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Exosomes comprise extracellular vesicles (EVs) with diame-
ters between 30 and 150 nm. They transfer proteins, RNA,
and other molecules from cell to cell, playing an important
role in the interactions between cells. The tumor microenvi-
ronment (TME) has been found to contain various cells and
molecules that have an important impact on tumor develop-
ment. In the TME, macrophages have been found to have an
important relationship with tumor cells, with tumors recruit-
ing and inducing macrophages to become tumor-associated
macrophages (TAMs), which promote tumor development.
Recently, exosomes have been found to play a critical role in
the interaction between tumor cells and macrophages. Thus,
in this review, we summarize the roles andmechanisms of exo-
somes in the interaction between tumor cells and macro-
phages and the potential methods by which exosomes are
used to target the communication between tumor cells and
macrophages to treat cancer.

Exosomes are the smallest extracellular vesicles (EVs) with diameters
between 30 and 150 nm and play an important role in the interactions
between cells.1,2 Exosomes mainly contain proteins and RNAs and
can also include glycoconjugates, lipids, and DNAs. Exosomal pro-
teins include integral exosomal membrane proteins, lipid-anchored
outer membrane proteins, peripheral surface proteins, lipid-anchored
inner membrane proteins, inner peripheral membrane proteins, exo-
somal enzymes, and soluble proteins.1 Exosomal RNAs consist of
mRNA and noncoding RNAs such as microRNAs and long noncod-
ing RNAs (lncRNAs).3 Regarding the biogenesis of exosomes, it is
generally thought that vesicles bud into endosomes, which then
mature into multivesicular bodies (MVBs) and fuse with the plasma
membrane (PM), fromwhich the exosomes are released.1 The specific
process is as follows. During the process of maturation of early endo-
somes into late endosomes, the early endosomal membrane encapsu-
lates specific proteins, lipids, and cytosol to form MVBs. Most MVBs
fuse with lysosomes, which degrade their contents, while some MVBs
fuse with the PM, through which their contents are released into the
extracellular environment.4 Early endosomes form MVBs through
many pathways, and the most common pathway depends on endoso-
mal sorting complexes required for transport (ESCRT).2
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In recent years, the tumor microenvironment (TME) has been found
to have an important impact on tumor development. The TME is
generated by tumor cells, containing a variety of molecules and cells
that promote tumor metastasis, angiogenesis, drug resistance, and so
on.5 In the TME, macrophages have been found to have an important
relationship with tumors, with tumors recruiting and inducing mac-
rophages to become tumor-associated macrophages (TAMs) that
promote tumor development.

Macrophages are immune cells that play an important role in tissue
hemostasis, inflammation, and pathology.6 Macrophage polarization
is the process by which macrophages are activated into one of two
different phenotypes at specific times and locations via multiple sig-
nals.7 Macrophages can be polarized into classically activated M1
macrophages or alternatively activated M2macrophages.8 These phe-
notypes have different molecular characteristics and different func-
tions. M1 macrophages appear in an inflammatory environment
dominated by Toll-like receptors (TLRs) and interferon (IFN)
signaling pathways and are often associated with immune responses
to bacterial and intracellular pathogens. M2 macrophages are found
in an environment dominated by TH2 responses, such as immune re-
sponses to worms and asthma- and allergy-inducing pathogens.7

Some studies have observed that TAMs can present the M1 pheno-
type, which is shown to inhibit tumorigenesis,9 while others have
observed that TAMs present the M2 phenotype, which is shown to
promote tumorigenesis,10 and other studies have also observed that
TAMs behave as an intermediate state not committed to either the
M1 or M2 phenotype. In fact, evolution of the phenotypes and func-
tions of TAMs is a dynamic process. In the early stage, TAMs present
the M1 phenotype, after which they are reprogrammed into the M2
phenotype by the regulation of tumor cells and are significantly asso-
ciated with poor prognosis in human cancer.11–13 M2-like TAMs can
promote tumor metastasis, treatment resistance, and angiogenesis
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Figure 1. The Activities of Cancer Cell-Derived Exosomes on Macrophages

Exosomes derived from cancer cells are internalized by macrophages to regulate the polarization of macrophages, liver metastasis, bone metastasis, lymphatic metastasis,

angiogenesis, drug resistance, and immune evasion.
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and inhibit tumor immunity.12,14,15 Therefore, the interaction be-
tween macrophages and tumor cells plays an important role in the
development of tumors.16 In recent years, exosomes have been found
to act as bridges connecting macrophages and tumor cells.17

In this review, we summarize the roles and mechanisms of exosomes
in the interaction between tumor cells and macrophages as well as the
potential methods that use exosomes to target the communication be-
tween tumor cells and macrophages to treat cancer.

Cancer Cell-Derived Exosomes Internalized by Macrophages

Studies have shown that, in a variety of cancers, such as gastric cancer,
breast cancer, hepatocellular carcinoma (HCC), and nasopharyngeal
carcinoma, exosomes can be secreted into the TME to regulate the
function of neighboring cells, thus creating an environment condu-
cive to tumor development.18–21 Recent studies have shown that
macrophage uptake of exosomes secreted by tumor cells can be regu-
lated in a number of ways.22 For example, intercellular cell adhesion
molecule-1 (ICAM-1) is enriched in exosomes derived from pancre-
atic ductal adenocarcinoma (PDAC) and interacts with CD11c
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exposed on the surface of macrophages to mediate exosomes docking
to macrophages,23 while regenerating islet-derived protein 3b
(REG3b), released by paracarcinoma tissue, binds to the glycopro-
teins exposed on the surface of EVs, interfering with macrophage up-
take of these EVs.24 After macrophages internalize exosomes derived
from cancer cells, molecules enriched in the exosomes enter the mac-
rophages and regulate their polarization, thereby influencing metas-
tasis, angiogenesis, drug resistance, and immune evasion (Figure 1;
Table 1).

Cancer Cell-Derived Exosomes Regulate the Polarization of

Macrophages

Exosomes derived from cancer cells can be internalized by macro-
phages where they regulate polarization. In most cases, exosomes
induce M2 polarization,44–46 while some studies have confirmed
that cancer-derived exosomes can induce M1 polarization.47 The po-
larization induced may depend on the stage of the cancer.47 Different
cell lines from the same type of tumor secrete different exosomes to
activate macrophage polarization. In prostate cancer, for example,
exosomes secreted by African-American prostate cancer (PCa)
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Table 1. The Functions and Mechanisms of Cancer-Derived Exosomes on Macrophages

Cancer Molecule Mechanism Function References

Hepatocellular carcinoma miR-146a – promoting M2 polarization, immune evasion 25,26

miR-23a-3p PTEN/PI3K promoting M2 polarization, immune evasion 27

Ovarian cancer miR-222-3p – promoting M2 polarization 28

miR-1246 Cav1/p-gp
promoting M2 polarization, resistance against
paclitaxel

29

Head and neck cancer miR-21 – promoting M2 polarization 30

Pancreatic cancer miR-301a-3p PTEN/PI3K promoting M2 polarization 31

MIF –
promoting pre-metastatic niches formation
and metastasis

32

Prostate cancer – integrin signaling promoting M2 polarization 33

MFG-E8 – promoting M2 polarization 34

OSCC miR-29a-3p SOCS1/STAT6 promoting M2 polarization 35

Colon cancer miR-1246 – promoting M2 polarization 36

Colorectal cancer IRF-2 inducing macrophage-releasing VEGFC promoting lymphatic metastasis 37

Large B cell lymphoma NSE inhibiting NF-kB activity promoting M2 polarization 38

avb5 – promoting liver metastasis 39

Lung adenocarcinoma miR-21 targeting Pdcd4 promoting bone metastasis 40

NSCLC AREG EGFR pathway promoting bone metastasis 41

Esophageal squamous cell carcinoma HMGB1 – promoting immune evasion 42

Melanoma –
inducing endothelial GM-CSF to induce
HIF-1a in M1 or HIF-2a in M2

promoting angiogenesis 43

–, unknown.
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e006aa-ht cells strongly induce the pro-inflammatory M2 pheno-
type.48 Cancer cells deliver molecules such as microRNAs (miRNAs)
and proteins to regulate macrophage polarization.

miRNAs. Numerous studies have shown that exosomes secreted
by tumors can carry miRNAs and transfer miRNAs into macro-
phages to regulate the polarization of macrophages. Different
tumor-derived exosomes carry different miRNAs. In HCC, miR-
146a enrichment in exosomes can promote M2 polarization
and inhibit T cell function.25 In ovarian cancer, exosomal miR-
222-3p derived from ovarian cancer cells is an effective regulator
of M2 polarization that promotes cancer development.28 Further
studies have shown that exosomal miRNAs secreted by tumor cells
can regulate the polarization of macrophages through a variety of
pathways.

PTEN/PI3K/AKT Pathway. Researches have reported that the acti-
vation of the phosphatidylinositol 3-kinase (PI3K)/AKT pathway
is the important way for M2 polarization, while phosphatase and
tensin homolog (PTEN) inhibits the PI3K/AKT pathway, sup-
pressing the upregulation of M2-related genes, such as CD68,
CD204, and arginase-1.49–52 In HCC, exosomal miR-23a-3p down-
regulates PTEN expression and then upregulates phosphorylated
AKT and PD-L1 expression in macrophages, suggesting that mac-
rophages expressing PD-L1 are regulated by exosomes derived
from HCC cells via an exosomal miR-23a/PTEN/AKT pathway.27

In pancreatic cancer, hypoxia-related exosomal miR-301a-3p pro-
motes M2 polarization by inhibiting PTEN and activating the
PI3Kg signaling pathway.31

Integrin Signaling. STAT1 is the main transcriptional factor that reg-
ulates M1 macrophage polarization, while STAT6 promotes M2
macrophage polarization.53,54 Integrin b3 activates STAT1 signaling
and suppresses STAT6 signaling, thereby promoting macrophage po-
larization into the M1 type. However, the expression of integrin b3 is
promoted by STAT6 and inhibited by STAT1 to maintain a balance
between STAT1 and STAT6 signal transduction. Thus, loss of integ-
rin b3 disrupts this balance and promotes M2 polarization.55 In pros-
tate cancer, the most abundant miRNAs in PC3 exosomes signifi-
cantly downregulate integrin b3 expression, inducing macrophage
M2 polarization.33

SOCS1/STAT6 Pathway. It is known that STAT6 signaling plays
a critical role in promoting M2 polarization.53 SOCS1 contains
an SH2 domain that induces proteasomal degradation, which can
suppress STAT6 signaling.56 In oral squamous cell carcinoma
(OSCC), OSCC-derived exosomes with captured miR-29a-3p
directly target SOCS1 and downregulate its expression, thereby
stimulating the STAT6 signal and promoting M2 macrophage
polarization.35
Molecular Therapy Vol. 28 No 9 September 2020 1955
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The process by which cancer cells secrete exosomal miRNAs is regu-
lated by many factors, including the physicochemical features of the
TME and some transcriptional factors. One of the physicochemical
features of the TME is hypoxia, and the harmful TME interferes
with the ability of the endoplasmic reticulum (ER) to fold proteins,
causing ER stress.57,58 Both of them can promote cancer cells to
secrete exosomal miRNAs. In epithelial ovarian cancer (EOC), hyp-
oxia induces miRNAs in EOC cell-derived exosomes to promote
M2 macrophage polarization via hypoxia-inducible factors
(HIFs).17 In HCC, ER-stressed HCC cells release exosomal miR-
23a-3p to upregulate PD-L1 expression in macrophages.27

In addition, some transcription factors can affect the process of cancer
cell secretion of exosomal miRNA, such as spalt-like transcription
factor 4 (SALL4), epithelial-to-mesenchymal transition-activating
transcription factors (EMT-TFs), and p53.26,30,36 SALL4 is an oncofe-
tal protein that is associated with poor HCC prognosis.59 It can bind
to the promoter of mir-146a-5p to directly regulate HCC cell secre-
tion of exosomal mir-146q-5p to promote M2 polarization.26

Increasing evidence supports that EMT-TFs, such as SNAIL, TWIST,
and ZEB families, can induce the expression of certain miRNAs, play-
ing an important role in tumorigenesis.60,61 Overexpressed SNAIL
can directly activate the transcription of miR-21 that is enriched in tu-
mor-derived exosomes to promote M2-like polarization.30

Proteins. In addition to miRNAs, cancer cell-derived exosomes can
carry proteins to promote the polarization of macrophages. Neuron-
specific enolase (NSE) is a glycolytic enzyme present in neurons that
is produced in significant amounts by all types of neuroendocrine
neoplasia cells (APUDomas).62 In large B cell lymphoma, lym-
phoma-derived exosomes mediate NSE into macrophages to promote
M2 polarization by enhancing nuclear p50 translocation, which
causes the loss of classical nuclear factor kB (NF-kB) activity.38

Milk fat globule-epidermal growth factor (EGF) factor 8 (MFG-E8),
a member of the discoidin family, binds to apoptotic cells via phos-
phatidylserine andmediates the engulfment of apoptotic cells bymac-
rophages.63,64 It has been confirmed that exosomes derived from
prostate cancer have higher expression levels of MFG-E8, which
can induce prostate cancer-associated macrophages.34 In colorectal
cancer (CRC), the proteome of CRC cell exosomes that educates tu-
mor-favorable macrophages primarily focuses on promoting cyto-
skeletal rearrangement.65

Cancer Cell-Derived Exosomes Influence Tumor Metastasis via

Macrophages

Liver Metastasis. According to the “seed and soil” hypothesis,66 tu-
mors can form amicroenvironment conducive to tumor development
in distant organs before distant metastasis occurs, and this microen-
vironment is called a premetastatic niche.67 It has been demonstrated
that, in a variety of tumors, exosomes secreted by cancer cells can
reach liver and promote premetastatic niche formation through a
multistep process to promote liver metastasis, and this process in-
cludes uptake of exosomes by liver Küpffer cells, which are a unique
type of macrophage, to create a fibrotic microenvironment with im-
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mune cells that is conducive tometastasis.68 PDAC-derived exosomes
induce Küppfer cells to secrete transforming growth factor b (TGF-b)
and induce hepatic stellate cells to express fibronectin to enhance the
recruitment of bone marrow-derived macrophages. Macrophage
migration inhibitory factor (MIF) is highly expressed in PDAC-
derived exosomes having a vital role in that process to promote pre-
metastatic niche formation and metastasis.32 Integrins are the main
cellular adhesion receptors involved in the process of primary tumor
development of metastasis.69 Results from exosomal proteomics ana-
lyses revealed that exosomal integrin avb5 is involved in liver metas-
tasis.22 Tumor-derived exosomes expressing integrin avb5 specifically
bind to Küppfer cells, which recognize the liver as a target organ for
the formation of premetastatic niches.39

Bone Metastasis. Osteoclasts are also a unique type of macrophage.
Osteoclastogenesis is a vital step in bone metastasis. Lung adenocar-
cinoma cell-derived exosomal miR-21 facilitates osteoclastogenesis by
targeting programmed cell death 4 (PDCD4).40 Amphiregulin
(AREG) is a member of the EGF family that promotes cancer cell
growth and survival.70 Non-small-cell lung cancer (NSCLC)-derived
exosomes enriched in AREG increase the expression of receptor acti-
vator of NF-kB ligand (RANKL) in preosteoclasts through the EGF
receptor (EGFR) pathway. RANKL can induce the expression of pro-
teolytic enzymes, thereby promoting osteolytic bone metastasis.41

Lymphatic Metastasis. Similarly to liver metastasis, premetastatic
niches are also very important to lymphatic metastasis. One of the fea-
tures of the premetastatic niches in the lymph node is lymphatic
network remodeling, which involves lymphatic enlargement and lym-
phangiogenesis.71,72 CRC exosomal IRF-2 induces the release of
vascular endothelial growth factor C (VEGFC) from macrophages,
thereby remodeling the lymphatic network in a sentinel lymph
node, serving as a biomarker for predicting the development of
CRC lymph node metastasis.37

Cancer Cell-Derived Exosomes Influence Angiogenesis via

Macrophages

Macrophages are important for inducing angiogenesis during tumor
growth because they produce angiogenic factors.73 Angiogenesis is
mediated by many factors, such as tumor necrosis factor a (TNF-a)
and interleukin 8 (IL-8).74,75 Endothelial cell expression of granulo-
cyte-macrophage colony stimulating factor (GM-CSF) is induced
by melanoma exosomes that stimulate HIF-1a in M1 or HIF-2a
in M2 polarized macrophages. HIF-1a promotes neoangiogenesis,
while HIF-2a facilitates morphogenic normalization of the neovascu-
lature. Thus, HIFs expressed by M1 or M2 macrophages can be stim-
ulated by GM-CSF induced by melanoma cell exosomes to promote
angiogenesis.43

Cancer Cell-Derived Exosomes Influence Drug Resistance via

Macrophages

Asmentioned above, cancer cell-derived exosomes regulate the polar-
ization of macrophages, and M2 macrophages have been shown to
promote drug resistance through multiple pathways.76,77 Therefore,
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Figure 2. The Activities of Macrophage-Derived Exosomes on Cancer Cells

Exosomes derived from macrophages are internalized into cancer cells, regulating invasion, metastasis, drug resistance, and immune evasion.
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the current study found that cancer cell-derived exosomes mainly
promoted drug resistance by regulating macrophage M2 polarization.
In ovarian cancer, exosomal miR-1246 confers paclitaxel (PTX)
resistance via targeting Cav1/p-gp/M2-type macrophage axis.29 Inter-
estingly, macrophages can also secrete exosomes to promote drug
resistance by regulating the cancer cell phenotype,78 indicating that
exosomes may be involved in a positive feedback loop between cancer
cells and macrophages to enhance tumor drug resistance.

Cancer Cell-Derived Exosomes Influence Tumor Immune

Evasion via Macrophages

Cancer cell-derived exosomes can promote tumor immune evasion.25

One way for this to occur is through macrophages.79 Alternatively,
cancer cell-derived exosomes can affect the function of macrophages
to directly promote immune evasion. In a variety of tumors, cancer
cell-derived exosomes can promote the expression of PD-1 by macro-
phages.44,42 The increased expression of PD-1 significantly reduces
the phagocytosis of macrophages against cancer cells, thereby
inducing immune evasion.12 Alternatively, cancer cell-derived exo-
somes can enable macrophages to regulate the anti-tumor function
of other immune cells, thereby inducing immune evasion. Tumor-
derived exosomes can upregulate the expression of PD-L1 in macro-
phages, inhibiting the function of T cells, leading to immune
evasion.27,80

Macrophage-Derived Exosomes Influence Tumor Cells

Macrophage-Derived Exosomes Regulate Tumor Invasion and

Metastasis

In most cases, TAMs show an M2 phenotype and thus promote tu-
mor invasion and metastasis (Figure 2; Table 2). In HCC, miR-125a
and miR-125b are expressed at low levels in exosomes, thus promot-
ing HCC invasion.81 TGF-b receptor 3 (TGFbR3) is a transmem-
brane proteoglycan that binds TGF-b in a cell type-specific manner
and presents TGF-b to TGFbR1 or TGFbR2.82 PDAC macrophages
secrete miR-501-3p, which inhibits TGFBR3, leading to activation
of TGF-b signal transduction to promote PDAC cell invasion.83

Brahma-related gene 1 (BRG1) is an ATPase subunit of SWI/SNF
complexes that has been implicated in different human cancers.84,85

In colon cancer, miR-21 and miR-155 are highly expressed in macro-
phage-derived exosomes and downregulate the expression of BRG1
by binding to the BRG1 coding sequence, promoting metastasis.86

Myocyte enhancer factor 2C (MEF2C) is a member of the MADS-
box transcription factor family and is an important regulator of skel-
etal muscle development.87 Reduced MEF2C expression is associated
Molecular Therapy Vol. 28 No 9 September 2020 1957
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Table2. The Functions and Mechanisms of Macrophage-Derived Exosomes on Cancer Cells

Cancer Molecule Mechanism Function References

HCC miR-125 – promoting invasion 81

miR-142, miR-223 – inhibiting proliferation 89

PDAC miR-501-3p inhibiting TGFBR3, activating TGF-b signal promoting invasion 83

miR-365 – inducing resistance against gemcitabine 90

Colon cancer miR-21, miR-155 downregulating BRG1 promoting metastasis 86

Breast cancer miR-233 Mef2c/b-catenin promoting invasion 88

IL-6 STAT3 pathway promoting proliferation and metastasis 91

ADAM15 inhibiting avb3 inhibiting adhesion, growth and migration 92

Recipient gastric cancer ApoE PI3K/AKT promoting migration 93

miR-21 – inducing resistance against DDP 94

Glioblastoma miR-21 targeting PDCD4 inducing resistance against temozolomide 95

modulating PEG3 inducing immune evasion 96

EOC miR-223 PTEN-PI3K/AKT inducing chemotherapy resistance 78

miR-29a-3p, miR-21-5p upregulating Treg/Th17 ratio inducing immune evasion 97

–, unknown
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with nuclear accumulation of b-catenin and cell migration.88 Exoso-
mal miR-233 derived from macrophages promotes breast cancer in-
vasion through the MEF2C-b-catenin pathway.88

IL-6 is a pleiotropic cytokine that regulates the immune system and
has pathological roles in inflammation, autoimmunity, and cancer.98

Macrophages exposed to apoptotic cancer cells secrete exosomes with
increasing amounts of IL-6 to stimulate the phosphorylation of
STAT3, thereby promoting breast cancer proliferation and metas-
tasis.91 Apolipoprotein E (ApoE) is a secreted protein involved in li-
poprotein metabolism that regulates metastasis.99 Exosomes derived
fromM2 macrophages transfer ApoE to recipient gastric cancer cells,
remodeling cytoskeleton-supported migration via the PI3K-AKT
signaling pathway.93

TAMs can also show an M1 phenotype and inhibit invasion and
metastasis. M1 macrophage-derived exosomes create a pro-inflam-
matory environment, enhancing antitumor activity via the caspase-
3 pathway.100 Exosomal miR-142 and miR-223 derived from macro-
phages affect the posttranscriptional regulation of proteins in HCC
cells to inhibit their proliferation.89 A disintegrin and metalloprotease
15 (ADAM15) is a member of the ADAM family that regulates cell
survival and inflammatory responses.101 Phorbol 12-myristate 13-ac-
etate, a typical protein kinase C activator, stimulates macrophages to
release exosomal ADAM15, suppressing vitronectin- and fibronectin-
induced tumor growth.92

Exosomes Derived from Macrophages Enhance Drug

Resistance

Macrophages can induce chemotherapy resistance in tumor cells
(Figure 2).102 One of the mechanisms by which this resistance is
conferred involves the release of exosomes (Table 2). Exosomal
1958 Molecular Therapy Vol. 28 No 9 September 2020
miR-223 induces chemotherapy resistance EOC cells through a
novel exosomal miR-223/PTEN-PI3K/AKT signaling pathway.78

Temozolomide is an alkylating antineoplastic drug that is used to
treat patients with glioblastoma (GBM) multiforme.103 GBM-associ-
ated macrophages secrete exosomal miR-21 to target PDCD4, which
enhances GBM cell resistance against temozolomide.95 For EOC
treatment, cisplatin (DDP) is a widely used platinum-based com-
pound with clinical activity against a variety of solid tumors,
including testicular, bladder, ovarian, colorectal, lung, and head
and neck cancers.104 Exosomes transfer miR-21 from macrophages
to gastric cancer cells to confer DDP resistance.94 Gemcitabine is the
most important cytidine analog with a strong antitumor effect on a
variety of tumors.105 The sensitivity of PDAC cells to gemcitabine is
significantly decreased by the transfer of miR-365 through macro-
phage-derived exosomes.90

Exosomes Derived from Macrophages Promote Tumor Immune

Evasion

Macrophages are regulators of tumor immunity.106 Macrophage-
derived exosomes can reduce the attack of immune cells on
tumor cells by changing the characteristics of tumor cells, thereby
inducing immune evasion. Macrophage-derived exosomes can
increase the expression of miR-21 in tumor cells, which reduces
the expression of paternally expressed gene 3 (PEG-3), resulting
in reduced CD8+ T cell proliferation, cell cytotoxic activity, and
IFN-g level, thereby promoting immune evasion of glioma cells.96

In addition, in most cases, exosomes derived from macrophages
can induce immune evasion by regulating the function of other
immune cells. In EOC, macrophage-derived exosomal miR-29a-
3p and miR-21-5p can upregulate the regulatory T cell (Treg)/T
helper (Th)17 cell ratio, promoting immune evasion (Figure 2;
Table 2).97
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Figure 3. Therapies Targeting the Communication between Tumor Cells and Macrophages via Exosomes

(A) Using macrophage-derived exosomes to deliver drugs to improve drug delivery efficiency and efficacy. (B) Using drugs to reprogram M2 macrophages to M1 macro-

phages. (C) Using cancer cell-derived exosomes to deliver drugs to prevent the phagocytosis of macrophages. (D) Using drugs to alter exosomal content.
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The Role of Communication between Tumor Cells and

Macrophages in Cancer Treatment

Because of the critical role of exosomes in the communication be-
tween tumor cells and macrophages, many studies have attempted
to achieve therapeutic goals by altering the state of tumor cells directly
or indirectly by remodeling the exosomes that connect tumors and
macrophages (Figure 3).

Target Macrophage-Derived Exosomes

Because of the chemotherapy resistance characteristics of tumors and
the antitumor function of M1 macrophages, many studies have
sought to use M1 macrophage-derived exosomes to deliver drugs to
improve drug delivery efficiency and efficacy. For example, macro-
phage-derived exosomes carrying acridine orange (Exo-AO) are
more potent than free AO against melanoma cells. Exo-AO has longer
retention and higher cytotoxicity than does free AO.107 Treatment
with M1 macrophage-derived exosomes carrying PTX (PTX-M1-
Exos) showed a greater antitumor effect than did treatment with
non-PTX-containing M1 macrophage-derived exosomes or with
PTX alone.100 Exo-PTX has great potential for delivering a variety
of chemotherapeutic drugs and enhancing antitumor effects against
drug-resistant cancers.100,108 M1 exosomes can also be used as
vaccine adjuvants. They induce Th1 cytokine release, enhance the ac-
tivity of a lipid calcium phosphate nanoparticle-encapsulated Trp2
vaccine, and induce a stronger antigen-specific cytotoxic T cell
response.109 Rayamajhi et al.110 used small EVs (sEVs) from mouse
macrophages for hybridization with synthetic liposomes to form
hybrid exosomes (HEs). It was found that HEs loaded with water-
soluble doxorubicin had enhanced antitumor toxicity and exhibited
pH-sensitive drug release under acidic conditions, which facilitated
targeted drug delivery to tumors because the TME is acidic.

In addition, people intend to use drugs to regulate the production of
macrophage-derived exosomes or use M1 macrophage-derived exo-
somes to alter macrophage phenotypes to change the composition
of macrophage-derived exosomes. In HCC cells, TNF-like weak
inducer of apoptosis (TWEAK) increases the level of miR-7 in macro-
phage-derived exosomes and inhibits tumor metastasis by inhibiting
the EGFR/AKT/extracellular signal-regulated kinase (ERK)1/2
pathway.111 Choo et al.112 found that exosome-mimetic nanovesicles
Molecular Therapy Vol. 28 No 9 September 2020 1959
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derived from M1 macrophages can reprogram M2 macrophages into
M1 macrophages and enhance the antitumor activity of checkpoint
inhibitors.

Target Cancer-Derived Exosomes

Because exosomal molecules secreted by tumor cells can promote the
development of tumors by regulating the polarization of macro-
phages, researchers have sought to suppress the process and intend
to reverse it bymodifying the expression of the molecules in exosomes
secreted by tumors.113,114 Dahuang Zhechong pill has been docu-
mented for the treatment of abdominal masses for thousands of years.
It can reduce the expression of CCL2 in CRC-derived exosomes and
inhibit CCL2-mediated M2-promoting paradigm to improve the pro-
fibrotic microenvironment and inhibit liver metastasis of CRC.115

Exosomes extracted from ECGC-treated breast cancer cells exhibit
increased expression of miR-16 and inhibited TAM infiltration and
M2 polarization.116

Using nanoparticles to deliver chemotherapy drugs to tumor cells has
made great progress in recent years, but a large portion of nanopar-
ticles preferentially enter the liver and are engulfed by macrophages,
especially Küpffer cells, which reduces the concentration of the drug
in the target organ.117 It is important for nanoparticles to escape elim-
ination by macrophages. Utilizing the unique properties of exosomes
can improve the efficiency and efficacy of drug delivery. After exo-
some-like nanovesicles (ENVs) produced by transforming metastatic
breast cancer 4T1 cell-derived exosomes were injected intravenously
into mice, they can be preferentially taken up by Küpffer cells. Pre-
treatment with ENVs leads to changes in gene expression of macro-
phage phagocytosis because of the translocation of membrane nucle-
olin from the inner face of the PM to the cell surface and intercellular
Ca2+ fluxes, resulting in a decrease in cationtic, 2-dioleoyl trimethy-
lammonium propane (DOTAP)/1, 2-dioleoyl-sn-glycerol-3-phos-
phoethanolamine (DOPE) liposome (DDL) uptake in the liver.
Therefore, more doxorubicin-loaded DDL is transported to the lungs,
increasing drug delivery efficiency.118 Other researchers have injected
modified peripheral blood-isolated exosomes before intravenous in-
jection of grapefruit nanovectors (GNVs), which reduced the accu-
mulation of GNVs in the liver and redirected GNVs to the lungs, re-
sulting in a higher efficiency of GNV drug delivery.119 Although the
carcinogenic components in exosomes have been removed in the
study, there are still potential risks in clinical application because
the exosomes are isolated from cancer cells. Once the safety of this
treatment has been clarified, gradually carrying out relevant clinical
trials may be a goal worth pursuing.

The use of exosomes to treat tumors is still in the exploration stage.
Scientists are continuously exploring methods to improve the effec-
tiveness of tumor treatment. In addition to the above methods, there
are still a variety of methods worth trying. We can use genetic modi-
fication to reduce the generation of these carcinogenic exosomes or
reduce the expression of carcinogenic components in exosomes,
combining them with immunotherapy and radiochemotherapy to
improve the prognosis of patients.
1960 Molecular Therapy Vol. 28 No 9 September 2020
Tumor cells interact with not only macrophages but also various cells
such as T cells and dendritic cells (DCs). Exosomes play an important
role in these interactions. Therefore, clarifying the role of exosomes in
the interaction between tumor cells and various cells will help us fully
understand the vital role played by exosomes in tumorigenesis and
development, and provide theoretical guidance for transformation
of exosomes for cancer treatment. In addition, understanding exo-
some content and function can help with the invention of new drugs
to modify the expression of the substances in the exosomes and sup-
press tumor development. In these areas, there is still great research
value.

Currently, there are several methods for isolating exosomes for labo-
ratory research, including differential ultracentrifugation, density
gradient ultracentrifugation, ultrafiltration, size-exclusion chroma-
tography (SEC), flow field-flow fractionation (F4), immunoaffinity
capture, exosome precipitation, microfluidic devices, and so on.120

However, all of these methods are facing the problem that the output
is not large enough for clinical treatment. Using modern bioengi-
neering to obtain sufficient production of exosomes by mass produc-
tion of cells in vitro or changing cell culture conditions to stimulate
cells to secrete exosomes more efficiently may be good ideas to solve
this problem. In fact, there are already relevant studies trying
to expand the production of exosomes for clinical applications,
such as cellular nanoporation and ultrafiltration cartridges and
pumps.121,122 Furthermore, the isolation of exosomes also faces other
challenges, such as the establishment of recognized standards.123

Once these problems are resolved, a great breakthrough will likely
be made in the treatment of tumors using exosomes.

Conclusion

The interaction between tumor cells and macrophages plays a crucial
role in cancer development. Exosomes play a role in bridging the
interaction between tumor cells and macrophages. Exosomes may
be a potential therapeutic tool for targeting the communication be-
tween tumor cells and macrophages.
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