journals/molecular-biosciences#articles

Chen et al.

TABLE 1 | (Continued) Tumor-derived exosomal cargoes stimulate polarization of macrophages.

Role/Mechanism

M2 polarization/target
TERF2IP/activate the STAT3
signaling/inhibit the NF-xB

Exosomal cargo Cancer type Recipients
Hypoxic glioma Macrophage
signaling
miR-23a-3p Tunicamycin Macrophages

miR-130/miR-33

treated HCC cells

Breast cancer

M2 macrophages/
TAMs

Elevate PD-L1 in
macrophages/inhibit T-cell
function through PTEN-AKT
pathway

Transform M2 to M1 phenotype

M1/M2 polarization/regulate
pro-inflammatory cytokine/co-
stimulatory molecule
expression/phagocytosis

M2 polarization/induce EMT;
interact with TUBBS; prevent

M2 polarization/modulate
migration ability and
chemotaxis of macrophages
miR-627-3p/Smad axis

Tams infiltration/regulate miR-
326/miR-532-5p-MAPK1
signaling/miR-326/miR-532-
5p-CSF-1 pathway
Suppress M2 polarization
Downregulate miR-29a-3p

miR-877-3p/VEGFA axis
miR-1270/SCAI signaling

miRNA-30a-5p/ROR1 axis

TU339 Hepatocellular Macrophages
carcinoma
RPPH1 Colorectal cancer Macrophages
ubiquitination
BCRT1 MDA-MB-231 Macrophages
SOX2-OT NSCLC Macrophages
CircASAP1 Hepatocellular Macrophages
carcinoma
circ_00074854 HCC cell Macrophages
circ_0044516 Prostate cancer —
expression
circ-RanGAP1 Gastric cancer —
Cdr1 Ovarian cancer —
pathway
circRNAs_102481 NSCLC —
Arachidonic Acid Aspc-1 Macrophages

M2-like phenotype/PGE2
secretion, increased secretion
of pro-tumoral, bioactive
molecules

Tumor and TAM-Derived Exosomes

Major outcomes

Formation of the
immunosuppressive
microenvironment

Tumor cells escape from
antitumor immunity

Inhibit tumor progression

Regulate cell proliferation

Promote metastasis and
proliferation

Promote cell migration and
angiogenesis

Enhance the EGFR-TKI
resistance

Promote cell proliferation and
invasion

Inhibit migration and invasion
Promote proliferation and
metastasis

Promotes progression
sensitize ovarian cancer to
cisplatin

Contribute to EGFR-TKIs
resistance

Contribute to tumor
progression

References

Qian et al. (2020)

Liu et al. (2019)

Moradi-Chaleshtori et al
(2021b);
Moradi-Chaleshtori et al.,
(2021a)

Li et al. (2018)

Liang et al. (2019)

Liang et al. (2020)

Zhou et al. (2021)

Hu et al. (2019)

Wang et al. (2021)
Li et al. (2020)

Lu et al. (2020)
Zhao et al. (2019)

Yang et al. (2021)

(Linton et al., 2018)

inflammatory response and stimulates macrophage polarization into
the activated M2 phenotype (Soki et al., 2014).

Additionally, the level of CKLF-like MARVEL
transmembrane domain-containing 6 (CMTMS6) is positively
associated with the higher pathological stage of OSCC
patients, CD163" macrophage infiltration and PD-LI
expression. Exosomes from OSCC cells can deliver CMTMS6 to
macrophages and promote M2-like macrophage polarization to
facilitate cells proliferative, migration and invasion through
ERK1/2 signaling (Pang et al., 2021). High-mobility group box
transcription factor 1 (HMGBI) containing exosomes can
successfully trigger the clonal expansion of programmed cell
death protein 1 positive (PD17) TAMs, and finally facilitate
esophageal squamous cell carcinoma (ESCC) development.
Combining PD1" TAMs targeting with exosomal HMGB1
would be an effective measure in immunotherapy (Li et al,
2019). Highly enriched of glycoprotein 130 (gp130) from
breast cancer (BC)-derived exosomes triggers the secretion of

interleukin-6 (IL-6) and activate the IL-6/STAT3 pathway (Ham
et al,, 2018). Furthermore, it has been found that serglycin exists
in the exosomes derived from all human myeloma cell lines.
Exosomal serglycin significantly promotes the proliferation and
invasion of myeloma cells, and increases the migration of
macrophage. In all, in myeloma-derived exosomes, serglycin
and its binding partner are transferred to target cells, by
which the recipient cells are reprogrammed to facilitate cancer
progression (Purushothaman et al., 2017).

Macrophages M2 Polarization and
Immunosuppression

In addition to polarization, tumor-derived exosomes can also
mediate monocyte differentiation into M2 macrophages. For
example, glioblastoma multiforme (GBM) EVs, including
exosomes, can mediate the differentiation of peripheral blood-
derived monocytes to alternative M2 phenotype macrophages.
Several abundant proteins have been detected in these EVs,
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including chondroitin sulfate proteoglycan 4, a-2-macroglobulin,
lactadherin, EGFR and integrins, and exposure to GBM EVs leads
to modified expression of cell surface proteins, increases
phagocytic capability and induces expression of M2 phenotype
macrophage marker CD163 (de Vrij et al., 2015). Members of the
STAT3 pathway are also present in glioblastoma (GBM)-derived
stem cells (GSCs)-derived exosomes (GDEs), functionally
mediating the immune-suppressive switch. In detail, GDEs
pass through the cytoplasm of monocytes, leading to a
reorganization of actin cytoskeleton, and leading the
monocytes differentiation to the immunosuppressive M2
phenotype (Gabrusiewicz et al, 2018). Summarily, the same
protein exerts different functions in the exosomes from
different tumor cells, while exosomes secreted by the same
tumor cell can transport multiple proteins to the recipient cell
to initiate biological functions.

Macrophages M2 Polarization and Chemoresistance
It is reported that elevated phosphoribosyl pyrophosphate
synthetases 2 (PRPS2) level is correlated with DDP resistance
and poor prognosis in NSCLC patients. Downregulation of
PRPS2 sensitizes DDP-resistant cells to DDP treatment.
PRPS2 enriched in the exosomes mediates M2 macrophage
polarization to promote DDP resistance of NSCLC cells (Liu
G. et al,, 2021).

Mixed M1/M2 Phenotype of Macrophages
Macrophages can be induced by exosomes to not only the M1 or
M2 direction respectively, but also a “mixed” phenotype. For
example, EVs derived from CRC cell lines and melanoma can
both induce a mixed M1/M2 tumor-promoting macrophage
phenotype (Bardi et al, 2018; Popéna et al.,, 2018). CRC cell
lines released EVs can cause an increased surface biomarker
CD14 expression and a mixed MI1/M2 cytokine secretion
pattern (C-X-C motif chemokine (CXCL) 10, IL-6, IL-23, and
IL-10) in nonpolarized macrophages, and trigger IL-23
expression in M2 polarized macrophages (Popéna et al., 2018).
Exosomes derived from melanoma also induce the expression of
mixed phenotype markers including CC chemokine ligand (CCL)
22,1L-12B, IL-1B, IL-6, i-NOS and TNF-a, which lead to M1 and
M2 polarization (Bardi et al., 2018). Thus, the “mixed” phenotype
is expected to contribute to multiple pro-tumor functions.
However, the contents of these exosomes require further
exploration.

Exosomal miRNAs

Macrophages M2 Polarization and Tumor Growth and
Metastasis

RNA sequencing analysis has demonstrated that miRNAs are of
the highest content in microvesicle isolates derived from human
plasma, accounting for over 42.32% of all raw reads and 76.20% of
all mappable reads (Vlassov et al., 2012). In the early study, it was
demonstrated that extracellular miRNAs were predominantly
exosomes/microvesicles free. Cells in culture mainly export
miRNAs in a form independent of exosomes. After
ultracentrifugation at 110,000 g, most of the miRNAs in
plasma and cell culture medium still remain in the

Tumor and TAM-Derived Exosomes

supernatant, indicating that extracellular miRNAs are of non-
vesicular origin (Wang et al., 2010; Turchinovich et al., 2011).
Recent years, a large number of studies have shown that exosomal
miRNAs play a crucial role in tumor progression, and stimulate
angiogenesis and facilitate metastasis (Zhou et al.,, 2018; Zhang
et al, 2019; Zhou et al, 2020). In addition, tumor-derived
exosomal miRNAs polarize recipient macrophages and target
diverse signaling pathways, leading to a positive or negative
impact on tumor progression (Chen et al., 2018; Yin C. et al,
2019; Zhao et al., 2020).

Tumor-derived miRNAs promote cancer
metastasis by regulating the crosstalk between cancer cells
and TAMs, which also provide a therapeutic strategy for
cancer therapy (listed in Table 1). For example, exosomes
carrying miR-203 from CRC cells are incorporated into
monocytes (Takano et al., 2017), while CRC cell-derived
exosomal miR-145 (Shinohara et al, 2017) and exosomal
miR-934 (Zhao et al., 2020) are uptaken by macrophages,
which are then polarized into the M2 phenotype. It is
demonstrated that package of miR-934 into exosomes is
mediated by hnRNPA2BI. Interestingly, polarized M2
macrophages could induce premetasitatic niche formation
and tumor metastasis by different signaling pathways. MiR-
145 which is taken up by macrophage-like cells via EVs finally
causes significant enlargement of the tumor volumes. In
addition, OSCC-derived exosomal miR-29a-3p induces M2
polarization in macrophages and directly targets the
suppressor of cytokine signaling (SOCS)1/STAT6 signaling to
promote tumor growth (Cai et al., 2019). Exosome-enclosed
miR-29a-3p promotes tumor growth in nude mice. In xenograft
tumor tissues, the SCC-9-derived exosomes group exhibits
highly expressed miR-29a-3p, lowly expressed SOCS1, and
highly expressed p-STAT6. Furthermore, hypoxia induces the
enrichment of released exosomes with various miRNAs from
ovarian cancer, including miR-940 (Chen et al., 2017), miR-21-
3p, miR-125b-5p, and miR-181d-5p (Chen et al., 2018), miR-
222-3p (Ying et al, 2016), which can be transmitted to
macrophages via exosomes and stimulate the M2 phenotype
polarization, leading to the (SOCS)2/4/5/STAT3 cytokine
signaling pathway suppression and tumor progression. The
metastatic ability of pancreatic cancer cells is enhanced after
being cocultured with macrophages or treated with hypoxic
exosomes. Highly expressed miR-301a-3p in hypoxic pancreatic
cancer cell-derived exosomes can be transferred to macrophages
through the exosomes. Hypoxic exosomal miR-301a-3p is
further demonstrated to stimulate macrophage polarization
into the M2 phenotype in a HIFla/2a-dependent manner,
and facilitate malignant behaviors including cell invasion,
migration and epithelial-mesenchymal transition (EMT) by
activating the phosphatase and tensin homolog (PTEN)/
phosphorinositol 3-kinase (PI3K) gamma signaling pathway
in vitro and lung metastasis in vivo (Wang et al., 2018).
Melanoma-derived miR-125b-5p is delivered to macrophages
through exosomes and targets lysosomal acid lipase A (LIPA),
which contributes to the formation of tumor-promoting TAM
phenotype and promotes inflammation, angiogenesis and
macrophage survival (Gerloff et al., 2020).

exosomal
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Exosomes secreted by colon cancer cells or glioma can deliver
miR-1246 and induce a suppressive immune microenvironment.
The miR-1246-enriched exosomes derived from TP53 mutants
cancer cells are uptaken by macrophages and trigger them to
reprogram into a tumor supportive and anti-inflammatory state
via TGF- activation (Cooks et al., 2018), and hypoxic glioma-
derived exosomal miR-1246 induces M2 phenotype by targeting
TERE2IP to activate the STAT?3 signaling pathway and inhibit the
NF-«xB signaling pathway (Qian et al, 2020), subsequently
promoting tumor proliferation, migration and invasion.
Meanwhile, miR-23a-3p is one of the most abundant miRNAs
in exosomes derived from tunicamycin (TM)-treated HCC cells
(Exo-TMs). Treatment with Exo-TMs can promote the
expression level of PD-L1 in macrophages in vitro and in vivo.
The findings reveal that exosomal miR-23a-3p inhibits PTEN
expression and elevates phosphorylated AKT, facilitating the
formation of the immunosuppressive microenvironment (Liu
et al,, 2019). These results indicate that blocking cancer cell-
macrophage communication mediated by exosomes may be a
potential strategy for tumor treatment.

On the contrary, tumor-derived exosomal miRNAs exert
negative effects on tumor progression. Hepatocellular
carcinoma (HCC)-derived exosomes is found to reprogram
macrophages by activating NF-kB signaling and inducing pro-
inflammatory factors, and resulted in M2-polarized tumor-
associated macrophages. Importantly, the transcription factor
Sal-like protein-4 (SALL4) is a crucial regulator for miR-146a-
5p, which is enriched in HCC exosomes. Blocking the SALL4/
miR-146a-5p interaction in HCC reduced the expression of
inhibitory receptors on T cells, reversed T cell exhaustion, and
delayed HCC progression in vivo (Yin C. et al., 2019). Circulating
miR-16 via exosomes in BC (Jang et al., 2013) and multiple
myeloma polarizes macrophages towards a M2 phenotype and
suppresses tumor growth (Khalife et al,, 2019). Mechanically,
exosomal miR-16 transferred to TAMs suppresses the I-kB kinase
a (IKKa), leading to I-kB accumulation, and inhibits TAM
infiltration and M2 polarization. Furthermore, loss of the miR-
16 cluster supports polarization to M2 macrophages in a miR-
15a-16-1-KO mouse model. Thus, cancer cell-derived exosomes
induce immunosuppressive or pro-tumoral macrophages
phenotype, suggesting further researches on the clinical
application in immunotherapy.

Macrophages M2 Polarization and Chemoresistance
Exosomic  miR-21/TLR8-NF-kB/exosomic ~ miR-155/TERF1
signaling pathway is proved to facilitate the development of
drug resistance. When non-polarized monocytes are co-
cultured with neuroblastoma (NBL) cells, a mixed (but
prevalently M2) polarization is induced, and the CD163+ cell
count increases. Meanwhile, NBL cells cocultured with M1- and
M2-polarized monocytes exhibit significant upregulation of miR-
21/miR-155 and downregulation of TERFI, a telomerase
inhibitor. Furthermore, monocyte-derived exosomal miR-155
is transferred to NBL cells and increases telomerase activity,
while exosomal miR-21 can be transferred to monocytes by
binding to toll-like receptor 8 (TLR8) in monocytes, and
activating the NF-kB pathway. Xenografts injected with

Tumor and TAM-Derived Exosomes

Dotap-miR-155 finally enhance tumor volumes in vivo.
Downregulation of miR-21 in the xenografts decreases the
number of CDI163+ cells and downregulates the miR-155
levels. The results indicate that the exosomal miR-155/TERF1
axis plays a role in the miR-induced CDDP resistance in NBL
cells, and these exosomes can be considered as therapeutic targets
for drug resistance (Challagundla et al., 2015). Ovarian cancer
cells transfer oncogenic miR-1246, which is abundantly expressed
in OC exosomes, to M2 macrophages through exosomes, and
inhibits Cavl expression through PDGEFp receptors, thereby
promoting cell proliferation. After transfection, the expression
of miR-1246 in OC cells is almost 4 times higher than that of the
scramble group. The combination of miR-1246 inhibitor
treatment and chemotherapy sensitizes OC cells to paclitaxel
and reduces the tumor burden in vivo (Kanlikilicer et al., 2018).
These results indicate that after co-cultivation with tumor cells
under different conditions, the non-polarized macrophages
experience a switch of M1/M2 polarization status, leading to a
switch in tumor chemoresistance.

Macrophages M1 Polarization and Tumor Inhibition
MiRNAs contained in tumor cell-derived exosomes also play a
vital role in modulating the reprogram and M1 polarization of
macrophages. For example, exosomes containing miR-130 or
miR-33 are used to treat IL-4 induced M2 macrophages or
TAMs, and the overexpression of miR-130 and miR-33 in
exosomes increased the expression of M1 signature genes
(IRF5, MCP1, CD80) and secretion of cytokines (IL-1p and
TNF-a), thereby inhibiting tumor progression by transforming
M2 to M1 phenotype through in vitro and in vivo analysis
(Moradi-Chaleshtori et al., 2021b). Similarly, exosomes isolated
from 4T1 BC cells are able to transfer miR-33 to M2
macrophages, and macrophages treated with 4T1-condition
media are conversed from M2 to M1 phenotype as the
expression of M1 markers is increased and the expression of
M2 markers is decreased. Thus, exosomes can be used as an
efficient nanocarrier for miR-33 delivery into macrophages,
which capable of inducing M1 polarization and
suppressing tumor growth and metastasis (Moradi-
Chaleshtori et al., 2021a).

TAM can also be reprogrammed through exosome cargo
modification. For example, introducing miR-155 or miR-125b-
2 plasmid DNA via a nanoparticles delivery system, which could
be then stably expressed in exosomes, leads to macrophage
reprogramming in the TME. Being cocultured with Panc-1
cells, M1 macrophages are enabled to polarize to M2 state due
to the increased expression of M2 markers (Argl) and decreased
expression of M1 markers (IL-1p and iNOS), which could been
shown the effect in cancer progression. Interestingly, after co-
cultivation with Panc-1 cells transfected with miR-155 and miR-
125b-2 plasmid DNA, the expression of Argl and iNOS
decreases, and the expression of IL-1f increase slightly. The
increase of IL-1B/Argl and iNOS/Argl ratio confirms that
modified exosomes derived from plasmid DNA transfected
Panc-1 cells facilitate the macrophage remolding from M2
phenotype back to M1 type, leading to suppression of tumor
progression. Thus, the successful reprogramming of TAM plays a

is
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potential role in preventing tumor invasion and metastasis (Su
et al., 2016).

Exosomal IncRNAs

M2 Polarization and Tumor Progression

Emerging studies demonstrate that IncRNAs play a crucial
regulatory role in tumorigenesis, macrophage activation and
polarization via diverse signaling pathways (Han et al., 2019;
Gao et al, 2020). The IncRNA-mediated crosstalk between
TAMs and cancer cells contributes to tumor development. For
instance, tumor-derived exosomal IncRNA TUC339 is in a
complex interaction between tumor and macrophages through
exosomes. THP-1 cells can absorb exosomal TUC339 to exert
critical effects in MI1/M2 macrophage activation, pro-
inflammatory cytokine production regulation, co-stimulatory
molecule expression, phagocytosis and cell viability (Li X. et al.,
2018). Another IncRNA RPPHI1 is transferred from CRC cell-
derived exosomes into macrophages, mediates the M2 polarization
of macrophages, increases the expression of vimentin and Ki67,
and decreases the expression of E-cadherin, thereby facilitating
metastasis and proliferation of cancer cells (Liang et al., 2019). In
addition, IncRNA BCRT1 in MDA-MB-231 cell exosomes can be
internalized by macrophages, significantly enhancing the
expression of M2 phenotype markers (CD206 and MRC-2) and
leading to M2 polarization; it also modulates the behaviors of
macrophages, including migration ability and chemotaxis, thereby
significantly promoting cell migration and angiogenesis (Liang
et al,, 2020). Summarily, exosomal IncRNAs from donor cells
participate in various biological functions in recipient cells.
Further investigations are still needed to discover other
exosomal IncRNAs involved in macrophage polarization and
tumor progression.

M2 Polarization and Chemoresistance

M2 macrophages and TAMs promote the epidermal growth
factor receptor tyrosine kinase inhibitors (EGFR-TKIs)
resistance in non-small cell lung cancer (NSCLC) cell lines.
LncRNA SOX2 overlapping transcript (SOX2-OT) is highly
expressed in NSCLC cells-derived exosomes. Transfer of
SOX2-OT from NSCLC cells to macrophages through
exosomes promotes macrophages M2 polarization and inhibit
M1 polarization, which would enhance the EGFR-TKI resistance.
Mechanically, SOX2-OT acts as miR-627-3p sponge to facilitate
Smad2, Smad3 and Smad4 expression (Zhou et al., 2021).

Exosomal circRNAs

M2 Polarization and Tumor Progression

A previous microarray assay demonstrated that 189 circRNAs
were differentially expressed between M1 and M2 macrophages,
functioning as tumor suppressors or oncogenes (Bach et al,
2019), and provided new directions on the role of circRNAs in
the differentiation and polarization of macrophages (Zhang et al.,
2017), and cell proliferation by sponging miRNAs (Hansen et al.,
2013). For example, circASAP1 is considered as a competing
endogenous RNA (ceRNA) of the suppressive miR-326 and miR-
532-5p, directly targets MAPKI/CSF-1, and mediates TAMs
infiltration by activating the miR-326/miR-532-5p-MAPK1/
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CSF-1 pathway (Hu et al., 2019). Macrophages incubated with
HCC cell-derived exosomes containing lower level of
circ_00074854 showed notably reduced level of IL-10
compared to those incubated with HCC cell-derived exosomes,
indicating that exosomes with low circ_00074854 level could
suppress macrophage M2 polarization, which in turn suppressing
migration and invasion of HCC cells both in vitro and in vivo
(Wang et al., 2021). Exosomal circ_0044516 (Li T. et al., 2020)
and circ-RanGAP1 (Lu et al,, 2020) promote the migration and
invasion of cancer cells. Thus, these findings indicate that
circRNAs polarize macrophages and affect tumor migration,
invasion through exosomes. The communication mediated by
exosomes between tumor and macrophages is still needs to be
further explored.

Chemoresistance

A circRNA microarray analysis reveals that circRNAs_102481 are
differentially expressed in the exosomes isolated before and after
EGFR-TKIs resistance from NSCLC patients. Exosomal
circRNA_102481 enhances cell proliferation and inhibits
apoptosis. Importantly, tumor-derived exosomal
circRNA_102481 could contribute to EGFR-TKIs resistance
through the miRNA-30a-5p/ROR1 axis in NSCLC. In contrast,
silence of circRNA_102481 and si-circRNA_102481 transferred
by exosomes could finally decrease EGFR-TKIs resistance cell
proliferation and induce cell apoptosis (Yang B. et al.,, 2021). In
addition, exosomal Cdrl can sensitize ovarian cancer to cisplatin
through regulating the miR-1270/SCAI signaling pathway (Zhao
Z. et al,, 2019). Altogether, these results indicate that circRNAs
affect tumor resistance through exosomes. The research on the
circRNAs enveloped in tumor-derived exosomes is still at an early
stage. Whether more circRNAs play a role in the TME
modulation remains to be further investigated.

TUMOR-ASSOCIATED
MACROPHAGES-DERIVED EXOSOMES
INFLUENCE TUMOR PROGRESSION

As crucial mediators of intercellular communication, exosomes
released from TAMs also transfer their cargoes such as proteins,
ncRNAs and lipids with the TME, conferring different phenotype
to cancer cells, which are play vital roles in tumor initiation and
metastasis. A proteomic analysis reveals that differential proteins,
including cathepsins, 20S proteasome subunits, ribosomal
proteins and  heterogeneous nuclear ribonucleproteins
(hnRNP), are found in exosomes released from TAMs,
indicating that TAMs could release exosomal proteins with
enhanced proteolytic activity and weakened RNA binding
capacity. In addition, RNA proteins including 40S and 60S
ribosomal proteins, HNRPAB, AGO2, NPM1 and NCL were
differentially expressed between Ana-1 and TAM-derived
exosomes, which may result in different RNA profiles in these
exosomes (Zhu et al, 2015). Despite the roles of TAMs in
immunomodulation and promotion of oncogenesis are well
elucidated, TAMs-derived exosomal cargoes regulate tumor
progression within the TME still need to be investigated.
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TABLE 2 | Roles of macrophages-derived exosomal cargoes regulate tumor progression.

Tumor and TAM-Derived Exosomes

Exosomal Host cells Recipient cells Role/Mechanism Major outcomes References
cargo
Cathepsin/ TAMs — A proteomic analysis Enhance proteolytic activity and Zhu et al. (2015)
hnRNPs decrease RNA binding capacity
Integrin apPz TAMs HCC cells MMP-9 signaling pathway Support tumor migration Wu et al. (2021)
ApoE M2 GC cells Remodel the cytoskeleton-supporting migration/ Promote GC migration Zheng et al.
macrophages activate PIBK/AKT signaling (2018)
miR-142/ Macrophages Hepatocellular Decrease expression of reporter proteins and Inhibit cell proliferation Aucher et al.
miR-223 carcinoma Cells endogenously expressed stathmin-1 and insulin-like (2013)
growth factor-1 receptor
miR-223 TAM Breast Cancer cells Mef2c-B-catenin pathway Promote cell invasion Yang et al.
(2011)
miR-221-3p TAM OS cells Activating the SOCS3/JAK2/STAT3 pathway Aggravate the malignant Liu et al. (2021)
behaviors
miR-21-5p/ Macrophages Colorectal Cancer Target and bind to BRG1, decrease expression level  Promote migration and invasion Lanetal. (2019b)
miR-155-5p Cells of BRG1
miR-155-5p TAM Renal cell carcinoma  interacts with HUR and increases IFG1R mRNA Enhance malignant phenotype Gu et al. (2021)
stability
M2 Colon cancer cells Impaire ZC3H12B-mediated IL-6 stability reduction  Induce immune escape and tumor  Ma et al. (2021)
Macrophage formation
miR-501-3p M2 PDAC TGFBR3-mediated TGF-p signaling pathway Promote progression Yin et al. (2019)
Macrophage
miR-155-5p/ M2 endothelial cells — Promote angiogenesis Yang et al.
miR-221-5p Macrophage (2021)
miR-365 TAM PDAC cells Increases triphospho-nucleotide/Enhances the Decrease sensitivity to Binenbaum et al.
enzyme cytidine deaminase gemcitabine (2018)
miR-223 TAM EOC cells miR-223/PTEN-PISK/AKT signaling pathway Chemotherapy resistance Zhu et al. (2019)
miR-21 M2 Gastric cancer cells Downregulate PTEN/Activate PIBK/AKT signaling Confer DDP Resistance Zheng et al.
macrophages Pathway (2017)
AFAP-AST1 M2 Esophageal Cancer Regulate miR-26a and ATF2 expression Promote cell migration, invasion, Mi et al. (2020)
macrophages and lung metastasis
LIFR-AS1 Macrophages Osteosarcoma cells miR-29/NFIA axis Promote tumor progression Zhang et al.
(2021b)
SBF2-AS1 M2 Panc-1 cells Regulate XIAP expression Induce tumorigenic ability Yin et al. (2020)
macrophage
HISLA TAMs MDA-MB-231 cells Block the interaction of PHD2 and HIF-1a to inhibit  Promote glycolysis and Chen et al.
the hydroxylation and degradation of HIF-1a chemoresistance (2019)
AGAP2-AS1 Macrophage Radioresistant lung miR-296/NOTCH2 axis Facilitate the malignant Zhang et al.
cancer cells phenotypes (2021a)
COX1/TBXAS1 TAM MC38 TXB2 production/Carry the biochemical machinery ~ Promote cell migration Cianciaruso et al.

Exosomal Proteins

Tumor Migration

required for the synthesis of TXs

apolipoprotein E (ApoE)

and

(2019)

is mainly enriched in M2-
M2-derived

€xosomes.

Studies have revealed that TAMs-derived exosomes function
on tumor cells. A comparative analysis shows that many
proteins which contained in EVs, including exosomes,
released from TAMs are undetected in exosomes from
macrophages. Some of the proteins can be existed both in
colorectal tumors and mammary carcinomas. These proteins
have crucial roles in the signal transduction, inflammation and
immune response (Cianciaruso et al., 2019), and tumor
progression (Lee et al., 2012). For instance, the integrin, aM
B2 (CD11b/CD18), was also identified and notably specific and
efficient in M2 macrophage-derived exosomes. Transfer of the
CD11b/CD18 protein mediate by exosomes from TAMs to
HCC cells can activate the MMP-9 signaling pathway and
enhance cell’s migratory potency to support tumor migration
(Wu et al, 2021). In addition, it has been shown that

polarized  macrophages
M2 macrophage-derived exosomes mediate the intercellular
transmission from M2 macrophages to gastric cancer (GC)
cells, sustaining the connection between M2-exosomal ApoE,
leading to the activation of the PI3K/Akt signaling pathway to
remodel the cytoskeleton, and facilitating GC cells migration
(Zheng et al., 2018). Therefore, these findings suggest that
proteins transferred by TAM-exosomes mediate the
attachment and detachment of target cells in the TME,
thereby promoting the migration and invasion of cancer
cells (listed in Table 2).

Exosomal miRNAs

Tumor Growth and Migration

TAMs infiltration is linked to osteosarcoma (OS) metastasis and
growth. Overexpression of miR-221-3p enhances OS cell’s
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growth in vitro and in vivo, and exosomes enriched by miR-221-
3p from TAMs aggravate the malignant behaviors of OS cells,
such as proliferation, colony formation, migration and invasion
by activating the SOCS3/JAK2/STAT3 pathway (Liu W. et al,
2021). In addition, high expression levels of miR-142 (Aucher
etal.,, 2013), miR-223 (Yang et al., 2011), miR-501-3p, miR-21-5p
and miR-155-5p can be transferred from macrophage to tumor
cells through exosomes, thereby mediating the growth, migration
and invasion of cancer cells. In detail, miR-21-5p and miR-155-
5p directly bound to BRG1 and decrease its expression level,
which is the main factor for M2 macrophage-derived exosomes
induced CRC cell biology (Lan J. et al., 2019). Transfer of hypoxic
TAM-derived miR-155-5p by exosomes also enhances malignant
phenotype of renal cell carcinoma (RCC) by directly interacts
with HuR and increases IFGIR mRNA stability. An in vivo
analysis shows that miR-155-5p-deleted exosomes abrogates
the hypoxic TAM-exosomes mediate tumor progression (Gu
et al, 2021). Furthermore, both pancreatic ductal
adenocarcinoma (PDAC) tissue and TAM-derived exosomes
contain high expression level of miR-501-3p. Both
M2 macrophage-derived exosomes and miR-501-3p promoted
PDAC cell migration and invasion, as well as tumor formation
and metastasis in nude mice. Inhibition of miR-501-3p levels in
M2 macrophage exosomes can suppress the tumorigenic and
metastasis ability, and also inhibit the expression of tumor cell
stemness-related genes in vivo. It is worth noting that miR-501-
3p derived from M2 macrophage suppresses the TGFBR3 gene by
activating the TGF-P signaling pathway and contributes to the
development of PDAC (Yin Z. et al., 2019).

Angiogenesis

It has been demonstrated that TAMs are beneficial for tumor
angiogenesis. M2 macrophages are positively correlated with the
microvessel density of PDAC tissues. Exosomes derived from
M2 macrophages could promote the angiogenesis of mouse
aortic endothelial cells (MAECs) in vitro and in vivo. In
addition, RNA sequencing and qPCR analysis proved that
miR-155-5p and  miR-221-5p  contained in  the
M2 macrophage-derived exosomes (MDEs), which could be
transferred into MAECs (Yang Y. et al,, 2021). These findings
confirmed that the interaction between TAMs and the
angiogenesis of cancer through exosomes, and targeting these
exosomes would provide diagnostic and therapeutic strategy for
cancer.

Chemoresistance

TAM-derived exosomal miR-365 increases triphospho-
nucleotide and enhances the enzyme cytidine deaminase,
thereby significantly increasing chemoresistance of PDAC
cells to gemcitabine through the transfer of miR-365 in
MDEs. Adoptive transfer of miR-365 in TAM induced
gemcitabine resistance in PDAC-bearing mice, whereas
immune transfer of the miR-365 antagonist recovered the
sensitivity to gemcitabine (Binenbaum et al., 2018). Under
hypoxic conditions, exosomes derived from macrophages are
enriched in miR-223, which can be transferred to co-cultured
EOC cells, resulting in an enhanced malignant phenotype and

Tumor and TAM-Derived Exosomes

promoting the drug resistance of EOC cells through the PTEN-
PI3K/AKT pathway in vitro and in vivo (Zhu et al, 2019).
Studies have also demonstrated that MDEs display high levels of
miRNA-21, which is found to confer DDP resistance in gastric
cancer in vitro and in vivo. Exosomal transfer of TAM-derived
miR-21 inhibits cell apoptosis and the expression of PTEN
through the activation of PI3K/AKT signaling (Zheng et al.,
2017). Briefly, these findings suggest that the exosomal cargoes
may be a promising novel treatment target of chemoresistance
in cancer patients.

Immune Escape

Evidence has highlighted that M2 macrophage regulation of
cancer cells via exosome shuttling of miRNAs. Highly
expressed miR-155-5p and interleukin (IL)-6 and poorly
expressed ZC3HI12B in MDEs. M2 macrophage-derived
exosomal miR-155-5p promotes the development of colon
cancer by inhibiting the expression of ZC3HI12B in vivo.
Delivery of miR-155-5p from M2 macrophage to colon cancer
cells through exosomes impaires ZC3HI12B-mediated IL-6
stability reduction, which consequently induced immune
escape and tumor formation (Ma et al.,, 2021).

Exosomal IncRNAs

Tumor Development

Similar to miRNA, multiple IncRNAs also participate in the
crosstalk between the microenvironment and tumor cells
directly and indirectly. The imbalanced level of IncRNAs
from tumor «cells may facilitate tumor initiation and
development (Chen D. et al, 2019). For instance, IncRNA
AFAP1-AS1 can be incorporated into M2 macrophage-
derived exosomes and transferred to KYSE410 cells, and then
downregulates miR-26a levels and upregulates the expression of
ATF2, thereby promotes the invasion and in vitro lung
metastasis of esophageal cancer (EC) (Mi et al., 2020). In
xenograft nude mice model, MDEs promote osteosarcoma
growth and metastasis in vivo. LncRNA LIFR-ASI is highly
expressed in macrophage-derived exosomes and promotes
osteosarcoma cell proliferation, invasion via miR-29a/NFIA
axis (Zhang H. et al.,, 2021). Moreover, high levels of IncRNA
SBF2-AS1 in M2 macrophage-secreted exosomes also induces
tumorigenic ability of PANC-1 cells (Yin et al., 2020). Thus,
macrophages and the IncRNAs/target genes axis may provide
novel targets for cancer therapy.

Chemoresistance

TAMs transmit a myeloid-specific IncRNA, HIF-1a-stabilizing
long noncoding RNA (HISLA) through EVs to promote the
aerobic glycolysis and chemoresistance of BC cells. In detail,
HISLA destroys the interaction of PHD2 and HIF-1a, thereby
suppressing the hydroxylation and degradation of HIF-1la.
Interestingly, lactate released from glycolytic tumor cells
increases the levels of HISLA in macrophages (Chen F. et al,
2019). Further researches are advised to better understand the
functions of IncRNAs in modulating the TME and tumor
progression, especially the crosstalk between macrophage-
derived exosomal cargoes and cancer cells in the TME, which
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TABLE 3 | Clinical applications for exosomes in different types of cancer.

Establish a pre-metastatic niche; enhance metastatic burden
The levels of mIRNA are closely associated LN metastasis
Correlation with tumor diagnosis

Correlated to distant metastasis and can be an independent

Tumor and TAM-Derived Exosomes

Major outcome References

Costa-Silva et al. (2015)
Zhou et al. (2019)
Casadei et al. (2017)
Takano et al. (2017)

poor prognostic factor

Correlate with lymph node metastasis and distant metastasis;

Liu et al. (2016)

poor survival rates

Exosomes Cargoes Derived cells
application
Biomarkers MIF PDAC
miR-221-3p CSCC
miR-25-3p/miR-92a-3p LPS
miR-203 CRC
CRNDE-h CRC
Drug Delivery Drugs/siRNAs Ovarian cancer
Drugs (DOX and PTX) Macrophage
Immunotherapy Nanovesicles (M1NVs) M1
Macrophages
Modified exosomes (Ce6-  Pancreatic
R-Exo) Cancer
Modified exosomes BM-MSCs
(siGRP78)
peptide antigens-based DC
vaccine
T cells-based vaccine T cells

Reverse immunosuppression caused by M2-TAMs
Display anticancer ability in cancer metastasis

Suppress tumor growth; promote antitumor efficacy of the
checkpoint inhibitor therapy
Generate reactive oxygen species; Release cytokines

Enhance chemosensitivity to sorafenib
Stimulate CD4* helper T cells and CD8* CLTs to participate in

the anti-tumor response
Enhance CD4" T-cell responses for trastuzumalb-resistant

Kanlikilicer et al. (2018)
Batrakova and Kim, (2015); Kim
et al. (2018)

Choo et al. (2018)

Jang et al. (2021)

Li et al. (2018a)

Hsu et al. (2003); Fu et al. (2020)

Xie et al. (2018)

HER2+ breast cancer

may be used for early diagnosis, treatment responses and targeted
therapy.

Radiotherapy Immunity

Previous study has shown that exosomal IncRNA AGAP2
antisense RNA 1 (AGAP2-AS1) serves as a diagnostic
biomarker of NSCLC. Downregulation of AGAP2-AS1
suppresses the tumor volume and weight of xenografts.
Interestingly, exosomes overexpressing ~AGAP2-AS1(Oe-
AGAP2-AS1-exo) and inhibiting miR-296 enhances tumor
volume and weight of xenografts. Totally, inhibition of
AGAP2-AS1, macrophage-derived exosomes, and exosomes
overexpressing AGAP2-AS1 or miR-296 facilitates the
malignant phenotypes of radioresistant lung cancer cells.
Mechanically, AGAP2-AS1 negatively regulates miR-296, and
NOTCH2 is targeted by miR-296. Thus, M2 macrophage-derived
exosomal AGAP2-AS1 enhances radiotherapy immunity in lung
cancer by reducing miR-296 and elevating NOTCH2 (Zhang F.
et al., 2021).

Exosomal Lipids

The biogenesis of EVs relies partially on various lipid pathways.
Multiple lipid molecules or related enzymes, which regulate
inflammation and tumor development, are transferred by EVs
from their parent cells (Record et al., 2018). It is found that COX1
and TX A synthase 1 (TBXASI) are significantly enriched in
TAM-EVs and almost undetectable in MC38-EVs; the MC38
cells transfected with TAM-EVs are induced of TXB2 production,
indicating that TAM-derived EVs transmit the biochemical
molecule convertor necessary to TXs synthesis (Cianciaruso
et al., 2019). In all, these results confirm that the exosome-
mediated transfer of functional lipids from macrophages to

tumor cells ultimately contributes to the pro-tumor activities
of cancer cells.

EXOSOMES AS BIOMARKERS

As discussed above, exosomes extracted from several types of
tumors or macrophages are enriched in proteins, nucleotides,
and lipids, which are delivered into recipient cells through
different media and can induce tumor-promoting phenotype of
the recipient cells. These exosomes and their cargoes could be
considered as biomarkers for the diagnosis and prognosis of
cancers (Table 3). For example, exosomal MIF derived from
PDAC establishes a pre-metastatic niche for fibrotic liver and
enhances metastatic burden (Costa-Silva al, 2015).
Circulating exosomal miR-221-3p levels are closely associated
with LN metastasis in cervical squamous cell carcinoma (CSCC)
patients (Zhou et al., 2019). Moreover, exosomal miR-25-3p and
miR-92a-3p released from liposarcoma cells (Casadei et al., 2017)
and serum exosomal miR-203 in CRC (Takano et al., 2017) may
also serve as biomarkers. In detail, the expression of miR-25-3p and
miR-92a-3p are significantly higher in LPS cell-EVs with respect to
EVs derived from normal preadipocytes, and the ROC curve
supports their correlation with tumor diagnosis. High
expression of serum exosomal miR-203 was associated with
distant metastasis and an independent poor prognostic factor.
In addition, exosomal IncRNA CRNDE-h is increased in CRC
and positively correlated with lymph node metastasis, distant
metastasis and poor survival rates (Liu et al., 2016). Thus, it has
been attracting increasing attention to further understand the basic
characteristics of and the crosstalk mediated by tumor- or
macrophage-derived exosomes that leads to cancer progression

et
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and drug resistance during cancer chemotherapy and

immunotherapy, and their potential clinical application.

EXOSOME-BASED CANCER
IMMUNOTHERAPY

Exosome-based therapies are emerging, cutting-edge strategies to
suppress tumor progression or enhance anti-tumor immunity.
Studies have demonstrated that exosomes can easily cross the
biological barriers, such as the blood-brain barrier, and can be
modified for stronger efficiency in recipient cancer cells. Due to
their transfer ability, lipid bilayer structure and unique surface
proteins, exosomes can be used as nanoparticle carriers for drugs,
nucleic acids, and proteins to recipient cancer cells.

Immunotherapy is the treatment to induce immunity or
promote the resistance of immune system to diseases including
cancer, which is based on the innate and mostly on the adaptive
immune system. Immune cells are stimulated by antibodies, other
immune cells and genetic modifications for therapeutic purpose.
Given the crucial role played by macrophages in EVs-mediated
crosstalk, modulating macrophages is an effective strategy in tumor
therapy. The inhibitory effects mediated by M1-like macrophages,
therefore, can be applied in cancer therapy (Su et al, 2016)
(Table 3). Exosomes are applied as the carriers for both drugs
and siRNA to reverse immunosuppression caused by M2-TAMs
(Kanlikilicer et al,, 2018). In addition, it is another strategy to
reprogram TAMs towards M1 phenotype. Treatment with
exosome-mimetic nanovesicles derived from M1 macrophages
(M1INVs) stimulates polarization of M2 macrophages to Ml
phenotype in vitro and in vivo, and intravenous injection of
MINVs suppressed tumor growth in vivo; the antitumor effect
is further enhanced after injection of a combination of MINVs and
PD-L1, suggesting that MI1NVs repolarize M2 to M1 macrophages
and promote antitumor efficacy of the checkpoint inhibitor
therapy (Choo et al., 2018).

Tumor-derived modified exosomes loaded with chlorin e6
photosensitizer (Ce6-R-Exo) can be visualized by photoacoustic
imaging and can efficiently generate reactive oxygen species in
tumor cells under laser irradiation. They also increase the release of
cytokines, indicating that the R-Exos can be used as drug carriers
and immunotherapeutic agents (Jang et al., 2021). Exosomes
contain tumor antigens such as MHC I and can be used as
vaccines in cancer immunotherapy. DC-derived exosomes can
be loaded with several peptide antigens (e.g., MHC I, MHC II)
in the presence of APC, thereby stimulating CD4" helper T cells
and CD8" CLTs to induce the anti-tumor response (Hsu et al,
2003; Fu et al,, 2020). Subcutaneous injection of TAE-DC vaccines
in vivo significantly restores the activated T cells in the TME and
improves the therapeutic effect (Xiao et al., 2017). Moreover,
HER2-specific exosome- and T cell-based vaccine can effectively
enhance CD4" T-cell responses, which provides a novel alternative
for trastuzumab-resistant HER2+ BC therapy (Xie et al.,, 2018).
EVs can stimulate both CD8" cytotoxic T-lymphocytes and CD4"
T-helper cells, which are crucial for triggering an efficient anti-
tumor immune response (Markov et al., 2019). Thus, modified
macrophage- or tumor-derived exosomes can be used as cancer
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vaccines, providing important strategies for immune recognition
and therapeutic intervention, and the delivery route, dosage and
content of exosomes can be adjusted according to different means
of immunotherapy (Table 3).

Current treatment strategies mainly focus on suppressing the
production of cancer cell derived-exosomes and preventing the
uptake of specific exosomes by target cells. GW4869, an inhibitor
to exosome secretion and neutral sphingomyelinase, can inhibit the
production of exosomes and achieve anti-tumor effects (Faict et al.,
2018). Exosomes loaded with chemotherapeutic drugs such as
doxorubicin and paclitaxel, can be used as a novel type of nano-
preparation, displaying a highly effective anticancer ability in cancer
metastasis model mice (Batrakova and Kim, 2015; Kim et al., 2018).
Exosomes appear as potential carriers for therapeutic RNAs,
including siRNA and miRNAs, to target cancer cells. Upon
internalization by tumor cells, exosomes released by human
mesenchymal stem cells (MSCs) act as prodrugs and induce the
death of tumor cells, representing a novel therapeutic method for
tumor. For instance, bone marrow mesenchymal stem cells (BM-
MSCs) are modified to express the exosomal siGRP78. The modified
BM-MSCs derived exosomes are able to deliver GRP78 siRNA to
HCCs and then target GRP78, enhancing chemosensitivity to
sorafenib in drug-resistant HCC and suppressing cell
proliferation and invasion (Li H. et al,, 2018). MSCs engineered
to secret miR-379 encapsulated in EVs display exciting potency as an
innovative therapy strategy for metastatic BC (O'Brien et al., 2018).
Taken together, MSC-derived exosomes are considered as drug/
nucleic acid delivery media; effective technologies are still needed to
customize appropriate drug-loading capacity, increase the targeting
efficacy of exosomes and reduce cytotoxicity.

CONCLUSION AND PERSPECTIVES

Exosomes and their cargoes play a crucial role in mediating
crosstalk between tumors and TAMs, and reprograming the host
immune response. TAMs associate with immune escape and
express cytokines, chemokines that can suppress antitumor
immunity and promote tumor progression (Wu et al., 2020).
Therefore, targeting exosomes and suppressing their detrimental
effects on macrophages opens a new view for the development of
active anti-tumor agents, and reprogramming TAMs toward the
M1 phenotype through modifying exosome cargoes can serve as a
promising strategy to suppress tumor growth (Choo et al., 2018).
In this review, we summarize how macrophages are induced to
become immunosuppressive and how tumor cells are affected by
macrophages, which may be applied in the further therapeutic
development and clinical trials.

Although the significant functions of exosomes are revealed in
cell co-culture systems, they still need to be further confirmed in
vivo experiments. In addition, whether exosomes can growth or
divide, and whether they can participate in signaling events and
autonomous biochemical reactions under certain environment,
these questions remain to be further determined (Kalluri and
LeBleu, 2020). Despite of substantial achievements in the field, the
communication network of exosomes in organisms is still far
from being fully understood. In addition to the need for more
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information on basic issues, including biogenesis and the delivery
mechanisms of exosomal cargoes, further steps are still necessary
to standardize the purification, characterization and isolation of
exosomes. There is still so much work to do before overcoming
the barriers presently impeding exosome-based immunotherapeutic
strategies for cancer.
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